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This study investigates the factors influencing medication adherence among middle-aged male
workers with hypertension (n=1,512), utilizing data from the Korean National Health and Nutrition
Examination Survey from 2018 to 2022. We employed the AdaNet algorithm to determine the
importance of variables and conducted multivariate logistic regression analysis to assess their
impact. Key findings indicate that age, education level, presence of a spouse, income level, physical
activity, smoking status, alcohol consumption, depression, duration of hypertension, and number
of comorbidities significantly affect medication adherence. Older age was associated with higher
adherence, suggesting greater health awareness among elderly patients. Conversely, higher
education levels showed a negative correlation with adherence, indicating potential differences in
health information interpretation. The presence of depression negatively impacted adherence,
highlighting the need for comprehensive mental health management. Our findings underscore the
importance of personalized interventions, integrating social support and mental health management,
to improve adherence rates. The superior predictive performance of the AdaNet algorithm
demonstrates its utility in analyzing complex healthcare data, offering potential for broader
applications in disease prediction models. Future research should explore longitudinal studies and
diverse populations to further elucidate causal relationships and enhance intervention strategies.

Keywords: Medication Adherence, Hypertension, AdaNet, Logistic Regression, Mental Health
Management.

1. Introduction

Hypertension is one of the most common chronic diseases worldwide and is a major risk factor
for serious health issues such as cardiovascular diseases, stroke, and renal failure [1].
According to the World Health Organization (WHQ), approximately one-third of the adult
population suffers from hypertension, which is identified as the cause of millions of deaths
annually [1, 2]. Notably, hypertension is often referred to as the "silent killer" due to its
asymptomatic nature in the early stages, leading to potentially fatal outcomes if hot managed
continuously [3]. The rapid changes in lifestyle and the aging population in modern society
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further increase the prevalence of hypertension [4], and middle-aged male workers, in
particular, face challenges in managing hypertension due to high work-related stress and
irregular living habits [5]. Developing effective management strategies for this demographic
group has emerged as a critical national priority.

Medication adherence is one of the most vital components of hypertension management,
reflecting the extent to which patients accurately and consistently follow medical instructions
regarding medication intake [6]. Adherence encompasses more than just taking medication; it
involves the patient's ability to manage their disease, their attitude toward health, and their
understanding of the disease. However, studies indicate that adherence levels among
hypertension patients remain low, leading to inadequate blood pressure control and an
increased risk of serious complications [7]. The primary reasons for poor adherence include
complex medication regimens, fear of side effects, and lack of communication with healthcare
providers [8]. Addressing these issues requires patient-centered, tailored intervention
strategies [9].

Factors influencing medication adherence are multifaceted, encompassing demographic,
psychosocial, and economic elements [10]. For instance, age, gender, socioeconomic status,
educational level, and family support have been reported to significantly affect medication
adherence [11]. Particularly for patients with chronic illnesses like hypertension, adherence to
medication is a crucial means of slowing disease progression and preventing complications
[12]. Middle-aged male workers, in particular, may experience neglect in managing their
health due to the combined pressures of workplace stress and family responsibilities, which
can adversely affect their medication adherence [13]. Consequently, meticulous management
and support for these individuals are essential, necessitating diverse approaches to effectively
address their needs [14].

The utilization of machine learning in the fields of disease prediction and management has
been increasing recently, significantly contributing to the effective analysis of large datasets
and the provision of personalized healthcare services [15]. Advanced machine learning
algorithms like Adaptive Structural Learning of Artificial Neural Networks (AdaNet) serve as
powerful tools capable of handling structurally complex medical data, facilitating the
identification of key predictive factors by considering the interactions among various variables
[16]. AdaNet's ability to automatically learn the structure of networks to build optimal models
makes it particularly useful in managing complex medical data [17]. The implementation of
such technologies is essential for predicting medication adherence among hypertension
patients and developing strategies to enhance it [18]. This study conducted an in-depth analysis
of the factors affecting hypertension medication adherence among middle-aged male workers
with diabetes, using data from the Korean National Health and Nutrition Examination Survey
from 2018 to 2022. Through this analysis, the study provides strategic insights to enhance the
efficiency of hypertension management and validates the efficacy of machine learning using
AdaNet.
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2. Methods
2.1. Suggested algorithm
2.1.1. Fusion of AdaNet and Logistic Regression Analysis

The algorithm proposed in this study integrates the machine learning algorithm AdaNet with
multivariate logistic regression analysis to explore the factors affecting medication adherence
among hypertension patients. AdaNet possesses exceptional capabilities in analyzing complex
data through structural learning of neural networks and is efficiently utilized to calculate
variable importance. The primary advantage of AdaNet lies in its ability to automatically
adjust the size and complexity of the neural network to build an optimal model. This serves as
a powerful tool for identifying significant variables in data that includes various forms of
interactions and non-linearities.

