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Abstract

The Diabetes Mellitus is a global health challenge which underscores the need for advanced
technologies to provide effective management solutions. The integration of DTx and Al could offer
new solutions for diabetes management which are much in need given the widespread prevalence and
the need for personalized care. Therefore, this study seeks to explore Al's impact and challenges in
the field of digital therapeutics for diabetes management. The research delves into potential
applications, effectiveness, and challenges within digital therapeutics. It also examines the
transformative impact of Al on healthcare, particularly in enhancing treatment personalization,
predictive care, and patient education through advanced monitoring systems.

Research included the use of primary data and secondary data. This included literature review,
semi-structured interviews and analysis. Results include the identification of Al's potential in
personalizing care, enhancing predictive analytics, improving patient outcomes and healthcare
efficiency. It also uncovers significant challenges such as regulatory complexities, data privacy
concerns, adoption barriers due to stakeholder resistance, and healthcare system integration issues.

This thesis also advocates for further research in broader geographical contexts and deeper
insights from a diverse range of experts. Nontheless, it suggests that Al, with its unique capabilities,
holds promise for revolutionizing diabetes management, calling for strategic approaches to overcome

existing limitations and fully harness its potential.



Sumario

O Diabetes Mellitus ¢ um desafio global de saude que sublinha a necessidade de tecnologias
avancadas para fornecer solucgdes eficazes de gestdo. A integracdo de DTx (Terapéuticas Digitais) e
IA (Inteligéncia Artificial) tem o potencial de trazer novas solugdes para a gestdo do diabetes, que
sd0 muito necessdrias dada a sua prevaléncia generalizada e a necessidade de cuidados
personalizados. Este estudo explora o impacto e os desafios da IA no campo da terapéutica digital
para a gestdo da diabetes. A investigacdo incidiu sobre as aplicagdes potenciais, a eficacia e os
desafios do uso de IA e terapéuticas digitais na gestdo desta doenca. Ela também examina o impacto
transformador da IA na saude, particularmente no aprimoramento da personalizagdo do tratamento,
cuidado preditivo e educagdo do paciente através de sistemas de monitoramento avancados.

A pesquisa incluiu o uso de dados priméarios e secundarios. Os resultados incluem a
identificacdo do potencial da IA na personalizacdo dos cuidados de saude , no uso e melhoia de
ferramentas de analise preditiva, melhoria dos resultados em satide dos doentes € um aumento da
eficiéncia dos cuidados de satde. Foram encontratos também desafios significativos tais
como:complexidade regulatoria, preocupagdes com a privacidade dos dados, barreiras a adogao
devido a resisténcia das partes interessadas e problemas de integracdo no sistema de saude.

Esta tese também defende pesquisas adicionais em contextos geograficos mais amplos e
insights mais profundos de uma gama diversificada de especialistas. No entanto, sugere que a IA,
com suas capacidades Unicas, tem promessa de revolucionar a gestdo do diabetes, chamando por

abordagens estratégicas para superar as limitagdes existentes e aproveitar plenamente seu potencial.
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Chapter 1: Introduction

Diabetes mellitus is a chronic metabolic disorder that affects millions of people worldwide.
Statistics show that in 2021 alone, approximately 536.6 million people were living with diabetes, and
in 2045, it is projected that 783.2 million people around the world will be affected by the disorder
(Sun et al., 2022). The burden of diabetes extends beyond its health costs. Economic costs impact
individuals' quality of life and life expectancy (Davies et al., 2018). Technological advancements can
improve the diagnosis, prevention, management, and treatment of both acute and chronic medical
conditions, offering benefits such as scalability, effectiveness, accessibility, and tailored approaches
(Ramakrishnan et al, 19).

Recent advancements in Artificial Intelligence (AI) are sid to have opened new options in
healthcare (Alami et al, 2021) and in diabetes management in particular (Mintz and Brodie, 2019).
The digital age and findings with AI bring new opportunities that can help take another step in
developing a new category of therapies — digital therapeutics (DTx) (Salsabili et al., 2023). Digital
therapeutics, a new type of medical therapy, can be defined as “an evidence-backed intervention
delivered through specialized software to prevent, manage, or treat health conditions” (Dang et al,
2020). These products, developed for diverse disorders including diabetes, oncology management,
and neuropsychiatric conditions like anxiety, depression, and substance abuse, are evolving the
landscape of digital-based healthcare solutions (Hong et al, 2021).

Al can add a powerful contribuition in many areas of society including healthcare (Nazar et
al, 2021). . Future shows that the combination of IT (information technology) architecture with high
volumes of data and the adequate digital tools has the potential to make all healthcare smarter where
Al will work with a lot of data (Greco et al, 2020). Demand for higher lever healthcare is highly
increasing and hospitals in many countries have shortage of healthcare specialists. Even healthcare
institutions now aim to catch latest technological developments to keep up with high standarts of
patients (Bohr and Memarzadeh, 2020). DTx digital medicine applications has potential to vary from
remote patient monitoring, such as glucose meters that transmit data to mobile apps, to digital
diagnostic documents (Ellahham, 2020). Digital therapeutics are said to be transforming technical
and ethical aspects of healthcare settings and reshaping the doctor-patient relationship and the
healthcare delivery system (Topol, 2019). Moreover, the business landscape in diabetes care is rapidly
evolving, with an increasing emphasis on digital therapeutics. The global diabetes care devices
market, valued at approximately USD 26 billion in 2021, is expected to grow significantly in the
coming years (Grand View Research, 2022).

With Al's potential to transform healthcare delivery, especially in chronic conditions like

diabetes (Ellahham, 2020; Nomura et al., 2021) there is a need to investigate the impact and
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challenges of Al in the rapidly evolving field of digital therapeutics for diabetes management.
Therefore this research focuses on understanding potential applications, effectiveness, and associated
challenges in the context of Al-based digital therapeutics in diabetes management.

The aim of the study is to provide an in-depth exploration of the current landscape and future
potential of Al in improving diabetes care, alongside identifying strategies to navigate and address
these existing barriers. It seeks to address three fundamental research questions:

RQ1: What are practical challenges for companies encountered when integrating Al-based
digital therapeutics into healthcare systems for diabetes prevention?

RQ2: What are the strategies that businesses can use to promote Al-based digital
therapeutics for diabetes prevention among healthcare providers, payers and consumers?

RQ3: What are the economic benefits of Al-based digital therapeutics in terms of reduced
healthcare costs, and how businesses quantify these benefits?

In this research on Al-based digital therapeutics in diabetes management critically examines
both the benefits and risks. It explores potential issues like data privacy breaches, the opaque nature
of Al decision-making, and the varying reliability of Al in different clinical contexts. By providing a
balanced analysis, my thesis contributes to a deeper understanding of these technologies, highlighting
the need for robust, safe, and effective healthcare solutions, and offering insights into how potential
risks can be mitigated.

By exploring the challenges and implications of integrating Al into diabetes care, this thesis
contributes to a critical area of healthcare innovation, providing insights that could influence future
medical practices, policy decisions, and the development of new, technologically advanced treatment
modalities. The research emphasizes the importance of strategic approaches to overcome challenges
and maximize Al's potential in diabetes management. It calls for more in-depth research to broaden
understanding and improve Al's efficacy in this field, highlighting its role in transforming patient care
and enhancing the efficiency of healthcare systems.

This reserach will include the following steps. Chapter 2 will review existing studies on Al in
healthcare, digital therapeutics and diabetes management. Chapter 3 will describe research methods,
including data collection and used analysis techniques. Moreover, chapters 4 and 5 will analize and
compare data gathered from expert interviews with literature review and present the findings. Finally,
Chapter 6 will include summary of main findings, theoretical and practical implications, limitations

and future direction of this topic.
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Chapter 2: Background

2.1. Healthcare

Healthcare's origins are deeply rooted in ancient civilizations, where it was intertwined with
religious and cultural beliefs (Risse, 2012). Over time, significant milestones, such as the
development of the Hippocratic Oath and the advent of the scientific revolution, have shaped
healthcare into a more structured and ethical practice (Jonsen, 2000). The 20th century marked an era
of rapid advancements. The discovery of antibiotics, the development of vaccines, and technological
innovations like electronic health records and telemedicine have revolutionized healthcare
(Laxminarayan et al., 2013; Bashshur et al., 2020). AI and Digital Therapeutics may well be

equivalent hallmarks in 21% century medicine.

2.1.1. Current challenges

Despite significant advancements in the field, healthcare today faces many challenges.
Access to care remains an important issue, with disparities evident across different socio-economic,
geographic, and demographic groups (Baum et al., 2019). The escalating costs of healthcare services
are a global concern, burdening individuals and healthcare systems (Papanicolas et al., 2018).
Ensuring high-quality and safe services is a continuous battle, with issues such as medical errors and
hospital-acquired infections being areas of concern (Baker et al., 2020). The healthcare workforce is
grappling with challenges like professional shortages, burnout, and the need for continuous education
and training (Dyrbye et al., 2020). Moreover, integrating technological advancements into healthcare
systems brings challenges, including ensuring patient privacy and data security (Kruse et al., 2020).
Finally, the COVID-19 pandemic has highlighted the need for robust healthcare infrastructure and
rapid response capabilities, underscoring the importance of pandemic preparedness (Legido-Quigley
et al., 2020). Recent reports show progress in these areas, yet preventive care practices are still not

optimal, risk factors remain common, and diabetes complications are widespread (Geiss et al., 2005).

2.1.2. Future of Healthcare
Looking into the Future, healthcare is expected to undergo further transformation. Advances

in genomics and biotechnology are leading the way toward more personalized treatment approaches
tailored to individual patients' genetic profiles (Ashley, 2020). Digital health is anticipated to expand
significantly, with the growing use of telemedicine, wearable technology, and artificial intelligence

offering new ways to deliver and manage healthcare (Bokolo Jr., 2021). There is also a growing
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emphasis on developing sustainable healthcare models that effectively balance quality, access, and
cost (Emanuel, 2020). Strengthening global health security to better prepare for future pandemics and
health crises has become a priority, as has the focus on health equity and addressing the social
determinants of health (Kluge et al., 2020). In essence, the future of healthcare lies in embracing
technological advancements, personalized medicine, sustainable practices, and a global approach to
health security and equity. Artificial intelligence is already enhancing various aspects of healthcare
and is likely to become essential for more intelligent and efficient clinical operations and care in the
future. As data becomes more secure and interoperable, Al will play a crucial role in analytics,
insights, and decision-making within health plan, pharmacy benefit manager (PBM), and health

system companies (Almalawi et al., 2022).

2.2. Diabetes Mellitus
2.2.1. Types

Diabetes mellitus is a collective term for chronic metabolic conditions described by high or
elevated blood glucose levels due to failed or insufficient insulin production in the body. The term
"diabetes" itself was coined by the Greek physician Aretacus in the 2nd century. However, it wasn't
until the 20th century that the distinction between Type I and Type II diabetes became clear (Bliss,
1982).There are four different clinical types of diabetes: type one (when the destruction of pancreatic
beta cells leads to a complete shortage of insulin production), type two (when there is high insulin
resistance and inadequate insulin production to overcome it), gestational diabetes (which affects only
pregnant women with low glucose tolerance) and there is part of other specific genetic defects or

influence of drugs (American Diabetes Association, 2010; Mayfield, 1998).

2.2.1.1. Type I diabetes. The journey of Type I Diabetes (T1D) spans several centuries.
Ancient Egyptian documents as early as 1500 BC mention symptoms akin to diabetes
(Papachristoforou, Rousso, & Mavromati, 2021). Type 1 diabetes, representing 5-10% of all diabetes
cases, is increasing globally and has significant immediate and long-term effects. Its strong genetic
link, mainly through the HLA complex, is well-established, yet its clinical onset triggers are largely
unknown. Effective management involves a multidisciplinary team focusing on insulin
administration, blood glucose monitoring, meal planning, and screening for related conditions and
complications. The major health risks associated with type 1 diabetes arise from microvascular and
macrovascular diseases (Daneman, 2006). The development of Type 1 Diabetes Mellitus (TIDM)

progresses through three stages, classified by the presence of hyperglycemia and related symptoms
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like polyuria and thirst. While there's no cure, and patients require lifelong insulin therapy,
advancements like insulin pumps, continuous glucose monitoring, and hybrid closed-loop systems
are emerging (Kapil et al, 2020). Despite improved microvascular and macrovascular complication
management through intensive glycemic control, most TIDM patients still develop these
complications (Katsarou et al., 2017). Recent years frequent self-monitoring of glucose is essential,
and interstitial glucose monitoring methods like continuous glucose monitoring (CGM) and flash
glucose monitoring (FGM) are becoming more popular than traditional methods. These systems
typically use a sensor inserted under the skin, secured with an adhesive patch, and are used for periods

of 6 to 14 days (Asarani et al, 2020).

2.2.1.2. Type II diabetes. Type II Diabetes Mellitus (T2DM) is a multifactorial disease
primarily characterized by insulin resistance and an eventual decline in insulin production. Its
insidious onset is often tied to modifiable lifestyle factors such as sedentary behavior and a calorie-
dense diet, leading to obesity - a significant risk factor. Genetics also significantly influence the
susceptibility to T2DM, with numerous genes implicated in its pathogenesis (McCarthy, 2010).
Today, T2DM has escalated to epidemic proportions globally. As per the 2021 statistics, over half a
billion individuals between the ages of 20 and 79 live with diabetes, a figure anticipated to swell to
643 million by 2030 and 783 million by 2045 (IDF Diabetes Atlas, 2021). Urbanization and
associated lifestyle transitions drive this surge, particularly in developing nations (Zhou et al., 2020).
The challenge of T2DM management is multi-pronged. Maintaining blood glucose at target levels is
often arduous due to T2DM's progressive nature. The disease also presents with various
complications, such as heart disease and microvascular damage, complicating patient care. The
financial impact is likewise significant, encompassing direct medical costs and indirect costs related

to reduced productivity (Bommer et al., 2018).

