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The aim of this study is to understand how different regions influence the management and financial burden of hypertension, and to identify regional disparities in hypertension management and medical expenditure. The study utilized data from the Korean Health Panel Survey conducted between 2014 and 2018, focusing on individuals with hypertension. Medical expenditures were classified into three trajectory groups: “Persistent Low”, “Expenditure Increasing”, and “Persistent High” over a five-year period using trajectory analysis. Inverse Probability Weighting (IPW) analysis was then employed to identify the association between regions and medical expenditure trajectories. The results indicate that individuals residing in metropolitan cities (Busan, Daegu, Incheon, Gwangju, Daejeon, and Ulsan) (OR = 1.07; 95% CI: 1.03-1.12) and rural areas (OR = 1.07; 95% CI: 1.03-1.11) were more likely to belong to the “Expenditure Increasing” group compared to the “Persistent Low Expenditure” group, as opposed to those in the capital city (Seoul). Additionally, residents of rural areas (OR = 1.05; 95% CI: 1.01-1.08) were more likely to be in the “High Expenditure” group compared to the “Persistent Low Expenditure” group than those residing in the capital city. These findings suggest that individuals in rural areas may be receiving relatively inadequate management for hypertension, leading to higher medical expenditures compared to those in the capital region. These disparities signify health inequality and highlight the need for policy efforts to address regional imbalances in social structures and healthcare resource distribution to ensure equitable chronic disease management across different regions.
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1 Introduction

Since 2021, chronic diseases have accounted for 79.6% of all deaths in Korea. Specifically, cardiovascular diseases resulted in 54,176 deaths, representing 17.0% of the total. Deaths due to diabetes, chronic obstructive pulmonary disease (COPD), and malignant neoplasms (cancer) accounted for 8,961 (2.8%), 14,005 (4.4%), and 82,688 (26.0%) of deaths, respectively (1). Since 2020, chronic disease-related medical expenditures in Korea have amounted to 71 trillion KRW, making up 85.0% of the total medical expenditures. Furthermore, these expenditures increased from 10.4 trillion KRW in 2009 to 22.9 trillion KRW in 2020, indicating a significant rise of 12.5 trillion KRW and demonstrating a continuous upward trend (1).

Effective management of chronic diseases at the primary care level can reduce unnecessary hospitalizations, particularly for conditions such as hypertension and diabetes (2). Korea’s hospitalization rate due to chronic diseases is notably high compared to other Organization for Economic Cooperation and Development (OECD) countries. The hospitalization rate for hypertension stands at 129.8 per 100,000 population, significantly higher than the OECD average of 74.3 per 100,000 (3). These high hospitalization rates can be attributed to inadequate management of chronic illnesses at the primary care level and a hospital system predominantly centered on the private sector, leading to relatively easy hospital admissions. Consequently, the OECD has recommended the establishment of a robust community-based primary care system in South Korea, alongside national support, investment, quality assessment, and value-based incentives for primary care (4).

Health insurance in South Korea is broadly classified into National Health Insurance (NHI) and complementary private health insurance. The basic framework of Korea’s health insurance system is the NHI program, which was established by the Medical Insurance Act in 1963 to provide a social safety net for all citizens. By 1989, virtually all citizens were required to be covered by the NHI program. Complementary private health insurance, on the other hand, is a financial product available for purchase by individuals who have the willingness and means to buy it in the financial market. This private insurance serves as a payment method for medical expenses partially covered by NHI and helps to reduce the financial burden on individuals and their families (5).

Researchers have consistently highlighted the excessive use of medical services by subscribers of complementary private health insurance. Studies on insurance subscription and moral hazard among these subscribers generally conclude that moral hazard arises because insured individuals, having transferred the risk, do not bear it themselves unless appropriate control measures are implemented. In particular, adverse selection and moral hazard are prevalent among private health insurance subscribers. In South Korea, there is also evidence of moral hazard and excessive use of medical services among these subscribers. This excessive use is partly due to a low awareness of the costs associated with medical services, but it is also significantly driven by incentives from some providers to encourage higher consumption of medical services (5).

