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Abstract

Digital therapeutics (DTx) mark a major advancement in modern medicine, using advanced software
technologies to deliver clinically validated treatments for various physical and mental health
conditions. Unlike general wellness apps that focus on fitness or lifestyle tracking, DTx are evidence-
based medical interventions developed through rigorous clinical research to ensure safety, efficacy,
and measurable outcomes. Delivered via digital platforms — such as smartphones, tablets, or
specialized medical devices — DTx aims to prevent, manage, and treat diseases through personalized
and data-driven care. The rapid progress of information and communication technologies (ICT) has
accelerated digital healthcare innovation, as seen with Pear Therapeutics’ reset the first FDA-
approved DTx in 2017 for substance use disorder. This milestone signaled the start of a new era in
medicine, where digital treatments can complement or even replace traditional drug-based therapies.
Chronic diseases — like diabetes, cardiovascular disorders, and respiratory illnesses — cause over 70%
of global deaths, often due to poor lifestyle habits and aging populations. DTx offer continuous,
personalized care through real-time monitoring, behavioral insights, and feedback, helping patients
manage their conditions more effectively. Technologies — such as augmented reality (AR) and virtual
reality (VR) — further enhance outcomes by improving adherence, reducing medical errors, and
lowering hospitalization rates. Since the FDA'’s first approval, the DTx market has expanded rapidly,
with over 400 products now available or in development to address conditions from depression and
insomnia to diabetes and hypertension. Their key advantages accessibility, affordability, and scalability
make DTx a powerful alternative to traditional, in-person healthcare. By merging clinical science with
digital innovation, digital therapeutics are reshaping the healthcare landscape, shifting it from reactive
illness treatment toward proactive, preventive, and personalized care for long-term well-being.
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scope of digital healthcare beyond wellness to encompass illness prevention, management, and
treatment [2]. Globally, the prevalence of chronic illnesses is growing, and many patients struggle to
modify their lifestyles and take their medications as prescribed. Disease loads grow because of health
care professionals’ frequent lack of instruments to assess compliance. To handle these problems, digital
technologies are becoming more important. With significant increase in digital therapeutics tools that
facilitate coaching, behavior modification, monitoring, adherence, and real-time health
recommendations global financing for digital health reached around $57.2 billion in 2021. Funding for
mental health solutions also increased, totalling around $8.9 billion [3].

Importance in Chronic Disease Management

Every year, chronic illnesses — such as diabetes, respiratory problems, and cardiovascular disorders
— account for more than 70% of fatalities worldwide (WHO, 2022). Because these conditions require
continuous care and control, they put a burden on healthcare systems. Poor diets, sedentary lifestyles,
and aging populations are all contributing factors to their increasing prevalence. For instance, 537
million individuals have diabetes (IDF, 2021), and 17.9 million people die each year from
cardiovascular illnesses, making them the leading cause of mortality [4]. Immersion technologies — like
AR and VR - dramatically enhance health results, according to recent research. VR platforms increased
drug adherence by 25-35% in chronic illnesses, while AR-guided medicine systems reduced dose
mistakes in older patients by 30%. Hospitalizations for COPD also decreased by 20% because of AR
inhaler training [5]. Following the FDA’s approval of the first digital therapies (DTx) for opioid use
disorder, DTx gained popularity in 2017. Germany started a Fast-Track procedure for DTx
reimbursement by 2019, and Belgium, Japan, Korea, and the UK, thereafter, followed suit. There are
over 400 DTx products on the market or in development globally now [6].

Difference Between DTx and Traditional Therapies

Personalized treatments based on real-time data, proactive care, and ongoing monitoring are the main
focuses of digital therapeutics (DTx), which employ digital platforms for therapy. Traditional therapy,
on the other hand, depend on reactive care and physical treatments. DTx is frequently more accessible,
affordable, and scalable [7].

THE ROLE OF TECHNOLOGY IN HEALTHCARE

The WHO defines health technology as the methods, medications, tools, and processes used to
provide medical treatment as well as the systems that support them. Three key elements make up
healthcare: (i) service providers (such as physicians, nurses, and technicians); (ii) emergency services;
and (iii) people. The technology-based remote services that providers utilize to support, preserve, or
restore patient health are the major topic of this study [8]. Technology adoption in healthcare has rapidly
increased to improve care quality and efficiency. Patient demand and cost reduction are important
motivators. To stay up with other technologically sophisticated industries, organizations are adopting
health technology [9].

The Integration of Artificial Intelligence and Machine Learning in Medical Devices

Artificial Intelligence (Al) entails building computers that use algorithms to simulate human
cognitive processes like learning, reasoning, and problem-solving. Advanced analytics and more data
availability are revolutionizing healthcare [10]. A branch of artificial intelligence called Machine
Learning (ML) employs statistical methods to help computers learn from data, increasing the speed and
precision of medical activities without the need for explicit programming [11]. With their increased
efficiency and lower costs, Al and ML are becoming major forces in the advancement of healthcare.
Their integration facilitates medication development, monitoring, treatment planning, diagnostics, and
workflow optimization while improving patient care. These technologies promise a significant shift in
the way healthcare is delivered by enabling personalized medication and predictive analytics [12].
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By predicting drug—protein interactions, identifying targets, and modeling molecules, artificial
intelligence (Al) expedites the drug development process. Large chemical and biological databases are
analyzed by machine learning to identify new medications, save money, and shorten development times.
Additionally, it improves medication safety by predicting interactions and negative effects [13]. Al
predicts the best therapies by analyzing genetic, environmental, and patient data. This improves results,
minimizes adverse effects, and reduces trial-and-error in healthcare [14].