2.2.2. Diagnostics

Diagnostic of diabetes is made by plasma glucose criteria, fasting plasma glucose (FPG), using
oral glucose tolerant test or A1C criteria (average A1C level is below 5.7%). These tests are used to
evaluate, diagnose, or detect patients who could have prediabetes (ElSayed et al., 2023). The newest
advancements in data science extend benefits in the diagnosis of diabetes. Many studies show how
machine learning and Al techniques are implemented for diabetes prediction methods like artificial
neural networks (ANN), support vector machines, or gradient-boosting decision trees (Chang et al.,
2023). Table I presents a list of existing devices used for diagnostics and management, as well as

possible future developments.
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Current and future devices for diabetes diagnostics and management (original from Author)

Category

Existing devices

Future of emerging devices

Insulin Delivery

Traditional insulin syringes,
Insulin pens, Insulin pumps

(Stockl et al, 2007)

Smart insulin pens, advanced insulin pumps
(with more automated features) (Sangave et

al, 2019)

Blood glucose meters,

Non-invasive glucose monitoring

2013)

Glucose ' o
o Continuous Glucose Meters technologies, implantable CGMs (Hassan et

Monitoring
(CGM) (Poolsup et al, 2013) | al, 2019), (Sharng et al, 2022)
CGM and insulin pump

Integrated . Fully automated closed-loop systems
combo (Siegmund et al, -

Systems (Artificial Pancreas) (Am et al, 2023)

Data management

Mobile apps for diabetes
management, electronic
health record integration

(Peeples et al, 2013)

Advanced Al-driven analytics for
personalized treatment, integrated health
platforms connecting patients and healthcare

providers (Aggarwal et al, 2020)

Lifestyle

Management

Nutrition and exercise apps

(Brzan et al, 2016)

Al-based predictive systems for lifestyle
intervention, wearables with more advanced

health tracking features (Romero-Tapiador

etal, 2023)

2.2.3. Treatment and management

Since prevention or treatment for diabetes is improving, effectively managing the life-altering
aspects of the disease remains the most successful approach to control it. Measuring glucose levels
in the blood, which is a primary factor, was crucial to enhancing life expectancy (Bruen et al., 2017).
In past decades, scientists have made remarkable progress in diabetes wearables technology, and
outpatient care has shown significant benefits and great results. Technologies help people enhance
glycemia control, boost patient well-being, lower hypoglycemia risk, and lower the rate of hospital
admissions due to diabetes-related necessity (Avari et al., 2023). Recent technological advancements
have introduced wearables, smartphones, and other devices that help to monitor and track symptoms
or disease status of following patients (Ellahham, 2020). The future of diabetes management is poised
at the intersection of technology, personalized medicine, and patient-centered care. Artificial
intelligence (Al) and machine learning are expected to be crucial in predicting diabetes-related

complications and personalizing treatment regimens (Contreras & Vehi, 2021). Wearable health
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technology and intelligent insulin delivery systems are also areas of active research and development

(Garg et al., 2021).

2.2.3.1. Treatment and management of Type I. TID management is a complex endeavor
arising from the autoimmune destruction of insulin-producing cells in the pancreas (Atkinson,
Eisenbarth, & Michels, 2014). Lifelong reliance on insulin and constant blood glucose monitoring
are the pillars of managing this condition. The relentless nature of this disease also imposes
considerable psychological burdens (Hilliard et al., 2013). The landscape of T1D treatment has
evolved dramatically. The advent of recombinant human insulin in the 1980s marked a pivotal change
(Johnson, 1983). Modern developments include various insulin analogs and technological
innovations like continuous glucose monitoring (CGM) systems and insulin pumps, enabling finer
control over blood sugar levels (Pickup, 2012). The horizon of T1D treatment holds promise, with
cutting-edge research in areas like beta-cell replacement, immunotherapy, and artificial pancreas
systems. These innovative approaches aim to restore insulin production, prevent autoimmune
destruction, and automate insulin delivery respectively (Shapiro et al., 2000; Herold et al., 2019;
Russell et al., 2019).

In digital therapeutics, significant strides have been made in T1D care, especially during the
pandemic, underscoring the importance of remote healthcare. A study by Gomez et al. (2020) showed
that a digital diabetes management system considerably enhanced glycemic control (Gomez et al.,
2020). Peters et al. (2021) shed light on the positive impacts of a T1D-specific mobile health app,
which led to greater patient engagement and satisfaction, underscoring the utility of digital tools in
chronic disease management. Moreover, integrating machine learning into digital therapeutics marks
anew era. Chen et al. (2022) developed a machine learning algorithm to predict blood glucose levels,

offering tailored advice and aiding clinical decision-making.

2.2.3.2. Treatment and management of Type I1. T2DM treatment is a tapestry woven with
lifestyle modifications, oral medications, and, potentially, injectables. Metformin is the cornerstone
of pharmacotherapy, though recent drug classes such as SGLT2 inhibitors and GLP-1 receptor
agonists have shown promise due to their additional benefits. Bariatric surgery is also acknowledged
for its efficacy in T2DM patients with obesity (Rubino et al., 2016). The horizon of T2DM therapy
is seeing a shift toward individualized care. Precision medicine is on the rise, aiming to tailor
treatments based on personal genetic makeup and environmental factors. Pharmaceutical innovations
continuously unveil new treatments to regulate glucose levels better and improve insulin action

(Ahlgvist et al., 2018).
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The field of digital therapeutics has undergone substantial growth in T2DM. These evidence-
informed digital interventions use health technology to manage the disease, exemplified by improved
adherence to lifestyle changes and medication bolstered by instant feedback mechanisms (Torous &
Roberts, 2020). In 2020, research by Fagherazzi et al. (2020) illustrated the success of DTx in
managing T2DM. Subsequently, a 2021 review by Chen et al. affirmed the effectiveness of mobile
health apps in ameliorating T2DM outcomes, integrating DTx into conventional diabetes
management (Chen et al., 2021). By 2023, DTx has not only advanced in sophistication but has also
gained wider acceptance among patients and healthcare professionals, becoming an integral part of
diabetes care as per clinical guidelines, which signals a transition to more integrative, patient-centric
treatment models (Jethwani et al., 2020). Proper knowledge and accurate guidance are crucial for
patients and their caregivers who are actively engaged in handling DTx devices like subcutaneus
insulin pumps. Over the past twenty years, the dependability of pump technology has significantly

enhanced, resulting in a growing number of diabetes patients using them (Bombaci et al, 2022).

2.2.4. Future of diabetes treatment

There is considerable excitement surrounding the next generation of diabetes medications.
Agents such as the newer GLP-1 receptor agonists are proving to be quite effective in managing blood
glucose and offering additional cardiovascular advantages (Marso et al., 2016). Researchers are also
delving into therapies that don't rely on the incretin system, potentially offering similar benefits with
areduced risk profile (Pratley & Aroda, 2018). On the cutting edge of T2DM treatment are endeavors
like gene editing and stem cell therapy. While still predominantly experimental, these approaches hint
at a future where the root causes of T2DM could be addressed at the cellular or genetic level,
potentially restoring the body's ability to regulate blood glucose naturally (Dominguez-Bendala et al.,
2019; Balboa et al., 2021). The advent of closed-loop insulin delivery systems presents a leap forward
in T2DM management. These systems, often called the pancreas, are making strides in automating
insulin delivery in response to real-time glucose levels, mimicking the natural insulin secretion of a
non-diabetic pancreas (Tauschmann & Hovorka, 2018). Digital health, which includes telemedicine
and mobile health apps, has seen a significant rise in adoption, providing tailored diabetes care that
extends beyond traditional healthcare settings. These digital platforms show promising patients
manage their diabetes more effectively, with studies indicating that they can lead to better glucose
control and reduced diabetes-related stress (Bonoto et al., 2017). The realm of digital therapeutics is
expanding with mobile applications at the forefront, employing sophisticated algorithms and machine

learning to offer personalized diabetes management guidance. Furthermore, wearable devices are
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being explored for their potential to track glucose and forecast changes in glucose levels (Istepanian

etal., 2021).

2.3. AI and Digital Therapeutics of diabetes management

Advancements in healthcare are unfolding rapidly across three major dimensions: healthcare
technology, healthcare delivery, and computer science/information technology (IT). Healthcare
technology is seeing breakthroughs from the human genome project, innovative pharmaceuticals and
nutraceuticals, and advanced medical devices. Concurrently, healthcare delivery is evolving with
novel disease management methods, the adoption of evidence-based care, and the integration of mind-
body medicine. In the realm of computer science and IT, significant progress is being made in data
processing speed and storage, mobile personal computing, cloud computing, artificial intelligence,
networking, and biometrics, all contributing to a transformative shift in the healthcare sector (Sriram
and Reddy, 2020). In essence, artificial intelligence is the replication of human intelligence processes
by machines, particularly computer systems. These processes include learning, reasoning, and self-
correction. Initially, Al systems are exposed to large datasets to learn basic patterns and information
about specific conditions or diseases. However, Al transcends being just a vast database. After the
initial learning phase, these systems are designed to evolve and refine their capabilities, becoming
more precise and efficient in their tasks (Padhy et al., 2019). It is anticipated that with access to vast,
structured data sets and ample computational power, the predictive accuracy of Al in diabetes will
see considerable enhancement. This advancement is expected to greatly improve the precision of

models used for predicting diabetes-related outcomes (Nomura et al., 2021).

2.3.1. Digital therapeutics

Digital therapeutics is the newest form of medical treatment, using evidence-based usage by
heavily developed software programs to improve or treat patients (Hong et al., 2021). However, there
is no consensus on how to comment DTx among various countries (Wang et al., 2023). DTx is a
component of the more significant digital health and digital medicine parts, and each of them has
clinical significance and regulatory checks. Digital health is used more to collect and use patient
health information, including doctor or telehealth consultation, and software is used more to maintain
clinical care when digital medicine can diagnose a specified illness and treat a patient (Phan et al.,
2023). Digital Therapeutics Association (DTA) emphasizes that DTx products combine cutting-edge
technology with top-tier design, clinical support and data security. DTA legitimizes all stakeholders
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(patients, healthcare providers, and payers) by providing accessible gear for addressing a range of
conditions through data-driven interventions (Dang et al., 2020).

The increasing prevalence of chronic diseases, compounded by population aging and other
health trends changes, poses significant challenges for healthcare systems around the world. In the
expanding telehealth landscape, DTx can deliver evidence-based cures for disease maintenance and
further steps (Carrera et al., 2023). Digital therapeutics from 2021 is commonly referred to as the
“fourth wave”. The “tree waves” before were more into remote monitoring and digital telehealth
applications but there was a big problem to improve patient commitment. Consequentially, patients
were not interested in digital products because of integration problems in clinical workflow (Dang et
al., 2021). In addition to the challenge mentioned before, an increasing number of DTx tools integrate
Al (with involvements of machine learning (ML) or deep learning (DL) to improve DTx effectiveness
in medical predictions. However, enabling ML and DL potential often demands loads of high-quality
data, which can complicate specific diseases in the healthcare sector (Forcier et al., 2019). DTx Can
be a valuable complement and, in some cases, a game changer for traditional biomedical treatments.
Additionally, DTx enables healthcare providers to remotely gather real-time patient data by
improving the efficiency of consecutive office visits (Patel and Butte, 2020).

Currently, DTx products are so flexible that they take prominent place in the medical market,
giving people and healthcare specialists the opportunity to improve the whole healthcare system.
Many software or devices help people with various medical conditions like diabetes, oncology
treatment, or neuropsychiatric disorders (Hong et al., 2021). Also, DTx products are situated in the
stage where they can comfortably change settled treatment methods, like cognitive behavioral therapy
(CBT) or reminiscence therapy. Figure I presents conceptual positions in relation to current
therapeutic choices (Chung, 2019).

Figure 1.

Conceptual position of digital therapeutics in relation to current therapeutic choices (from Chung

(2019))
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2.3.2. Digital therapeutics in diabetes management
The inception of digital therapeutics in diabetes management traces back to the advent and

evolution of digital technology and the escalating need for individualized, easily accessible, and cost-
efficient care solutions. Initially, this field focused on digital record-keeping and patient management
systems but has expanded to include more advanced, interactive tools (Tarricone et al., 2020). Various
methods are employed in digital therapeutics for diabetes management, from smartphone applications
and telehealth services to sophisticated data analysis and artificial intelligence applications.
Smartphone apps, for example, provide a means to monitor glucose levels, track insulin doses, and
log dietary information, often in conjunction with wearable technology for immediate monitoring
(Hou et al., 2019).

Integrating Al and machine learning has also brought about predictive models, contributing
to more accurate and personalized treatment plans (Contreras & Vehi, 2018). Adopting digital
therapeutics in diabetes care is not without challenges. Concerns about the security of data and
maintaining patient confidentiality are paramount, given the sensitive nature of health data these
systems manage (Siegel, 2020). The issue of the digital divide is also prominent, as unequal access
to technology can worsen healthcare disparities (Lyles et al., 2019).