The provision of medical services in Korea reveals that public medical institutions have an average nationwide share of 11.0%, while private medical institutions dominate with an 89% share. Compared to major OECD countries, Korea’s total number of medical institutions stands at 3,924, surpassing the OECD average of 1,253. However, whereas 51.79% of medical institutions in OECD countries are public, only 5.71% of Korean medical institutions fall into this category. Conversely, private medical institutions make up 94.29% of the total in Korea, compared to the OECD average of 44.48%, which includes 16.38% non-profit and 28.10% for-profit institutions (6).

Although categorized as non-profit, Korean private medical institutions tend to promote medical consumption to ensure profitability. Additionally, there have been ongoing concerns about the declining quality of care in public medical institutions. As a result, patients seeking higher-quality medical services often prefer private medical institutions (6).

Primary care patients in Korea tend to choose medical facilities according to their preferences, supported by the National Health Insurance (NHI) system. The characteristics of Korea’s insurance system and the structure of medical facilities interact, making hospitalization in the private sector relatively accessible (7).

Hypertension can lead to various cardiovascular diseases, including coronary artery disease, heart failure, stroke, and vascular dementia. In 2021, cardiovascular diseases, including hypertension, were the second leading cause of death in South Korea, with a mortality rate of 121.5 per 100,000 population (1). The number of hypertension patients aged 20 and above in South Korea increased significantly, from 7.08 million in 2007 to 13.74 million in 2021. Since 2018, the proportion of male hypertension patients has slightly surpassed that of females, with males and females accounting for 51.1 and 48.9%, respectively, in 2021. The age-standardized prevalence rate, adjusted for the aging population, rose from 22.9% in 2007 to 27.7% in 2021, underscoring hypertension as a critical disease requiring national management (8). Furthermore, hypertension is particularly dangerous when it coexists with other conditions. Previous studies have demonstrated that the number of chronic diseases individuals have influences their healthcare utilization (9).

Effective management of hypertension requires continuous care and timely intervention at the primary care level. Since 2005, South Korea has implemented several national-level projects for managing chronic diseases, including cardiovascular diseases (10). Initiated with the 2007 pilot program for high-risk cardiovascular registration and management in Daegu Metropolitan City by the Korea Disease Control and Prevention Agency, this program has expanded to over 30 public health centers nationwide. In 2014, a community-based primary care pilot program was introduced and implemented through health insurance payments. In 2016, the chronic disease management payment pilot project was launched to manage patients with hypertension and diabetes, involving 1,870 clinics nationwide. Since 2019, the primary care-centered chronic disease management pilot project has been ongoing, complementing existing systems (3, 11). These efforts have helped control the increase in chronic diseases and reduce the occurrence of complications that worsen conditions (12).

Local conditions significantly influence the self-management of hypertension, and personal or societal health disparities can arise due to regional differences in access to healthcare resources. Recent studies have highlighted the exacerbation of population decline issues in certain regions, indicating the need for customized regional gap-reduction projects to ensure equity in chronic disease management across different areas (13). Identifying regional disparities in chronic diseases and understanding local contexts are essential for systematically performing chronic disease management (14).

While South Korea’s overall population health has improved, studies on regional disparities in health, including disease prevalence, mortality rates, and health behaviors between urban and rural areas, as well as between metropolitan and non-metropolitan areas, have consistently shown an increase (15). Jun and Kang (15) reported that spatial inequalities arise due to regional characteristics. Additionally, Han and Kim (16) demonstrated that cardiovascular disease risk and healthcare utilization varied significantly between low and high population-density regions, suggesting that regional characteristics substantially impact healthcare outcomes and expenditures. These findings underscore the importance of understanding regional variations to develop effective public health strategies and policies.

