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Abstract

Prescription digital therapeutics (PDTs) are emerging as innovative solutions in
the management of obesity, complementing traditional methods such as lifestyle
interventions, pharmacotherapy, and surgery. This mini-review explores the current
landscape and future potential of PDTs in obesity management. We begin by
defining PDTs and examining key players and products in the market. These products
exemplify the integration of artificial intelligence -driven personalized coaching
and real-time data tracking to enhance user engagement and treatment efficacy.
Clinical evidence supporting the effectiveness of PDTs in promoting weight loss
and improving metabolic health is discussed, with an emphasis on the comparative
studies with traditional interventions. The review also addresses challenges such as
regulatory hurdles, user adherence, data privacy, and accessibility issues. Looking
forward, advancements in technology, personalized medicine, and better integration
with healthcare systems are poised to further enhance the impact of PDTs. This article
underscores the potential of PDTs to revolutionize obesity management and calls for
continued innovation and research in this field.
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1. Introduction

Obesity is a persistent disease that is becoming more common and is now regarded as a
worldwide epidemic, raising global public health concerns over the past five decades, owing
to its adverse impacts on quality of life, the risk for other diseases, and healthcare expenses."
Epidemiological research has shown a connection between a high body mass index (BMI)
and a wide array of chronic illnesses, including non-alcoholic fatty liver, cardiovascular
disease, diabetes mellitus, various cancers, musculoskeletal disorders, chronic kidney
disease, and mental health issues. These conditions negatively impact individuals’ quality of
life and drive up healthcare costs. The World Health Organization defines obesity as a state
of excessive or abnormal fat accumulation that poses additional health risks. Overweight
is defined as a BMI above 25 kg/m? and obesity as a BMI over 30 kg/m’. The obesity
epidemic that has spread across many regions in recent decades is largely attributed to a
sedentary lifestyle and reduced overall physical activity, combined with the consumption of
unhealthy diets, such as those high in sugar and refined carbohydrates. This is compounded
by a variety of genetic, endocrine, metabolic, and environmental factors, which are now
recognized as the primary common causes of this global health issue.?
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Lifestyle intervention represents the cornerstone of
treatment for obesity. It is a multicomponent strategy
that encompasses lifestyle or behavioral training, dietary
change, and an increase in physical activity. Apart from
lifestyle intervention, a few drugs have been approved
for the management of obesity, complementing
lifestyle modifications. These drugs such as orlistat,
naltrexone/bupropion, liraglutide, lorcaserin, and
phentermine/topiramate work to strengthen the patient’s
urge to modify their eating behaviors and produce an
energy deficit. However, these drugs pose the additional
risk of side effects of which the patient should be aware.
Apart from this, nowadays, patients have surgical options,
such as gastric banding, sleeve gastrectomy, and Roux-
en-Y gastric bypass. Since lifestyle intervention is the
central pillar for managing obesity, digital therapeutics
(DTx) with their key focus on improving the lifestyle of
patients are gaining momentum.’

DTx refer to the application of high-quality software
programs to prevent, manage, or treat a medical disorder or
disease.* Recently, DTx has surfaced as a novel strategy for
managing chronic diseases that are amenable to behavioral
modifications. In response to the COVID-19 public health
emergency, the U.S. Food and Drug Administration (FDA)
has relaxed rules to expand access to digital health devices
that can be used for remote monitoring and management
of diseases.” Table 1 presents various definitions of DTx.
At present, DTx products are mainly applied to conditions
that are modifiable through behavior change, such as
obesity and type 2 diabetes mellitus. For instance, Welldoc
Communications offers diabetes management software for
mobile phones that connects to web-based data analytics,
creating an interactive platform for real-time information
and analysis between patients and healthcare providers.®
Other companies in the digital healthcare space for
diabetes and weight management include Noom, Livongo,
Omada, Voluntis, and Lark.

This mini-review examines evidence-based therapeutic
interventions powered by high-quality software programs,

Table 1. Definitions of digital therapeutics based on institutions’

excluding interventions that rely solely on short message
services, telephone calls, or online web-based servers. The
objective of this mini-review is to evaluate the current state
and the future potential of prescription DTx (PDTs) in
obesity management.