In addition, fitting digital tools into existing healthcare frameworks and ensuring
compatibility among different systems presents difficulties (Or & Tao, 2019). Another significant
issue is sustaining user engagement and adherence to digital therapeutic programs, which is essential

for long-term effectiveness (Eberle et al., 2019).
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The Future of digital therapeutics in diabetes management could be good if demands gonna
overcome current obstacles and further innovations. Progress in personalized medicine and
incorporating genomic information into digital platforms may offer more specific and efficient
treatment approaches (Topol, 2019). Utilizing emerging technologies like blockchain for securing
data and augmented reality for patient education could also enhance the effectiveness and security of

digital therapeutics (Klonoff, 2019; Bresnick, 2020).

2.3.3. Artificial Intelligence

Artificial Intelligence is the cornerstone of computer science. It constitutes a scientific
advancement wherein machines are designed to execute tasks falling in the realm of human
intelligence (Aggarwal et al., 2022). The evolution of artificial intelligence started in 1951 with the
development of the first Al program by Christopher Strach. The main break in Al development was
in 1956 when John McCarthy, at the Dartmouth conference, introduced the term "Artificial
intelligence" and made a significant step in Al history. In the following decade, Al research was on
expert systems, but without powerful computers and large quantitity of data, it was hard to move
forward (Alowais et al., 2023).

Focusing on the realm of machine learning and the connection of Al, it can be described as a
system's capacity to accurately comprehend external data, assimilate knowledge from that data, and
subsequently employ these acquired insights for the accomplishment of objectives and tasks, all the
while demonstrating flexible adaptability (Meske et al., 2020). The creation of Al has been overseen
by specific parts of engineers, scientists, programmers, and systems architects. The team that worked
for them had problems improving the broad spectrum of human diversity encompassing factors like
gender, age, geographical origin, and economic status (Akter et al., 2021). In simpler terms, the Al
creation team tries to emulate the neural processing of the human brain using computers. Creators'
hinge on three critical components: computational systems, data management, and algorithms. The
last thing that empowers Al to have the ability to make and, understand different patterns and, most
of the time, give meaningful insights replicating human intelligence (Rodgers and Nguyen, 2022).

Artificial intelligence paves the way for a valuable generation in enterprises, industries, and
old society. More profound research helps to understand Al's significance in numerous aspects,
leading to widespread adoption within various business sectors (Ansari et al., 2022). Nowadays,
artificial intelligence has become an integral part of everyone's life, both as a subject of ongoing
discussion and pervasive technology, and Al professionals' teams continue to contribute to a growing

list of achievements, with the results of their research permeating various aspects of our daily lives.
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Moreover, Al-driven machine learning methods have enabled the identification of individuals
through their unique attributes, including facial features or vocal patterns. (Shadbolt, 2022).

Al can be categorized into two main types: automation and augmentation. Automation
replaces human tasks, and augmentation takes human intelligence and insights for better decision-
making. These categories help across organizational processes and can improve company products
and services if employees or the company is using Al (Enholm et al., 2022).

During years Al brings us a profound revolution in the field of medicine, with the potential to
significantly enhance the experiences of clinicians and patients. Findings show continuous efforts to
monitor and disseminate pivotal advancements in medicine with the help of Al (Rajpukar et al.,
2022). However, adopting digital technologies and software in healthcare institutions has created
challenging scenarios for software developers and healthcare professionals (Prakash et al., 2022).
Nowadays, Al technologies can serve as potential allies to broaden human capabilities when it's
possible to enable the delivery of necessary care to patients whenever required, and it is essential to
understand that human and machine harmony cannot be separated (Chen and Decary, 2020). But Al
systems are developing very fast as they improve by using a lot of data and can offer opportunities to
enhance disease treatment patient care, streamline healthcare management, and even reduce some
human errors and costs (Lee and Yoon, 2021). Still, Al cannot replace medicine experts or healthcare

specialists due to deep insights (Kumar et al., 2023).

2.3.4. Al in Diabetes Management
Rapid diagnosis and early prevention are essential for managing the disease (Kumar and

Suresh, 2021). Traditional in vitro biosensors like glucose meters and glycohemoglobin test kits are
commonly used for diabetes diagnosis and long-term management, as they directly measure key
indicators of the disease. The significant market size and high demand for these tests position diabetes
as an ideal model for developing innovative sensor approaches (Bruen et al, 2021)

Effective self-management is crucial for meeting diabetes treatment objectives. Technologies
like mobile phones and Bluetooth® are instrumental in supporting self-management and lifestyle
modifications for chronic conditions, including diabetes (Thompson et al, 2023). The introduction of
continuous glucose monitoring sensors has significantly transformed glucose monitoring in diabetes
therapy. Current market leading CGM sensors are mostly minimally invasive, using a needle
electrochemical sensor to measure glucose levels in the subcutaneous tissue, although there are also
systems based on optical sensing technologies. The growing availability of CGM sensors is driving

the creation of various applications, such as tools for retrospective CGM data analysis and mobile
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apps that integrate CGM data with other vital diabetes management information like medication,
dietary intake, and physical activity (Vettoretti et al., 2018).

Significant advancements are also anticipated in the interoperability of continuous glucose
monitoring systems with other devices, such as medical devices for diabetes therapy, activity trackers,
and various physiological wearable sensors. The FDA has recently categorized a new class of CGM
devices as integrated continuous glucose monitoring (iICGM) systems. These are designed to function
as part of an integrated system, compatible with other medical devices and electronic interfaces. This
classification is expected to expedite the market entry of iCGM devices, enhancing the scope and

effectiveness of diabetes management technologies (Cappon et al., 2019).
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Chapter 3: Research Methodology
This study investigated the impact and challenges of Al in the rapidly evolving field of
digital therapeutics for diabetes management. With Al's potential to transform healthcare delivery,
especially in chronic conditions like diabetes, this research focused on understanding its applications,
effectiveness, and associated challenges in the context of DTx (Ellahham, 2020; Nomura et al., 2021).

The following research questions were used to guide the analysis:

RQ1: What are practical challenges for companies encountered when integrating Al-based
digital therapeutics into healthcare systems for diabetes prevention?

RQ2: What are the strategies that businesses can use to promote Al-based digital
therapeutics for diabetes prevention among healthcare providers, payers and consumers?

RQ3: What are the economic benefits of Al-based digital therapeutics in terms of reduced

healthcare costs, and how businesses quantify these benefits?

3.1. Research Design
The research used three main methods: 1) literature review, i) interviews with experts and iii)

scenario analysis. Literature review was performed using papers found in Google Scholar data base.
The search was based on keywords like diabetes mellitus, digital therapeuthics, diabetes management,
Al in healthcare and diabetes, innovation. Papers used for research were dated from 2017 to 2023,
which resulted in 126 papers used for research. Adopting a qualitative research approach, this study
used semi-structured interviews to gather in-depth insights from industry professionals,
academicians, and specialists in DTx and this. This approach is ideal for exploring these experts'
nuanced perspectives and experiences (Davis, 2018). Finally, scenario analysis allowed to simplify
interactions between variables, and aid in strategic planning by exploring different potential futures
and their implications. This also deepened understanding of key drivers, interdependencies, and

helped to identify uncertainties and risks in the field.

3.2. Data collection — Expert interviews

In-depth semi-structured interview guide was created, focusing on integration and
application of Al in DTx for diabetes, challenges and ethical considerations in implementing Al-
based solutions. Also, perceived effectiveness and patient outcomes, as well as the future trajectory
of Al in diabetes management and DTx were discussed (Ellahham, 2020; Joshi et al., 2023). The
study employed purposive sampling to select participants with specific expertise in DTx and Al in
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diabetes management. This targeted approach ensured the collection of rich, relevant data from
knowledgeable sources (Taylor, 2019).

Participants were categorized into: Business owners - professionals who are actively involved
in the development or implementation of DTx solutions in diabetes management businesses, DTx
Experts in Diabetes Management - specialists who focus on integrating DTx into diabetes
management, providing insights into specific challenges and opportunities in this area, academic
experts - professors and researchers specializing in digital health, Al technologies, and diabetes care,
offering a theoretical and research-oriented perspective (Brown, 2021). The average interview
duration was 41:20. In total, 89 requests were sent for potential interviewers, resulting in final 10
interviews conducted with industry professionals (see overview of Experts in Table 2). Interviews
were conducted via Zoom/Microsoft Teams and recorded. Data was analyzed using thematic analysis,
as outlined by Brown and Clarke (2021), which is an effective method for identifying themes and
patterns in qualitative data (see categories in Table 3). Summarized responses per question can be
found in Appendix I. It is important to note, that question number 6 received very poor answers due
to lack of shared knowledge and newness of the field discussed.

The research adhered to the highest ethical standards, ensuring informed consent,
confidentiality, and voluntary participation. Ethical approval was obtained from the institution's
ethics committee (Green et al., 2020).

Table 2.

Overview of Interviewees (original from Author)

Code | Current position/Background Male/Female | Form of data collection

IA | Principal, healthcare innovator Male Online synchronous communication
IB | Business development director Male Online synchronous communication
IC | Invited Assistant Professor Male Online synchronous communication

CEO at diabetes management _ o
ID Male Online synchronous communication
product company

Online assynchronous

IE | CEO Male o
communication
Resident Specialist, lecturer,
Digital Health Scientific Advisor, Online assynchronous
IF . ' Male o
Governing Council Member at communication

WFPHA




Owner consulting company, ex- Online assynchronous
IG Male o
Chief Digital Oficer communication
Founder, Managing director and Online assynchronous
IH Female o
Digital Strategist communication
II | Product manager Male Online synchronous communication
IJ | Chief product officer Male Online synchronous communication
Table 3.

Coded categories based on Expert interviews (original from Author)

Category Key words and phrases
Shift towards predictive care is transformative step;
Numerous Al-driven startups and solutions in diabetes field;
Adoption rates remain low;

1. Current
Stakeholders are not ready for a change;

landscape

Tools already used: software that connects CGM and insulin pump data,

Artificial pancreas concept, lifestyle intervention app, software to predict

treatment needs and assessing probability of treatment rejection.

2. Benefits and
effectiveness
compared to
traditional

methods

Insulin titration (insulin dosage);

Lifestyle intervention and cognitive behavior therapy;
Decision support for clinicians;

Volume and quality of data collected,;

Personalized and differentiated care decisions;

Predictive capability;

More precise and lower costs;

Continuous support;

Very effective if patients actively engage with their condition;
Effectiveness is highly individual and cannot be quantified uniformly;
Potential in exposing inefficiencies;

Effectiveness varies across different technologies.

3. Patient view

on Al-driven

Largely depend on guidance from healthcare professionals;

Largely depend on design and user experience of tools;
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tools in

diabetes care

Initial skepticism due to lack of digital familiarity;
After training/demonstrations recognition of ease of use and improvement;

Young ones and tech-savvy patients adapt faste.

4. Challenges to

implementation

Validating the effectiveness;

Data protection laws;

Ethical and practical challenges — “black box” nature of Al systems;
Combining different regulations;

Gaining trust from physicians;

Training and educating physicians;

Difficulties in accessing necessary data and compensating data suppliers;
Business model;

Gaining approval for market presence, market readiness.

5. Business

models

Depends on the market and healthcare system,;

EU holds lower willingness to pay than U.S. market;
Importance of partnering with employers;

Engaging with other players in challenging;
Value-based procurement;

Public reimbursement;

6. Future

landscape

Influence of technologies like AID, non-invasive blood glucose measurement,
generative Al, integrated language models, and humanoid robotics;
Future hinges on strength of effectiveness evidence;

Crucial role in containing costs;

Changes in regulations;

Exploring new business models and new partnerships is important;
Sensor technology will become smaller and more comfortable;
Greater patient involvement in their own healthcare;

Increasing attention to prevention;

Improved access to care;

Ability to understand disease outside healthcare settings;

Will require time and may initially increase healthcare costs.
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Chapter 4: Analysis and Discussion

4.1. Current landscape

In literature review it is discussed that currently digital therapeutics are strongly transforming
various aspects of healthcare settings, doctor-patient relationship and entire healthcare system (Topol,
2019). Recent technological advancements have introduced wearables, smartphones, and other
devices that help to monitor and track symptoms or disease status of following patients, that
significantly improve the care (Ellahham, 2020). Experts also emphasized the increasing number of
Al-driven startups and solutions in diabetes field (IA, ID). Moreover, growing availability of CGM
sensors is driving the creation of various applications, such as tools for data analysis and mobile apps
that integrate data with other vital diabetes management information (1A, IB, ID, IC, IG, 11, 1J). This
also presents transformative shift towards predictive care (IB), as a machine learning algorithms
allows prediction of blood glucose levels, offering tailored advice and aiding clinical decision-making
(Nomura et al., 2021; Chen et al., 2022).

However, the increasing costs in healthcare has become a burden, limiting access to care
around the world (Papanicolas et al., 2018; Baum et al., 2019). This was also confirmed by
interviewee IB. Moreover, experts emphasized that adoption rate of new technological advancements
remains low (IB, ID, IG), which is mainly being driven by various stakeholders being not ready for
change (IC) and lack of strong effectiveness evidence (IB, 1G). Finally, there is a lot of ambiguity

around various regulations for development and adoption (ID).

