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Abstract: Medication non-adherence remains one of the most persistent barriers to the realization of
optimal therapeutic outcomes in both chronic and infectious diseases. In the last few years, the rapid
emergence of digital health technologies (DHTs) such as mobile health applications, wearable sensors,
smart packing, electronic pill dispensers, and telehealth services, has transformed the approaches to
facilitate and monitor medication adherence. This review takes a critical look at these changes shaped by
the advent of digital health technologies in the initiation, implementation, and maintenance phases of
adherence. There is evidence from a range of clinical contexts that DHTs can improve in medication-
taking behaviour; this can be facilitated through the use of real-time reminders, personalized feedback,
behavioural reinforcement, and data informed decision support.

However, the results vary due to the study design, duration of follow up, patient engagement, and the
access to technology across studies. In addition, issues related to digital literacy, data privacy,
infrastructure, and sustainability can impact widespread adoption of DHTs. Nevertheless, DHTs have an
opportunity to address bridging the adherence gap with careful design and integration within healthcare
systems, as well as behaviour and education support. Future directions for research should focus on
creating long-term, contextual, and cost-effective models that attend to the implementation of new
technology, while balancing equitable access to care and patient-centred care.

Keywords: Digital health, medication adherence, mobile health, telemedicine, patient engagement,
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I. INTRODUCTION

Medication adherence—the extent to which patients take their medications as prescribed—remains a cornerstone of
effective disease management and public health. Despite advances pharmacotherapy, non-adherence continues to
compromise clinical outcomes, accounting for nearly half of all treatment failures in chronic conditions such as
hypertension, diabetes, asthma, and cardiovascular disorders. The World Health Organization identifies medication
non-adherence as a “hidden epidemic,” contributing to increased hospitalizations, disease progression, and healthcare
expenditures globally. The causes are multifactorial, ranging from forgetfulness and complex dosing schedules to
psychological, socioeconomic, and communication barriers between patients and healthcare providers.

The emergence of digital health technologies (DHTSs) has introduced innovative avenues to address these long-standing
challenges. DHTs encompass a wide spectrum of tools, including mobile health (mHealth) applications, telemedicine
platforms, wearable biosensors, smart pill dispensers, and artificial intelligence—based monitoring systems. These
technologies aim not only to remind patients to take their medications but also to engage them through feedback
mechanisms, real-time monitoring, behavioral reinforcement, and virtual health coaching. By integrating technology
with behavioral science and personalized medicine, DHTs have the potential to transform medication adherence from a
passive routine into an interactive, data-driven process.
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Recent evidence suggests that DHTs can positively influence adherence across multiple therapeutic areas by improving
patient engagement, promoting self-management, and enabling healthcare professionals to make timely, data-informed
interventions. However, the magnitude and consistency of these effects remain variable, with several studies reporting
short-term benefits that diminish over time. Barriers such as limited digital literacy, privacy concerns, technological
cost, and unequal access further restrict their widespread adoption, particularly in low- and middle-income countries.
This review critically examines the impact of digital health technologies on patient adherence to medication regimens.
It synthesizes current evidence across disease contexts, explores underlying behavioral mechanisms, and highlights
practical and ethical considerations influencing implementation. Furthermore, it identifies research gaps and proposes
future directions for leveraging digital innovations to achieve sustainable, equitable, and patient-centered medication
adherence.

Benefits Of Digital Transformation
In Healthcare Industry
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Conceptual Framework

1.1 Phases of medication adherence

According to adherence literature, there are at least three phases:

1. Initiation — when the patient takes the first dose of a prescribed medication.

2. Implementation — how the patient’s actual dosing corresponds to the prescribed regimen (dose, timing, frequency)
over time.

3. Persistence — the length of time from initiation until discontinuation of therapy. PMC+1

A DHT may address one or more of these phases (for example reminder apps help with implementation; reminders +
feedback may help persistence).

1.2 Mapping DHT functionalities to adherence mechanisms

e Reminders/alerts (apps, SMS, push notifications) — help with forgetfulness and timing of dose.

e  Monitoring & tracking (smart pill dispensers, ingestible sensors, bio sensing, digital

e packaging) — provides objective data on whether medication was taken, reduces uncertainty, allows feedback.

e Education & behavioural support (apps, tele-counselling, gamification, incentives) — addresses knowledge
gaps, motivation, self-efficacy.

e Communication/connectivity (app <> provider, telehealth) — strengthens patient-provider link, allows
intervention when non-adherence detected.

e  Analytics/personalisation (Al, machine learning) — predictive modelling of non-adherence risk, tailoring of
interventions.
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e In your review, you can propose a conceptual diagram connecting DHT features — mechanism of change
(e.g., improved self-efficacy, reduced forgetfulness, improved habit formation, enhanced feedback) —
adherence outcome — clinical/cost outcome.

