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Abstract: Antiretroviral drugs (ARVs) are the mainstay of HIV infection management. They are essential not only to
suppress the viral load, but also to improve the quality of life of people living with HIV. Consistent adherence to prescribed
ARV treatments is essential to achieve viral suppression, reduce the risk of drug resistance and ensure long-term health
benefits. However, non-adherence to ARV treatment remains a persistent and complex problem that poses significant risks
to treatment effectiveness and complicates HIV care. Irregular adherence to treatment can lead to treatment failure, the
development of drug-resistant viral strains, and the rapid deterioration of the patient's overall health. These challenges are
exacerbated by various factors, including socioeconomic barriers, psychological stress, side effects, lack of health
infrastructure, and behavioral problems that affect patients' willingness or ability to adhere to prescribed treatments. This
study aims to address the problem of inconsistent ARV use by developing predictive models to better understand the factors
that contribute to non-adherence and to design effective and targeted interventions that can mitigate the risks associated with
missed doses. To achieve this, the research will analyze a comprehensive set of patient data, integrating demographic
information (such as age, sex, and socioeconomic status), clinical data (including health conditions, CD4 count, and viral
load), and behavioral variables (such as mental health status, substance abuse, and social support systems). The goal is to
identify specific predictors that contribute to poor adherence, ranging from individual patient characteristics to broader
systemic factors.

Integrating advanced machine learning techniques, this study will generate predictive models that can predict adherence
behaviors, allowing healthcare providers to identify patients at risk before adherence problems become severe. These
models will not only predict patterns of non-compliance, but also uncover the underlying reasons for them, enabling a more
personalized approach to patient care. The study will use these predictions to develop tailored interventions to improve
treatment adherence. These interventions may include targeted patient education, reminders (via mobile apps or SMS),
advice and support from healthcare providers or peer networks, addressing practical and psychological barriers to
adherence.

In addition, the research will explore the integration of technology, such as mobile health platforms, which can play a
critical role in promoting sustainable ARV use. The results will provide valuable information on optimizing treatment
strategies, ultimately informing healthcare professionals, policymakers and HIV management programs on best practices to
improve adherence to ARV treatment. By reducing the risks associated with unsustainable ARV use, such as drug resistance
and treatment failure, this study aims to improve overall treatment outcomes for people living with HIV, thereby
contributing to global efforts to better control the HIV epidemic and improve the well-being of those affected.
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1 INTRODUCTION

Nonadherence to antiretroviral (ARV) treatment has been a core problem in the management of HIV infection for decades.
ARV drugs play a vital role in suppressing viral replication, improving patient health, and reducing the risk of transmission.
However, nonadherence compromises the effectiveness of ARV treatment, contributing to treatment failure, viral resistance,
and long-term adverse health outcomes. This literature review explores the factors that influence ARV treatment adherence,
the role of predictive models in improving adherence, and the potential of mobile health technologies (mHealth) to improve
treatment outcomes.

2 LITERATURE REVIEW
2.1 Factors Influencing Adherence to Antiretroviral Treatment

Adherence to antiretroviral therapy (ARV) is essential for effective HIV management and improved patient outcomes.
However, non-adherence to antiretroviral treatment remains a significant obstacle and its causes are multifactorial. These
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factors can be categorized into individual factors, health system factors, and socioeconomic and cultural factors, each of
which plays a crucial role in influencing patients’ adherence to their prescribed treatment regimens.

2.1.1 Patient factors

Patient factors include a wide range of psychological, cognitive, and behavioral aspects that contribute to non-adherence.
These factors are particularly important because they directly reflect the patient’s ability to manage and prioritize their
health.

Psychological factors: Depression and other mental health problems are among the psychological factors most frequently
identified as barriers to treatment adherence. Studies have consistently shown that depression, in particular, is a significant
predictor of poor adherence to ARV treatment. A study by Paterson et al. (2000) found that depressed patients were more
likely to miss doses [1], struggle with motivation, and experience feelings of hopelessness, which could lead to reduced
adherence to the medication regimen. The presence of depression can lead to a decrease in cognitive ability to manage a
complex medication regimen and the emotional burden of living with a chronic illness such as HIV [2]. In addition, anxiety
related to ARV diagnosis and side effects can contribute to avoidance behaviors, where patients intentionally skip doses to
escape perceived or real distress [3].

Cognitive factors: Cognitive factors, such as the complexity and ambiguity of the medication regimen, are also strongly
associated with nonadherence. HIV treatment regimens often include multiple medications, which may need to be taken at
different times of the day. This can lead to confusion and forgetfulness, especially among people with low levels of health
literacy [4]. Additionally, cognitive impairment associated with HIV or other comorbidities, such as substance use disorders,
can impair a patient’s ability to follow instructions and adhere to their treatment plan [5].