2. Current landscape of PDTs in obesity
management

2.1. Definition and scope
2.1.1. PDTs

PDTs include a class of evidence-based, software-driven
interventions designed to treat, manage, or prevent
medical conditions. Unlike general wellness applications,
PDTs require a prescription from a healthcare provider,
underscoring the need for their clinical validation and
regulatory oversight. These therapeutic applications
deliver therapeutic interventions directly to patients using
smartphones, tablets, and other digital devices, integrating
seamlessly into daily life and offering continuous,
personalized care." The workflow of PDT solutions is
depicted in Figure 1.

2.2.2. Regulatory aspects and approval processes

The regulatorylandscape for PDTs is rigorous, ensuring that
these digital interventions meet high standards of safety
and efficacy. In the United States, the FDA plays a pivotal
role in the approval process of PDTs. The FDA’s Digital
Health Software Precertification (Pre-Cert) Program is
designed to streamline the evaluation of software-based
medical devices, fostering innovation while maintaining
rigorous standards. This program assesses software
developers based on five excellence principles: product
quality, patient safety, clinical responsibility, cybersecurity
responsibility, and proactive culture.'

To gain FDA approval, PDTs undergo a comprehensive
evaluation that includes clinical trials to demonstrate their
safety and effectiveness. This process is similar to that for
traditional pharmaceuticals and medical devices. PDT

Institute

Definition of digital therapeutics

European data protection ~DTx are evidence-based therapeutic interventions driven by software to prevent, manage, or treat a medical disorder or

supervisor
and that have a proven clinical benefit.*

disease. In other words, DTx are patient-facing software applications that help patients treat, prevent, or manage a disease

Ministry of food and drug DTx are software, which can be used as a medical device to provide evidence-based therapeutic intervention to patients

safety, South Korea
therapeutic intervention.’

Digital therapeutics
alliance

for prevention, control, or treatment of medical disabilities and/or diseases. DTx are applied to patients who require

DTx deliver medical interventions directly to patients using evidence-based, clinically evaluated software to treat, manage,
and prevent a broad spectrum of diseases and disorders."

Abbreviation: DTx: Digital therapeutics.
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Figure 1. The workflow of prescription digital therapeutic solutions. Image is created by author.

developers must provide robust evidence from randomized
controlled trials (RCTs) or other well-designed studies
showingthatthe DTxachieve theintended health outcomes.
In addition, the software must adhere to strict data privacy
and security standards, ensuring the protection of patient
information in compliance with regulations like the Health
Insurance Portability and Accountability Act (HIPAA)."

Beyond the FDA, other regulatory bodies worldwide,
such as the European Medicines Agency and various
national health authorities, have established guidelines
and frameworks for the approval and oversight of PDTs.
These regulations ensure that PDTs can be safely and
effectively integrated into healthcare systems globally,
providing patients with reliable and clinically validated
DTx options."

In summary, PDTs represent a transformative approach
in managing obesity, blending advanced technology with
clinical rigor. The stringent regulatory pathways they
navigate underscore their potential as powerful tools in
modern healthcare, offering personalized and effective
interventions to combat obesity and improve overall health
outcomes. Figure 2 illustrates the uses of DTx.

3. DTx for obesity: An integrated and
multidisciplinary approach
Diseases like obesity and eating behavioral disorders are

complex in nature and require a mix of lifestyle changes
and medical treatment for effective management.'
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Figure 2. Uses of digital therapeutics. Image created by author.

Addressing both physical and mental health is crucial
for lifestyle modifications. High motivation is essential
for adherence to these changes. Patients can develop
stimulus control by managing eating-related cues, using
cognitive techniques to address maladaptive thinking,
and enhancing coping skills for emotional regulation and
stress management.®* These psychological mechanisms,
vital for mental health, are closely linked to physical
health and influence clinical outcomes. Consequently,
mental health should be a key component of DTx for
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obesity and eating-related problems. However, previous
self-management DTx studies have often overlooked
mental health, focusing instead on behaviors such as
glucose and weight monitoring, medication adherence,
food logging, and physical activity.'*'” Most mobile health
interventions have only shown improvements in physical
health outcomes, such as hemoglobin Alc levels or body
weight, but have not effectively addressed mental health
issues.'®** Factors like motivation, depression, anxiety, and
self-esteem are predictors of successful weight control.
Therefore, developing practical DTx for obesity and eating
behavior problems requires a multidisciplinary approach
that includes psychological components.*!