Although previous studies have aimed to identify specific regional differences, research specifically addressing the long-term trends of region-centered chronic diseases remains limited. Therefore, this study aimed to explore the relationship between regions and medical expenditure trajectories for patients with hypertension, considering the perspective of regional disparities in medical expenditure over time.

This study focuses on investigating whether correlations exist between regions and the medical expenditures incurred by patients with hypertension over time. By examining the patterns of hypertension-related medical expenditures across regions, this study aims to gain insights into how regional factors may influence the management and financial burden of hypertension in South Korea. The findings of this research are intended to contribute to a better understanding of chronic disease management and medical expenditure-related regional disparities, which may help policymakers and healthcare professionals design targeted interventions and strategies to improve health outcomes and reduce disparities in hypertension care across regions.



2 Methods


2.1 Data and study population

This study utilized annual data from the Korean Health Panel Survey (KHPS) conducted between 2014 and 2018 (Beta version 1.7). The KHPS collects data from a nationally representative sample of households, with the initial survey in 2008 including 21,283 individuals from 7,009 households. Designed to be longitudinal, the same households are surveyed annually to track changes over time. The KHPS aims to provide fundamental information for policy development to enhance the responsiveness, accessibility, and efficiency of the national health and medical care system (17). This joint survey, conducted by the Korea Institute for Health and Social Affairs and the National Health Insurance Corporation, produces individual- and household-level statistics on various aspects, including medical expenditure and factors influencing healthcare utilization for the Korean population since 2008 (17).

The study followed participants over a 5-year period from 2014 to 2018. The baseline year was set as 2014, and among the 19,219 participants surveyed that year, and 6,520 participants under the age of 45 and those without hypertension were excluded. Additionally, participants with missing data for medical expenditure, type of medical insurance coverage, region and self-rated health, as well as participants with missing data for the year variable between 2014 and 2018 were excluded, resulting in the exclusion of 9,837 individuals. The final study population consisted of individuals diagnosed with hypertension in 2014, totaling 2,862 observations for the selected study participants (Figure 1).
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FIGURE 1
 Study population flow chart.




2.2 Variables

In this study, the dependent variable, which is the medical expenditure trajectory of patients with hypertension, reflects factors influencing the medical utilization of patients with hypertension, including economic status and health condition. The characteristics of these variables can be examined by applying the Andersen Behavioral Model (18, 19), which categorizes them into predisposing (age and gender), enabling (economic status), and need factors (health status).

Usually, in previous studies, medical expenditures are used as the dependent variable; however, in this study, the dependent variable was the trajectory group of medical expenditures for patients with hypertension. The trajectory group of medical expenditures for patients with hypertension was categorized into three groups using trajectory analysis. It was operationally defined as follows: “Persistent Low” group was defined as “1”, “Expenditure Increasing” group as “2”, and “Persistent High” group as “3”.

The independent variable “Region” was categorized into three groups: “Capital City (Seoul)”, “Metropolitan City (Busan, Daegu, Incheon, Gwangju, Daejeon, and Ulsan)”, and “Rural Area”. The confounders included demographic factors (gender, age, and marital status), socioeconomic factors (education and income levels), and health-related factors (self-rated health status).

Gender was defined as “1” for “female”, and “2” for “male”, The age groups were categorized as follows: “45 years and older, less than 55 years”, “55 years and older, less than 65 years”, “65 years and older, less than 75 years”, and “75 years and older”. Regarding marital status, “0” was assigned for “single, widowed, separated, and divorced” and “1” for “married”. Educational level was defined as “elementary school graduate”, “middle school graduate”, and “high school graduate or above”. Income level was categorized on the basis of the quintiles of income set by the Korean Health Panel. The Income level was divided by the square root of the actual number of household members (total number of household members in the Ind file) and then categorized into quintiles from the 1st quintile (minimum) to the 5th quintile (maximum). Self-rated health status was redefined into the following three categories: “poor”, “fair”, and “good”, using the existing quintiles. Self-rated health was measured by the question, How do you perceive your health status?’. Self-rated health refers to an individual’s comprehensive evaluation of their own health in physical, psychological, physiological, and social aspects. It serves as an indicator of personal views on health conditions that are difficult to measure medically or clinically (20).