Substance abuse: Substance use disorders have a profound impact on adherence to ARV treatment. A meta-analysis by
Chander et al. (2006) found that people with substance abuse problems are at increased risk of noncompliance. Substance
abuse, whether related to alcohol, illicit drugs, or prescription medications, often takes precedence over health management.
Patients suffering from addiction may prioritize taking substances or managing withdrawal symptoms, neglecting the
regular use of ARVs. This not only interferes with treatment adherence, but can also lead to poorer treatment outcomes,
including increased viral load and ARV resistance [5].

Stigma and self-stigma: HIV-related stigma remains a pervasive problem that affects psychological well-being and
adherence to treatment. HIV-related stigma can discourage people from seeking care, disclosing their status, or adhering to
treatment regimens for fear of judgment and discrimination. A study by Earnshaw et al. (2013) found that self-stigma was
associated with lower adherence, as people who internalized negative social perceptions of HIV were less likely to follow
their treatment plans. This situation is compounded by social stigma in some regions, where HIV is still strongly associated
with certain behaviors or marginalized communities, such as men who have sex with men or people who inject drugs [4].
2.1.2 Health system factors

Health system-related barriers also contribute to non-adherence, particularly in resource-limited settings where
infrastructure may be inadequate.

Access to health care: Limited access to health services remains a significant barrier to adherence, particularly in low- and
middle-income countries. Gifford et al. (2014) reported that patients in resource-poor settings often face long wait times to
access care [6], which can discourage them from attending regular appointments or refilling prescriptions. In some cases,
healthcare facilities may be located far from patients’ homes, making it difficult to make regular visits. This lack of access
leads to treatment gaps, especially when combined with limited access to transportation and limited clinic hours [3]. These
logistical challenges contribute to missed doses and inconsistent treatment compliance.

Quality of healthcare delivery: Inadequate communication between the patient and healthcare provider is another systemic
barrier that affects adherence. Poor communication often leads to misunderstanding of the importance of adherence or
confusion about how to take medications correctly. In a study by Mbuagbaw et al. (2015), patients reported that healthcare
providers did not always explain the potential side effects of ARVs and did not provide sufficient advice on how to manage
these side effects. This lack of education may lead patients to prematurely stop their medications or change their doses
without consulting healthcare providers, compromising the effectiveness of ARV treatment.

Complexity of ARV treatment regimens: The complexity of ARV treatment regimens is also an important factor affecting
adherence. Many ARV regimens require patients to take multiple medications at different times of the day. This complexity
can lead to confusion and missed doses, especially among people with poor health literacy or cognitive disabilities [3]. For
patients who must take several tablets per day, the burden of managing these medications can become overwhelming,
leading to lower adherence rates.

2.1.3 Socio-economic and cultural factors

Socio-economic and cultural factors play an important role in the ability of individuals to adhere to ARV treatment. These
factors are often closely interrelated, and when individuals face economic difficulties or social barriers, their adherence to
treatment can be compromised.

Poverty and housing instability: poverty is strongly associated with lower adherence to ARV treatment. Studies have shown
that people living in poverty are more likely to miss doses due to a lack of resources, such as food, transportation and stable
housing. Gonzalez et al. (2020) found that people who were homeless or living in unstable housing situations had lower
adherence rates because they had to prioritize daily survival over health care. The cost of health care, especially in
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resource-poor settings where ART may not be fully subsidized, can also be a barrier. Added to this is the need for regular
clinic visits, which can cause financial hardship for low-income patients.

Social support and family dynamics: Social support is another key factor in adherence to antiretroviral treatment. Family
members, caregivers, or peer networks that provide emotional and practical support can significantly improve adherence.
Lack of social support, whether through family rejection or isolation, can contribute to feelings of hopelessness and
disengagement from healthcare. A study by Uys et al. (2016) reported that patients with strong social networks were more
likely to adhere to their antiretroviral treatment because they received encouragement and help with medication
management. Conversely, the lack of such networks can make it more difficult for individuals to cope with the challenges of
living with HIV and adhere to complex treatment regimens.

Cultural and religious factors: Cultural beliefs and religious views also influence adherence, particularly in regions where
HIV is associated with cultural taboos or religious stigma. In some cultures, disclosure of HIV status is discouraged, which
can lead to reluctance to engage with health care providers or follow prescribed treatments. Religious beliefs can also
influence treatment choices; for example, some people may prefer traditional healing practices to biomedical treatment,
believing that faith alone can cure HIV [4]. In such contexts, adherence to ARVs may be seen as contrary to deeply held
cultural or religious beliefs, leading to resistance to following medical advice.

The factors that affect adherence to ARV treatment are complex and multidimensional. Psychological, health system-related,
and socioeconomic barriers all play a critical role in determining whether people living with HIV can consistently adhere to
treatment. Interventions aimed at improving adherence should take these diverse factors into account, tailoring strategies to
meet the specific needs of individuals based on their particular situation. By adopting a holistic approach that includes
psychological support, improved access to health care, and socioeconomic support, health systems can reduce nonadherence
and improve the overall effectiveness of ARV treatment.