The Role of Mobile Apps, Wearables, and Remote Monitoring

Through wireless data transmission and long-term health tracking, mobile health (mHealth)
technology — such as smartphones, tablets, and wearables — is improving cancer treatment. These
technologies assist ongoing, individualized treatment and research by tracking vital signs, activities,
and other medical data [15]. Using wearables, smartphones, and the Internet, eHealth and mHealth have
improved, allowing people to better understand and control their health by self-monitoring everyday
factors like sleep, activity, and food. By encouraging more participation and autonomy, self-tracking
gadgets support patient empowerment and habit modification. To provide better treatment, they also
give doctors access to real-time clinical data.

By providing individualized treatment and real-time insights, wearable health devices can enhance
the management of chronic diseases. Issues including data accuracy, privacy, cost, and user engagement
need to be resolved if they are to realize their full potential [16].

DIGITAL THERAPEUTICS FOR CHRONIC DISEASES
Diabetes

By filling up the gaps in self-care, medication adherence, and glucose monitoring, DTx models for
prediabetes, T1DM, and T2DM improve disease management. To improve glycaemic control and lower
the risk of type 2 diabetes, they use psychological frameworks to encourage patient participation,
behavioral change, and real-time professional feedback [17]. Diabetes-related fatalities and DALY's are
largely caused by high BMI and unhealthy lifestyles. The WHO SDG targets for managing prediabetes
depend on focused, data-driven initiatives. Significant clinical gains, such as a 2% decrease in HbAlc
and improved lipid profiles, have been demonstrated by digital health models that use the Chronic Care
Model (CCM) in primary care such as One Medical. This underscores the great potential of tech-assisted
chronic care in diabetes treatment [18]. With 59.1% of patients or caregivers now utilizing them and
22% planning to do so within the next five years, mobile applications are regarded as one of the best
technologies for managing diabetes. By reducing the psychological load and improving self-
management, these apps help with reminders, meal monitoring, device integration, and motivation
through gamification, trend visualization, and psychosocial support [19]. While DDMTs offer
promising benefits, challenges remain in their long-term effectiveness, accessibility, and patient
adherence. Short-term glycaemic improvements are possible, but sustained outcomes require ongoing
patient engagement and provider support. Barriers — like digital literacy gaps, costs, and data security
concerns — hinder widespread adoption. Real-world evidence is crucial to guide clinical use and improve
diabetes care strategies [20].

Hypertension

To assist lifestyle modifications and blood pressure control, a digital therapeutics platform for
hypertension incorporates interactions between patients, doctors, and apps. Important actions include
gathering patient information, providing individualized interventions, delivering interactive education,
and encouraging self-assessment and planning. A customized, data-driven approach to care is made
possible by the process’ flexibility, which allows for repeated teaching as needed [21]. We created the
HERB system, a prescription digital therapeutics (DTx) solution that combines a patient app with a web
platform for physicians, to improve lifestyle-based hypertension management. The DTx group
demonstrated a significantly higher 24-hour systolic blood pressure reduction over 12 weeks in
comparison to controls in the HERB-DH1 phase III RCT, which included 390 untreated hypertensive
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patients aged <65. The results were strengthened by the within-subjects approach, which assisted in
reducing individual variability [22].

CureApp HT is a digital treatment for hypertension that consists of a web portal for medical
professionals and a smartphone app for patients. By enhancing patient attitudes, knowledge, and contact
with doctors, it encourages lifestyle improvements. Physicians develop personalized blood pressure
goals after seeing behavioral changes. Patients adopt lifestyle recommendations from apps and consider
how these adjustments affect their blood pressure [23].

Mental Health Disorders
Schizophrenia

Apps, virtual reality, online therapy, and smart homes are examples of digital technology for
schizophrenia that address different symptoms. Although these technologies support drug adherence,
education, and self-management, ethical issues are frequently disregarded. Most apps offer reminders,
coping strategies, and psychosocial support. Although there are still some usability problems, the
Telemedicine Moneo Platform and DMS systems demonstrated improved adherence and favorable
patient attitudes [24].

Depression and Anxiety

Because of its structured, self-guided approach, digital treatments frequently incorporate well-
established psychological techniques, particularly Cognitive Behavioral Therapy (CBT). With proper
commitment, digital cognitive behavioral therapy has demonstrated efficacy for sadness and anxiety
that is on par with in-person therapy. In addition to anonymous peer support and remote therapist
assistance, the MHP intervention offers therapist-guided modules via mobile device that incorporate
mindfulness exercises, films, and CBT-based content [25].

Obesity and Weight Management

Digital scales and applications provide remote weight monitoring, which eliminates the need for
clinic visits by enabling medical professionals to monitor patient progress and modify treatment
regimens. Telemedicine-based monitoring resulted in a BMI reduction of more than 3% when compared
to controls in an RCT including 230 persons [26]. Using input data, weight loss simulation software —
such as “My Diet Model”, “Visualize You”, and “Virtual Weight Loss Simulator” — assist users in
visualizing changes to their bodies. Nevertheless, a lot of them depend on artificial models or need
manual changes, which results in predictions that are not precise and don’t match users’ actual
appearance. This may restrict their efficacy and cause a sensation of disconnection [27].