4.2. Al-based digital therapeutics benefits and effectiveness

Literature findings showed that current methods to diabetes treatment are high in economic
costs, which results in impacting the quality of life of the patients (Davies et al., 2018). However,
experts suggest that Al-based digital therapeutics can enable more precise calculation of costs, which
would initially result in lowering them too (IB, IC, ID, II, IH, 1J). Moreover, it was discussed that
potential applications of DTx are vast — from remote monitoring to digital diagnostic documents
(Ellahham, 2020). Experts suggested that Al could play a key role in insulin titration, which is
extremely valuable in Type I diabetes management (IA, IB, IC, ID, IG), lifestyle intervention and
cognitive behavior therapy, which is crucial for prevention of Type II diabetes (IA, ID, IE, IG, 1J),
and play an important support role in decision making for clinicians (IB, IC, ID, 1J). As systems are
developing fast, they improve by using a lot of data (IA, IB, IC, IF, IH) and can offer opportunities

to enhance disease treatment patient care, streamline healthcare management, and even reduce some
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human errors and costs (Lee and Yoon, 2021). Higher volume and quality data collected by Al-based
solutions, would enable this (IA, IB, IC, IF, IH). Additionally, according to experts, the most
significant benefit of Al-based digital therapeutics compared to traditional methods its ability to
provide more personalized and differentiated care decisions (IA, IB, IC, ID, IE, IF, 1G, II, 1J), “a stark
departure from traditional one-size-fits-all approaches” (IE). Finally, over traditional methods, these
solutions allow more continuous support for patients, like real-time feedback on the data (ID, IE, IH).

Regarding the effectiveness, experts suggested that it depends on a few critical things. Firstly,
it can be extremely effective if patients engage with their condition (IA). Expert IH also suggested,
that such innovations could encourage self-management among patients. IA and IB noticed, that the
effectiveness is highly individual and cannot be quantified uniformly. Expert IF noticed that more
research needs to be available to compare effectiveness. ID, 1G and IH added that effectiveness varies
across different technologies. Expert IC also suggested that Al-based digital therapeutics holds
potential in exposing inefficiencies in current methods used. However, expert IE claimed that Al-
based digital therapeutics are already proving more effective than traditional methods due to

personalized and adaptive approach.

4.3. Patient view on Al-based digital therapeutics

Some athors argued that patients are not interested in digital products because of issues in
clinical workflow (Dang et al., 2021). This complicates patient commitment to new solutions.
However, interviewed experts suggested that initial skepticism towards these solutions comes from
lack of digital familiarity (IA, IB, ID) but that it also strongly depends on provided guidance from
healthcare professionals (IA) and of the design of the tools and how they support user experience (IG,
I, 1J). It was noted, that after initial training and demonstration of tools, recognition of ease of use
improved significantly (IA, II, 1J). IE suggested, that data privacy, user-friendliness, and clinical
validation are key factors in encouraging patients to use the product. Finally, experts noticed trends
that young people and tech-savvy patients are more eager to use and adapt to the technologies faster

(IA, T0).

4.4. Challenges to implementation and development

There is no doubt that there are numerous challenges to solve for successful implementation
of Al-based digital therapeutics in healthcare and diabetes management. Literature revealed such
challenges as ensuring high-quality and safe services (Baker et al., 2020), low patient commitment,

and lack of readiness of stakeholders and regulations. Meanwhile, as the most significant challenges



30

to implementation, experts mentioned existing data protection laws (IB, IC, IE, IF, IH, II, 1J) and
combining different regulations for development and adoption (IA, IE, IG, II, IJ) or no regulation at
all (IF). Expert IE is saying that reliance on technologies will exclude some certain groups. These
issues complicate the process of getting approval for market presence (1A, IC, ID) and going through
clinical trial processes (IE, IF) which is very complex as diverse populations and conditions involves
extensive validation (IE). Moreover, choosing the right business model is a complex challenge witch
significantly affect the success of implementation (ID, IG, II, 1J). IE also noticed, that accessibility
and affordability may also rely on reliance on technologies like smartphones or internet connectivity,
as it may exclude certain groups. Expert IC also discussed the difficulties in accessing necessary data
and compensating data suppliers for it. Finally, it was noted that such challenges as ethical and
practical ones like “black box™ nature of Al systems (IC), limits gaining trust from physicians (IA,

IB, IC, ID) and requires additional training and education (IA, IB, IC).

4.5. Implications for business models used for promotion

Previously it was discussed, that choosing the right business model is one of the main
challenges in promoting Al-based digital therapeutics in healthcare and diabetes management. When
considering the business models, experts suggested that it can widely depend on the market and
healthcare systems (IA, IG, II). For instance, it was noted that patients in EU holds lower willingness
to pay than U.S. market (IA, IH). Expert IB also emphasized the importance of partnering with and
enabling employers, as engaging with other players in the market is extremely challenging. Most of
the interviewees suggested using value-based procurement (IC, 1G, II, 1J), which is outcome focused,
uses life-cycling costing, involves extensive stakeholder engagement, and emphasizing sustainability
and social value. Expert IH discussed that payment methods, like fee-for-service vs value-based
healthcare, will play crucial role in determining how these tools are reimbursed. Also, IE suggested
that subscription models for recurring revenue, collaborations with healthcare providers for
integration, direct-to-consumer approaches with freemium models, and licensing agreements with
pharmaceutical or healthcare entities would be the most successful. Expert ID also suggested focus
on public reimbursement, when governments or other public bodies compensate

individuals/organizations for specific costs.

4.6. Future landscape
Literature analysis revealed that the digital health trend is here to stay (Bokolo Jr., 2021) as

well as global diabetes care devices market is expected to grow significantly in upcoming years. It is
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expected that Al will play string role in analytics, insights, and decision-making within health plan,
pharmacy benefit manager, and health system companies (Almalawi et al., 2022). This was also
supported by experts interviewed. IE suggests that Al-based digital therapeutics will reshape
healthcare systems by improving efficiency, resource allocation and preventative care. Experts also
expect significant influence of technologies like AID, non-invasive blood glucose measurement,
generative Al, integrated language models and humanoid robots (IA, IB IC, ID, IG, II, 1J). It is also
expected that sensory technologies will become smaller and more comfortable (IA, II). They also
emphasized that success will strongly hinge on strength of effectiveness evidence, changes in
regulations (IB, IF, IG, IH). Experts suggested that changes will require time and may initially
increase healthcare costs (IB, IC, ID, IE, IG), but with garter patient involvement in their own care
(IB, ID, IG), increasing attention to prevention (IC), and improved access to care (ID, II, 1J), Al-based
digital therapeutics can reshape the healthcare and diabetes treatment and management. Expert IF is
saying that next decade innovation will be simpler than we think when world will combine data
science and artificial intel. Finally, most of the experts agreed that the next 5 to 10 years will be
critical in development and acceptance of Al-based digital therapeutics role in diabetes treatment and

management.

4.7. Scenario analysis

To fully understand and forecast Al-based digital therapeutics role in diabetes treatment and
management, scenario analysis was also performed. The insights gained from literature analysis and
expert interviews are the ground for the Two-Axis Method scenario planning. It involves using high
uncertainty contextual factors for structuring possible scenarios and their probabilities. This method
is one of the most widely used, as it has simple frame for identifying different storylines (Ramirez &
Wilkinson, 2013). The chosen uncertainties and dimensions included technological advancement and
integration (degree to which Al advance and successfully integrate into digital therapeutics) and
healthcare system adoption and integration (extent to which healthcare systems adopt these
technologies and regulatory environment adapts to accommodate). Table 3 presents scenarios, their
probabilities and factors that pose an influence. Probabilities were assumed considering the research
findings obtained in literature review and expert interviews.
Table 4.

Summary of Scenarios (original from Author)

Scenario 1 Scenario 2 Scenario 3 Scenario 4
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Technological
advancement High High Low Low
and integration
Healthcare
system adoption High Low High Low
and integration
Probability 25% 35% 20% 20%
Rapid Al Adoption of Persistent
development, Fast-paced Al digital health technical
Factors that increasing global | advancement, solutions by challenges in Al,
increase the digital healthcare | industry healthcare conservative
probability trends, proactive | investment in systems, regulatory
regulatory technology supportive policy | environments,
reforms environment lack of funding
. . Growing
Technological Healthcare Technical -
o o L recognition of
limitations, slow | system inertia, complexities in o
Factors that ‘ ' digital health
regulatory varied global Al funding
decrease the ‘ benefits,
changes, regulatory issues, data _
probability ' ‘ _ incremental
concerns about environments, Integration )
) ) technological
data privacy cost constraints challenges )
improvements

First scenario assumes significant advance of Al technologies and their flawless integration
into digital therapeutics, while at the same time healthcare systems rapidly adopting these
technologies. It also assumes high supporting frameworks introduced by regulatory bodies. Second
scenario keeps high advancements in technological success, but their adoption is hindered by
resistance to change in healthcare systems and challenges in regulatory environments. Third scenario
assumes the opposite — healthcare systems are well prepared, but Al advancements face challenges
in integration and development. Finally, fourth scenario assumes both, low advancement and
adoption, due to various significant challenges.

These scnearios also reveal several important things. First, synchronizing technological
development with healthcare system readiness is key. High technological advancements do not
automatically translate into effective healthcare intergration. Second, external factors like regulatory
reforsm, industry investment or technical challenges significantly impact the trajectory of digital

health integration. Moreover, the supportive role of policy environments and funding is extremely
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important in facilitating or hindering the adoption. Finally, varying probabilities suggest that
healthcare sector must be prepared for different rates of change and innovation as well as global
diversity in systems and tech development.

In conclusion, for Al-based digital therapeutics to play an important role in diabetes
management multiple challenges need to be solved. Without proper readiness, technology could not
be adopted for wide usage. However, as technology holds numerous benefits and efficiencies over

current systems, it can be concluded that it has potential to play a transformative role.
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Chapter 5: Conclusions
The final chapter of this thesis summarizes main findings, limitations and implications on the

research, as well as recommendations for future research.

5.1. Limitations and recommendations
Next paragraphs will discuss limitations of experts’ interviews, that have an impact on
describing findings of research and recommendations for researchers that might do studies on similar

topics.

5.1.1. Limitations

5.1.1.1. Expert interviews. Interviews were used and conducted with business owners, A.I
experts, one university professor and experts in healthcare (diabetes) sphere. Although semi-
structured interviews offered multiple benefits, they were also subject to several limitations:

e Al expertise: because Al is not a new technology all in computers creations and other things
but in healthcare Al is going rapidly fast in recent days, so it’s a challenge to find A.I. experts
that could be suitable candidates for an interview.

e Scope: semi-structured interviews could cover only limited scope of and may have some
subjectivity and personal bias.

e Time zone and schedule: another challenge is different time zones or busy schedules of the
experts, which results sending responses via e-mail. This limits the possibility to ask follow
up questions or answer any doubts interviewees may have.

e Response variability: depth of the answers varies a lot, making it difficult to get full analysis.

5.1.1.2. Implications on findings. The chosen Two-Axis Method for scenario planning also
has some limitations and potential implications on the study. This is a complex process of identifying
the key critical factors to use for the planning. These scenarios were based on literature analysis and
experts’ interviews, which might not bring enough insights for more concrete planning (survey
insights could be added potentially). Moreover, in these scenarios, probabilities are based on
hypothetical situations, starting with a baseline of 25% probability. This could result in missing some
of the relevant factors to capture full picture.

Nontheless, scenarios underscored important implicaions into the future of Al-based digital
therapeuthics in diabetes management. First, there is a critical need for synchronizing tech

advancements with healthcare system readiness, as high advancements do to necessarily translate into
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effective integration. Moreover, external factors like regulatory reforms, industry investment or
technical chanllenges impact the trajectory of digital health integration, which needs supportive
policy environments and dunfing to facilitate adoption. Also, varying probabilities reveal that sector
must be prepared for different rated of change and diversity in systems and tech development. Finally,
despite the challenges, Al-based digital therapeuthics in diabetes management holds significant
potential and can play transformative role, given the numerous benefits and efficiencies over current

systems.

5.1.2. Recommendations
There are also several recommendations that researchers could use when conducting studies
on similar topics:

e Broader expert sample: in future other researchers could take larger sample of experts.

e Patient surveys: another suggestion is to conduct a survey with patients who are already using
Al-based digital therapeutics or the ones who could be potential users. This would allow to
get wider understanding of Al-based digital therapeutics suitability in diabetes management.

e Wider geographical scope: there is a possibility to investigate wider geographical view (for
example North and South Americas, Australia and Asia). These insights would also benefit
the research.

e Inclusion of additional experts: other additional experts like IT professors, data specialists or

privacy experts could be used for more additional insights.

5.2. Main findings
Based on findings in literature review, experts’ interviews and scenario analysis, a summary

of main findings is provided bellow.

5.2.1. Current usage of A.l.- based digital therapeutics in diabetes management
The adoption of Al in diabetes management is marked by several innovative approaches that
significantly enhance patient care:
e Personalized treatment plans, where Al algorithms tailor recommendations based on
individual patient data, such as lifestyle factors, ensuring each patient's unique needs

are addressed.
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Al's integration into Continuous Glucose Monitoring systems has revolutionized
glucose monitoring, providing real-time, accurate feedback. This advancement allows
for better-informed decisions by both patients and healthcare providers.

Automated insulin delivery systems have been transformed by Al, especially for Type
1 diabetes patients, by automating and optimizing insulin dosing. Healthcare providers
benefit from Al tools that offer predictive analytics, aiding in the anticipation and
management of potential complications.

Al-driven apps and platforms are redefining patient education and engagement,
offering interactive ways to learn about diabetes management and encouraging better

self-management practices.