1.3 Metrics/Outcomes
e Adherence metrics: percentage of doses taken, percentage of doses taken at correct time, medication
possession ratio (MPR), persistence (time to discontinuation), missed doses.
e Clinical outcomes: disease control (e.g., HbAlc in diabetes, blood pressure in hypertension, sputum
conversion in TB), hospitalization rates, complications, development of resistance.
e Patient-centred outcomes: engagement, satisfaction, quality of life, self-efficacy.
e Economic outcomes: cost-effectiveness of DHT interventions, healthcare utilisation.

II1I. EVIDENCE FROM DIFFERENT DISEASE CONTEXTS
It helps to structure this section by disease type (chronic non-communicable diseases vs infectious disease) to show
breadth of evidence.

3.1 Chronic diseases (e.g., diabetes, hypertension, cardiovascular)

e In a review of digital health technologies in adult diabetes, the authors found mobile apps, SMS,
telemonitoring showed improved medication adherence, better glycaemic control, but challenges remain
(digital literacy, sustainability).

e In an integrative review for diabetes/hypertension, 13 studies were identified using DHTs (IVR, SMS,
telemonitoring) but no conclusive evidence for long-term adherence improvement; many studies were short
duration.

e This suggests: For NCDs, evidence is promising but mixed; factors such as study duration, size, heterogeneity,
user engagement affect outcomes.

3.2 Infectious diseases (e.g., tuberculosis)

e In a systematic review of RCTs in TB patients, DHTs (video observed therapy, ingestible sensor, SMS
reminders, medication monitoring boxes) were evaluated. Some RCTs showed significant improvements
(OR/RR 1.10 to 7.69) in treatment completion, adherence, but others did not show significant effect.

e For example: of 16 RCTs, only some showed benefit; effect varied. This indicates that while DHTs have
potential, effect is inconsistent and depends on context (infrastructure, patient population, technology
acceptance).

e Additional qualitative work: e.g., in India, digital adherence technologies like 99DOTS, MERM showed
promise but patient acceptance, access to phones, connectivity were barriers.

3.3 Other contexts / special technologies

e Biosensing/ingestible sensors: A review indicated digital medication systems (DMS) with ingestible sensors
show substantial promise especially for high-risk meds (e.g., opioids, antipsychotics) where objective
ingestion detection is important. But limited data, cost and latency issues remain.

e mHealth apps with gamification, social/community features: For instance, a retrospective real-world study of a
mobile app (Perx Health) for chronic conditions found extremely high median implementation adherence
(~96.6% at 3 months, ~96.8% at 6 months) in users of the app.

e This suggests that more advanced apps with multiple behavioural components (not just reminders) may
achieve strong adherence—but real-world generalisability/selection bias must be considered.
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IV.KEY FINDINGS: BENEFITS & IMPACT
4.1 Benefits

o DHTs can improve medication adherence: some studies show significant improvements in adherence metrics
(doses taken, timing, persistence) especially when features are multi- component (reminder + monitoring +
education + feedback).

o They enable remote monitoring and reduce reliance on face-to-face interactions (important in rural/remote
settings).

o They deliver timely feedback and data to both patient and provider, facilitating intervention when issues arise
(e.g., missed doses).

o They can enhance patient engagement, self-management and empowerment (via apps, gamification, and
interactive modules).

o They may improve clinical outcomes (glycaemic control, blood pressure, treatment completion in TB) and
may reduce healthcare utilisation/costs (though more evidence needed).

o Example: In TB RCTs, some DHT interventions achieved odds ratios up to ~7.69 for treatment completion
compared to control.

4.2 Impact on different adherence phases
o For implementation (correct dosing over time): reminders and monitoring tools show most effect.
o For persistence (continuing therapy): apps with behavioural components and feedback loops may help sustain
therapy.
o For initiation: less evidence (many technologies assume medication has been initiated) — this is a gap.

4.3 Cost-effectiveness and healthcare system impact
o Some reviews suggest DHT may be cost-effective, especially in chronic care via reduced hospitalisations and
improved disease control.
o They also support scaling of adherence support (mobile apps can reach many users at relatively low
incremental cost) compared to high-intensity in-person interventions.