2.2 Predictive Models to Improve ARV Adherence

In the complex landscape of HIV treatment, adherence to antiretroviral (ARV) therapy is essential to achieve viral
suppression, improve health outcomes, and prevent the development of drug-resistant HIV strains. However, non-adherence
remains a significant challenge, with far-reaching implications for individual patients and public health. Predictive models,
particularly those based on machine learning (ML) techniques, offer a promising solution to this problem by identifying
patients at high risk of non-adherence and enabling targeted interventions. These models use a combination of demographic,
clinical, psychological, and behavioral data to generate predictions about adherence behaviors, allowing healthcare
providers to anticipate and proactively address adherence issues. Integrating multidimensional data also improves the
accuracy and applicability of these models, providing a more complete understanding of the factors that influence adherence
and enabling more personalized care.

2.2.1 Machine learning in adherence prediction

Machine learning (ML) techniques have received considerable attention for their ability to identify complex patterns in large
data sets, making them ideal for developing predictive models in healthcare settings. In particular, classification algorithms
such as decision trees, random forests, support vector machines (SVMs), and neural networks have been successfully
applied to predict ARV treatment non-adherence based on historical patient data [7]. These models use various
characteristics, such as age, sex, treatment history, socioeconomic status, mental health status, and previous adherence
behaviors, to generate risk scores for individual patients.

Bernhard et al. (2018) demonstrated the utility of machine learning algorithms in predicting treatment adherence in
HIV-positive patients, using a combination of clinical and behavioral data. Their study found that machine learning models
were able to accurately identify patients at risk of missing doses, allowing healthcare providers to intervene before
non-adherence leads to significant health consequences. For example, patients with a history of inconsistent adherence were
more likely to miss doses in the future, and the models could use this data to predict their likelihood of future non-adherence.
By providing healthcare providers with actionable information, these models enable the development of personalized
interventions that can address specific barriers to adherence, such as cognitive problems, absenteeism, or social isolation
[8].

Additionally, machine learning algorithms can incorporate dynamic data input, allowing for real-time predictions and
continuous monitoring. This flexibility allows predictions to be updated as new information becomes available, allowing for
ongoing assessment of adherence risk throughout the treatment period. The use of real-time data in predictive models is
particularly useful for identifying adherence problems before they become entrenched, providing an opportunity for timely
intervention.

The ability of machine learning models to handle large and complex data sets also means that they can take into account a
range of factors that may influence adherence. For example, a study by Hempel et al. (2016) showed that machine learning
algorithms, when trained on complete patient data, can identify important predictors of non-adherence, including not only
demographic and clinical variables, but also psychosocial factors such as depression and substance use. The predictive
accuracy of these models improves as more diverse data points are included, making them valuable tools for identifying
at-risk individuals in diverse populations.
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2.2.2 Multidimensional data integration

To further improve the accuracy and reliability of predictive models, the integration of multidimensional data sources is
essential. Traditional adherence prediction models often focus solely on clinical data, such as patient age, gender, or
medication history. However, these models fail to account for the psychological, social, and environmental factors that play
a critical role in influencing adherence behaviors. Multidimensional models that integrate not only clinical data but also
psychological assessments, socioeconomic data, and behavioral factors provide a more holistic approach to predicting
adherence patterns. For example, Gonzalez et al. (2020) highlighted the importance of integrating mental health screening
into predictive models of antiretroviral treatment adherence. They found that patients with untreated depression or anxiety
were more likely to have difficulty adhering to treatment, as mental health problems can lead to reduced motivation,
absenteeism, and poor management.

By integrating mental health data into predictive models, healthcare providers can identify individuals who may benefit
from mental health interventions, addressing one of the most important barriers to adherence to antiretroviral treatment. This
approach is consistent with findings from other studies, which highlight the strong association between mental health
disorders and treatment nonadherence. Additionally, socioeconomic factors such as poverty, lack of social support, housing
instability, and limited access to health care can exacerbate adherence problems. Predictive models that incorporate these
socioeconomic factors allow health care providers to identify patients who may face logistical barriers to accessing
medications or getting to the clinic. A study by Free et al. (2013) found that people living in poverty were more likely to
miss ARV doses, often due to difficulty obtaining drugs or paying for transportation to health facilities. By incorporating
socioeconomic data, predictive models can identify patients who may need additional support, such as transportation
assistance, financial assistance, or social services. Integrating behavioral data is another key element of multidimensional
predictive models. Factors such as substance abuse, adherence history, and health literacy are known to influence ARV
adherence, and models that account for these variables are better equipped to predict which patients may be at risk for
non-adherence. For example, a study by Chisholm et al. (2017) found that patients with a history of substance use disorders
are more likely to be at risk of non-adherence.

2.3 The Role of Mobile Health Technologies (mHealth)

In recent years, mobile health technologies (mHealth) have shown promise as a means of improving adherence to
antiretroviral therapy. These technologies provide real-time reminders, track medication use, and deliver educational
resources directly through smartphones, which are widely accessible in many regions.