Insomnia

Telemedicine for sleep problems is growing thanks to wearable technology (WDs) and mobile
applications (MAs) such as Fitbit. They enhance adherence and allow precise sleep tracking when used
with CBT-I apps. For the purpose of treating insomnia, a pilot research created a CBT-I app that was
synchronized with WDs [28]. In a similar vein, the online CBT-I application “Sleepio”, which includes
visual sleep exercises, asserts that it is more economical and effective than sleeping drugs [29]. In
addition to popular sleep applications, there are several specialized apps for insomnia like blue light
filters for phones used at night and snoring monitors. To solve particular sleep problems, numerous
other sleep-related apps are constantly being created [30].

Parkinson Disease

Tools for promoting healthy behaviors including exercise, nutrition, and sleep are provided by digital
therapies. Maintaining these improvements is difficult, though, particularly for those who have
Parkinson’s disease (PD). Cognitive behavioral change techniques that have been shown to promote
long-lasting behavior modification are used in many digital approaches [31].
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There are two primary types of apps related to PD: Symptoms — such as bradykinesia, tremor, gait,
vision, speech, cognition, spatial context, and mood — are assessed via “assessment apps”. “Treatment
apps”, which are separated into: Gait rehabilitation applications that use vibratory or rhythmic cues to
enhance walking and lessen freezing episodes; “Medical management apps” for self-care and
medication adherence, including tools for deep brain stimulation decisions [32].

Asthma

By encouraging self-management, facilitating long-term symptom tracking, and improving treatment
adherence, wearable technology, mobile health apps, and monitoring tools can all help control asthma
[33]. Digital inhalers and other electronic monitoring devices (EMDs) monitor inhaler technique and
use to enhance medication adherence. They give patients immediate feedback and send information to
medical professionals for remote monitoring and individualized care. Digital inhalers might be
integrated devices or sensors that are added on [34]. Asthma patients can now purchase smart inhalers,
which track inhalation method and dose utilization using wireless technology and sensors. Through
dashboards and cloud storage, they make information available to patients and healthcare providers by
sending data via Bluetooth or NFC to associated smartphone apps. To evaluate the quality of inhalation,
some also use flow sensors [35].

COPD

Using an Al-driven methodology, we created functional specifications for a mobile COPD self-
management app based on a requirements study. By integrating clinical recommendations and behavior
modification techniques into a semantic web-based COPD self-management ontology that addresses
symptoms, triggers, surroundings, and behaviors, the prototype offers individualized action plans [36].
Digital inhalers are becoming essential e-health tools for COPD and asthma management. They monitor
drug compliance and facilitate prompt, individualized therapy when paired with information on
symptoms, physiology, and surroundings. Their efficacy is further increased by sophisticated features
including real-time inhalation feedback and location tracking [37]. Teva Digihaler (USA), Amiko
Respiro (Europe), and Propeller Health and Adherium Hailie (global) are examples of common digital
inhalers. The INCA device (Ireland/UK) has made significant research contributions to the field while
not being sold [38].

Alzheimer

Smartphones and smartwatches are emerging tools for collecting Alzheimer’s disease biomarkers
and endpoints. With integrated sensors (such as GPS, accelerometers, and microphones), they record
information on location, activity, voice, and tremors. Additionally, they facilitate gamified apps and
cognitive tests, allowing for consistent, dependable monitoring outside of clinical settings [39].

In Alzheimer’s research, EEG and fNIRS are frequently used to track blood flow and brain activity
during cognitive or dance-based training. While fNIRS measures oxygenation, EEG monitors frequency
variations in different parts of the brain. Neurofeedback may improve training, and research combining
EEG and fNIRS provide more accurate data. These techniques encourage the creation of novel therapies
despite difficulties with design and data processing [40]. Tweri, which is an Android application
designed in the collaboration with a Spanish association for relatives of people with Alzheimer’s
disease. Tweri offers Alzheimer’s patients a tracking feature [41].

CATEGORIES OF DIGITAL THERAPEUTICS AND PRODUCT EXAMPLES

The Digital Therapeutics Alliance classified DTx into four categories. Each DTx treatment falls into
one of the following groups according to the characteristics of its target product:

e Address a medical condition.

e Manage or prevent a medical disorder or disease.

e  Optimize medication.

e Treat a medical disease or disorder.
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The requirements for DTx products differ depending on the category and goal. While Category 4
requires prescriptions, Category 1 permits direct-to-consumer access. With clinical programs mostly in
the United States, the majority of DTx currently in use are Category 2 or 3. Two Category 4 DTx for
substance use disorders were authorized by the FDA by 2018. All Category 4 DTx use CBT primarily
to treat mental health issues [1].

Pear Therapeutics

The commercialized DTx reSET (Pear Therapeutics Inc., MA, USA) is a prime example. The first
interactive DTx approved by the FDA for use in cognitive-behavioral treatment for individuals with
drug and alcohol addiction is called reSET. Based on the findings of a patient self-questionnaire, reSET
offers both in-person treatment with medical experts and professional online counseling. Furthermore,
by using video games to stimulate and activate the prefrontal cortex, EndeavorRx (Akili Interactive
Labs Inc., MA, USA), a DTx for pediatric ADHD, has shown that it can raise a patient’s attention index
(API) [42].