In this study, the multivariate logistic regression algorithm was employed to predict
medication adherence using the top 10 variables selected by AdaNet. Logistic regression is
well-suited for handling binary dependent variables and provides odds ratios and 95%
confidence intervals, allowing for the interpretation of each variable's independent effect in a
multivariate context.

2.1.2 Description of the AdaNet Algorithm and Calculation of Variable Importance

AdaNet is an algorithm that automates the structural learning of neural networks (Figure 1)
and calculates variable importance through the following process.

. Model Structure Learning: AdaNet explores multiple neural network
structures for the given data and evaluates the performance of each structure to learn the
optimal model. During this process, AdaNet adjusts the size and depth of the neural network
to prevent overfitting and focuses on learning the intrinsic patterns of the data.

. Mathematical Formulation: The learning objective of AdaNet is to minimize
the following loss function:

[Lw) = XLy 1(ys fxis W) + Alwly ]

where (L(w)) is the total loss function, (1) represents the loss of individual data points, (w) is
the weight vector of the model, and (1) is the regularization parameter. This loss function
simultaneously considers the prediction performance and complexity of the model, enabling
the learning of optimal weights and structure.
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Figure 1. Concept of Adaptive Structural Learning of Artificial Neural Networks (AdaNet)

o Calculation of Variable Importance: In the trained model, the importance of each
variable is assessed through the magnitude of its weight, indicating the degree to which it
contributes to the model's predictive accuracy. Variables with high importance are considered
to have a significant impact on adherence to hypertension medication.

2.1.3 Performance Comparison and Evaluation

To evaluate the performance of AdaNet, comparisons were made with traditional machine
learning techniques such as Classification and Regression Trees (CART), Support Vector
Machine (SVM), Random Forest (RF). During this process, the predictive performance of each
algorithm was assessed based on recall, precision, accuracy, F1 score, and AUC (Area Under
the ROC Curve).

2.1.4 Multivariate Logistic Regression Analysis

The top 10 variables selected by AdaNet were utilized in a multivariate logistic regression
model for final model interpretation. Multivariate logistic regression is a suitable methodology
for predicting binary dependent variables (such as medication adherence). In this study, the
odds ratios and 95% confidence intervals of the variables were calculated to interpret the
results of the final developed model.

2.2 Data Source and Subjects

This study is a secondary data utilization research using data from the Korean National Health
and Nutrition Examination Survey (KNHANES) conducted from 2018 to 2022. KNHANES,
the data source for this study, is a nationwide dataset composed of a health interview survey,
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a health examination survey, and a nutrition survey. The health interview survey collected data
on health-related indicators, healthcare utilization and accessibility, and health risk behaviors
through structured questionnaires. The health examination survey gathered data through
physical measurements, blood pressure measurements, and clinical tests. The survey subjects
were selected as a representative probability sample of the national population using a
stratified sampling method targeting residents of community areas.

The subjects analyzed in this study were 1,592 adult workers aged 19 to 60 who participated
in the KNHANES and had hypertension. Of these, 48 individuals with normal or pre-
hypertensive blood pressure levels based on three measurements taken without medication,
and 32 individuals who did not respond to questions about hypertension medication adherence,
were excluded, resulting in a final study sample of 1,512 individuals. Among these 1,512 final
subjects, 1,365 (90.3%) were regularly taking hypertension medication, while 147 (9.7%) were
not adhering to hypertension medication.

2.3 Measurement

The outcome variable of this study, hypertension medication adherence, was defined as
responding "take daily" to the question, "Do you currently take blood pressure medication to
control your blood pressure?" Conversely, responses such as "take at least 20 days a month,"”
"take at least 15 days a month," "take less than 15 days a month," or "do not take" were
considered as non-adherence to hypertension medication.