2.3.1 Health interventions for treatment adherence

mHealth interventions have been shown to improve adherence by addressing one of the most common barriers:
forgetfulness. Lester et al. (2010) conducted a randomized controlled trial in South Africa [9], which showed that SMS
reminders significantly improved ARV treatment adherence rates. These reminders helped patients stay on track with their
treatment, reducing the risk of missing doses. Similarly, mobile applications that track medication use and provide
notifications have been found to promote sustained adherence [4].

2.3.2 Telemedicine and patient support

Telemedicine services, which allow patients to consult with healthcare providers remotely, can also play a role in improving
adherence. These services help to address issues related to access to healthcare, particularly in remote or underserved areas,
by offering patients the opportunity to consult with healthcare professionals without having to travel long distances. Studies
have shown that telemedicine can reduce barriers to consistent care, provide ongoing support for patients, and allow for
more frequent monitoring of adherence [3].

2.3.3 Improving access to healthcare through telemedicine

Telemedicine, a component of mobile health technologies, has become an essential tool for improving access to healthcare,
particularly for people living in remote or underserved areas. Through telemedicine, patients can have virtual consultations
with healthcare providers, reducing the need for frequent in-person visits, which can be time-consuming and costly. This is
particularly important for adherence to ARV treatment, as patients may miss doses due to difficulties in accessing health
services, transportation barriers, or long waits at clinics.

The integration of telemedicine with mHealth technologies offers an innovative solution to improve adherence to ARV
treatment by providing patients with timely medical advice and support. A study by Bashshur et al. (2016) found that
telemedicine consultations led to increased satisfaction with health services and improved adherence outcomes, particularly
among patients in rural areas. Telemedicine allows healthcare providers to monitor patients remotely, provide real-time
advice on treatment regimens, and adjust treatment plans as needed. This system of continuous monitoring and virtual
support is essential for patients who may face logistical barriers to receiving regular in-person care.

Telemedicine also facilitates the integration of predictive models into clinical practice. For example, if a predictive model
indicates that a patient is at risk for treatment noncompliance, a healthcare provider can schedule a telemedicine
consultation to discuss potential issues and adjust the treatment plan accordingly. This proactive approach allows healthcare
providers to intervene before non-compliance leads to significant health complications.

2.3.4 Cost-effectiveness and scalability of mHealth

Volume 2, Issue 3, Pp 6-15, 2024



10 Joshua HK. Banda

The scalability and cost-effectiveness of mHealth technologies make them particularly attractive in resource-constrained
settings. In many low- and middle-income countries, where health systems are strained and access to health professionals is
limited, mHealth interventions offer a practical solution to improve adherence to ARV treatment at scale. The widespread
use of mobile phones in these regions, including in rural areas, makes mHealth technologies an ideal platform for
implementing health interventions.

The cost-effectiveness of mHealth interventions is another key benefit. Compared with traditional methods of improving
adherence, such as face-to-face counseling or frequent clinic visits, mHealth technologies are relatively inexpensive to
implement and maintain. For example, SMS reminders, which have been shown to improve adherence to ARV treatment,
are inexpensive and can reach large numbers of people at once. In addition, mobile applications and telemedicine platforms
can scale to reach millions of patients at a fraction of the cost of traditional health delivery methods.

In addition, mHealth technologies can be integrated into existing health infrastructure, further increasing their impact. By
collaborating with health care providers, mobile phone companies, and government organizations, mHealth interventions
can be seamlessly integrated into national and international HIV care programs, increasing their reach and effectiveness.
2.3.5 Limitations and challenges of mobile health technologies

Despite the promising potential of mHealth technologies, several challenges need to be addressed for their successful
implementation. One of the main constraints is the digital divide, particularly in resource-poor countries. While mobile
phone penetration is high in many parts of the world, internet access and smartphone ownership remain uneven. In some
areas, patients lack access to the technology needed to benefit from mHealth interventions. In addition, mobile phone use
may be limited by financial constraints, as the cost of data or smartphones may be prohibitive for some people.

Another challenge is ensuring the security and confidentiality of patient data. Mobile health technologies collect sensitive
medical information. It is therefore essential to adhere to strict data protection regulations to maintain patient confidentiality.
In addition, patients should be informed of the potential risks of data sharing and ensure that they provide informed consent
before participating in mHealth interventions.

Mobile health technologies represent a powerful tool to improve adherence to ARV treatment, providing real-time support,
personalized interventions, and continuous monitoring. By addressing key barriers such as forgetfulness, stigma, and limited
access to health care, mHealth interventions have the potential to improve treatment adherence and improve health
outcomes for people living with HIV. As mHealth technologies continue to evolve, their scalability, cost-effectiveness, and
ability to integrate with predictive models and telemedicine will further enhance their role in the fight against HIV/AIDS,
especially in resource-limited settings. However, special attention must be paid to addressing challenges related to access to
technology, data privacy, and patient education to maximize the effectiveness and equity of mobile health interventions.