Propeller Health

When used with asthma and COPD patients, respectively, Teva Pharmaceuticals’ Propeller Health
(ResMed (Propeller Health), WI, USA) 20 and ProAir Digihaler (Teva Pharmaceuticals Inc., NJ, USA)
21 medication reminders with inhalers have been shown to reduce inhaler use by 79% and have received
FDA-510(k) certification. By connecting inhalers to sensors and smartphone apps, their Propeller
system enables patients to monitor their symptoms, medication use, and environmental triggers in real
time. Healthcare professionals can modify treatment regimens in accordance with this data [7].

Big Health
The online sleep disorder counseling program and sleep management feature of Sleepio (Big Health,

CA, USA), which was created to treat sleep problems, have been shown to increase treatment
effectiveness from 20 to 76% [42].

Kaia Health

In the US and the EU, Kaia Health treats back pain. Provides members with individualized, self-
directed care via a care team and digital app at anytime, anyplace. Kaia’s cutting-edge motion analysis
technology eliminates the need for sensors by providing real-time corrective feedback on body
movements using only the phone’s camera.

Hygieia

USA and EU D-Nav Type 2 diabetes Based on the glucose measurements the patient is already
scheduled to take with the d-Nav, this handheld device automatically titrates the insulin dosage. Patients
use the device to check their glucose level before each injection and to obtain a recommended insulin
dose. By analyzing glucose patterns, d-Nav automatically adjusts insulin dosage over time without
supervision to fit patients’ changing needs while working to prevent an increase in hypoglycemia [43].

Omada Health

A thorough digital therapeutics program is available from Omada Health to help avoid long-term
illnesses like cardiovascular disease and type 2 diabetes. Their platform combines several digital
technologies, such as virtual health coaching, behavior modification programs, and linked gadgets, for
remote monitoring. To avoid or treat chronic illnesses, the objective is to assist consumers in embracing
better lifestyles [7].

PHARMACEUTICAL DRUGS VS. DIGITAL THERAPEUTICS

In contrast to medications, DTx requires a reliable internet connection and digital health technology
(DHT). Tier A (system tools, no patient impact), Tier B (information/communication tools, such as
CBT applications), and Tier C (diagnosis/treatment tools such as for diabetes), are the three evidence

© STM Journals 2026. All Rights Reserved 40



Research & Reviews: A Journal of Medical Science and Technology
Volume 15, Issue 2
ISSN: 2319-3417 (Online), ISSN: 2349-1272 (Print)

levels into which DHTs are categorized based on their purpose and clinical risk. Budget effect analysis
is necessary for economic analysis that differs according to financial risk — basic, low, or high
commitment. Government-funded high-risk DHTs also require cost-utility analysis [44].

Pay-per-use reimbursement is made possible by DTx, which tracks patient adherence without
penalizing either payers or patients. This encourages individualized therapy and enables the early
detection of non-adherence. In contrast to conventional approaches, it provides flexible and ethical
reimbursement techniques; yet healthcare decision-makers face both opportunities and obstacles when
tying payment to adherence [45].

In conclusion, by offering evidence-based therapies for a range of illnesses, digital therapeutics
contribute to traditional medicine. They improve patient involvement, access to care, and provide
tailored interventions to support conventional methods [46].

REGULATION AND APPROVAL OF DTX

Regulatory compliance is crucial when developing digital health products and includes standards
such as Good Clinical Practices (GCP), Medical Device Regulation (MDR), and ISO guidelines. In the
U.S., the FDA allows enforcement discretion for low-risk apps, which do not need premarket approval
[47]. However, clinically validated DTx — like reSET-O — must meets FDA safety and efficacy
standards. In Europe, the EMA and national authorities ensure that digital health tools (DHTTs) provide
reliable clinical evidence and comply with medical device regulations, with risk levels evaluated by
notified bodies and competent authorities [48]. In 2021, the NHS introduced the Digital Technology
Assessment Criteria (DTAC) to ensure the safety, quality, and compliance of digital health tools [49].
However, Europe still lacks a unified regulatory framework for DTx, with fragmented approval and
reimbursement processes. Germany’s DiGA fast-track system leads the way by allowing doctors to
prescribe approved digital health apps covered by insurance [50].

CHALLENGES FOR DIGITAL THERAPEUTICS
Network Security

Digital medicine offers benefits, like better adherence, follow-up, health monitoring, and patient care,
but all depend on a strong operational digital infrastructure. Robust cybersecurity is essential, as
cyberattacks are inevitable — it’s only a matter of when and where [51]. Examine how healthcare
systems can use blockchain, Al-based threat detection, and enhanced encryption to protect against
ransomware, hacking, and data manipulation. Additionally, investigate the security of virtual health
equipment and distributed digital medicines, emphasizing dependable and secure data transfer between
patients and providers.

Data Privacy

Large volumes of health data are necessary for the development of digital health, so protecting this
data during its collection, transmission, storage, and analysis is crucial. Every step requires strong
control, but the data privacy laws in place are still insufficient. Working together across industries,
ethics, technology, and legislation is necessary to address this. The EU’s GDPR (2018), for instance,
protects data transfers beyond the EU, requires stronger consent, and gives people the ability to see or
delete their data [52].