The input variables utilized were 112 variables included in the Korean National Health and
Nutrition Examination Survey. Key variables included hypertension medication adherence,
smoking, alcohol consumption, regular exercise, weight change, gender, age, educational
level, presence of a spouse, receipt of medical aid, activity limitation, presence of depression,
experience of hypertension education, duration of hypertension, and number of comorbidities.
Activity limitation was assessed based on responses of "yes" or "no" to the question, "Are you
currently limited in daily living and social activities due to health problems or physical or
mental disabilities?" Depression was considered present if the respondent answered "yes" to
either of the questions, "Have you felt persistently sad or hopeless for more than two weeks in
the past year?" or "Have you ever had thoughts of wanting to die in the past year?" Experience
with hypertension education was defined as a "yes" response to the question, "Have you ever
received education on how to manage hypertension from a hospital or health center, excluding
brief consultations of less than 10 minutes during a medical visit?" The number of
comorbidities refers to the number of diseases currently diagnosed, excluding hypertension.
Smoking status was categorized as "current smoker" and "non-smoker,” while alcohol
consumption status was categorized as "drinks at least once a month in the past year," "lifetime
non-drinker," and "drinks less than once a month in the past year." Physical activity was
evaluated based on whether the respondent engaged in vigorous physical activity for at least
20 minutes once, three times a week, moderate physical activity for at least 30 minutes once,
five times a week, or walking for at least 30 minutes once, five times a week; regular exercise
was considered if any of these criteria were met. Weight change was assessed based on
responses to the question, "Has your weight changed compared to a year ago?" categorized as
"weight increased," "no change," and "weight decreased,” which were reclassified for analysis
as "weight not increased" and "weight increased."
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3. Results
3.1. Model Performance Comparison

In this study, the performance of AdaNet was evaluated by comparing it with CART (decision
trees), SVM, and RF (random forest). The performance of each model was assessed based on
accuracy, precision, recall, F1 score, and AUC (Area Under the ROC Curve). Table 1
summarizes the performance of each machine learning model. AdaNet recorded the highest
scores across all performance metrics, with an especially outstanding result in AUC, achieving
a score of 0.82 (Figure 2).

Table 1. Comparison of Accuracy, Precision, Recall, F1 Score for Models

Model Accuracy  |Precision Recall F1 Score
AdaNet 0.78 0.79 0.77 0.78
CART 0.72 0.70 0.71 0.70
SVM 0.75 0.74 0.73 0.73
Random Forest 0.76 0.77 0.75 0.76

AdaNet=Adaptive Structural Learning of Artificial Neural Networks; CART=Classification
and Regression Trees; SVM=Support Vector Machine; RF=Random Forest

0.84}

0.70

AdaNet CART SVM Random Forest
Model

Figure 2. Comparison of AUC for Models. AdaNet=Adaptive Structural Learning of
Artificial Neural Networks; CART=Classification and Regression Trees; SVM=Support
Vector Machine; RF=Random Forest

3.2 Variable Importance

The calculation of variable importance using the AdaNet algorithm revealed that age,
education level, presence of a spouse, income level, physical activity, smoking status, alcohol
consumption, depression, duration of hypertension, and number of comorbidities significantly
impact adherence to hypertension medication (Figure 3).
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Figure 3. Variable Importance for Medication Adherence Model
3.3 Multivariate Analysis Using Logistic Regression

In this study, the top 10 variables identified using the AdaNet algorithm were input into a
multivariate logistic regression model for analysis (Figure 4). The analysis revealed that age,
education level, presence of a spouse, income level, physical activity, smoking status, alcohol
consumption, depression, duration of hypertension, and number of comorbidities significantly
affect medication adherence in hypertension. Specifically, it was found that increased age is
associated with higher adherence, suggesting that older patients have a better understanding
of the importance of health management, with an odds ratio of 1.5 and a 95% confidence
interval between 1.3 and 1.7. Conversely, higher education levels were associated with lower
adherence, indicating potential differences in health information accessibility, with an odds
ratio of 0.8 and a 95% confidence interval between 0.6 and 1.0. Patients with depression tended
to exhibit decreased adherence, underscoring the negative impact of mental health on
medication adherence behavior. Furthermore, a higher number of comorbidities was shown to
enhance adherence rates, suggesting that awareness of complex health issues acts as a
motivating factor. The odds ratio for depression was 1.6 (95% CI: 1.4-1.8), and for the number
of comorbidities, it was 1.2 (95% CI: 1.0-1.4).

Comorbidities —'—
Hypertension Duration —'—
Depression —’—
Alcohal Consumption _|—
Smoking Status —’—
Physical Activity —‘—
Income Level —‘»—
Marital Status —'—
Education Level —'—
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75

Odds Ratio

Figure 4. Odds ratio with 95% CI for Medication Adherence Factors
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4, Discussion

This study conducted an in-depth analysis of various factors influencing medication adherence
among patients with hypertension, utilizing data from the Korean National Health and
Nutrition Examination Survey (KNHANES). The AdaNet algorithm was employed to
calculate the importance of variables, and multivariate logistic regression analysis was
performed to systematically assess the impact of each variable. The results revealed that age,
education level, presence of a spouse, income level, physical activity, smoking status, alcohol
consumption, depression, duration of hypertension, and number of comorbidities significantly
affect adherence to hypertension medication [19, 20]. Among these, demographic factors such
as age and education level emerged as significant predictors, revealing an intricate association
between an individual’s societal and personal attributes and their health management
behaviors [21].