2.3 Statistical analysis

This study used trajectory analysis to derive a variable called the “medical expenditure group” from the trajectory analysis, which will be set as the dependent variable. The group-based trajectory modeling was used for classifying individuals into different groups on the basis of their medical expenditure trajectories over time, allowing the researchers to identify distinct patterns and trajectories within the hypertension patient population. The group-based trajectory modeling is a method that aims to identify individual characteristics of study participants and capture similar patterns that form over time for specific variables. The group-based trajectory analysis was performed using Proc Traj in SAS software (21). The fundamental assumption of the group-based trajectory modeling is that variables not affected by time are associated with the observed trajectories (patterns) through individuals belonging to each group, whereas variables that change over time are directly associated with the observed trajectories. The group-based trajectory analysis considers the effect sizes of variables not affected by time and those that change over time to calculate the probability of each individual belonging to a specific group. The number of groups is determined by performing model-fitting comparisons using the Bayesian information criterion (BIC), and the model with the smallest value is considered the best fit (21, 22).

To obtain the dependent variable, the medical expenditure trajectory groups were formed using the group-based trajectory analysis on the basis of the total medical expenditure from 2014 to 2018, with values above the 95th percentile replaced by the corresponding value at the 95th percentile, after multiplying the total medical expenditure by 1/1,000. The significance probabilities for each group from the group-based trajectory analysis were all <0.0001, indicating statistical significance. The optimal number of groups, as determined by the lowest BIC, was three, with a BIC value of −118586.7, and the participants were categorized accordingly.

After performing the group-based trajectory analysis and obtaining the medical expenditure trajectory of the grouped patients with hypertension on the basis of the initial dependent variable, a multinomial logistic regression analysis was performed to examine how the region was associated with the likelihood of belonging to a specific medical expenditure trajectory group. Subsequently, to analyze differences in medical expenditure trajectories among patients with hypertension according to their region, a doubly robust inverse probability weighting (IPW) analysis was performed, adjusting for demographic, socioeconomic, and health-related factors (Capital city, metropolitan city, and rural areas), and the average treatment effect (ATE) was calculated.

The doubly robust estimator is considered causal effects using the propensity score (PS) model for inverse probability weighting (IPW) and the outcome regression model, adjusted for covariates after applying the weights, are correctly specified (23–25).

To ensure that the weights are appropriately applied after performing IPW in the PS model, balance assessment for weights is conducted using the Standardized Mean Difference (SMD) method. SMD is the most commonly used statistic for examining the balance of covariate distributions between treatment groups (23, 26). Typically, when the absolute value of SMD is around 0.1, it is considered that the Average Treatment Effect derived from IPW analysis meets the basic conditions.




3 Results

The groups of medical expenditure trajectories identified through the group-based trajectory analysis are displayed in Figure 2.
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FIGURE 2
 Medical expenditure trajectories.


Solid red line represent observed medical expenditure of the “Persistent Low” trajectory group; Solid green line represent observed medical expenditure of the “Expenditure Increasing” trajectory group; Solid blue line represent observed medical expenditure of the “Persistent High” trajectory group; Dotted line represent predicted medical expenditure with their 95% CI for each trajectory group.

Among the entire study population, the proportion of each group was as follows: the “Persistent Low” group comprised 76.3% (n = 2,185), “Expenditure Increasing” group consisted of 13.9% (n = 398), and “Persistent High” group accounted for 9.7% (n = 279). The participants in the “Persistent Low” group showed a consistent and low medical expenditure trajectory over the 5-year period from 2014 to 2018. The participants in the “Expenditure Increasing” group exhibited an increasing trend in medical expenditure over the 5-year period. The participants in the “Persistent High” group showed a consistently high medical expenditure level over the 5-year period.