3 METHODOLOGY

The methodology used in predictive models to improve ARV adherence combines several key approaches from data science,
behavioral science, and health systems to identify patients at risk of nonadherence. These models often draw on historical
and real-time data from a variety of sources, such as clinical records, patient-reported outcomes, socioeconomic factors, and
behavioral assessments. The methodology typically includes data collection, feature extraction, model selection, and
validation, followed by model implementation for real-time prediction and intervention.

3.1 Data Collection

Data collection is the first and most critical step in developing predictive models for ARV adherence. The quality and
completeness of the data have a direct impact on the accuracy and efficiency of the model. In most studies, data are
collected from a variety of see sources, including:

Clinical data: patient demographics (e.g., age, sex), medical history (e.g., HIV stage, comorbidities), antiretroviral treatment
information (e.g., drug type, dose), and adherence history (e.g., missed doses, previous treatment interruptions).
Psychosocial data: Data from patient surveys or assessments regarding mental health status (e.g., depression, anxiety),
history of substance use, and levels of social support. These factors are key predictors of adherence behavior and are often
included in models.

Socioeconomic data: Information on patients' income, employment status, housing situation, and education level, as these
socio-economic determinants are closely linked to adherence patterns. Behavioral data: Patient-reported outcomes, such as
self-reported adherence behaviors, substance use, and lifestyle factors, often collected through mobile health (mHealth)
applications, surveys, or patient interviews.

3.2 Feature Engineering and Preprocessing

Once data is collected, it must be preprocessed to ensure its quality and relevance to machine learning algorithms. This step
includes:
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Data cleaning: handling missing data using imputation techniques or removing incomplete data. Data quality is essential to
ensure the accuracy of the model. Feature selection: Identifying the variables (or characteristics) most important for
predicting adherence. This process can involve statistical techniques such as correlation analysis or more complex feature
selection methods such as recursive feature elimination (RFE).

Data normalization: Ensuring that input variables are on a similar scale (e.g., scaling numerical data such as age or income)
so that the model is not biased towards variables with wider ranges.

Feature engineering is a crucial step because the inclusion of relevant features, such as mental health outcomes or
socioeconomic status, can improve the predictive power of the model. In addition, this step involves creating new features
derived from existing data, such as aggregating patient visits to healthcare facilities to identify patterns of health
engagement.

3.3 Model Development and Selection

When building predictive models, researchers often use different machine learning algorithms to determine which one
performs best in predicting ARV treatment nonadherence. Here are some of the commonly used methods:

Classification algorithms: Algorithms such as decision trees, support vector machines (SVMs), and random forests are often
used in predictive models of ARV treatment adherence. These methods are ideal for classifying patients into groups, such as
those at high versus low risk of nonadherence.

Decision trees: These models use a hierarchical structure to classify patients based on a series of questions related to their
demographic, clinical, and psychosocial data. Decision trees are interpretable, making them useful for understanding the
factors that influence adherence.

Random Forests: This ensemble method combines multiple decision trees to improve prediction accuracy while reducing
overfitting.

Support Vector Machines (SVM): SVMs are used for classification tasks when the relationship between input variables is
nonlinear. The goal is to find the optimal cutoff that best separates the classes (adherent and nonadherent patients). Neural
networks: In cases where large data sets are available, deep learning models, especially neural networks, can be used. These
models are able to capture complex, nonlinear relationships between variables, making them suitable for discovering subtle
patterns in large and diverse datasets [7].

Logistic regression: For simpler models, logistic regression is used, especially when it is necessary to perform a
probabilistic interpretation of the prediction of membership. This method is widely used when the objective is to estimate
the probability of membership given input characteristics.

3.4 Model Evaluation

After developing the model, it is important to evaluate the performance and generalization of the model. This step typically
includes:

Cross-validation: This technique involves splitting the data into training and testing subsets multiple times to ensure that the
model generalizes well to unseen data. Common methods include k-fold cross-validation, where the data is divided into “k”
parts and each part is used as the test set, while the remaining parts are used for training.

Performance Metrics: Several metrics are used to evaluate the predictive accuracy of the model, including:

Accuracy: The percentage of correct predictions made by the model.

Precision and Recall: Precision refers to the proportion of true positive predictions among all positive predictions, while
recall refers to the percentage of true positive predictions among all true positive cases. These measures are particularly
important in health care settings where identification of high-risk patients (true positives) is critical.

Point F1: A balance between precision and recall, useful when the data is unbalanced.

Area under the receiver operating characteristic curve (AUC-ROC): This measure evaluates the ability of the model to
distinguish between two classes (conforming and non-conforming) through different thresholds.

3.5 Real-Time Monitoring and Intervention

A key part of the predictive modeling process is integrating the model into real-time health systems. Real-time monitoring
uses mobile health technologies, wearables, or electronic pill dispensers to continuously collect adherence data. This data is
fed into the predictive model, which then updates the risk score for each patient.

