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SmartDose+ An Artificial Intelligence-Powered Digital Health Intervention to Improve Medication Adherence Among Adults with Long-Term Conditions    
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                                                            The Public Health Problem
Medication non-adherence is recognised as a major public health challenge worldwide and is particularly common among adults living with long-term conditions such as hypertension, diabetes and cardiovascular disease. Long-term conditions require continuous medication management to prevent disease progression, reduce complications and improve quality of life. However, many patients fail to take their medication as prescribed due to factors including forgetfulness, complex medication regimens, poor health literacy and limited access to healthcare support. The World Health Organization (2003) estimates that approximately 50% of people living with chronic conditions do not adhere to their prescribed treatment, making medication non-adherence one of the leading causes of avoidable illness and healthcare expenditure. In England, medication-related problems contribute to preventable hospital admissions and place increasing pressure on NHS resources, particularly as the ageing population and prevalence of multiple long-term conditions continue to rise (NHS England, 2019).
Medication non-adherence also contributes to wider health inequalities because vulnerable populations, including older adults, people with cognitive impairment and those experiencing socioeconomic disadvantage, often experience greater difficulties managing complex medication regimens. Consequently, improving medication adherence is recognised as an important public health priority that has the potential to improve health outcomes while reducing unnecessary healthcare costs (World Health Organization, 2023).     

                                                        Existing Public Health Interventions
A variety of interventions have been developed to improve medication adherence among people living with long-term conditions. Traditional non-digital approaches include pharmacist-led education, medication reviews, written medication schedules, pharmacist-prepared blister packs and support from family members or carers. More recently, digital interventions such as medication reminder applications, electronic pill dispensers, text message reminders and wearable health technologies have been introduced to encourage patients to take their medicines as prescribed and improve self-management. Although these interventions have demonstrated improvements in medication adherence, many rely on patients responding to reminders and remaining motivated to manage their treatment independently. In addition, most existing technologies provide limited communication between patients, carers and healthcare professionals, reducing opportunities for early intervention when medication doses are missed (National Institute for Health and Care Excellence, 2009; World Health Organization, 2021).  
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                                          Health Promotion Values and Principles   
Health promotion aims to enable individuals and communities to improve control over their health and wellbeing through prevention, education and empowerment (World Health Organization, 1986). The key principles include empowerment, participation, equity and prevention, which encourage individuals to make informed decisions about their health while reducing health inequalities (Naidoo and Wills, 2016). These principles are particularly important for people living with long-term conditions, where effective self-management can improve health outcomes and reduce avoidable complications. 
SmartDose+ aligns with these principles by empowering patients to manage their medication safely and independently through personalised reminders, automated medication dispensing and accessible health information. The technology promotes prevention by reducing missed medication doses and medication-related harm before complications occur. Participation is encouraged through active engagement with daily medication routines, while the remote monitoring function enables carers and healthcare professionals to support patients when required. To address digital health inequalities, SmartDose+ should include a simple touchscreen interface, multilingual options, voice prompts and appropriate user training, ensuring the technology remains accessible for older adults and individuals with limited digital literacy (World Health Organization, 2021; NHS England, 2021).  
In addition, SmartDose+ supports the principles of person-centred care by recognising that patients have different needs, abilities and levels of health literacy. The technology can be adapted through personalised reminder schedules, voice prompts and multilingual options, enabling individuals to engage with medication management in a way that reflects their personal circumstances. This approach promotes greater autonomy while encouraging shared decision-making between patients, carers and healthcare professionals. Nevertheless, digital health interventions should complement rather than replace face-to-face healthcare, ensuring that patients who lack digital skills or access to technology are not excluded from receiving appropriate support (World Health Organization, 2021; National Institute for Health and Care Excellence, 2015).
 
                                                                         
                                                              Behaviour Change Theory 
The Capability, Opportunity, Motivation and Behaviour (COM-B) model was developed by Susan Michie and colleagues to explain how behaviour can be changed through interventions that influence an individual's capability, opportunity and motivation (Michie, van Stralen and West, 2011). The model proposes that behaviour occurs when individuals have the physical and psychological capability to perform a behaviour, the social and physical opportunity to carry it out, and sufficient motivation to maintain it. COM-B has been widely applied in digital health interventions because it provides a structured framework for designing technologies that support long-term behaviour change.
SmartDose+ applies the COM-B model by improving capability through personalised medication reminders and simple medication information displayed on the touchscreen, helping patients understand their treatment. Opportunity is enhanced through automatic medication dispensing and real-time alerts to carers, reducing practical barriers and ensuring support is available when medication is missed. Motivation is strengthened by creating consistent medication routines, providing reassurance and encouraging patients to take greater responsibility for managing their long-term condition. By addressing all three components of the COM-B model, SmartDose+ aims to improve medication adherence, promote self-management and support sustainable behaviour change while reducing medication-related harm (Michie, van Stralen and West, 2011; World Health Organization, 2021).     

