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Abstract: Medication adherence is essential for
optimal healthcare outcomes, particularly in
managing chronic conditions like diabetes,
hypertension, and cardiovascular diseases. Despite
its significance, nonadherence remains a widespread
issue, contributing to disease progression,
hospitalizations, and increased mortality. Traditional
interventions such as patient education and
reminders have shown limited scalability and
efficacy. This review explores the transformative
potential of artificial intelligence (AI) in enhancing
medication adherence, synthesizing evidence from
peer-reviewed studies. AI tools, including mobile
applications, wearable devices, ingestible
biosensors, and platforms like AiCure, provide
personalized, real-time monitoring and tailored
interventions to support adherence. These
technologies demonstrate significant improvements
in adherence rates and patient engagement,
especially for chronic and complex conditions.
However, challenges such as data privacy concerns,
digital literacy gaps, and integration barriers with
existing healthcare systems hinder widespread
adoption. Addressing these challenges through
robust regulatory frameworks, enhanced
accessibility, and system interoperability is critical.
Future directions include leveraging advancements
in reinforcement learning, explainable AI, and
collaborative initiatives to ensure equitable and
effective use of AI in adherence management. AI
offers a promising pathway to improve adherence
outcomes and healthcare efficiency, provided ethical,
infrastructural, and accessibility challenges are
adequately addressed.

Keywords: artificial
intelligence, machine
learning, medication
adherence, pharmacist

INTRODUCTION
Medication adherence, defined as the degree to which a patient’s behavior aligns with

prescribed medical instructions regarding medication intake, timing, dosage, and duration, is a
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cornerstone of effective healthcare delivery. Adherence is critical for achieving optimal patient
outcomes, particularly in managing chronic diseases such as diabetes, hypertension, and
cardiovascular conditions. However, nonadherence remains a pervasive and complex issue, with
studies indicating that 30–50% of patients with chronic conditions fail to adhere to their
prescribed regimens (Abdulsalim et al., 2018). This behavior exacerbates disease progression,
increases the risk of hospitalizations, and elevates mortality rates (Chun-Yun Kang, 2022;
Muhammad Thesa Ghozali, 2024b).

Role of Technology in Addressing Adherence Issues
Historically, interventions to improve medication adherence have included patient

education, verbal counseling, and simple reminder systems. While these approaches have shown
moderate success, their scalability and adaptability are limited. Furthermore, these interventions
often fail to address the underlying behavioral, social, and systemic factors that contribute to
nonadherence (Almutairi, Hosseinzadeh, and Gopaldasani, 2020; Alsalman, Ali, Alnosaier,
Alotaibi, and Alanzi, 2021; Alvarado et al., 2017). Technological advancements, particularly in
digital health, have introduced new possibilities for improving adherence. Tools such as mobile
health (mHealth) applications, wearable devices, and electronic smart pill dispensers offer real-
time tracking and personalized reminders, enhancing the feasibility of long-term adherence
strategies (Muhammad Thesa Ghozali, 2023; Zisanur Rahman et al., 2022).

Artificial Intelligence (AI) techs have emerged as a game-changing technology in
healthcare, offering innovative solutions for adherence challenges. AI-driven systems can analyze
patient data to predict adherence behaviors, identify at-risk populations, and deliver tailored
interventions. Platforms like AiCure leverage facial recognition technology to confirm
medication ingestion, addressing adherence issues in patients with chronic and complex
conditions (Abas et al., 2024). Despite their potential, these technologies face significant barriers,
including concerns about data privacy, patient trust, and integration into existing healthcare
systems (Eleyan, Othman, and Eleyan, 2020; Muhammad Thesa Ghozali, 2024a).

This review aims to examine the transformative potential of AI in improving medication
adherence by synthesizing recent evidence from peer-reviewed studies. Specifically, it seeks to:
(1) identify AI tools and technologies employed in adherence interventions, (2) evaluate their
clinical and economic effectiveness, and (3) discuss challenges and future opportunities for
integrating AI into adherence strategies.