3.1. Key players and products

Omada Health is a prominent provider of DTx focused on
obesity management and chronic disease prevention. The
Omada Health program is built on a comprehensive, behavior
change-oriented platform that integrates human coaching,
peer support, digital tools, and data-driven insights. Key
features include personalized health coaching, an interactive
mobile app, and digital tracking tools for monitoring weight,
diet, and physical activity. The user interface is designed to
be intuitive and engaging, offering goal-setting capabilities,
educational content, and progress tracking. The platform
uses cognitive-behavioral techniques to help users develop
lasting healthy habits. Participants receive wireless scales and
activity trackers, which integrate their health data into the app
for real-time feedback and personalized recommendations.
Omada’s evidence-based approach has proven effective in
clinical trials, showing significant weight loss and improved
health outcomes for participants.?

Noom is a well-known PDT that uses a psychology-
based method to promote sustainable weight loss and
manage obesity. At the heart of Noom’s program is its mobile
application, which offers various features to assist users on
their weight loss journey. Notable features of Noom include
customized meal plans, calorie tracking, and an extensive
food database to aid users in making informed dietary
decisions. The app incorporates cognitive-behavioral
therapy techniques to address the psychological aspects of
eating, fostering healthier habits and behaviors. In addition,
Noom provides virtual coaching from trained professionals
who offer guidance, motivation, and accountability. The
user interface is designed to be intuitive and engaging, with
daily lessons, quizzes, and progress tracking tools to keep
users actively engaged in their health goals. By combining
behavioral science, personalized coaching, and technology,
Noom strives to offer a comprehensive and user-friendly
solution for effective obesity management.”

WellDoc is a pioneering digital health company that
offers BlueStar®, a comprehensive DTx platform initially

developed for diabetes management and now expanded
to address obesity and other chronic conditions. BlueStar®
provides personalized, real-time guidance to users via a
mobile app that integrates with various health data sources,
including wearable devices, glucose monitors, and fitness
trackers. The platform uses artificial intelligence (AI) to
deliver customized coaching and educational content based
on individual user data, assisting users in managing their
diet, physical activity, medication adherence, and overall
health behavior. The app features an intuitive and user-
friendly interface with dashboards displaying health metrics,
progress tracking, and actionable insights. Clinicians can
access patient data through a dedicated portal, enabling
better-informed treatment decisions and more personalized
care. BlueStar® has been validated in multiple clinical
studies demonstrating its effectiveness in improving health
outcomes and is approved by regulatory bodies like the
FDA, ensuring its credibility and reliability as a PDT.***

3.2. Mechanisms of action

PDTs leverage several mechanisms to effectively manage
obesity. Centralto theirapproacharebehavioral interventions
rooted in cognitive-behavioral therapy principles, which help
users modify unhealthy eating patterns and adopt healthier
behaviors. Gamification techniques further enhance user
engagement and adherence by making the process more
interactive and motivating. In addition, PDTs utilize data
tracking and personalization through wearables and mobile
apps, which monitor physical activity, dietary intake,
and other health metrics, providing users with real-time
feedback and personalized insights. Advanced technologies
such as AI and machine learning play a critical role in
this personalization, analyzing user data to create tailored
treatment plans that adapt to individual needs and progress.
Together, these mechanisms create a comprehensive and
dynamic approach to obesity management, fostering
sustained behavior change and improved health outcomes.
The differences between conventional pharmacotherapy
and DTx are shown in Table 2.

3.3. Clinical evidence and effectiveness
3.3.1. Issues of DTx in obesity treatment

Based on the current status of the field, there as six major
constructive issues currently facing the application of DTx
in the management of obesity and eating-related problems
(Figure 3).