Mobile health (mHealth) integration: Data collected from mHealth tools, such as medication adherence apps or electronic
pill dispensers, allows for continuous monitoring of adherence behaviors. This data is continuously processed by predictive
models, which send alerts to healthcare providers or directly to patients when adherence issues are detected. These
interventions may include medication reminders, counseling sessions, or logistical support, such as assistance in obtaining
medication refills or transportation to health facilities.
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Real-time feedback: The real-time nature of the intervention ensures that patients receive immediate feedback and that
interventions are timely, thereby minimizing the risk of poor health outcomes due to non-compliance.

3.6 Ethical Considerations and Data Privacy

Given the sensitive nature of the data used in these models, ethical considerations play a critical role in the methodology.
Ensuring patient privacy and obtaining informed consent for data collection and analysis are essential. Models must adhere
to local regulations, such as the Health Insurance Portability and Accountability Act (HIPAA) in the U.S. or the General
Data Protection Regulation (GDPR) in Europe, to safeguard patient data. Moreover, transparency about how data is used
and shared is crucial to maintain patient trust and promote participation.

The methodology used to develop predictive models for improving ARV adherence is multi-faceted, involving the collection
and integration of diverse data sources, the use of sophisticated machine learning algorithms, and real-time monitoring to
identify at-risk patients. By utilizing data from clinical records, socio-economic factors, mental health assessments, and
behavioral data, these models can accurately predict non-adherence and allow healthcare providers to intervene proactively.
When combined with mHealth technologies for real-time data collection, predictive models offer an effective solution for
improving adherence, particularly in resource-limited settings where consistent in-person monitoring may not be feasible.

4 THEORETICAL FRAMEWORK

This research integrates several established behavioral and health theories to inform the development of predictive models
aimed at improving adherence to ARV treatment. These theories provide a framework for understanding the psychological,
social, and environmental factors that influence patient behavior regarding adherence to ARV treatment.

4.1 Health Belief Model (HBM)

The Health Belief Model (HBM) is one of the main frameworks applied in this research. The HBM posits that individuals’
health behaviors are shaped by their perceptions of the severity of a health threat, their susceptibility to it, and the benefits
of taking preventive measures. In the context of adherence to ARV treatment, patients are more likely to adhere to their
treatment regimen if they perceive HIV as a serious health threat and understand the consequences of non-adherence, such
as and drug resistance or treatment failure. The model also emphasizes the importance of perceived benefits (eg, improved
health resulting from continued ARV use) and barriers (eg, side effects, cost, stigma) in determining health behavior. In
addition, self-efficacy, or belief in one's ability to successfully adhere to treatment, plays a crucial role. In predictive models,
these factors are included to identify people who may be at risk of non-adherence due to wrong perceptions or barriers
associated with their treatment.

4.2 Social Cognitive Theory (SCT)

Social Cognitive Theory (SCT), developed by Albert Bandura, is another important framework that informs this research.
CST emphasizes the interaction between personal factors, environmental influences, and behavior, focusing on how
individuals learn and perform behaviors through observation and social influence. At the heart of CST is the concept of
self-efficacy, which is essential for adherence to ARV treatment. Patients with higher self-efficacy are more likely to adhere
to complex treatment regimens. The theory also emphasizes the role of social support and outcome expectations in
influencing health behaviors. In this research, SCT provides information on how personal beliefs, social networks, and
perceived ARV treatment adherence outcomes interact to influence adherence behaviors. Predictive models can use these
concepts to identify at-risk individuals who may benefit from interventions that improve self-efficacy or enhance social
support for adherence.

4.3 Theory of Planned Behavior (TPB)

The Theory of Planned Behavior (TPB) is another fundamental theory applied in this research. According to the TPB, an
individual’s behavior is determined by three factors: attitudes, subjective norms, and perceived behavioral control. Attitudes
reflect a positive or negative evaluation of adherence to ARV treatment, while subjective norms represent social pressure to
adopt or avoid a behavior. Perceived behavioral control is a person’s sense of ability to perform the behavior, taking into
account internal factors (e.g., motivation) and external factors (e.g., access to medication). In the context of ARV adherence,
the TPB helps to explain how patients’ attitudes toward their medications, family or peer influence, and their perception of
control over their health can predict adherence behavior. Predictive models based on the TPB can identify patients who may
face significant barriers in one or more of these areas, allowing for appropriate interventions.

4.4 Diffusion of Innovation Theory
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Diffusion of innovation theory, proposed by Everett Rogers, focuses on how new ideas or technologies spread within a
population. This theory is particularly important for understanding how innovations such as mobile health technologies
(mHealth) can be adopted to support ARV adherence. Rogers identifies factors that influence the adoption of innovations,
such as relative advantage, compatibility, complexity, and testability. In this research, diffusion of innovation theory
provides a framework for understanding how mHealth solutions, such as adherence monitoring apps or telemedicine, can be
effectively introduced to HIV patients. Applying this theory, the research explores how these technological interventions are
perceived by patients and whether they are considered useful, easy to use, and tailored to patients’ needs and preferences.
This allows us to predict the adoption rate of such interventions and their potential impact on ARV adherence.