The integration of these digital therapeutics with telehealth services is a significant development,
reflecting the digital evolution in healthcare. Cappon (2019) mentioned that FDA also integrated
continuous glucose monitoring, that are compatible with other diabetes tracking devices and
electronic interfaces and can be improved in future. These diverse applications of Al are not only

improving patient outcomes but are also paving the way for more innovative healthcare solutions in

5.1.2. Main challenges and limitations of A.1l.-based digital therapeutics adoption
Incorporating Al-based digital therapeutics into diabetes management encounters numerous

and varied challenges:

Among the most significant is the complexity of regulatory landscapes, particularly in
regions like Europe, where regulations such as the Medical Device Regulation (MDR)
and the Al Act impose stringent compliance requirements.

Gaining the trust of healthcare professionals, especially physicians, is another major
challenge due to the inherent "black box" nature of Al, where the decision-making
process is not transparent or easily understood. This issue is compounded by the
complexity of managing data access, ensuring privacy and security, and maintaining
transparency and fairness in Al algorithms.

The rapidly advancing nature of technology in the healthcare sector presents a
continual challenge in integrating new Al-based solutions into existing therapeutic

frameworks and practices.
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e Economic considerations, such as the development and deployment costs of these
therapeutics, also pose significant barriers, particularly in ensuring equitable access
across different segments of the population.

e (ollaboration and communication among various stakeholders are essential in
overcoming these challenges. This includes the need for effective partnerships
between technology developers, healthcare providers, policymakers, and patients.
Such collaboration is crucial for aligning interests, overcoming barriers in
communication, and facilitating the adoption and effective use of Al in diabetes care.

Addressing these multifaceted challenges is key to the successful integration and utilization
of Al-based digital therapeutics in diabetes management, paving the way for more innovative,

efficient, and patient-centric healthcare solutions.

5.1.3. Theoretical and practical implications

The responses from the expert interviews on Al-based digital therapeutics in diabetes
management, while not explicitly addressing theoretical and practical implications in a summarized
form, do offer insights into the evolving role of Al in healthcare. For DM management and clinicians,
the adoption of Al-based digital therapeutics into diabetes management signifies the shift towards
more personalized and efficient patient care, but will require adaptability and continuous learning. As
for DTx companies and regulators, complex task of ensuring that tech innovations align with
healthcare regulations, which will need to include close collaboration, is going to be in place. There
is no doubt that health policy makers also play a crucial role in the industry. For them, the main task
will be to create policies that encourage integration of Al into healthcare. These policies need to
address ethical, privacy and funding challenges. Finally, academics are encouraged to dvelve deeper
into the efficacy, ethical standards, and long-term impacts of Al-based digital therapeutics in diabetes

management, underscoring the need for comprehensive research in this field.
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Appendices
Appendix I: Summarized answers of Expert Interviews
The following pages include summarized responses of Expert Interviews, sorted by interview
questions (see Table 5).
Table S.
Summary of Industry Experts’ Interviews

Q1: Define Al-based digital therapeutics in the context of diabetes management?

IA: The interviewee defines Al-based digital therapeutics in diabetes management as
encompassing two main areas. The first is insulin titration, involving algorithms that determine the
necessary insulin dosage. This involves using sensor data or manually measured blood glucose
levels to guide insulin pumps, patch pumps, or pens. The second area is lifestyle intervention and
cognitive behavioral therapy. In Germany, programs like DGAS provide digital therapeutic tools
and smartphone apps that help patients understand the impact of nutrition on their metabolism.
These applications use intelligent algorithms to tailor learning content and feedback based on

patient inputs, blood glucose levels, and nutrition diaries.

IB: The speaker defines Al-based digital therapeutics in diabetes management as systems like the
artificial pancreas, which combine continuous glucose monitoring with an insulin pump, using
personalized algorithms. They view this as a key application of Al in healthcare. Al also plays a
significant role in providing decision support for clinicians, handling the vast data from continuous
glucose monitors. Traditionally limited to biannual measurements like HbAlc levels, Al now
enables the analysis of hundreds of daily data points, facilitating personalized treatment and dose
adjustments. The speaker acknowledges the potential of Al-driven therapeutics in managing the
volume of patient data, while also noting the challenges posed by data protection laws like GDPR.

They are optimistic about the advancements in Al for effective disease management.

IC: The speaker discusses the role of Al-based digital therapeutics in healthcare, focusing on
orthopedics. They describe an Al-assisted workflow in primary care that helps determine whether
a patient needs hip replacement surgery or medication, aiming to improve efficiency and reduce
unnecessary hospital referrals. The importance of a national health record is emphasized for a
comprehensive patient history. The speaker also highlights the use of Al in selecting prostheses
and supporting anesthesiologists, as well as in post-surgical care and monitoring. The conversation
then touches on Patient Reported Outcome Measurements (PROMs) and Experience

Measurements (PREMs) as part of value-based healthcare. The speaker suggests that these Al and
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digital therapeutic strategies, while not specific to diabetes, are broadly applicable across healthcare

sectors, including diabetes management.

ID: The speaker defines Al-based digital therapeutics in diabetes management as having multiple
use cases. A primary application is in insulin management, where Al algorithms adjust insulin
dosing based on blood glucose levels. Another use case involves decision support for healthcare
professionals. Additionally, the speaker mentions their specific application of Al, which utilizes
computer vision algorithms to analyze food photos uploaded by patients to their app. This
technology provides patients with real-time feedback on their diet, suggesting improvements for

better diabetes management.

IE: Al-based digital therapeutics for diabetes management refer to the use of artificial intelligence
(AD) technologies in creating software programs or applications designed to treat or manage
diabetes. These solutions leverage Al algorithms to analyze patient data, including blood glucose
levels, lifestyle patterns, and other relevant information, to provide personalized interventions. This
may include real-time feedback, medication reminders, dietary recommendations, and adaptive
treatment plans to help individuals with diabetes better control their condition. The goal is to
enhance the effectiveness of diabetes management through tailored, data-driven interventions

facilitated by Al.

IF: Al-based digital therapeutics for diabetes involve the use of advanced algorithms and data
analysis tools to personalize treatment, monitor patient progress, and provide real-time feedback
and interventions. These tools analyse large volumes of data, including blood glucose levels, diet,
physical activity, and other health markers, to optimize diabetes management and improve patient

outcomes.

IG: Al-based digital therapeutics in diabetes management focus on the benefits they offer to people
with diabetes rather than the technology itself. In Type 1 Diabetes, they assist in precise insulin
dosing, like the highly regulated Automated Insulin Delivery systems. In Type 2 Diabetes, their
role can be as simple as providing reminders, with regulation varying based on the product's claims.

These digital tools aim to simplify diabetes management for patients.

IH: Al-based digital therapeutics (DHTs) in diabetes management are tools designed to improve
prevention strategies for high-risk groups, manage diabetic patients remotely, especially those
unable to attend in-person appointments, provide real-time health and metabolic data, encourage
self-management among patients, and save time and costs associated with traveling to physical

appointments.
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II: She perceives these therapeutics as a revolutionary blend of technology and healthcare. Utilizing
Al, these solutions process extensive patient data to offer personalized treatment plans, making a
significant leap in customizing diabetes care. They emphasize the role of Al in adapting treatments

to everyone’s health status and lifestyle nuances.

1J: He considers these digital therapeutics as a gamchanger when Al and healthcare goes on one
way. Their focus is on employing Al algorithms to process detailed patient data for creating

customized treatment plans, representing a shift towards individualized diabetes care.

Q2: What distinguishes Al-driven digital therapeutics from traditional diabetes management

approaches?

IA: The speaker contrasts traditional diabetes management in Germany with Al-driven digital
therapeutics. In traditional methods, patients undergo routine physical checks and maintain paper-
based diaries, providing limited data to healthcare professionals. Al-driven methods, however, use
technologies like continuous glucose monitoring systems to gather extensive data, enabling more
effective therapeutic decisions. The main distinction between traditional and digital care lies in the
volume and quality of data collected, allowing for a more holistic understanding of the patient's

health and influencing better care decisions, including aspects like nutrition habits.

IB: The speaker explains that while diabetes is well-researched and traditional management follows
refined clinical guidelines, Al-driven digital therapeutics distinguish themselves by handling vast
amounts of data to provide nuanced, day-to-day management. The key differentiator of Al in
diabetes is its predictive capability, as opposed to the reactive or proactive approaches of traditional
methods. Al's predictive nature allows for more personalized and effective treatment decisions by
analyzing patient data patterns. This shift towards predictive care is seen as a transformative step

in diabetes management, moving beyond the limitations of conventional approaches.

IC: The speaker explains how Al-driven digital therapeutics differ from traditional healthcare
approaches, particularly in diabetes management. Traditional methods rely heavily on averages,
such as average patient profiles and average costs, leading to standardized treatments. Al, on the
other hand, enables personalized and differentiated care, allowing for more precise treatments and
cost measurements. This individualized approach also changes the dynamics between healthcare
providers and payers, like insurance companies and government agencies, by allowing for more

specific negotiations on costs and treatments.

ID: The speaker highlights two key distinctions between Al-driven digital therapeutics and
traditional diabetes management approaches. Firstly, digital therapeutics provide continuous

support to patients in between doctor visits, unlike the episodic nature of traditional care. This
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continuous support is a major advantage. Secondly, Al tools offer a level of personalization in care
that is not typically possible with traditional methods. These aspects—ongoing support and
individualized treatment—set Al-driven digital therapeutics apart from conventional diabetes

management.

IE: Al-driven digital therapeutics revolutionize diabetes management by providing personalized,
real-time interventions based on individual health data, a stark departure from traditional one-size-
fits-all approaches. These solutions offer continuous monitoring, adaptive treatment plans, and
predictive analytics, allowing for immediate adjustments and proactive care. Unlike the rigid
structures of traditional methods, Al-driven systems are flexible, dynamically responding to
changing patient conditions. The integration of diverse datasets, remote monitoring capabilities,
and a focus on behavioral support further distinguish these digital therapeutics. While initial costs
may be higher, the potential for long-term cost-effectiveness through reduced complications and

hospitalizations underscores the transformative impact of Al in diabetes care.

IF: Traditional diabetes management often relies on standardized treatment plans and manual
tracking of blood glucose levels. In contrast, Al-driven digital therapeutics provide personalized
and adaptive treatment plans, continuous monitoring, and proactive interventions based on real-

time data, which can lead to more effective and efficient diabetes control.

IG: Al-driven digital therapeutics distinguish themselves from traditional diabetes management
approaches by offering a pathway towards precision or personalized therapeutics. This includes a
tailored package of drugs, devices, and digital solutions, catering specifically to individual patient

needs and conditions.

IH: Al-driven digital therapeutics differ from traditional diabetes management approaches by
leveraging big data. These tools use Al to predict and prevent diabetes-related complications, and
future developments are expected to bring more automation, enhancing efficiency, speed, and

access to care services.

II: In her view, Al-driven digital therapeutics mark a significant advancement over traditional
diabetes management methods. Traditional approaches often rely on generalized treatment plans,
while Al solutions provide dynamic, data-driven personalization, adapting to the patient’s evolving

health data, offering a more proactive and precise management approach.

1J: He highlights the distinction between Al-driven digital therapeutics and conventional diabetes
management. Unlike traditional methods that often apply general treatment plans, Al solutions
provide tailored care that evolves with continuous patient data analysis, resulting in a more

proactive and precise approach to managing diabetes.
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Q3: Can you describe any Al-based digital therapeutic tools you have used or implemented

for diabetes management?

IA: The speaker discusses their knowledge of Al-based digital therapeutics tools in diabetes
management, focusing on the integration of technology rather than specific tools due to non-
disclosure agreements. They mention the prevalence of continuous glucose monitoring (CGM)
sensors and insulin pump technology provided by various manufacturers. The speaker identifies
the key Al breakthrough as the software that connects CGM and insulin pump data. This software
can either be integrated into the pump itself or exist as an independent third-party device. They
reference a graph, which they offer to share, illustrating the key players in CGM and insulin
technology, and the Al-driven link between these components. The speaker considers this

integration as the state of the art in Al for diabetes management as of 2023.

IB: The speaker describes their experience with Al in diabetes management, including working on
a project to digitize clinical guidelines and collaborating on an artificial pancreas concept with
Tidepool. They also mention an innovative blood glucose monitoring app that assists in lifestyle
intervention by creating personalized meal plans. However, they acknowledge challenges in
validating the effectiveness of such digital therapeutics, emphasizing the need for comprehensive

studies to ensure their efficacy and reliability in improving patient care.

IC: The speaker is beginning a project involving Al-based digital therapeutics and is familiar with
various tools in this field. They describe Al tools that analyze patient backgrounds to predict
treatment needs in primary care, tools for selecting the best clinical equipment and materials, and
tools for assessing the probability of treatment rejection. These tools are primarily predictive,

aiding clinicians in making informed decisions throughout a patient's healthcare journey.

ID: The speaker describes their experience with a tool called Vitagio, an Al-based digital
therapeutic tool for diabetes management. Vitagio analyzes patients' behavior and provides real-
time suggestions for improvements in various aspects of their lifestyle. These suggestions cover
nutrition, exercise, self-management, sleep, and mental well-being. The speaker also mentions
being aware of numerous Al-driven startups in the diabetes field, indicating a growing interest and

development in this area.

IE: Actofit can unlock the power of Al to revolutionize diabetes management. Imagine
personalized insulin dosing based on predicted blood sugar trends, Al coaches analyzing your
meals and offering real-time nutritional guidance, or early intervention for individuals at high risk.
Actofit could become your Al-powered diabetes companion, providing 24/7 support, analyzing

CGM data for proactive interventions, and guiding you towards a healthier future. By integrating
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these Al-powered features, Actofit can empower you to manage your diabetes effectively and live
a life without limitations. Remember, data privacy, user-friendliness, and clinical validation are

key to unlocking the true potential of Al in your diabetes journey.