3.3.1.1. Comprehensiveness of an individual’s multifactorial
health condition

As noted previously, obesity and eating behavior issues
are complex and multifaceted in nature.’ To thoroughly
understand and monitor the progress of weight control
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Table 2. Differences between conventional pharmacotherapy and digital therapeutics’

Category Pharmaceutical

Digital therapeutics

Development cost Very high cost (about $1.8B)

Development period Approximately more than 10 years

Manufacturing
facilities

Phases of clinical trials Human pharmacology study (Phase 1)
Exploratory study (Phase 2)

Confirmatory study (Phase 3)
Regulation Pharmaceutical law applicable

Medication monitoring ~ Manual monitoring done

Medication adherence 50%
Prerequisites Not required
Prescription Mandatory (ETC only)

Data security Not applicable

Continuous production required through manufacturing

Comparatively low cost
Approximately<10 years

No additional manufacturing is required after initial
development

Exploratory study (Pilot, optional)
Confirmatory study (Pivotal)

Medical device law applicable

Real-time automatic monitoring done

80%

Digital device, appropriate level of cognitive ability needed
Mandatory (PDTs only)

Need cyber security and data protection solutions

Abbreviations: ETC: Essential-therapeutic-category; PDT: Prescription digital therapeutic.
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Figure 3. The workflow of digital therapeutics used in obesity management. Image created by author.
Abbreviation: RCTs: Randomized controlled trials.

and eating patterns, it is recommended to address multiple
domains including behavioral, cognitive, emotional,
motivational, and anthropometric aspects.? Since behavior
styles and engagement with DTx are greatly influenced
by cognitive structuring and emotional regulation, an
integrated clinical approach that incorporates all these
elements is essential for effectively addressing obesity-
related challenges.

3.3.1.2. Efficacy of DTx in RCTs

The goal of RCTs is to evaluate the effectiveness of new
treatments while reducing potential biases, such as the
placebo effect. During the RCTs, both the efficacy and safety
of treatments are established, which are critical factors

for FDA approval. While many studies have investigated
digital interventions for weight loss, not all have been
structured as RCTs.* To conclusively demonstrate the
effectiveness of new DTx, RCTs are essential. One of the
most critical and challenging aspects of designing RCTs
for DTx is creating an appropriate control group. Digital
interventions encompassa wide range of features, such as self-
monitoring, cognitive-behavioral therapy, user interface/
user experience, and human coaching. This diversity makes
it difficult to determine which specific features are effective
and which should be compared in the trials.”” Selecting
the primary active ingredient of DTx and creating a
specific active sham control group (an identical DTx
platform without the primary active ingredient) presents
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significant challenges. Achieving a fully blinded condition,
akin to placebo-controlled trials for medications, is also
difficult. Consequently, new RCT frameworks tailored to
DTx have been developed. These include the multiphase
optimization strategy, sequential multiple assignment
randomized trials, micro-randomized trials, clustered
RCTs, unequal allocation RCTs, and control optimization
trials. Each of these designs addresses different research
questions, aiming to provide gold-standard evidence in
clinical medicine. In addition, due to the digital nature of
these technologies, RCTs for DTx can employ fully digital,
innovative designs, incorporating digital enrollment,
digital intervention, and digital outcome phenotyping,
potentially eliminating the need for on-site visits. Table 3
presents a summary of multiple clinical trials.

3.3.1.3. Individual feedback tailoring in DTx

Personalized PDTs have the capability to provide
customized feedback using individualized data across
various domains, as previously discussed. It has been
demonstrated that this personalized approach is essential
because it significantly impacts engagement with digital
interventions and the potential for sustained lifestyle
modifications over time.*’ However, the majority of
interventions delivered through mobile applications employ
standardized behavioral approaches (such as reminders
for monitoring and appointments, and general health
education), utilize content that is uniformly generated,
or incorporate algorithms that are minimally customized
and focus narrowly on domains like diet, physical activity,
and body weight.”>* These approaches have demonstrated
constraints in engaging participants in the intervention
and sustaining treatment effectiveness. Therefore, utilizing
tailored feedback and adaptive interventions based on
baseline and/or real-time multifaceted assessments
(including behavior, emotions, cognition, and motivation)
can enhance both engagement and the overall efficacy of

DTx. Moreover, incorporating additional factors such as
genetic predispositions, social and economic circumstances,
and coexisting health conditions could further optimize the
development of personalized DTx solutions.