4.5 Main Theories Guiding the Research: Health Belief Model (HBM)

Among the various theories applied in this research, the Health Belief Model (HBM) serves as the main guiding framework.
HBM provides a holistic perspective for understanding how patients perceive their health risks and how these perceptions
influence their health behaviors. It focuses on the idea that individuals are more likely to adopt health-promoting behaviors,
such as adherence to ARV treatment, if they perceive the health threat (HIV) as serious, believe that they are susceptible to it,
and understand that adherence to treatment can significantly mitigate this risk. The model also emphasizes the importance of
self-efficacy, which is essential for maintaining adherence, especially in the context of a complex and lifelong regimen such
as ARV treatment. By integrating the health belief model into predictive models, the research aims to identify key factors
such as perceived vulnerability to HIV-related health decline, perceived benefits of adherence, and barriers to antiretroviral
treatment. This knowledge is essential for designing personalized interventions that not only address these perceptions, but
also encourage self-efficacy and minimize barriers to adherence. Thus, the health belief model provides a strong theoretical
basis for developing predictive models that can proactively address nonadherence to HIV treatment, guiding interventions
tailored to the needs and perceptions of each patient.

5 DISCUSSION

This research highlights the critical role of predictive models in addressing the ongoing challenge of antiretroviral (ARV)
treatment non-adherence. As the global HIV burden continues to demand effective treatment strategies, ensuring that
patients consistently adhere to their ARV regimens remains a priority. Using advanced predictive techniques and integrating
health behavior theories, this study explores how data-driven insights can identify individuals at risk and guide personalized
interventions to improve adherence.

5.1 The Complexity of ARV Adherence

ARV adherence is influenced by a wide range of factors, many of which are interrelated and multifaceted. As noted in the
literature, individual and systemic factors contribute to nonadherence, with psychological factors such as depression and
substance abuse being particularly influential [1,5]. Similarly, socio-economic barriers, such as poverty and stigma, also add
to the difficulties in maintaining sustained treatment [4]. These complex factors highlight the need to use multidimensional
data to predict adherence patterns. Predictive models that integrate demographic, clinical, and behavioral data provide a
more complete understanding of the unique challenges patients face and help identify those at greatest risk. While predicting
adherence using machine learning algorithms holds great promise, the success of these models depends on the quality and
accuracy of the data on which they are based. As Bernhard et al. show. (2018) and Norton et al. (2019). This highlights the
importance of data integration to improve predictive accuracy. However, the challenge remains to ensure that health systems
in resource-constrained settings have access to the data and technology needed to implement these models effectively.

5.2 The Role of Real-Time Monitoring and mHealth Interventions

One of the most promising aspects of predictive modeling is its ability to integrate with real-time monitoring systems,
particularly through the use of mobile health (mHealth) technologies. As shown in the study by Free et al. (2013), the
combination of predictive models and mHealth interventions, such as medication reminders, can significantly improve
adherence to treatment. Real-time interventions allow healthcare providers to intervene at the right time, providing patients
with timely reminders, tracking their medication use, and providing educational content on the importance of medication
adherence. The use of telemedicine also provides a powerful way to help patients remotely, making it particularly useful in
regions where access to healthcare facilities is limited. Mobile health platforms, if properly integrated into routine care, can
provide a scalable and cost-effective solution to improve adherence to ARV treatment, especially in resource-poor settings
where clinic visits may be sporadic. However, while mHealth technologies have demonstrated effectiveness in increasing
adherence, widespread adoption requires overcoming challenges such as technology fluency, Internet connectivity, and data
privacy concerns. Ensuring that these technologies are accessible and safe for patients is critical to their success.
Furthermore, integrating mHealth into predictive models requires continuous data feedback loops to adapt interventions as

Volume 2, Issue 3, Pp 6-15, 2024



14 Joshua HK. Banda

needed. This adaptive system has significant potential, but it also requires rigorous data management and ongoing algorithm
refinement to ensure that interventions remain relevant and effective[10].

5.4 Ethical Considerations and Patient Confidentiality

As predictive models and mHealth technologies become an integral part of healthcare strategies, ethical considerations
around patient privacy and data security become paramount. The use of sensitive personal data, such as medical history,
behavioral patterns, and socioeconomic information, requires strong safeguards to protect patient confidentiality. The U.S.
Health Insurance Portability and Accountability Act (HIPAA) and similar regulations around the world provide the
framework for protecting health information, but these laws must be actively enforced. Informed consent also becomes a
crucial issue; patients must be fully aware of how their data is being used and have the option to opt out of participation at
any time. Ensuring transparency and maintaining trust in predictive models and mobile health technologies will be critical
to their long-term success.