Interoperability

The capacity of systems to efficiently exchange and utilize medical data is known as interoperability.
Managing massive amounts of data across many platforms, which calls for standardized communication
protocols, is a major difficulty in digital medicine. For meaningful data transmission, syntactic and
semantic compatibility are both essential. For efficient data transfer and all-encompassing care, it also
entails organizational, legal, and policy coordination, necessitating cross-industry cooperation and
regulatory assistance [53].
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Digital Divide

The difference between people who have access to information and communication technologies and
those who do not is known as the “digital divide.” Because it has the potential to exacerbate already-
existing social inequities, it is a serious concern for international organizations and governments. This
division is frequently influenced by factors that affect people’s capacity to participate fully in society
such as income, age, education, ethnicity, and urbanization [54].

Adoption

Emerging digital medicines are viewed with scepticism since healthcare professionals frequently
want substantial clinical proof before implementing novel treatments. Many people may be resistant to
software-based remedies and yet favor conventional medications. Despite existing clinical trials and
evidence-based backing, adoption of Al-driven medical devices is further limited by reluctance to learn
and interact with them [55].

Language and Localization

Language and cultural hurdles are impeding the global adoption of digital therapies, which impacts
the quality of care and communication between patients and providers. Providers must address issues
including poor health literacy and misunderstandings while ensuring clear language and cultural
relevance to enhance health outcomes [56].

Penetrating New Markets

Adopt a commercial perspective, engage providers as advocates, and concentrate on user-centered
design to penetrate the digital therapeutics sector. Since they establish a connection with patients,
provider support is essential. Although it is now constrained by trial data, expanding insurance coverage
is also essential; new digital health formularies may help with this [57].

Regulatory

Despite efforts to assure patient safety, regulatory regulations from organizations — such as the FDA
and NHS — hinder the adoption of digital therapies by delaying development, approval, and market
launch [58].

CLINICAL TRIALS
Randomized Controle Trials

The gold standard for assessing medications and FDA-approved digital therapies (DTx) is
confirmatory RCTs. These studies evaluate clinical endpoints using predetermined statistical tests and
randomized, parallel group designs in accordance with CONSORT principles. This demonstrates that
DTx, either by itself or in combination with other therapies, may be evaluated successfully using
conventional RCT techniques [59].

SCOPE OF DIGITAL THERAPEUTICS IN INDIA

The rise of chronic illnesses in India is straining the country’s healthcare system. 63% of deaths are
from noncommunicable diseases, 24% are from hypertension, and 9—10% are from diabetes. 75 million
individuals have diabetes, and cardiovascular illnesses account for 27% of fatalities among those aged
40 to 69. Due to stress and sedentary lifestyles, rising economic growth is associated with an increase
in chronic health problems, especially among younger persons in their 30s [60]. Managing a chronic
illness requires several measures that might be difficult without the right resources or expertise.
Evidence-based treatments for managing chronic illnesses are offered by digital therapies, which also
ease the burden on healthcare systems and increase access, particularly in rural regions [3].

CONCLUSION
Digital therapeutics (DTx) have emerged as a powerful innovation in healthcare, offering
scientifically validated, software-based interventions for the prevention, management, and treatment of
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a wide range of physical and mental health conditions. By combining clinical science with advanced
digital tools — such as artificial intelligence, machine learning, mobile applications, and wearable
devices — DTx provides personalized, data-driven, and continuous care that enhances treatment
outcomes and patient engagement. Their growing importance is especially evident in the management
of chronic diseases, like diabetes, hypertension, obesity, and mental health disorders, which account for
most global deaths. Through real-time monitoring, behavioral modification, and remote support, DTx
help patients maintain adherence to treatments while reducing the burden on healthcare systems.
Countries — like the U.S., Germany, Japan, and India — are increasingly integrating digital therapies into
their healthcare infrastructure, highlighting their expanding global relevance.

However, challenges — such as data privacy, cybersecurity risks, lack of regulatory uniformity, digital
literacy gaps, and limited awareness among both patients and healthcare professionals — continue to
hinder widespread adoption. Overcoming these barriers will require stronger global collaboration,
standardized regulations, and greater investment in digital infrastructure.

In conclusion, digital therapeutics represent the future of personalized healthcare — offering
accessible, affordable, and effective solutions that complement traditional medicine. With continued
innovation, clinical validation, and policy support, DTx have the potential to reshape healthcare delivery
worldwide, shifting the focus from reactive treatment to proactive, preventive, and patient-centered
care.

REFERENCES

1. Chung JY. Digital therapeutics and clinical pharmacology. Transl Clin Pharmacol. 2019;27(1):6—
11. doi: 10.12793/tcp.2019.27.1.6.

2. JulJH, Sim B, Lee J, Lee JY. Reimbursement of digital therapeutics: Future perspectives in Korea.
Korean Circ J. 2022;52(4):265-279. doi: 10.4070/kcj.2022.0014.

3. Shah AM, Shah SV. Digital therapeutics—A new era in healthcare. Natl J Physiol Pharm
Pharmacol. 2023;13(11):1-5.

4. Topol EJ. High-performance medicine: The convergence of human and artificial intelligence. Nat
Med. 2019;25(1):44-56. doi: 10.1038/s41591-018-0300-7.

5. Molina-Recio G, Molina-Luque R, Jiménez-Garcia AM, Ventura-Puertos PE, Hernandez-Reyes A,
Romero-Saldafia M. Proposal for the design and evaluation of digital therapeutics based on virtual
reality, augmented reality, and artificial intelligence. J Clin Med. 2020;9(8):2585. doi:
10.3390/jcm9082585.