IF: I have personally not used specifically any digital therapeutics tools on a personal level, at this
stage, [’ve mostly interacted with patients who used continuous glucose monitoring tools based on
Dexcom technology. Nevertheless, I had the opportunity to explore further options and I’ve crossed
paths with “Dario Health” that is establishing itself within the field of Digital Therapeutics,
especially in Diabetes Management. Since I didn’t have the opportunity to look into the inner
workings of the app itself, I’'m not in a position to guarantee whether its technology is based on Al

techniques or not.

IG: The Al-based digital therapeutic tool, "Insulin Dose Guidance," leverages advanced artificial
intelligence to significantly enhance the management of diabetes. It offers personalized and precise
insulin dosing recommendations, tailored to the unique needs of everyone. This tool represents a
significant advancement in diabetes care, aiming to optimize treatment efficacy and improve

overall patient outcomes by ensuring accurate insulin dosage.

IH: No answer

II: She highlights the company's development of Al tools like predictive blood glucose monitoring
and intelligent insulin dosage calculators. These tools are designed to empower patients with deeper
insights into their condition, enabling more effective self-management and real-time decision-

making.

IJ: He has been instrumental in developing various Al tools at their company. These tools,
including advanced glucose monitoring and insulin dosing systems, are designed to enhance patient

understanding and management of their diabetes.

Q4: How have patients responded to the use of these Al-driven tools in their diabetes care

regimen?

TA: The speaker notes that patient responses to Al-driven tools in diabetes care largely depend on
the guidance they receive from healthcare professionals. Initially, many patients, particularly the
elderly, show skepticism towards these technologies due to a lack of digital familiarity. However,
with appropriate training and demonstration of benefits, patients often recognize the ease and
improvement these tools bring to their diabetes management. The speaker acknowledges a
generational difference in technology adoption, with younger patients adapting more quickly than

older ones, but also notes exceptions to this trend.
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IB: The speaker observes that while patients who have used Al-driven tools for diabetes care
generally respond well, overall adoption remains low. Projects like Tidepool show high
engagement among patients actively involved in their care, but the penetration of digital health
tools, including Al, in the broader patient population is still minimal. This limited uptake is
attributed to slow adoption rates in healthcare and a lack of familiarity with technology among

some patients.

IC: The speaker discusses the ethical and practical challenges of Al in healthcare, highlighting the
"black box" nature of Al systems where creators may not fully understand the decision-making
process. They raise concerns about accountability when AI tools make medical errors.
Additionally, the speaker questions the ethics of freely donating personal health data for Al
development, which often benefits companies financially. They suggest that individuals should
receive compensation or benefits for their data. These issues form the core of the speaker's PhD
work, focusing on data ownership, benefits, and ethical considerations in Al's application to

healthcare.

ID: The speaker notes that the response to Al-driven tools like Vitagio in diabetes care has been
positive. However, they acknowledge that the type 2 diabetes patient population is diverse, and not
all individuals are motivated to make lifestyle changes. Therefore, their approach focuses on niche
segments within the broader group of type 2 diabetes patients—those who are more inclined to
utilize such products for managing their condition. This targeted approach helps in catering to

patients who are likely to benefit most from the Al-driven tools.

IE: Patients have responded positively to the integration of Al-driven tools into their diabetes care
regimens. The personalized nature of these interventions, offering tailored insights based on
individual health data, has garnered enthusiasm. Real-time feedback and adaptive treatment plans
have empowered patients, enabling them to make informed decisions about their lifestyle and
treatment. The convenience of remote monitoring has been well-received, as it reduces the need
for frequent in-person visits while providing continuous support. The predictive analytics
embedded in Al tools have also resonated with patients, allowing them to anticipate and address
potential health issues proactively. Overall, the adoption of Al-driven tools in diabetes management
has generated a favorable response, with patients appreciating the enhanced personalization,

convenience, and empowerment these technologies bring to their care.

IF: The evidence so far, with respect to Digital Therapeutics, points towards significant
improvements in haemoglobin A1C levels but I think that much more work and research needs to

be done, especially high-quality, rigorous clinical trials and real-world data studies.
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IG: Patients' response to Al-driven tools in their diabetes care regimen largely depends on the
design and user experience (UX/UI) of these tools. The effectiveness and acceptance vary based
on the patient's type of diabetes and their treatment plan. For example, a person with Type 1
Diabetes on Basal Bolus therapy requires a different UX/UI experience compared to someone with
Type 2 Diabetes treated with Basal Bolus. The success of these tools in aiding diabetes management
hinges on how well they are tailored to meet the specific needs and preferences of different patient

groups.

IH: No answer

II: She notes a diverse range of patient responses to Al-driven tools. While tech-savvy patients
quickly embrace these tools for the enhanced control and insights they provide, others may need

more support and education to fully utilize them.

IJ: He has noticed diverse reactions from patients using Al tools. While some patients quickly
adapt and find value in the enhanced control, prompting initiatives to make these technologies more

accessible and user-friendly.

QS5: How effective are Al-based digital therapeutics in managing diabetes compared to

conventional methods?

IA: The speaker explains that Al-based digital therapeutics are effective in managing diabetes,
especially when patients actively engage with their condition. This engagement can occur through
various means, including apps, books for non-digital users, or visualization of data from sensors
and technology. The effectiveness of digital therapeutics in diabetes management is highly
individual and cannot be quantified uniformly, such as by stating a specific percentage increase in
therapy success. However, digital therapeutics help patients engage more with their diabetes
management, leading to better outcomes. The speaker emphasizes the diverse range of digital

therapeutic tools available, each contributing differently to patient care.

IB: The speaker indicates that Al-based digital therapeutics in diabetes management, offering real-
time adjustments, are still in the process of proving their effectiveness compared to traditional
methods. Traditional care, focusing on infrequent metrics like HbAlc, contrasts with the
continuous monitoring capabilities of Al tools. However, the validation of these Al tools'
effectiveness is challenged by slow healthcare adoption rates and the need for long-term studies.
They note a lag in integrating new technologies into clinical practice, suggesting that it will take

time for Al therapeutics to be fully recognized as effective in conventional healthcare settings.

IC: The speaker discusses the early stages of Al in diabetes management, noting its potential to

make healthcare more data-driven and affordable compared to traditional methods. They highlight
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Al's role in enhancing clinical decision-making and the efficiency of healthcare systems,
emphasizing the need for quality-based systems, precise cost control, and patient-centric care. The
speaker also sees Al as crucial in evaluating the true impact of healthcare innovations,
differentiating between genuine and incremental advancements. They suggest Al could expose
inefficiencies in the healthcare sector, leading to more effective use of resources and better patient

outcomes.

ID: The speaker explains that the effectiveness of Al-based digital therapeutics in managing
diabetes varies from one solution to another. In their specific case, they mention the validation of
their tool, through three clinical studies. The results achieved with company were comparable to
modern anti-diabetic drugs, showing a reduction in HbA ¢ levels by 0.9 points over three months,
which they consider a significant achievement. They also note that while some other Al-driven
solutions in diabetes management have achieved even greater improvements in HbAlc levels, the

effectiveness varies across different technologies.

IE: Al-based digital therapeutics are proving more effective than traditional methods in managing
diabetes due to their personalized, adaptive approach. These interventions utilize real-time data
analysis to offer immediate feedback and predict blood glucose trends, leading to better glycemic
control. The integration of diverse data and remote monitoring capabilities enhances their efficacy,
providing continuous support and proactive interventions. This results in a more responsive,
patient-centered approach to diabetes management, improving patient satisfaction and long-term
health outcomes. Despite higher initial development costs, their potential for cost-effectiveness
through reduced complications and hospitalizations highlights the significant advancements Al

offers in diabetes care.

IF: Here again, the answer is, we need more research and a stronger evidence-base, or even better,

if this research if available, it needs to be communicated much better and to a wider audience.

IG: The effectiveness of Al-based digital therapeutics in managing diabetes compared to
conventional methods varies depending on the criteria used to measure success. These criteria could
include:

e The cost of care.

e Improvement in HbAlc levels.

e Reduction in the frequency of hypoglycemic episodes, including severe ones.

e Fewer diabetic complications.

e Enhanced quality of life for patients.

e Reduced overall disease burden.
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Each of these yardsticks provides a different perspective on the effectiveness of Al-based digital

therapeutics in diabetes management.

IH: The effectiveness of Al-based digital therapeutics in managing diabetes compared to
conventional methods is highly specific to each tool. Their impact depends on the tool's design
objectives, the rigor of its testing, and how well it integrates into the healthcare context in which it
is implemented. This indicates that there is no "one size fits all" answer regarding their

effectiveness.

II: Compared to traditional methods, she observes that their Al-based solutions have shown greater
precision in managing diabetes. Patients using these tools have reported improved glycemic control

and fewer complications, indicating a notable improvement over conventional diabetes care.

IJ: In his observation, Al-based solutions offer a more precise management of diabetes compared

to traditional methods, leading to improved control of blood sugar levels and fewer complications.

Q6: Share any specific outcomes or success stories related to Al-based digital therapeutics in

diabetes management?

IB: The speaker explains that they are unable to share specific outcomes or success stories related
to Al-based digital therapeutics in diabetes management. Their involvement has primarily been in
the early stages of such projects, and they have not closely followed their progress into later stages
or real-world applications. The speaker emphasizes that for them, success is not just about clinical
effectiveness but also about real-world impact, and they have not explored or discussed real-world
implications or studies in diabetes management with endocrinologists or other experts.

Consequently, they are not in a position to comment on specific successes in this field.(IB)

IK: He shares numerous instances where Al-based therapeutics have substantially improved
patient outcomes in diabetes management, reducing emergency situations and enhancing overall

health management.

Q7: What are the main challenges or limitations you have encountered in implementing Al-

based digital therapeutics for diabetes management?

IA: The speaker highlights regulation as a major challenge in implementing Al-based digital
therapeutics for diabetes management. They explain that when Al is used in digital therapeutics
(DTx) and leads to patients making their own therapeutic decisions, it raises the risk level in terms
of medical device regulation (MDR) and CE marking. This complexity significantly complicates
the go-to-market process. Additionally, the new Al Act being prepared by the European Union

adds another layer of complexity to Al-based tools. Combining these regulatory areas multiplies
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the complexity levels, making the implementation of Al-driven digital therapeutics in healthcare a

challenging endeavor.

IB: The main challenge in implementing Al-based digital therapeutics for diabetes management,
as identified by the speaker, is gaining the trust of physicians. This challenge stems from Al's "black
box" nature, where its decision-making process is not always clear or understandable to physicians,
who are trained to base decisions on patient safety. Physicians may be hesitant to rely on Al results
that do not align with their training or intuition. Overcoming this requires training physicians in
understanding and interpreting Al models, a process that could take up to 10 to 20 years for full

adoption. This trust issue is a significant barrier to the integration of Al in diabetes care.

IC: The speaker discusses the challenges in implementing Al-based digital therapeutics for
diabetes management, highlighting the difficulty in accessing necessary data and the issue of
compensating data suppliers. They also emphasize the importance of understanding and controlling
Al algorithms, including their traceability and changes. A broader concern mentioned is the
potential of generative Al to enter a positive feedback loop, leading to Al systems enhancing their
learning autonomously and becoming exceedingly advanced. These challenges present both

practical and philosophical considerations for the future of Al in healthcare.

ID: The main challenge in implementing Al-based digital therapeutics for diabetes management is
the business model, especially in Europe where healthcare is typically free and covered by health
insurance. This makes it difficult to market solutions directly to consumers. Finding a payer for the
solution is crucial, with options like partnering with pharmaceutical companies, though this
approach has its own challenges. Integrating these solutions into health systems and achieving
reimbursement is ideal, but a significant hurdle remains in convincing doctors to prescribe digital

apps, a relatively new concept in healthcare.

IE: Implementing Al-based digital therapeutics in diabetes management faces several challenges.
Key issues include ensuring data privacy and security, achieving compliance with regulatory
standards, and building trust among patients regarding their data protection. Integrating these tools
with existing healthcare systems also presents interoperability challenges, requiring collaboration
across healthcare providers, technologists, and regulators.

Additionally, developing Al algorithms that cater to diverse patient populations and health
conditions involves extensive validation and refinement. Accessibility and affordability issues arise
due to the reliance on technology like smartphones and internet connectivity, potentially excluding
certain groups. Resistance to adopting new technologies among healthcare professionals and

patients, along with concerns about Al reliability, calls for clear communication and education.
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Ethical considerations, such as algorithmic transparency and data biases, also pose significant
challenges. Addressing these requires a multidisciplinary approach to ensure successful integration

of Al in diabetes care.

IF: Keeping in consideration that I have not been directly involved in implementation but rather
an observer at this stage in my career, if [ look at my country, Malta, currently there is no regulation
in place with respect to Digital Therapeutics. Therefore, implementation and procurement comes
at a risk and you might have to backtrack if there are compliance issues. It also seems that the risk
appetite is currently quite low, even if this means that we significantly improve our evidence behind

already existing apps that have spread throughout different markets.

IG: The main challenges or limitations encountered in implementing Al-based digital therapeutics
for diabetes management include:
e Navigating the evolving regulatory environment and balancing the factors of value
versus risk and effort.
e Recognizing that these technologies operate within ecosystems, which need to be
aligned for the technologies to fully realize their value propositions.
e Understanding the variations in these technologies and their applications across

different health systems.