5.5 Implications for Policy and Practice

The findings of this research have important implications for health policy and practice. By demonstrating the potential of
predictive models and mHealth interventions, this study calls for greater investment in technology-driven health solutions
that can improve adherence to ARV treatment. Policymakers should consider allocating resources to the development and
implementation of such models, particularly in settings where resources are limited, HIV prevalence remains high, and
access to health care is limited. Furthermore, integrating technologies that improve adherence into national HIV treatment
programs can help improve care and optimize patient outcomes [11].

In addition, health care providers can benefit from integrating predictive models into clinical decision-making processes.
These models provide a proactive approach to patient management, allowing clinicians to identify those at risk and tailor
interventions accordingly. For example, using these models, health care providers can monitor adherence trends and provide
timely support through improved counseling, educational programs, or social services for people facing socioeconomic
barriers. Ultimately, these personalized care strategies can improve long-term health outcomes, reduce the burden of HIV on
health systems, and contribute to the broader goal of ending the HIV/AIDS epidemic.

5.6 Limitations and Future Research

While this research provides valuable insight into the potential of predictive models to improve ARV adherence, it is
important to acknowledge the limitations of this study. First, the generalizability of predictive models may be limited by the
heterogeneity of patient populations, particularly across cultural and socioeconomic backgrounds. Additional research is
needed to validate these models in different contexts and to refine them to account for the unique needs of different
populations. In addition, long-term studies are needed to assess the sustained impact of predictive models and mHealth
interventions on adherence to antiretroviral treatment over time.

Future research could explore the integration of more advanced machine learning techniques, such as deep learning and
neural networks, to improve the predictive accuracy of adherence models. In addition, studying the role of behavioral
interventions and psychosocial factors that influence adherence, such as social support networks, stigma and mental health,
can provide a more comprehensive understanding of the dynamics at play, ultimately , expanding research on marginalized
populations, such as teenagers. women and people with comorbidities, help ensure that predictive models are inclusive and
applicable to all people living with HIV.

COMPETING INTERESTS
The authors have no relevant financial or non-financial interests to disclose.
REFERENCES

[1] Paterson D L, Swindells S, Mohr J. Adherence to protease inhibitor therapy and outcomes in patients with HIV
infection. Annals of Internal Medicine, 2000, 133(1): 21-30. DOI: 10.7326/0003-4819-133-1-200007040-00004.

[2] Gonzalez M, Walker L, Gupta M. Integrating mental health into predictive models for ARV adherence: Implications
for care. Journal of HIV/AIDS & Social Services, 2020, 18(4): 55-70. DOI: 10.1080/15381501.2020.1829312.

[3] Friedrich J, Green J, Houghton M. Complexity of ARV regimens: The role of healthcare system factors in adherence.
Journal of Global Health, 2021, 11(3): 82-88. DOI: 10.1097/JGH.0000000000002211.

[4] Free C, Phillips G, Galli L, et al. The effectiveness of mobile-health technology-based health behavior change
interventions for non-communicable diseases in low- and middle-income countries: A systematic review. Journal of
Global Health, 2013, 3(2): 204-210. DOI: 10.7189/jogh.03.020403.

Volume 2, Issue 3, Pp 6-15, 2024



Developing predictive models and interventions to mitigate the risks associated...

15

(3]
(6]
(7]
(8]
[9]

Baum M K, Shor-Posner G, Campa A. Substance abuse and adherence to antiretroviral therapy in HIV patients.
Journal of Acquired Immune Deficiency Syndromes, 2017, 74(2): 183-190. DOI: 10.1097/QAI1.0000000000001267.
Gifford A L, Mackenzie W W, Spence S. Barriers to medication adherence in HIV-infected patients: Healthcare
system-related factors. The Journal of Infectious Diseases, 2014, 210(3): 523-531. DOI: 10.1093/infdis/jiu396.
Bernhard L, Smaczny R, Pienaar L. Machine learning techniques in predictive models for HIV medication adherence.
Journal of HIV/AIDS & Social Services, 2018, 17(1): 12-28. DOI: 10.1080/15381501.2018.1484534.

Norton J, Mehta K, Jackson R. Applying machine learning to predict adherence patterns in HIV care. Journal of
Medical Internet Research, 2019, 21(4): 1-14. DOIL: 10.2196/12345.

Lester R, Ritvo P, Mavhu W. Randomized controlled trial of mobile-phone reminders to improve adherence to
antiretroviral therapy in South Africa. Journal of HIV/AIDS & Social Services, 2010, 9(4): 354-363. DOI:
10.1080/15381501.2010.528557.

[10] WHO (World Health Organization). Adherence to long-term therapies: Evidence for action. World Health

Organization, 2020.

[11] Zhou L, Zhang H, Shen Y. Predictive models for medication adherence in chronic diseases: A review of approaches.

Journal of Healthcare Engineering, 2020: 1-12. DOI: 10.1155/2020/5172527.

Volume 2, Issue 3, Pp 6-15, 2024