Although the COM-B model provides a comprehensive framework for supporting behaviour change, its effectiveness depends on sustained patient engagement and appropriate implementation. Individuals experiencing cognitive impairment, sensory impairment or limited digital confidence may require additional support from carers or healthcare professionals to use SmartDose+ effectively. Consequently, behavioural interventions should be accompanied by patient education, regular medication reviews and ongoing technical support to maximise long-term adherence. Combining digital innovation with personalised healthcare is likely to produce more sustainable behaviour change than relying on technology alone, while reducing the risk of digital exclusion among vulnerable populations (Michie, van Stralen and West, 2011; NHS England, 2021).
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                                                        Expected Outcomes 
The implementation of SmartDose+ is expected to improve medication adherence by reducing missed doses, medication errors and treatment interruptions among adults living with long-term conditions. Improved adherence may lead to better disease control, enhanced quality of life, fewer avoidable hospital admissions and reduced healthcare costs, supporting NHS priorities for prevention and personalised care (NHS England, 2019; National Institute for Health and Care Excellence, 2015). In addition, remote monitoring and automated alerts may provide reassurance for carers while promoting patient independence.
However, successful implementation may be influenced by digital health inequalities, including limited digital literacy, affordability and access to technology, particularly among older adults and disadvantaged populations. Concerns relating to data security, patient confidentiality and acceptance of artificial intelligence should also be considered. Therefore, SmartDose+ should be supported by patient education, user training, accessible design and strong data protection measures to maximise its effectiveness and reduce inequalities in access to digital healthcare (World Health Organization, 2021; NHS England, 2021).    

Expected Benefits
🟢 Improved medication adherence                                  
🟢 Better control of long-term conditions
🟢 Reduced medication errors
🟢 Fewer avoidable hospital admissions
🟢 Increased patient independence
🟢 Improved quality of life
🟢 Reduced pressure on NHS services  

Potential Challenges
🔴 Digital exclusion
🔴 Limited digital literacy
🔴 Cost of SmartDose+
🔴 Data privacy and cybersecurity
🔴 Internet connectivity
🔴 Acceptance of artificial intelligence     


                                                       Implementation and Future Development   
Successful implementation of SmartDose+ will also depend on collaboration between healthcare professionals, carers and patients to ensure the technology is used safely and effectively. Healthcare professionals should receive appropriate training to support patients in using the device and interpreting adherence data, as developing the digital skills of the healthcare workforce is essential for the successful adoption of innovative technologies in clinical practice (Topol, 2019). Furthermore, involving patients in the design and ongoing development of SmartDose+ could enhance acceptability, usability and long-term engagement. Continuous monitoring and evaluation would ensure that the intervention remains evidence-based, responsive to patient needs and capable of adapting to future advances in artificial intelligence and digital healthcare technologies. Co-designing digital technologies with patients and healthcare professionals may also improve trust, accessibility and long-term implementation within routine healthcare practice (National Institute for Health and Care Research, 2022).
 
                                                             Conclusion  
SmartDose+ has the potential to become an innovative digital health intervention that improves medication adherence, supports self-management and enhances health outcomes for adults living with long-term conditions. By combining artificial intelligence with personalised medication support, the technology aligns with NHS priorities to expand digital healthcare, improve patient safety and reduce avoidable hospital admissions (NHS England, 2019). Furthermore, SmartDose+ could contribute to reducing health inequalities by providing accessible medication support for older adults and individuals managing multiple long-term conditions, provided appropriate training and digital support are available. However, successful implementation will require investment in digital infrastructure, robust data protection, patient education and healthcare professional training to ensure equitable access and public trust. Future research should evaluate the effectiveness, cost-effectiveness and long-term acceptability of SmartDose+ within NHS settings, while exploring its impact on medication adherence, patient safety and health inequalities. If successfully implemented, SmartDose+ could support future public health policy by promoting preventive, patient-centred and digitally enabled healthcare across the United Kingdom (World Health Organization, 2021; NHS England, 2021).   
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The COM-B Model

The COM-B system: Behaviour occurs as an
interaction between three necessary conditions
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