The descriptive statistics results for the study participants are presented in Table 1. In the 5-year period panel data, the baseline year was set as 2014, and among the 19,219 participants surveyed in 2014. Missing values in all variables were deleted. The final study population was composed of individuals who had hypertension in panel 2014, and the total number of observations for the selected study participants was 2,862.



TABLE 1 General characteristics of the study participants.
[image: Table1]

The general characteristics of the final study participants, stratified by their medical expenditure trajectory group, are shown in Table 1. The analysis showed statistically significant differences at the 95% confidence level in the characteristics of the extracted participants, including gender, age, education level, type of medical insurance coverage, marital status, subjective health perception, income level, and residential area, according to their medical expenditure trajectory group.

Of 2,862 final analyzed participants, 1,217 (42.5%) and 1,645 (57.5%) were males and females, respectively, indicating a higher proportion of females in this study. Data of patients with hypertension for 5 years up to the final survey year of 2018 showed that similar sample sizes were observed for both genders, considering only those with complete data across all surveys. Among the entire study population, the “65 to under 75 years” age group had the highest proportion at 38.7%, followed by “75 years and older” and “55 to under 65 years” with 25.5 and 24.5%, respectively. Regarding marital status, 71.1% of the participants were married. Regarding residential areas, the majority (61.0%) resided in rural areas, followed by 27.0% in the metropolitan region (Busan, Daegu, Incheon, Gwangju, Daejeon, and Ulsan), and the least of the participants were in the capital city (Seoul), accounting for 12.0%.

The general characteristics of each group identified through the group-based trajectory analysis are presented in Table 2. Of the three groups, the “Persistent Low” group had the highest proportion of males and was the youngest group. Moreover, this group had the highest proportion of participants residing in the capital city (Seoul). Alternatively, the “Persistent High” group had a significantly higher proportion of females and the largest number of participants aged between 65 and 75 years. Additionally, this group had the highest proportion of participants residing in rural areas.



TABLE 2 Descriptive statistics of the study participants.
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The results of the multinomial logistic regression analysis are presented in Table 3. Compared with the “Expenditure Increasing” group, the “Persistent Low Expenditure” group (ref: Expenditure Increasing group) showed statistically significant associations with certain factors. Individuals in metropolitan cities had 0.493-fold higher odds (<0.05) of using medical expenditures than those residing in the capital region.



TABLE 3 Results of multinomial logistic regression analysis.
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The region was not significant in the result of comparing the “Expenditure Increasing” group with the “High Expenditure” group (ref: Expenditure Increasing group).

After performing multinomial logistic regression, the researchers conducted a doubly robust IPW analysis to adjust for demographic, socioeconomic, and health-related factors. This analysis aimed to examine the relationship between regions and medical expenditure trajectory groups while accounting for potential confounding variables. The IPW analysis allowed them to estimate the ATE in this context.

The results of the doubly robust IPW analysis showing the ATE are presented in Table 4. The odds ratio (OR) for the likelihood of being in the “Expenditure Increasing” group compared with the “Persistent Low Expenditure” group was higher for individuals residing in the “metropolitan city” than those in the “capital region” (OR = 1.07; 95% CI: 1.03-1.12). Additionally, it was higher for individuals residing in the “rural area” than those in the “capital region” (OR = 1.07; 95% CI: 1.03-1.11).



TABLE 4 Results of doubly robust inverse probability weighting analysis.
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Moreover, the OR for the likelihood of being in the “High Expenditure” group compared with the “Persistent Low Expenditure” group was higher for individuals in the “rural area” than those in the “capital region” (OR = 1.05; 95% CI: 1.01-1.08).



4 Discussion

Considering the unique characteristics of each local community in designing effective chronic disease management programs is crucial. Identifying the factors that vary across regions is essential for developing appropriate intervention strategies (27, 28). Hypertension, being a highly prevalent chronic condition, requires timely management and intervention to prevent complications such as chronic heart failure or stroke. Thus, a nationwide approach to its management is necessary (29).