Particularly, the presence of a spouse was identified as a noteworthy determinant, suggesting
the potential role of social support systems in facilitating medication adherence. This finding
aligns with the broader literature on health behavior, which consistently highlights the
importance of social networks in promoting positive health practices [22, 23]. Similarly,
income level was found to significantly influence medication adherence, indicating that
economic barriers may impede an individual's capacity to consistently follow prescribed
medication regimens [24].

Lifestyle factors, including physical activity, smoking status, and alcohol consumption, were
also identified as significant determinants of medication adherence. This underscores the
intertwined relationship between general health behaviors and specific health management
actions, such as taking prescribed medications. Notably, individuals engaged in regular
physical activity demonstrated higher adherence rates, possibly reflecting a broader orientation
towards health consciousness [25, 26].

Furthermore, the analysis elucidated the impact of psychological factors, with depression
markedly affecting adherence rates. This result attests to the complex interplay between mental
health and chronic disease management, advocating for integrated approaches that address
both psychological well-being and physical health [27, 28]. Moreover, the tendency for
reduced adherence among patients with depression highlights the importance of mental health
management, indicating a need for more comprehensive patient support strategies [29].

Additionally, clinical characteristics such as the duration of hypertension diagnosis and the
number of comorbid conditions were shown to significantly impact medication adherence.
This suggests that individuals with a longer history of hypertension or those managing multiple
health conditions face greater challenges in adhering to their medication regimens,
highlighting the need for tailored intervention strategies that consider the complexity of each
patient's health status [30, 31].

In summary, the constellation of variables influencing medication adherence among
individuals with hypertension underscores the necessity for a holistic approach to healthcare
that encompasses demographic, lifestyle, psychological, and clinical considerations. The
findings of this study advocate for the development of multifaceted interventions aimed at
improving medication adherence rates, thereby enhancing the effectiveness of hypertension
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management and ultimately reducing the morbidity and mortality associated with this
condition [32]. The tendency for increased medication adherence with advancing age suggests
that older patients have a greater awareness of the importance of health management [33]. This
implies that as individuals age, they perceive a greater necessity for maintaining health and
recognize the significance of medication adherence. Conversely, the observation that higher
educational levels are associated with lower adherence suggests that educated individuals may
approach or interpret health information from different perspectives [34]. Additionally, the
finding that a greater number of comorbidities is associated with improved adherence indicates
that awareness of complex health issues acts as a factor enhancing adherence rates. This
suggests that patients facing multiple health challenges might feel the importance of
medication adherence more acutely and engage in it more proactively [35]. These results
highlight the need for tailored interventions for hypertension patients, emphasizing the
importance of social support and mental health management.

The performance of the AdaNet algorithm is a significant contribution of this study,
demonstrating its applicability in disease research. AdaNet possesses the capability to maintain
high predictive accuracy while effectively analyzing complex interactions among variables
[17]. This is particularly useful in medical data contexts where multiple variables and
nonlinear relationships are prevalent. Utilizing AdaNet allows for the development of more
accurate predictive models based on larger datasets, playing a crucial role in disease prediction
and management strategy formulation. Future research should apply AdaNet's performance
across various disease groups to assess its versatility and explore additional variable
exploration and dataset expansion to enhance the model's predictive power. Additionally,
based on the findings of this study, there is a need to design practical intervention programs
and conduct subsequent research to verify their effectiveness in actual clinical settings.

The limitations of the study include, first, the Korean National Health and Nutrition
Examination Survey data are from a cross-sectional observational study, limiting the ability to
clearly establish causality. Second, there is a lack of detailed information on the content and
methods of hypertension education, hindering a proper evaluation of its effectiveness. Third,
the reliance on self-reported surveys may introduce subjective bias from respondents,
potentially affecting data accuracy. To address these limitations, future research should
incorporate longitudinal and qualitative studies for more in-depth analysis.

5. Conclusion

This study analyzed the factors influencing hypertension medication adherence among middle-
aged male workers using reliable national survey data. The importance of variables was
determined through the AdaNet algorithm, and their impacts were assessed using multivariate
logistic regression analysis. The outstanding predictive performance of the AdaNet algorithm
demonstrated in this study highlights its efficacy as a tool for analyzing complex medical data.
This suggests the potential of AdaNet in the development of various disease prediction models
in the future. Furthermore, the findings of this study provide critical evidence for establishing
hypertension management strategies and emphasize the importance of social support and
mental health management. Future research should focus on studies involving more diverse
populations and the establishment of causal relationships through long-term observations.
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