V. CHALLENGES, LIMITATIONS & BARRIERS
5.1 Technology & user-related barriers

e Digital literacy: older patients, patients in low-resource settings may struggle with apps, apps may not be user-
friendly.

e Access & connectivity: in many regions mobile/internet access may be limited; signal issues, phone ownership
may limit uptake.

e Sustained engagement: many interventions show improvements short-term (e.g., up to 3-6 months) but long-
term adherence maintenance is less proven.

e Behaviour change complexity: adherence is influenced by many factors — beliefs, health literacy, side-effects,
regimen complexity, cost, patient-provider relationship; technology alone may not suffice.

5.2 Evidence/Study Limitations
o Heterogeneity of studies: interventions differ vastly in design, disease population, adherence metrics, and
duration— making comparisons and meta-analysis difficult.
o  Short follow-up durations in many studies; fewer long-term data.
Possible selection bias: users of adherence apps may be more motivated/tech-savvy, limiting generalisability.
In many cases, the control group may receive usual care which varies widely.
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o Adherence measurement issues: many studies rely on self-report rather than objective monitoring. Self-report
may over-estimate adherence.

o Cost and resource implications: sophisticated technologies (ingestible sensors, smart packaging) may be
expensive and less scalable in low-resource settings.

5.3 Privacy, ethical and regulatory issues
e Data privacy/security: digital systems gather sensitive medication/health data; ensuring confidentiality and
security is critical.
e Regulatory approvals: certain DHTs (especially ingestible sensors or medical-grade devices) may require
regulatory clearance.
e Equity concerns: if digital solutions are deployed unequally, there is risk of increasing disparities (those
without smartphones/ connectivity may be left behind).
TECHNOLOGY & USER-RELATED BARRIERS TO DIGITAL HEALTH ADHERENCE

£

.

Digital literacy: older patients, patients in Access & connectivity: in many regions
low-resource settings may struggle with apps, & mobilefinternet access may be limited; signal
apps may not be user-friendly. S issues, phone ownership may limit uptake.

Beliefs

Regimen
Complexity

“  Patient-provider

First 3-6 months relationship

Sustained engagement: many interventions show Behaviour change comp adherence is influenced by iany
improvements short-term (e.g., up to 3-6 months) but factors — beliefs, health literacy cts, regimen complexity, 89S,
long-term adherence maintenance is less proven. patient-provider relation ology alone may not suffice.

Fig. Technology & user-related barriers

‘5.1 Evidence/Study Limitations’

<) O e Heterogeneity of studies: interventions differ vastly in design, disease
& 4r population, adherence metrics, and duration—making comparisons and
&e < 4 meta-analysis difficult.

|A/ Possible selection bias: users of adherence apps may be more motivated/tech-
257 savvy, limiting generalisability.

éla 5_[[3 ® In many cases, the control group may receive usual care which varies widely.

@ Short follow-up durations in many studies; fewer long-term data.

[ ]

B ves ® Adherence measurement issues: many studies rely on self-report rather than
e objective monitoring. Self-report may over-estimate adherence.

® Cost and resource implications: sophisticated technologies (ingestible sensors,
% smart packaging) may be expensive and less scalable in low-resource settings.

Ea

Fig. Evidence/Study Limitations

Implementation Considerations for Practice
When translating DHTs into real-world practice (especially relevant for India/LMICs context such as Maharashtra,
India), consider:
o Patient and provider co-design: involve end-users in design of apps/tools to ensure usability and acceptability.
o Integration with healthcare workflows/EHRs: DHTs should ideally link with electronic health records,
provider dashboards, care teams so that data can trigger actionable workflows.
34
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o Tailoring and personalization: technologies should adapt to individual patient’ s regimen complexity,
preferences, language, and literacy.

o Training & support: patients (especially older or less tech-savvy) will need support/training in using digital
tools.

o Behavioural components beyond reminders: simply reminding to take medication may be insufficient; include
feedback, gamification, social components, and habit-formation strategies.

o Scalability and sustainability: choose technologies that are cost-effective, low-maintenance, suited to local
infrastructure (connectivity, smartphone penetration).

o Monitoring & evaluation: use objective adherence measures where possible; plan for long- term follow-up to
assess sustained adherence and outcomes.

o Addressing system issues: regimen complexity, side-effects, cost of meds, provider-patient communication
must still be addressed in parallel—not only technology.

o Equity and access: ensure disadvantaged populations (rural, low-income, low-literacy) are not excluded;
consider offline solutions or simpler technologies (SMS rather than smartphone apps).