This study is notable for examining the retrospective 5-year trajectory of medical expenditure for patients with hypertension. Through trajectory analysis, medical expenditure was categorized into three groups: “Expenditure Increasing”, “Persistent Low Expenditure”, and “High Expenditure”. The likelihood of being in the “High Expenditure” group (compared with the “Persistent Low Expenditure” group) was 1.05-fold higher for individuals residing in rural areas than those in the capital region (Seoul), whereas the difference for those in metropolitan cities (Busan, Daegu, Incheon, Gwangju, Daejeon, and Ulsan) was not significant. Similarly, the likelihood of being in the “Expenditure Increasing” group (compared with the “Persistent Low Expenditure” group) was 1.07-fold higher for individuals in rural areas than those in the capital region. Additionally, individuals in metropolitan cities were 1.07 times more likely to be in the “Expenditure Increasing” group (compared with the “Persistent Low Expenditure” group) than those in the capital region. Previous studies have also indicated that residents of metropolitan cities in Korea manage hypertension more effectively compared to those in rural areas (30).

Examining Figure 2, which displays the medical expenditure trajectory groups extracted through trajectory analysis, we observe that the “High Expenditure” group consistently incurs high medical expenditures over the 5-year period. This group is characterized not only by individual health status but also by personal preferences, including economic status. These individuals continue to incur high medical expenditures based on their health status; however, they still tend to spend a significant amount on healthcare even when their economic status is favorable (31). Conversely, the “Expenditure Increasing” group initially incurs medical expenditures similar to the “Persistent Low Expenditure” group; however, from the second year onward, a steep upward trajectory in medical expenditures is observed. For this group, a mix of preferences may be involved; however, from another perspective, it can be inferred that their health status has rapidly deteriorated.

Health disparities are influenced by complex factors, including medical disparities and social determinants (14, 15). In this study, we examined regional differences in medical expenditure among patients with hypertension. Regions can directly or indirectly influence predisposing (age and gender), enabling (economic status), and needs factors (health status) that affect medical utilization. These factors are also related to healthcare utilization and, consequently, medical expenditure. Therefore, investigating regional disparities in medical expenditure among patients with hypertension is essential.

This study highlights regional disparities in medical expenditure, indicating variations in factors such as medical infrastructure, income levels, and health status, which influence healthcare utilization. These differences in healthcare utilization may indicate the presence of health disparities among regions.

Health inequalities are more influenced by social structures, including income levels, educational attainment, employment status, and gender, rather than solely by biological or genetic factors (32). Social structures encompass the formations resulting from socioeconomic status, including factors such as health behavior environments, material environments, and psychosocial environments, all influenced by these factors. Regions encapsulate these elements and, particularly in South Korea, where urban areas have experienced rapid and radical development and growth, stark regional disparities are evident.

Park (32) confirmed the existence of regional health inequalities not only between the capital region and metropolitan areas but also within urban areas at different levels. The study highlighted the need for policies to address these disparities. Another study investigating rural–urban health disparities reported that regions can encompass various health-related factors, including poverty, racial issues, and structural inequalities (33). A study investigating the correlation between the location of infectious disease testing sites and health disparities mentioned that geographic accessibility contributes to health disparities (34). A study focusing on health utilization variations between urban and rural areas showed that residents in urban areas have better opportunities for outpatient and inpatient care, indicating that disparities based on residential location persist (35). Furthermore, other studies exploring health inequalities between rural and urban areas stated the existence of disparities and emphasized how regions reflect structural, economic, and social differences within society (36). Moreover, previous studies on chronic disease-related regional health disparities reported that areas with higher urbanization levels have better hypertension management and lower prevalence rates (37). Other studies have investigated chronic disease-related regional disparities (38). These studies collectively emphasize that regions are critical variables that influence the factors of predisposing, enabling, and need related to healthcare utilization and health outcomes.