3.3.1.4. Temporal strategies for intervention frequency

The engagement rate in DTx is significantly influenced
by temporal methods for intervention frequency. In
general, an intervention can be applied at three different
time points: daily, weekly, and monthly. Prior research
using weekly or monthly interventions revealed high rates
of attrition.® Given that DTx engagement rates impact
clinical outcomes, it is imperative to take into account
the level of contact between physicians and users. Higher
involvement may be stimulated by daily interventions that
are more intensive. However, users and coaches may find
a too frequent intervention taxing or tiresome. By using
cutting-edge digital technologies like AI and machine
learning to replace tedious tasks with automated services,
this can be lessened.*

3.3.1.5. Psychological theory for intervention strategies based on
empirical evidence

While digital health technologies have advanced
significantly, it is essential to evaluate the integration
of evidence-based behavior change strategies and
clinical protocols within these modalities. Evidence-
based interventions refer to strategies supported by
empirical evidence demonstrating their effectiveness and
accountability. Key psychological interventions, such as
cognitive-behavioral therapy, dialectical behavioral therapy,
acceptance and commitment therapy, and mindfulness-
based cognitive therapy, are well-established in clinical
practice. Cognitive-behavioral therapy, particularly, is
widely utilized across various mental health conditions,
prompting researchers to explore its expansion through
digital platforms. Incorporating these scientifically

Table 3. Summary of clinical trials and studies evaluating the effectiveness of prescription digital therapeutics in obesity

management®
Study Population Intervention Delivery digital device
Spring et al.” Adults with obesity Technology-supported Smartphone, web portal

Nezami et al.® Mothers with overweight and obesity,

children aged 3 - 5 years
Spring et al*! Adults aged 18 - 65 years
Kim et al.* Old adults with diabetes (mean age 60)
Fitzsimmons-Craft et al. Women with eating disorders

Female and male adults with a BMI in
the range of 27 - 43

Lowe et al**

Kim et al** Overweight and obese women adults

Time-restricted eating

Human-based digital CBT

Smart group (mobile Smartphone
application-supported)

Temporally simultaneous intervention Smartphone
Mobile-based glucose diary Smartphone
CBT-guided self-help Smartphone

Smartphone, wearable
devices

Smartphone, web portal

Abbreviations: CBT: Cognitive-behavioral therapy; BMI: Body mass index.
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validated intervention strategies into DTx is crucial for
enhancing their efficacy.

In a study by Strombotne et al.,”” 2 years of virtual
coaching and ketogenic diet led to a significant reduction in
BMI and monthly usage of diabetes medication in diabetic
patients. In addition, involving healthcare professionals,
including doctors, nurses, psychologists, and trainers,
in the development of DTx can ensure the reliability and
effectiveness of these interventions.

3.3.1.6. Target populations

Most DTx focusing on lifestyle modifications or eating-
related issues have primarily concentrated on adults. Despite
the correlation between childhood/adolescent obesity
and adult metabolic diseases, there is a notable scarcity
of studies examining DTx interventions in youths. For
effective treatment of children and young adults, involving
their caregivers or guardians in the intervention process
is deemed more effective in achieving positive clinical
outcomes. Similarly, involving families in interventions
aimed at older adults, who often contend with existing
metabolic or psychiatric conditions, is recommended
to enhance the success of DTx approaches. In addition,
clinicians are advised to tailor strategies according to
specific target symptoms such as major depressive disorder,
eating disorders, diabetes, or hypertension.

4, Challenges and limitations
4.1. Challenges
4.1.1. Regulatory and approval challenges

The regulatory landscape for PDTs in obesity management
presents significant hurdles, varying widely across different
regions. Obtaining approval involves navigating complex
processes that differ in requirements and timelines between
jurisdictions. Harmonizing these regulations globally is
crucial for ensuring timely access to innovative therapies
and fostering broader adoption in healthcare systems.

4.1.2. User engagement and adherence

Effective engagement and sustained adherence pose
substantial challenges for PDTs in obesity management.
Issues such as user motivation, interface design, and
personalized feedback mechanisms influence long-term
participation. Strategies incorporating behavioral science
principles, real-time feedback, and gamification are
being explored to enhance user engagement and promote
adherence to PDTs.