6. Iribarren SJ, Cato K, Falzon L, Stone PW. What is the economic evidence for mHealth? A
systematic review of economic evaluations of mobile health solutions. PLoS One.
2017;12(2):e0170581. doi: 10.1371/journal.pone.0170581.

7. Bashi N, Fatehi F, Mosadeghi-Nik M, Askari MS, Karunanithi M. Digital health interventions for
chronic disease management: A systematic review of reviews. BMJ Open. 2020;10(4):e036220.
doi: 10.1136/bmjopen-2019-036220.

8. Agbo CC, Mahmoud QH, Eklund JM. Blockchain technology in healthcare: A systematic review.
Healthcare (Basel). 2019;7(2):56. doi: 10.3390/healthcare7020056.

9. Strudwick G. Predicting nurses' use of healthcare technology using the Technology Acceptance
Model: An integrative review. CIN Comput Inform Nurs. 2015;33(5):189-198. doi:
10.1097/CIN.0000000000000142.

10. Herndon JH, Hwang R, Bozic KJ. Healthcare technology and technology assessment. Eur Spine J.
2007;16(9):1293-1302. doi: 10.1007/s00586-007-0394-z.

11. Al Kuwaiti A, Nazer K, Al-Reedy A, Al-Shehri S, Al-Muhanna A, Subbarayalu AV, et al. A review
of the role of artificial intelligence in healthcare. J Pers Med. 2023;13(6):951. doi:
10.3390/jpm13060951.

12. Tilala MH, Chenchala PK, Choppadandi A, Kaur J, Naguri S, Saoji R, et al. Ethical considerations
in the use of artificial intelligence and machine learning in health care: A comprehensive review.
Cureus. 2024;16(6):€62443. doi: 10.7759/cureus.62443.

© STM Journals 2026. All Rights Reserved 43


10.12793/tcp.2019.27.1.6.
10.4070/kcj.2022.0014.
10.1038/s41591-018-0300-7.
10.3390/jcm9082585.
10.1371/journal.pone.0170581.
10.1136/bmjopen-2019-036220.
10.3390/healthcare7020056.
10.1097/CIN.0000000000000142.
10.1007/s00586-007-0394-z.
10.3390/jpm13060951.
10.7759/cureus.62443.

Digital Therapeutics for Management of Chronic Diseases Patil et al.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Mirza M, Jabeen H, Fatima A. Artificial intelligence in digital therapeutics for optimized
healthcare. J Pharma Insights Res. 2025;3(2):346—357. doi: 10.69613/g5mbda64.

Al Kuwaiti A, Nazer K, Al-Reedy A, Al-Shehri S, Al-Muhanna A, Subbarayalu AV, et al. A review
of the role of artificial intelligence in healthcare. J Pers Med. 2023;13(6):951. doi:
10.3390/jpm13060951.

Dias D, Cunha JPS. Wearable health devices—Vital sign monitoring, systems and technologies.
Sensors (Basel). 2018;18(8):2414. doi: 10.3390/s18082414.

Piwek L, Ellis DA, Andrews S, Joinson A. The rise of consumer health wearables: Promises and
barriers. PLoS Med. 2016;13(2):¢1001953. doi: 10.1371/journal.pmed.1001953.

Ramakrishnan P, Yan K, Balijepalli C, Druyts E. Digital therapeutics in diabetes management. J
Diabetes Sci Technol. 2022;16(5):1165-1178.

American Diabetes Association Professional Practice Committee. Standards of medical care in
diabetes—2020. Clin Diabetes. 2020;38(1):10-38. doi: 10.2337/cd20-as01.

Jacksonville University School of Nursing. Digital technologies for diabetes distress [Internet].
Jacksonville (FL): Jacksonville University; [cited 2026 Aug 7]. Available from:
https://www.jacksonvilleu.com/

Bonoto BC, de Aratjo VE, Godéi IP, de Lemos LLP, Godman B, Bennie M, et al. Efficacy of
mobile health applications in the self-management of diabetes mellitus: A systematic review and
meta-analysis. PLoS One. 2017;12(3):e0174854. doi: 10.1371/journal.pone.0174854.

Kario K, Harada N, Okura A. Digital therapeutics in hypertension: Evidence and perspectives.
Hypertension. 2022;79(10):2148-2158. doi: 10.1161/HYPERTENSIONAHA.122.19414.

Kario K, Nomura A, Harada N, Okura A, Nakagawa K, Tanigawa T, et al. A multicenter clinical
trial to assess the efficacy of digital therapeutics for essential hypertension: Rationale and design of
the HERB-DHI1 trial. J Clin Hypertens (Greenwich). 2020;22(10):1713-1722. doi:
10.1111/jch.13993.

Kario K, Nomura A, Harada N, Okura A, Nakagawa K, Tanigawa T, et al. Efficacy of a digital
therapeutics system in the management of essential hypertension: The HERB-DH1 pivotal trial.
Eur Heart J. 2021;42(40):4111-4122. doi: 10.1093/eurheartj/ehab559.

Sarah Gonzales, Olaoluwa O. Okusaga, J. Corey Reuteman-Fowler, Megan M. Oakes, Jamie N.
Brown, Scott Moore et al. A digital medicine system in people with serious mental illness: User
experience and feasibility. JMIR Form Res. 2022;6:¢34893.