IH: No answer

II: Key challenges include integrating these solutions into diverse healthcare systems, ensuring
data privacy and security, and adapting to various global regulatory standards. These challenges

are seen as critical hurdles in the broader adoption of Al in diabetes care.

IJ: He acknowledges several challenges in implementing Al solutions, such as ensuring
compatibility with diverse healthcare systems and adhering to varying regulatory standards

globally. Main thing is accessibity.

Q8: What impact Al-based digital therapeutics have on healthcare systems, particularly in

diabetes management?

IA: The speaker highlights the role of Al-based digital therapeutics in diabetes care, emphasizing
their ability to help patients understand their disease outside of healthcare settings, thus improving
the efficiency of healthcare systems. Regarding the market evolution of these therapeutics, the
speaker notes the rapid technological advancements and initially predicted significant growth.
However, they now see this as more uncertain due to new pharmaceutical products like Wegovia

and Ozempic. They also mention the need for medical professionals to become familiar with digital
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therapeutics, a relatively new field compared to traditional pharmaceutical products. This

adaptation is essential for the effective integration of digital therapeutics into patient care.

IB: Al-based digital therapeutics have the potential to significantly improve diabetes management
by offering personalized lifestyle and treatment adjustments at a lower cost. However, challenges
include low adoption rates due to conflicts with traditional healthcare practices and physicians'
reluctance to recommend digital solutions they don't fully understand. Additionally, there's a lack
of comprehensive evidence on the effectiveness of various digital therapeutics, leading to
uncertainty about their benefits. This situation can result in added costs to the healthcare system
rather than savings. The speaker emphasizes that integrating these therapeutics into standard care

will require more time and may initially increase healthcare costs.

IC: The speaker believes that Al-based digital therapeutics will fundamentally transform
healthcare delivery but expresses concern that various stakeholders in the healthcare system,
including providers, payers, and supervisors, may not be ready for this change. They anticipate
resistance from these groups due to the perceived threat of such a significant shift. However, the
speaker suggests that patients might adapt more quickly to Al-based therapeutics, recognizing the

value these technologies bring to their healthcare experience.

ID: The speaker highlights two major impacts of Al-based digital therapeutics on healthcare
systems, particularly in diabetes management. Firstly, they can lead to significant cost savings.
This is achieved through the reduction of medication needs and fewer visits to healthcare providers,
mainly due to decreased health complications associated with diabetes. Secondly, Al-based digital
therapeutics improve access to care, which is particularly beneficial given the large number of
individuals with type 2 diabetes. These two advantages—cost reduction and improved access—are

seen as the key contributions of Al-driven solutions to healthcare systems in managing diabetes.

IE: Al-based digital therapeutics in diabetes management positively impact healthcare systems
by improving efficiency, resource allocation, and preventive care. The personalized nature of Al
interventions reduces unnecessary visits, potentially lowering the burden on healthcare providers.
Remote monitoring fosters patient-centric care, and the data generated contributes to population
health management, identifying trends and risk factors. While challenges exist, including initial
costs and data privacy concerns, the overall effect is a more efficient, proactive, and patient-

centered healthcare approach.

IF: We have yet to see this impact. Much more work needs to be done on this. Nevertheless, I’'m
starting to see work on Reimbursement of Digital Therapeutics. The link between reimbursement,

healthcare systems and digital therapeutics is monumental and critical as this will mean that digital




64

therapeutics, especially once backed by a regional level regulatory and technical framework, have

the potential to reach a much wider audience and have an even stronger impact.

IG: The impact of Al-based digital therapeutics on healthcare systems, particularly in diabetes
management, is currently limited but gradually emerging in certain areas. In some mature health
systems, like those at Mayo Clinic and Stanford, these digital therapeutics are beginning to
demonstrate value. However, their widespread influence across the broader healthcare landscape is

still in the early stages of development.

IH: The impact of Al-based digital therapeutics on healthcare systems, particularly in diabetes
management, varies significantly depending on the specific healthcare system and its governance.
Factors such as payment models (fee-for-service vs. value-based healthcare) play a crucial role in
determining how these tools are reimbursed. This, in turn, affects their acceptance and adoption by
clinicians. Therefore, the influence of Al-based therapeutics is not uniform and depends greatly on

the context of the healthcare system in which they are implemented.

II: She believes that digital therapeutics are reshaping healthcare. By enabling more proactive and
personalized care, these technologies hold the promise of reducing long-term healthcare costs and

enhancing patient quality of life.

IJ: He believes that digital therapeutics are transforming healthcare, especially in diabetes care.
These technologies aim to reduce costs and improve patient life quality by facilitating more

proactive and personalized treatment with safe use of data and everyday updates.

Q9: How do you see the market for Al-based digital therapeutics in diabetes evolving in the

next few years?

IA: No answer.

IB: The future of the Al-based digital therapeutics market in diabetes management over the next
two years hinges on the strength of evidence supporting their effectiveness. Since diabetes poses a
considerable cost burden to healthcare systems, payers, and employers, the potential of digital
therapeutics to enhance efficiency and outcomes 1is significant. In clinical practice and health
systems, strong evidence of improved care and efficiency could have a major impact, although this
area faces the highest barrier to adoption. For payers and insurers, demonstrating cost reductions,
even though measures like telehealth, could be influential. With employers, if digital therapeutics
are shown to benefit mental health and offer short-term disease management benefits, even if not
directly linked to clinical outcomes, they could see wider adoption. The degree and nature of the
evidence will be key in determining the impact and adoption of these digital therapeutics across

these sectors.
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IC: The speaker predicts that the market for Al-based digital therapeutics, particularly in Western
countries with aging populations, will evolve significantly in the next few years. They see Al
playing a crucial role in containing healthcare costs by promoting preventive medicine. The speaker
emphasizes Al's potential in preventing diseases, especially Type 2 diabetes, which is largely
lifestyle related. They believe Al will not only be instrumental in treating patients after they become
sick but also in preventing them from reaching a diseased state. Additionally, Al is expected to
reinforce primary care and enhance the general well-being of individuals, reducing the need for

more intensive secondary care.

ID: The speaker predicts significant evolution in the Al-based digital therapeutics market for
diabetes in the coming years. They identify regulatory challenges, rather than technical ones, as the
main hurdles to progress. An example is the artificial pancreas, which is technically feasible but
hindered by regulatory barriers. The speaker is optimistic that these issues will be addressed within
the next five years. They also anticipate large language models to revolutionize healthcare by
enabling more personalized therapy content, significantly impacting the field of digital

therapeutics.

IE: The market for Al-based digital therapeutics in diabetes is set to evolve rapidly in the coming
years. Anticipated trends include increased adoption driven by growing awareness, advancements
in Al algorithms, and positive patient outcomes. Continuous innovation, user-friendly interfaces,
and seamless integration with wearables are expected. As evidence supporting effectiveness
accumulates, there may be shifts in payer acceptance and regulatory frameworks, fostering strategic
partnerships and collaborations between technology companies and healthcare providers. The
market is poised for dynamic growth, refining technologies and solidifying their role in diabetes

management.

IF: We have not arrived at the tipping point yet, but we’re edging closer and closer. As we start
seeing regulatory frameworks developing at a lightning pace especially in the past 1-2 years (within
the EU), this needs to be accompanied with legal clarity. Once these are established then I believe

that we can only see the demand increasing in the next few years.

IG: The market for Al-based digital therapeutics in diabetes is expected to evolve significantly in
the coming years. Drawing a parallel to the trajectory of companies like (confidential), the domain
of technology in diabetes care will need to demonstrate a clear and realized value proposition to
thrive. The market's evolution will require considerable effort and resources ("muscle") to

effectively address and integrate with the healthcare ecosystem.
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IH: The evolution of the market for Al-based digital therapeutics in diabetes over the next few
years will vary depending on the specific market and its digital maturity. Additionally, the maturity
level of policies and regulations concerning digital therapeutics (DTx) tools will play a significant
role. For example, markets like Germany, with established digital health applications (DiGa)
policies, may experience more rapid developments and widespread use of these tools compared to

markets lacking clear certification and/or reimbursement policies for DTx.

II: She anticipates significant growth in the Al-based digital therapeutics market, driven by
technological advancements and changing patient needs. The focus is on exploring new business

models and forging partnerships to capitalize on these opportunities.

IJ: He foresees significant growth in the Al-based digital therapeutics market, changed by data

regulations, of course by technologies changes, interfaces that are not that hard to use.

Q10: What business models have proven most successful for companies in the AI-Based

digital therapeutics?

IA: The speaker discusses the success of business models for Al-based digital therapeutics, noting
that it varies based on the market and healthcare system. In Europe, where healthcare is
predominantly state-provided, people are less accustomed to paying out of pocket compared to the
U.S., where individuals often pay significant sums for healthcare services, including emergencies.
The extent and quality of care provided by European healthcare systems vary, but they generally
offer a fundamental base of care. In Europe, there's a willingness to spend more on certain products

that might help individuals, but this willingness to pay is more limited compared to the U.S. market.

IB: The speaker suggests that partnering with employers is the most successful business model for
Al-based digital therapeutics in diabetes. This approach leverages employers' direct impact on their
employee-patients and aids in generating necessary evidence for the therapeutics' effectiveness.
Engaging with payers is noted as challenging due to high competition and strict criteria, while
partnerships with pharma companies come with their own complexities. Direct-to-patient models,
where patients pay out of pocket, face barriers due to the perception that healthcare should be free.
Therefore, targeting employers is seen as the most viable option financially, focusing on monetary

success rather than solely on health outcomes.

IC: The speaker discusses successful business models for companies in Al-based digital
therapeutics, focusing on value-based procurement. This model requires that products, such as
medicines or Al technologies, prove their effectiveness and provide value commensurate with their
cost. The value is assessed not just in terms of clinical outcomes, but also considering patient-

reported outcomes and experiences. A product that is significantly more expensive than its
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competitors must demonstrate correspondingly higher benefits. The speaker also mentions the
European Health Data Space, which provides data to justify the development and implementation
of Al systems. This approach ensures that the price of Al technologies is justified by the value they

create in healthcare.

ID: The speaker identifies public reimbursement as the most successful business model for Al-
based digital therapeutics. This model involves digital therapeutics being prescribed by doctors and
covered by health insurers. They emphasize the importance of having these therapeutic solutions
included in public health insurance schemes, ensuring that costs are borne by insurers rather than
directly by patients. This approach allows for wider accessibility and adoption, as it integrates
seamlessly into existing healthcare systems where prescriptions and insurance coverage are

standard practices.

IE: Successful business models for Al-based digital therapeutics include subscription-based
models for recurring revenue, collaborations with healthcare providers for integration, direct-to-
consumer approaches with freemium models, and licensing agreements with pharmaceutical or
healthcare entities. Companies often adopt hybrid models tailored to their target audience and the

evolving healthcare landscape.

IF: This really and truly depends on the health system that is being targeted and its financing

models.

IG: The progression of this market will depend on several factors:

e  Who Drives the Change: It remains to be seen which organizations or entities will
successfully lead and innovate in this space.

e Geographical Focus: The United States is anticipated to be a key player or perhaps
the leader in this evolution, given its substantial healthcare market and technological
advancements.

e Timing: The timeline for this evolution is uncertain, but it is expected to unfold
soon.

The success of Al-based digital therapeutics in diabetes will largely hinge on their ability to fit
within and enhance the existing healthcare structures, proving their effectiveness and value in real-

world settings.

IH: The success of business models for companies in Al-based digital therapeutics depends on
various factors. It varies based on the purpose of the tool, who benefits most from it, and which

stakeholder(s) are most willing to pay for it. The effectiveness of a business model is not uniform
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across all tools and contexts; it must align with the specific needs and incentives of the involved

parties.

II: Business models that prioritize accessibility and value, such as partnerships with healthcare
providers. This models align with the economic realities of healthcare systems and ensure broader

access to the company's solutions.

IJ: Business models that merge patient accessibility with economic viability, like subscription
services and collaborations with healthcare providers, have been identified as most successful,

ensuring wider reach and sustainability.

Q11: What are the biggest market challenges you face in the Al-based digital therapeutics

industry for diabetes?

IA: The speaker highlights regulation as the biggest challenge in the Al-based digital therapeutics
industry. Navigating regulatory processes and gaining approval for market presence and
prescription use are key hurdles. Convincing healthcare professionals to adopt and prescribe these
therapies is another significant challenge. The speaker notes variations in market entry barriers
across Europe, with Germany having stricter requirements for public fund reimbursement. They
emphasize the differences between a product being available on the market, prescribable, and being

prescribed, underscoring the complexities in delivering Al-based digital therapeutics to patients.

IB: The biggest market challenge faced in the Al-based digital therapeutics industry for diabetes,
according to the speaker, is clinical inertia and resistance. This issue arises from the need for
evidence-based and efficacious solutions in healthcare. The primary route for the administration
and prescription of these digital therapeutics is through physicians, making their acceptance and
endorsement crucial. However, convincing enough physicians to adopt and support these new
technologies is a significant hurdle. Direct-to-patient approaches are limited in effectiveness as not
all patients actively seek out or are familiar with the latest technologies. Therefore, gaining
physician support is seen as the key challenge in achieving broader adoption of Al-based digital

therapeutics in diabetes management.