4.1.3. Data privacy and security

Concerns regarding the privacy and security of patient
data loom large in the adoption of PDTs. Compliance

with stringent regulations like General Data Protection
Regulation and HIPAA is essential to safeguarding
sensitive health information. Robust encryption protocols,
anonymization techniques, and transparent data handling
practices are critical for maintaining patient trust and
regulatory compliance.

4.1.4. Accessibility and equity

The accessibility of PDTs remains constrained by factors
including cost barriers and varying levels of digital
literacy among diverse populations. Addressing these
disparities requires proactive efforts to reduce costs,
improve user education, and ensure equitable access to
DTx solutions. Collaboration between stakeholders in
healthcare, technology, and policy sectors is essential for
advancing accessibility and fostering inclusive healthcare
delivery through PDTs.

4.2, Limitations with DTx use in hospital settings

Despite extensive efforts to develop various types of DTx,
their integration into clinical settings remains incomplete
due to several limitations. Presently, two significant
concerns hindering the scalability and effectiveness of
DTx are low user engagement and insufficient efficacy.”
Next, akin to traditional pharmaceuticals, DTx must
undergo RCTs as part of the approval process to
confirm their safety and efficacy before they reach the
market.” However, DTx software can be updated and
adjusted in response to FDA guidance at any time,
unlike traditional pharmaceuticals. Cybersecurity and
data rights present additional challenges that hinder
widespread adoption of DTx. One potential solution
involves forming partnerships between industries
and academic institutions; for instance, companies
developing successful DTx collaborate with academic
groups to ensure scientific rigor, in scenarios similar to
how traditional pharmaceuticals are developed.

5. Future directions

The future of PDTs in obesity and diabetes management is
poised for significant advancements, driven by emerging
technologies and personalized medicine. Innovations
in technologies such as Al, augmented reality (AR), and
virtual reality (VR) are set to transform PDTs, offering more
immersive and engaging interventions. Al can enhance
the personalization of treatment plans by analyzing
vast amounts of user data, while AR and VR can create
interactive experiences that make lifestyle changes more
engaging. Wearable technology is also advancing rapidly,
providing continuous, real-time health data that can be
seamlessly integrated with PDTs to offer more precise and
timely interventions.
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Personalized medicine is another promising avenue,
with genetic insights allowing for highly individualized
treatment strategies. The use of big data and advanced
analytics will enable PDTs to deliver more tailored
interventions, considering each individual's unique
behavioral, emotional, and physiological profile. Big data is
helpful for training of health models, which can be further
leveraged to bring DTx solutions for chronic diseases into
real life.”®

Integrating PDTs into standard healthcare practices
will be crucial for their widespread adoption. This will
require strong collaboration between tech companies and
healthcare providers to ensure that PDTs are effectively
integrated into patient care plans. In addition, the future
regulatory landscape will need to evolve, with advocacy
for standardized regulations across regions to ensure the
safety, efficacy, and accessibility of PDTs.

Overall, the future of PDTs in obesity management
holds great promise, with technological innovations
and personalized approaches driving more effective and
engaging solutions. This progress will ultimately empower
the affected individuals to take a more proactive attitude in
managing obesity and improve the overall health outcomes.

6. Conclusion

PDTs have revolutionized the approach to obesity
management by integrating advanced digital technologies
with behavioral medicine. These innovative solutions,
like WellDoc’s BlueStar®, provide personalized health
guidance and real-time support, significantly enhancing
patient engagement and adherence. Clinical studies have
validated the effectiveness of PDTs, underscoring their
potential in improving health outcomes for individuals
with obesity.

Despite their promise, PDTs face challenges such as
regulatory hurdles, user engagement issues, data privacy
concerns, and accessibility barriers. Addressing these
challenges through improved regulatory frameworks,
user interface enhancements, robust data security
measures, and efforts to bridge the digital divide is
essential for realizing the full potential of these digital
interventions.

In future, the continued advancement of technology,
including AI, wearable devices, and personalized
medicine, will further drive the impact of PDTs in obesity
management. Integrating these tools within healthcare
systems and establishing standardized regulatory policies
will be crucial for scaling their benefits. As PDTs evolve,
they offer the promise of more effective obesity management
and empower individuals to take proactive control of their
health, adapting to the ever-evolving digital healthcare.
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