Future Directions & Research Gaps

o Long-term effectiveness: More studies with long-term follow-up (12+ months or more) to assess sustained
adherence and impact on clinical and cost outcomes.

o Comparative effectiveness: Which digital features/components are most effective (reminders only vs multi-
component vs monitoring vs personalization)?
Cost-effectiveness in LMIC contexts: Evidence on economics of DHTs in resource-limited settings is limited.
Integration with Al/predictive analytics: Emerging research (e.g., adherence forecasting via LSTM/ CNN)
suggests future personalized interventions.

o Tailored interventions for special populations: elderly, low-literacy, rural, low-income; adapt technology to
their needs and constraints.

o Technology & regimen complexity: Studies exploring DHTs in complex regimens (polypharmacy, multiple
comorbidities) are fewer.

o Implementation science focus: Understand barriers/facilitators to real-world uptake (beyond pilot RCTs),
especially in diverse health-system contexts like India.

o Standardised adherence metrics & reporting: Need for consensus on how to measure and report adherence in
digital interventions for comparability.

o Ethical, privacy, equity frameworks: More work needed on frameworks for safe, fair, accessible deployment
of DHTs in medication adherence.

o Hybrid models: Combining digital + human support (nurse/pharmacist) may yield better outcomes; explore
optimal mix.

Discussion

Digital health technologies (DHTs) offer a disruptive strategy to treatment non-adherence, which has plagued
healthcare for decades. DHTSs enable real-time data collection, personalized reminders, and timely feedback, providing
patients opportunities to engage with their treatment and medication compliance. Engagement and motivation can be
further enhanced through gamification, tracking progress, and virtual incentives. Additionally, the incorporation of
artificial intelligence and predictive analytics allows health care providers to target patients for adherence intervention
efforts based on personalized adherence risks.

Nevertheless, there are challenges to the full potential of DHTs. Digital disparities including limited smartphone access,
low digital literacy, and lack of stable internet access act as barriers to uptake, especially in low-resource contexts. The
sustainability of adherence to long-term interventions also remains unclear as many studies have demonstrated
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diminished engagement over time. Concerns about privacy and trust, integration with technology, and patient
receptivity have compounded issues with integration. Finally, the differences in study designs and outcome measures to
assess adherence is difficult to determine a global standard.

Digital interventions may enhance—not replace—human-centric care. The best intervention strategies for medication
adherence are those which integrate technology in order to compliment behavioral counseling from professionals as
well as support from community resources. Future work should continue to promote the equitable, ethical, &
sustainable integration of DHTs into health systems to empower patients over time.

VI. CONCLUSION

Digital health technology has developed into a strong tool for providing motivation for medication adherence, reducing
the divide between patients and healthcare providers by creating connections, personalizing treatment approaches, and
providing new data. While the effectiveness of these technologies varies, those well-designed and relevant to their
context can enhance treatment outcomes and patient engagement significantly. The promise and potential of these
technologies lies not in their novelty, but in integration - capturing digital health technology within the behavioral
science domain, through policy initiatives, by delivering equity in accessible healthcare approaches. The future
direction for researchers and practitioners is to engage in long-term evaluations, conduct cost-effectiveness analyses,
and develop inclusive designs that ensure access for diverse populations. ALIGNING compassion and inclusivity with
technological innovation provides the opportunity to enhance medication adherence and drive towards a global agenda
of ongoing, engaging, patient- centered medication adherence for all.

VII. RESULTS

A review of current literature indicates that digital health technologies (DHTs) have shown measurable but inconsistent
effectiveness in enhancing medication adherence across various disease areas. Mobile health applications, SMS
reminders, and telemonitoring systems showed moderate benefits in terms of short-term adherence, particularly in
chronic diseases such as diabetes, hypertension, and asthma. Studies involving multi-component interventions
(combining reminders, education, feedback, etc.) found consistently higher adherence compared to single-function
tools.

Smart pill-dispensers and electronic medication packaging provided objective evidence of adherence and improved
persistence in long-term treatment. For infectious diseases, such as tuberculosis, digital directly observed therapy (D-
DOT) systems and video-based adherence support improved treatment completion rates compared to non-digital
approaches. Conversely, several randomized controlled trials demonstrated that there were no significant differences
between intervention and control groups when users did not engage or demonstrated poor digital literacy. Collectively,
these findings indicate that DHTs have the greatest potential for impact when embedded within healthcare delivery
systems supported by behavioral strategies and clinician engagement.
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