METHODOLOGY
Database and Search Strategy

This review employed the Scopus online database, a multidisciplinary and widely
recognized repository of peer-reviewed literature, as the primary source for identifying relevant
studies. SCOPUS was chosen for its extensive indexing of high-impact journals, providing access
to a comprehensive range of articles across healthcare, technology, and behavioral sciences. To
ensure a thorough exploration of the intersection between artificial intelligence (AI) and
medication adherence, a targeted search string was developed as follows: ("medication
adherence" OR "medication compliance" OR "treatment adherence" OR "drug adherence") AND
("artificial intelligence" OR "AI" OR "machine learning" OR "deep learning") AND
("healthcare" OR "health" OR "patient" OR "clinical") AND ("technology" OR "innovation" OR
"intervention" OR "support") AND ("behavior" OR "engagement" OR "motivation" OR
"outcome").
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The search included peer-reviewed studies indexed in Scopus up to January 2025, with
results restricted to articles published in English. This strategy ensured the identification of a
diverse range of studies focused on AI-driven interventions to enhance medication adherence.

Inclusion and Exclusion Criteria
To ensure the selection of high-quality and relevant studies, both predefined inclusion and

exclusion criteria were established (Table 1). These criteria focused on publication type, study
population, intervention scope, language, and outcome measures.

Table 1. Eligible Criteria of the Study

Criterion Inclusion Criteria Exclusion Criteria

Publication
Type

Peer-reviewed articles, systematic reviews,
meta-analyses, and randomized controlled trials
(RCTs).

Editorials, conference
abstracts, case reports, and
unpublished materials.

Study
Population

Studies involving patients across all age groups
and healthcare settings.

Studies focused on animal
models or in vitro analyses.

Focus of
Intervention

AI-based interventions aimed at improving
medication adherence in healthcare settings.

Non-AI interventions (e.g.,
traditional counseling or
manual reminders).

Language Articles published in English.
Articles published in
languages other than
English.

Outcome
Measures

Studies reporting outcomes such as adherence
rates, clinical outcomes, patient engagement, or
cost-effectiveness.

Studies lacking specific
outcomes or focused solely
on technology development
without adherence app.

Data Analysis
A systematic thematic analysis was conducted to extract and synthesize the findings from

the selected studies. Articles were reviewed and categorized based on the type of AI tech
intervention, technological approach, and targeted health conditions. Key themes, including
predictive modeling, real-time adherence monitoring, and personalized patient engagement
strategies, were identified. Furthermore, studies were stratified by reported outcome measures
such as adherence rates, clinical improvements, and patient-reported experiences. This analytical
approach facilitated the identification of recurring patterns, gaps in existing literature, and
variations in the effectiveness of AI-driven adherence interventions.
RESULTS AND DISCUSSION
Artificial Intelligence (AI) Tools and Technologies in Medication Adherence

AI system has emerged as a pivotal technology in addressing the challenges of medication
adherence, leveraging innovative tools to enhance patient outcomes. Mobile applications and AI-
driven reminder systems are among the most accessible interventions, designed to assist patients
in adhering to prescribed medication regimens. These applications incorporate features such as
scheduled reminders, intake tracking, and educational content, providing patients with
personalized support to ensure consistent medication use. Evidence suggests that these tools
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significantly improve adherence, particularly in managing chronic conditions where long-term
compliance is critical (Rammal, Alomar, and Palaian, 2024). Table 2 represents a summary of
selected studies.

Table 2. A General Summary of Selected Studies

Author (s) Focus Area Key Findings Methodologies Population Limitations

(Babel,
Taneja,
Mondello
Malvestiti,
Monaco,
and Donde,
2021)

Precision
medicine
and AI in
personalized
healthcare

AI provides
personalized
interventions,
improving
adherence and
patient
engagement.

Review of AI-
driven
personalized
healthcare tools

Patients
requiring
personalized
treatment

Limited
focus on
socio-
economic
barriers

(Gackowski,
Jasińska-
Stroschein,
Osmałek,
and
Waszyk-
Nowaczyk,
2024)

Medication
adherence
and its
challenges

Medication
adherence is
critical but
often
overlooked,
leading to
poor
outcomes.

Literature
review on
adherence
issues and
barriers

Patients
across
various
chronic
conditions

No
evaluation of
emerging AI
technologies

(M.T.
Ghozali,
2024)

AI solutions
for
medication
adherence in
chronic
diseases

AI platforms,
including IoT
devices,
enhance
adherence in
non-
communicable
diseases.

Review of IoT
and AI
applications

Patients
with chronic
diseases

High costs
and limited
accessibility
of tools

(Gupta,
Mohanty,
Behera, and
Nayak,
2024)

Applications
of AI in
healthcare

AI integration
improves
patient
monitoring
and decision-
making in
healthcare.