Torous J, Bucci S, Bell IH, Kessing LV, Faurholt-Jepsen M, Whelan P, et al. The growing field of
digital psychiatry: Current evidence and the future of apps, social media, chatbots, and virtual
reality. World Psychiatry. 2021;20(3):318-335. doi: 10.1002/wps.20883.

Wharton S, Astrup A, Endahl L, Lean MEJ, Lau DCW. Estimating the effect of digital therapeutics
for obesity and weight management: A systematic review. Obes Rev. 2023;24(2):e13566.

Lee H, Ahn H. A mobile health application for personalized weight management using three-
dimensional body imaging: Systematic review. JMIR Mhealth Uhealth. 2020;8(4):e16252.

Kang SG, Kang JM, Cho SJ, Ko KP, Lee YJ, Lee HJ. Cognitive behavioral therapy using a mobile
application synchronizable with a wearable device for insomnia treatment: A pilot study. J Clin
Sleep Med. 2017;13(4):633—-640.

Dang A, Arora D, Rane P. Role of digital therapeutics and the changing future of healthcare. J
Family Med Prim Care. 2020;9(5):2207-2213.

Camacho M, Robertson M, Abdullatif J, Certal V, Capasso R, Kushida CA. Smartphone
applications for snoring. J Laryngol Otol. 2015;129(10):974-979. doi:
10.1017/S0022215115002236.

Sullivan AN, Lachman ME. Behavior change with fitness technology in sedentary adults: A review
of the evidence for increasing physical activity. Front Public Health. 2017;4:289. doi:
10.3389/fpubh.2016.00289.

Linares-Del Rey M, Vela-Desojo L, Cano-de-la-Cuerda R. Mobile phone applications in
Parkinson’s disease: A systematic review. Neurologia (Engl Ed). 2019;34(1):38-54. doi:
10.1016/j.nr1.2017.03.006.

© STM Journals 2026. All Rights Reserved 44


10.69613/g5mbda64.
10.3390/jpm13060951.
10.3390/s18082414
10.1371/journal.pmed.1001953.
10.2337/cd20-as01.
https://www.jacksonvilleu.com/
10.1371/journal.pone.0174854
:%2010.1161/HYPERTENSIONAHA.122.19414.
10.1111/jch.13993.
10.1093/eurheartj/ehab559.
10.1002/wps.20883.
10.1017/S0022215115002236.
10.3389/fpubh.2016.00289.
10.1016/j.nrl.2017.03.006.

Research & Reviews: A Journal of Medical Science and Technology
Volume 15, Issue 2
ISSN: 2319-3417 (Online), ISSN: 2349-1272 (Print)

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Katwa U, Rivera E. Asthma management in the era of smart devices and health applications. Indian
J Pediatr. 2018;85(9):757-762. doi: 10.1007/s12098-018-2667-4.

L. Ologundudu, D. G. Rayner, J. Oppenheimer, K. Sumino, F. Hoyte, K. Rivera-Spoljaric, et al.
Digital inhalers for asthma management: A systematic review and meta-analysis. J Allergy Clin
Immunol Pract. 2023;11(5):1458-1470.e6. doi: 10.1016/j.jaip.2023.01.012.

Henry Chrystyn, Dinesh Saralaya, Anil Shenoy, Sophie Toor, Kari Kastango, Enric Calderon, et al.
Accuracy of inhalation parameters recorded by a digital multidose dry powder inhaler (Digihaler)
in patients with asthma and COPD. J Aerosol Med Pulm Drug Deliv. 2022;35(3):166—177. doi:
10.1089/jamp.2021.0034.

Abidi SR, Rickards T, Abidi SSR. Digital therapeutics for chronic obstructive pulmonary disease
self-management: Emerging evidence and implementation considerations. In: MEDINFO 2023:
Proceedings of the 19th World Congress on Medical and Health Informatics. Amsterdam: 10S
Press; 2023. p. 1021-1025. doi: 10.3233/SHTI230356.

Amy H. Y. Chan, Roy A. Pleasants, Rajiv Dhand, Stephen L. Tilley, Stephen A. Schworer, Richard
W. Costello, et al. Digital inhalers for chronic obstructive pulmonary disease: A review of clinical
evidence and future directions. Pulm Ther. 2021;7(2):345-376. doi: 10.1007/s41030-021-00158-7.
Seheult JN, O’Connell P, Tee KC, Bholah T, O’Connor DJ, O’Donnell DM, et al. The impact of
device design on aerosol delivery from dry powder inhalers: A review of in vitro and clinical
evidence. Pharm Res. 2014;31(10):2735-2747. doi: 10.1007/s11095-014-1382-4.

McCarthy M, Schueler P. Digital technologies and therapeutics in Alzheimer’s disease: Current
status and future directions. J Prev Alzheimers Dis. 2019;6(4):217-220. doi:
10.14283/jpad.2019.34.

Yucheng Zhang, Yue Zhang, Zhouhao Jiang, Mengxue Xu, Kungiang Qing.
Electroencephalography and functional near-infrared spectroscopy in Alzheimer’s disease
diagnosis and therapy monitoring: A multimodal perspective. Front Neurosci. 2023;17:1269359.
doi: 10.3389/fnins.2023.1269359.

Elfaki AO, Alotaibi M. Mobile health applications for Alzheimer disease and dementia care:
Opportunities and challenges. mHealth. 2018;4:32. doi: 10.21037/mhealth.2018.08.05.