IC: The speaker identifies major market challenges in the Al-based digital therapeutics industry.
These challenges include the existing healthcare systems' readiness to incorporate Al technologies,
the willingness of healthcare participants to embrace change, and the need to shift from price-based
to value-based procurement. They emphasize that this shift requires a fundamental change in
approach, which many stakeholders, including hospital managers, practitioners, nurses,

administrative staff, politicians, and even engineers, may not be ready for. The speaker notes that
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these individuals often focus on specific aspects of their roles without fully considering the broader

social impact of integrating Al into healthcare.

ID: The speaker identifies the business model, particularly the aspect of market distribution, as the
biggest challenge in the Al-based digital therapeutics industry for diabetes. A key component of
this challenge is convincing doctors to prescribe digital solutions. Developing an effective strategy
to distribute these digital therapeutics and gain the support of healthcare professionals for their
prescription is crucial for success in the market. This challenge highlights the importance of
aligning digital therapeutic solutions with the existing practices and preferences of healthcare

providers.

IE: The Al-based digital therapeutics industry for diabetes faces challenges such as ensuring robust
data privacy, addressing interoperability issues with existing healthcare systems, and overcoming
resistance to change among healthcare professionals and patients. Additionally, disparities in
technology access, ethical considerations, and the need for ongoing workforce training pose hurdles
to widespread adoption. Efforts to navigate these challenges require collaboration and careful

consideration of regulatory and ethical frameworks.

IF: I have not directly implemented an Al-based digital therapeutic myself. Nevertheless, from
circumstantial evidence and after attending more than 6-7 years of Digital Health conferences, I
see that the lack of regulation and legal clarity and communication being the major challenges
ahead for Digital Therapeutics companies. My gut instinct so far and with the accelerated work

happening so far, especially at an EU level, this might change sooner rather than later.

IG: The most successful business model for companies in the Al-based digital therapeutics space,
so far, has been offering free digital companion services that are funded by pharmaceutical
companies. However, this model is viewed as potentially unsustainable in the long term. This
approach allows patients to access digital therapeutics without direct cost, while pharmaceutical
companies bear the expense, possibly as a strategy to complement their medication offerings or
enhance patient engagement and outcomes. The sustainability of this model hinges on the value it

delivers to pharmaceutical companies and its long-term financial viability.

IH: Evidence base generation (proper and rigorous studies that prove the clinical utility and safety),

regulations, and interoperability.

II: She identifies the complex regulatory landscape and meeting the diverse needs of a global
patient population as major challenges. Demonstrating the long-term value and cost-effectiveness

of their solutions to healthcare providers and insurers is also a key focus.
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1J: Business models that merge patient accessibility with economic viability, like subscription
services and collaborations with healthcare providers, have been identified as most successful,

ensuring wider reach and sustainability.

Q12: What emerging technologies or innovations will significantly impact Al-based digital

therapeutics for diabetes in the near future?

IA: The speaker identifies two emerging technologies likely to significantly impact Al-based
digital therapeutics for diabetes soon. First is Automated Insulin Delivery (AID), which is expected
to be a key area of development. The second, and a topic not yet widely discussed, is non-invasive
blood glucose measurement. Around 20 companies are working on methods to measure blood
glucose levels without the need for finger pricking or skin sensors, like how an Apple Watch
measures other vital data. The speaker believes that successful development in this area could be a
breakthrough, particularly in the treatment of pre-diabetes and early-stage diabetes detection, areas
where current healthcare systems have limitations. They also note that some companies are already

announcing advancements in non-invasive technologies.

IB: The speaker highlights three emerging technologies and trends poised to impact Al-based
digital therapeutics in diabetes significantly. First, generative Al will enhance apps and tools for
lifestyle adjustments and dosage management, making them more conversational and user-friendly.
Secondly, advancements in non-invasive Continuous Glucose Monitors, potentially integrated into
everyday devices like the Apple Watch, will make diabetes management less invasive and more
accessible. Lastly, the development of new, more efficacious diabetes treatments requiring less
frequent administration could shift patient engagement with their condition. As treatments become
less intrusive, diabetes might not dominate patients' daily lives as much, reflecting broader trends
in chronic condition management. These innovations are expected to transform diabetes care by

making it more user-friendly, less invasive, and altering patient engagement with their condition.

IC: The speaker discusses the impact of emerging technologies on Al-based digital therapeutics in
diabetes care. They mention Boston Dynamics' robot, integrated with a language model, as an
example of innovation. The future could see humanoid robots acting as primary care physicians,
offering continuous support, especially to older patients. These Al-assisted robots would enable
remote patient monitoring and data acquisition, reducing the burden on primary care systems. This
shift could lead to less crowded hospitals and better care quality, particularly beneficial for diabetes
management. However, the speaker notes potential resistance from medical associations to such

technological advancements.
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ID: The speaker believes that non-invasive Continuous Glucose Monitoring (CGM) systems are
the emerging technology most likely to significantly impact Al-based digital therapeutics in
diabetes management soon. The integration of continuous glucose measurement technology into
devices like smartwatches is seen as a major advancement. This innovation could greatly change
the industry by providing easy and ongoing monitoring of blood glucose levels without the need
for invasive procedures. The speaker views this as the most interesting and potentially

transformative technology currently being developed in the diabetes field.

IE: Emerging technologies set to impact Al-based digital therapeutics for diabetes include
advancements in Al algorithms, increased integration with wearables, and the development of more
sophisticated remote monitoring solutions. Innovations in data analytics, particularly leveraging
real-world evidence, will enhance the personalization and effectiveness of interventions.
Furthermore, the integration of telehealth technologies, augmented reality, and continuous glucose
monitoring systems is poised to play a pivotal role in shaping the near future of Al-based digital

therapeutics for diabetes.

IF: The biggest innovation that will happen in the next decade is much simpler than we think, it’s
the availability of data and related workforce competencies, including data science and artificial
intelligence. With upcoming regulation pushing on a much more structured approach in health data
(European Health Data Space) both for primary and secondary use, then inadvertently we should
see significant improvements in the development of Al-based digital therapeutics. I have high bets
on specific foundation models (multi-modal) will have an incredible impact. Imagine not just text,
but images of diabetic feet and how should they be treated being a part of the equation, wound
management, ophthalmology and much more. If we see diabetes in the bigger picture, it’s not just

about the clinical text data but it’s also about the whole experience.

IG: The most significant upcoming innovation in Al-based digital therapeutics for diabetes is likely
the integration of advanced, non-invasive glucose sensing technology into devices like the Apple
Watch. Additionally, identifying sustainable business models for digital therapeutics in suitable

ecosystems is also crucial for their future impact.

IH: Emerging technologies and innovations that will significantly impact Al-based digital
therapeutics for diabetes soon include Large Language Models (LLMs). These advanced Al models
have the potential to revolutionize the way information is processed, analyzed, and utilized in the

context of diabetes care, enhancing the capabilities and effectiveness of digital therapeutics.

II: This company are watching developments in non-invasive monitoring technologies. The

integration of these technologies into broader health ecosystems is a primary area of interest.
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1J: That company are keenly observing developments in non-invasive glucose monitoring and
advanced predictive analytics, which are poised to significantly impact diabetes management in the

future and improve patients satisfaction by using them.

Q13: Describe the future of Al-based digital therapeutics in diabetes management heading in

the next 5 to 10 years?

IA: In the next 5 to 10 years, the speaker anticipates significant advancements in Al-based digital
therapeutics for diabetes management. They expect a broader adoption of Continuous Glucose
Monitoring (CGM) systems, particularly among type 2 diabetes patients, dependent on the
investment levels of different European healthcare systems. Future developments include enhanced
access to healthcare information through smartphones and the use of Al-powered tools like food
recognition technologies. Sensor technology is predicted to become smaller and more comfortable.
The integration of pharmaceutical treatments for weight loss with digital therapeutics tools,
potentially Al-powered, is also expected, aiming to improve lifestyle and behavioral changes in

patients. This integration is seen as a key element in sustaining effective diabetes management.

IB: Over the next 5 to 10 years, the speaker cautiously anticipates two potential developments in
Al-based digital therapeutics for diabetes management. They hope for either the emergence of
strong evidence proving the effectiveness of digital therapeutics or an increase in healthcare
professionals actively seeking to use these technologies. Additionally, they foresee greater patient
involvement in their own healthcare, driven by advancements in health technology like continuous
glucose monitors and insulin pumps. This increased patient engagement could pressure the
healthcare system to adopt more technological solutions. The speaker notes their perspective is
from an observational standpoint, advising to consider their insights as part of a wider discourse on

technology's role in diabetes care.

IC: The speaker, while not a diabetes specialist, envisions significant advancements in Al-based
digital therapeutics for diabetes management in the next 5 to 10 years. They foresee insulin delivery
becoming more sophisticated, with systems that can automatically adjust insulin levels based on
real-time body data, improving the quality of life for patients. Another key area of development is
in the prevention of diabetes, with Al providing constant monitoring and warning signs to help
individuals avoid becoming diabetic. This could include humanoid robots acting like physicians,
advising patients on diet and lifestyle changes. The speaker also speculates that type 1 diabetes
might see advancements through genetic manipulation, though they acknowledge this is not their

area of expertise.
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ID: The speaker anticipates that over the next 5 to 10 years, there will be significant advancements
in Al-based digital therapeutics for diabetes management, although predicting exact developments
is challenging due to the rapid progress in Al. A key area of improvement is expected in artificial
pancreas technology, reducing or eliminating the need for manual insulin injections. This
technology is seen as a game-changer, likely to become more prevalent. Another significant
advancement will be in personalizing self-management of diabetes based on data from non-invasive
Continuous Glucose Monitoring (CGM) systems. As these systems become more widespread, they
will enable better identification of factors causing glycemic spikes, such as certain foods or lifestyle
choices. This capability will dramatically improve diabetes management by allowing for more

tailored and effective interventions based on real-time glucose data.

IE: The future of Al-based digital therapeutics in diabetes management over the next 5 to 10 years
holds promising advancements. Anticipate a landscape defined by increasingly sophisticated Al
algorithms, offering unparalleled personalization in treatment plans and real-time monitoring.
Integration with advanced wearables and continuous glucose monitoring systems will become more
seamless, providing comprehensive data for precise interventions. The convergence of Al with
telehealth technologies and augmented reality is expected to revolutionize patient engagement and
education. Furthermore, collaborations between technology developers and healthcare stakeholders
will likely drive regulatory acceptance, fostering widespread adoption and establishing Al-based

digital therapeutics as integral components of diabetes care.

IF: With the popularisation of Artificial Intelligence, the increased acceptance of this kind of
technology and also the increased investment by traditional pharmaceutical companies to further
invest in Digital Health and Artificial Intelligence, I can safely predict that there will be growth in
this area. We need to also keep in mind the epidemiology of diabetes that is overall increasing and
therefore there will be increased pressure on existing health workforce and thus the need to be even
more innovative than ever and move away from traditional diabetes management that is ultimately

unsustainable and not scalable.

IG: In the next 5 to 10 years, the future of Al-based digital therapeutics in diabetes management is
expected to undergo significant changes, especially if major players like Apple and Amazon
transform the space. These companies have the potential to disrupt the current landscape of diabetes
management, leading to "Triple Aim" outcomes - improving patient experience, enhancing health
populations, and reducing healthcare costs. This shift could significantly impact the roles and

strategies of existing players in the diabetes management sector.
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IH: The future direction of Al particularly in the context of digital therapeutics for diabetes, is

challenging to predict without clear regulatory guidelines.

II: Looking ahead, she envisions a future where diabetes management is highly personalized,
automated, and seamlessly integrated into patients' lives. The involvement of major tech companies
and startups will be crucial in driving this transformation. The goal is to align with the enhancing
individual care, improving population health, and reducing healthcare costs through innovative

digital therapeutics.

IJ: He envisions a future where diabetes care is highly individualized, automated, and smoothly
integrated into daily life. They anticipate the vital role of major tech companies and startups in

driving this transformation, aiming to: enhance individual care and improving population health by

use of one of the newest technologies.




	Abstract
	Sumario
	Acknowledgments
	Table of Contents
	List of Figures
	List of Tables
	List of Abbreviations
	Chapter 1: Introduction
	Chapter 2: Background
	2.1. Healthcare
	2.1.1. Current challenges
	2.1.2. Future of Healthcare

	2.2. Diabetes Mellitus
	2.2.1. Types
	2.2.2. Diagnostics
	2.2.3. Treatment and management

	2.3. AI and Digital Therapeutics of diabetes management
	2.3.1. Digital therapeutics
	2.3.2. Digital therapeutics in diabetes management
	2.3.3. Artificial Intelligence
	2.3.4. AI in Diabetes Management


	Chapter 3: Research Methodology
	3.1. Research Design
	3.2. Data collection – Expert interviews

	Chapter 4: Analysis and Discussion
	4.1. Current landscape
	4.2. AI-based digital therapeutics benefits and effectiveness
	4.3. Patient view on AI-based digital therapeutics
	4.4. Challenges to implementation and development
	4.5. Implications for business models used for promotion
	4.6. Future landscape
	4.7. Scenario analysis

	Chapter 5: Conclusions
	5.1. Limitations and recommendations
	5.1.1. Limitations
	5.1.1.1. Expert interviews. Interviews were used and conducted with business owners, A.I. experts, one university professor and experts in healthcare (diabetes) sphere. Although semi-structured interviews offered multiple benefits, they were also subj...

	5.1.2. Recommendations
	5.2. Main findings
	5.2.1. Current usage of A.I.- based digital therapeutics in diabetes management
	5.1.3. Theoretical and practical implications


	Bibliography
	Appendices
	Appendix I: Summarized answers of Expert Interviews