Review of AI
advancements
in healthcare

General
healthcare
systems

Focused
mainly on
technological
potential

(Merino-
Barbancho
et al., 2023)

Convergence
of human
intelligence
and AI in
healthcare

High-
performance
AI tools
enhance
efficiency and
adherence in
medical
practices.

Exploratory
review of AI
integration in
healthcare

Providers
and patients

Ethical
concerns and
scalability
challenges
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(Rammal et
al., 2024)

AI in
improving
health
outcomes

Personalized
AI-driven
tools improve
treatment
adherence and
outcomes in
chronic
disease
management.

Evidence-based
analysis of
precision
medicine with
AI

Patients
with chronic
and
complex
diseases

Lack of data
on long-term
adherence
effects

(Tantray,
Patel, Wani,
Kosey, and
Prajapati,
2024)

Historical
and future
perspectives
on AI in
healthcare

AI
technologies
offer
transformative
potential for
healthcare
efficiency and
medication
adherence.

Comprehensive
review of past
and emerging
AI trends

Healthcare
providers
and systems

Limited
focus on
specific
adherence
challenges

Ingestible biosensors are another example of AI-powered innovation, enabling real-time
monitoring of medication ingestion. All these sensors transmit data to paired devices, confirming
whether a patient has taken their prescribed dose. This approach provides unparalleled accuracy
in adherence monitoring, particularly in clinical trials and high-risk patient populations. However,
the cost and limited accessibility of these technologies present significant barriers to widespread
adoption, particularly in resource-limited settings (Babel et al., 2021). Meanwhile, the AI-driven
platforms, such as AiCure, utilize visual recognition technology to confirm medication ingestion,
offering a practical solution for complex treatment regimens. This technology has been
particularly effective in improving adherence in patients managing chronic diseases like hepatitis
C and heart failure. By providing a visual verification mechanism, these platforms enable
healthcare providers to closely monitor patients at risk of non-adherence, improving therapeutic
outcomes and reducing complications (Gackowski et al., 2024). Finally, wearable devices and
Internet of Things (IoT) systems represent another dimension of AI integration in adherence
management. These technologies facilitate continuous monitoring of patient behaviors, such as
medication intake, through biosensors and behavioral analytics. AI algorithms process the
collected data to identify deviations from prescribed regimens, enabling timely interventions. The
combination of real-time data analysis and IoT connectivity has proven particularly valuable in
managing conditions requiring strict adherence, such as diabetes and hypertension (M.T. Ghozali,
2024).
Challenges and Considerations

Despite its transformative potential, the integration of AI systems into medication
adherence management poses several challenges. Foremost among these are concerns regarding
data privacy and security. AI systems require access to sensitive patient information, including
health records and biometric data, which raises concerns about confidentiality and misuse.
Ensuring compliance with data protection regulations, such as the General Data Protection
Regulation (GDPR) and the Health Insurance Portability and Accountability Act (HIPAA), is
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essential to mitigate these risks (Allan, Webster, Chambers, and Nott, 2021; Muhammad Thesa
Ghozali, Mohany, Milošević, Satibi, and Kurniawan, 2023; Tantray et al., 2024). Moreover, user
characteristics, including age, digital literacy, and health literacy, also influence the effectiveness
of AI-based adherence tools. Older adults or individuals unfamiliar with digital technologies may
face difficulties in navigating AI platforms, potentially exacerbating disparities in healthcare
outcomes. Designing user-friendly interfaces and providing training resources are critical to
ensuring equitable access to AI technologies (Abdul Rahim and Thomas, 2017; Adje et al., 2022;
Alsalman et al., 2021). Additionally, the integration of AI tools into existing healthcare systems
presents another significant barrier. Many healthcare providers lack the infrastructure and
technical expertise required to implement advanced AI solutions. Additionally, interoperability
between AI platforms and electronic health records (EHRs) remains a persistent challenge,
hindering the seamless adoption of these technologies (Amin et al., 2023; Chekroud et al., 2021;
Giuste et al., 2023).
Benefits of AI in Enhancing Medication Adherence