Wang C, Lee C, Shin H, et al. Digital therapeutics: From bench to bedside. NPJ Digit Med.
2023;6:38. doi: 10.1038/s41746-023-00777-0.

Romagnoli A, Valentino F, Zovi A, Ferrara F, Minghetti P. Development of digital therapeutics:
Regulatory, clinical and technological perspectives. J Pharm Innov. 2023;18(4):1275-1287. doi:
10.1007/s12247-022-09679-7.

National Institute for Health and Care Excellence. Evidence standards framework for digital health
technologies [Internet]. London: NICE; 2022 [updated 2022 Aug 9; cited 2026 Sep 2]. Available
from: https://www.nice.org.uk/corporate/ecd?.

Yan K, Balijepalli C, Druyts E. The Impact of Digital Therapeutics on Current Health Technology
Assessment Frameworks. Front Digit Health. 2021;3:667016. doi:10.3389/fdgth.2021.667016.
Fiirstenau D, Gersch M, Schreiter S. Digital therapeutics: A systematic review, conceptual
framework, and future research agenda. Bus Inf Syst Eng. 2023;65(3):349-360. doi:
10.1007/s12599-022-00773-0.

Sverdlov O, van Dam J, Hannesdottir K, Thornton-Wells T. Digital therapeutics: An integral
component of digital innovation in drug development. Clin Pharmacol Ther. 2018;104(1):72—80.
doi: 10.1002/cpt.1036.

Colloud S, Metcalfe T, Askin S, Belachew S, Ammann J, Bos E, et al. Evolving regulatory
perspectives on digital health technologies for medicinal product development. NPJ Digit Med.
2023;6:56. doi:10.1038/541746-023-00790-2.

Rassi-Cruz M, Valente F, Caniza MV. Digital therapeutics: The need for regulation and evidence
generation. Diabetol Metab Syndr. 2022;14:48. doi: 10.1186/s13098-022-00815-4.

Crisafulli S, Santoro E, Recchia G, Trifiro G. Digital therapeutics in Europe: Regulatory pathways
and implementation challenges. Front Med (Lausanne). 2023;10:1205655. doi:
10.3389/fmed.2023.1205655.

© STM Journals 2026. All Rights Reserved 45


10.1007/s12098-018-2667-4.
10.3233/SHTI230356.
10.1007/s11095-014-1382-4.
10.14283/jpad.2019.34.
10.3389/fnins.2023.1269359.
10.21037/mhealth.2018.08.05.
10.1038/s41746-023-00777-0.
10.1007/s12247-022-09679-7.
10.1007/s12599-022-00773-0.
10.1002/cpt.1036.
10.1186/s13098-022-00815-4
10.3389/fmed.2023.1205655.

Digital Therapeutics for Management of Chronic Diseases Patil et al.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Adams T, Connor M, Whittaker R. Protecting and advancing digital medicine infrastructure. NPJ
Digit Med. 2019;2:97. doi: 10.1038/s41746-019-0177-4.

Golbus JR, Price WN, Nallamothu BK. Privacy, preservation, and the right to digital health data.
Circulation. 2020;141(8):613—615. doi: 10.1161/CIRCULATIONAHA.119.044193.

Lehne M, Sass J, Essenwanger A, Schepers J, Thun S. Why digital medicine depends on
interoperability. NPJ Digit Med. 2019;2:79. doi: 10.1038/s41746-019-0158-7.

Zhang H, Cao Y, Jiang H, Wang Y, Li X, Chen Z, et al. The future of digital health: Emerging
technologies and clinical translation. Clin Transl Allergy. 2025;15:€70020. doi:
10.1002/clt2.70020.

Maricich YA, Kvedar JC. Digital therapeutics: Opportunities and challenges for the future of
healthcare. NPJ Digit Med. 2021;4:104. doi: 10.1038/s41746-021-00467-2.

Whitehead L, Talevski J, Fatehi F, Beauchamp A. Barriers and facilitators to the implementation
of digital health interventions: A systematic review. J Med Internet Res. 2023;25:e42719. doi:
10.2196/42719.

Stoumpos Al Kitsios F, Talias MA. Digital transformation in healthcare: Technology acceptance
and its applications. Int J Environ Res Public Health. 2023;20(4):3407. doi:
10.3390/ijerph20043407.

Watson A, Chapman R, Shafai G, Maricich YA. FDA regulation of digital therapeutics: Current
status and future directions. Front Digit Health. 2023;5:1086219. doi: 10.3389/fdgth.2023.1086219.
Huh KY, Oh J, Lee SH, Yu KS. Clinical evaluation of digital therapeutics: Present and future
perspectives. Healthc Inform Res. 2022;28(3):188—197. doi: 10.4258/hir.2022.28.3.188.

Ramani VK, Suresh KP. Prevalence of hypertension and diabetes mellitus in India: A systematic
review and meta-analysis. J Family Med Prim Care. 2020;9(7):3264-3271. doi:
10.4103/jfmpc.jfmpc_488 20.

© STM Journals 2026. All Rights Reserved 46


10.1038/s41746-019-0177-4.
10.1161/CIRCULATIONAHA.119.044193.
10.1038/s41746-019-0158-7.
10.1002/clt2.70020.
10.1038/s41746-021-00467-2.
10.2196/42719.
10.3390/ijerph20043407.
10.3389/fdgth.2023.1086219.
10.4258/hir.2022.28.3.188.
10.4103/jfmpc.jfmpc_488_20.