AI has demonstrated numerous benefits in enhancing medication adherence, with improved
communication between patients and healthcare providers being among the most notable. AI-
powered platforms facilitate seamless communication, ensuring that patients understand the
intricacies of their treatment regimens and the importance of adherence. For instance, virtual
assistants powered by natural language processing (NLP) can provide immediate responses to
patient queries, reducing misunderstandings and fostering a supportive treatment environment
(Gupta et al., 2024). Additionally, the ability of AI to provide personalized interventions is a key
advantage over traditional adherence strategies. By analyzing patient-specific data, such as
medical history, behavioral patterns, and lifestyle factors, AI algorithms can develop tailored
adherence strategies. These personalized interventions are significantly more effective than
generic approaches, particularly in high-risk populations. For example, patients prone to missing
doses may receive more frequent reminders and motivational content, improving compliance and
overall health outcomes (Merino-Barbancho et al., 2023). Moreover, real-time monitoring and
feedback mechanisms are another major benefit of AI in adherence management. AI systems can
continuously track adherence behaviors, identify non-compliance patterns, and provide
immediate feedback to both patients and healthcare providers. This proactive approach enables
early interventions to address barriers to adherence, reducing the likelihood of adverse outcomes.
For instance, in diabetes management, AI tools integrate glucose monitoring with medication
adherence support, enabling dynamic treatment adjustments and reducing hospitalizations
(Rammal et al., 2024).
Challenges and Considerations
Despite its transformative potential, the integration of AI into medication adherence management
poses several challenges. Foremost among these are concerns regarding data privacy and security.
AI systems require access to sensitive patient information, including health records and biometric
data, which raises concerns about confidentiality and misuse. Ensuring compliance with data
protection regulations, such as the General Data Protection Regulation (GDPR) and the Health
Insurance Portability and Accountability Act (HIPAA), is essential to mitigate these risks (Bonab
et al., 2006; Ghoreishi, Vahedian-Shahroodi, Jafari, and Tehranid, 2019; Kavakiotis et al., 2017).
Meanwhile, user characteristics, including age, digital literacy, and health literacy, also influence
the effectiveness of AI-based adherence tools. Older adults or individuals unfamiliar with digital
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technologies may face difficulties in navigating AI platforms, potentially exacerbating disparities
in healthcare outcomes. Designing user-friendly interfaces and providing training resources are
critical to ensuring equitable access to AI technologies (Bajorath et al., 2022; Bajwa, Munir, Nori,
and Williams, 2021; Balcombe, 2023).The integration of AI tools into existing healthcare
systems presents another significant barrier. Many healthcare providers lack the infrastructure
and technical expertise required to implement advanced AI solutions. Additionally,
interoperability between AI platforms and electronic health records (EHRs) remains a persistent
challenge, hindering the seamless adoption of these technologies (Catho et al., 2021; Chekroud et
al., 2021; Chiu et al., 2024).
Future Directions
The future of AI in medication adherence lies in advancing its technological capabilities and
ensuring equitable access. Emerging innovations, such as reinforcement learning and explainable
AI, hold promise for improving the adaptability and transparency of AI tools. These technologies
will enable dynamic adjustments to adherence interventions based on real-time data, enhancing
their effectiveness and reliability (Ghanei Gheshlagh et al., 2015; Horii, Momo, Yasu, Kabeya,
and Atsuda, 2019; Karagiannis, Mitsis, and Nikita, 2022). Additionally, efforts to enhance the
scalability and accessibility of AI tools are critical for their widespread adoption. Reducing costs
and developing solutions tailored to low-resource settings will ensure that the benefits of AI
reach underserved populations. Collaborative initiatives involving governments, healthcare
organizations, and technology developers are essential to achieving this goal (Alsayed et al., 2023;
Green et al., 2022; Meilianti, Smith, Ernawati, Pratita, and Bates, 2021). Finally, the
establishment of robust regulatory frameworks will be pivotal in addressing the ethical and legal
challenges posed by AI in healthcare. Clear guidelines on data governance, algorithm
transparency, and patient consent will foster trust among stakeholders, facilitating the safe and
effective use of AI technologies (Alokaily, Almansour, and Aldohbeyb, 2024; Meilianti et al.,
2021; Yang et al., 2024).

CONCLUSION
AI has revolutionized the field of medication adherence, introducing innovative tools such

as mobile applications, ingestible biosensors, and AI-driven platforms that enhance adherence
monitoring, communication, and personalization. These technologies have shown great promise
in improving adherence rates and patient outcomes, particularly in managing chronic and
complex conditions. However, addressing challenges related to ethical concerns, access
disparities, and system integration is essential to unlocking the full potential of AI in healthcare.
Continued research, investment in infrastructure, and the development of robust regulatory
frameworks are critical to ensuring the equitable and effective adoption of AI-driven adherence
interventions.
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