The Korean government aimed to extend healthy life expectancy and enhance health equity by strengthening health promotion projects for vulnerable families and improving health disparity monitoring. In 2018, the Ministry of Health and Welfare launched a plan to address regional healthcare disparities and enhance coverage. The plan emphasizes the role of primary care physicians in mitigating healthcare quality disparities by considering patients’ circumstances. However, continuous management of chronic diseases through medical institutions remains insufficient (39).

One of the opinion to reduce regional disparities is to shift from focusing on averages to addressing disparities. This means developing and implementing detailed strategies to reduce healthcare disparities, establishing robust systems for performance monitoring and reporting, and promoting innovative primary care initiatives (39). Another previous article mentioned that it is important to holistically include socio-economic status, community development, and healthcare infrastructure. It is necessary to consider long-term budgeting to accomplish these policies and long-term planning (40).

A fundamental understanding of spatial attributes is essential to effectively address regional health inequalities. First, examining the availability of local healthcare services and the distribution of medical facilities within the capital region and metropolitan areas is significant. Additionally, one must be aware that regional social structures encompass health behavior, physical, and psychological environments formed according to socioeconomic status and class. In other words, the structure of the local community, where we live, is composed of various factors that influence health. Therefore, the role of local governments is just as crucial as that of the central government. Starting with the improvement of factors causing inequalities within the local community, efforts should be made to gradually reduce regional disparities.

This study had several limitations. First, it did not adequately reflect health status, particularly the duration of hypertension, which could have influenced the medical expenditure trajectories. However, the use of doubly robust estimation helped to partially compensate for this limitation. Furthermore, when examining the core observation groups including the “Expenditure Increasing” and “Persistent Low Expenditure” groups, it was observed that their initial medical expenditure levels were similar. Therefore, this aspect may have been somewhat compensated for. Second, this study did not capture the changes in individual characteristics and the severity of hypertension over time. However, trajectory analysis reflected such overall changes to some extent; therefore, it may have addressed this limitation to an appropriate degree.

In conclusion, this study has shed light on the regional disparities in medical expenditure among patients with hypertension. Particularly, when comparing the “Expenditure Increasing” group with the “Persistent Low Expenditure” group, it was observed that individuals residing in rural areas spent more on medical expenditures than those residing in the capital region. This suggests that the rural group has been receiving relatively inadequate management for hypertension compared with the capital region group. These regional disparities can be interpreted as indicators of health inequality; to address this, efforts should be made through relevant policies for reducing the imbalance in social structures and resource disparities between regions.



Data availability statement

Publicly available datasets were analyzed in this study. This data can be found at: https://www.khp.re.kr:444/.



Ethics statement

The studies involving human participants were reviewed and exempt by the Institutional Review Board of Yonsei University (1041849-202211-SB-214-01). The studies were conducted in accordance with the local legislation and institutional requirements. The ethics committee/institutional review board waived the requirement of written informed consent for participation from the participants or the participants’ legal guardians/next of kin because the data is secondary, publicly available.



Author contributions

G-HK: Data curation, Formal analysis, Methodology, Writing – original draft. J-SS: Project administration, Writing – review & editing. J-WN: Data curation, Methodology, Project administration, Writing – review & editing. W-RL: Methodology, Writing – review & editing. K-BY: Conceptualization, Funding acquisition, Methodology, Supervision, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This work was supported by the National Research Foundation of Korea (NRF) grant funded by the Korea government (MSIT) (No. 2022R1F1A1074383).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Kyung-Ran Beak(Agency KDCaP)
. The current status of chronic diseases and related issues in 2022 Korea Disease Control and Prevention Agency (2022).


 2. Gibson, OR, Segal, L, and McDermott, RA. A systematic review of evidence on the association between hospitalisation for chronic disease related ambulatory care sensitive conditions and primary health care resourcing. BMC Health Serv Res. (2013) 13:336. doi: 10.1186/1472-6963-13-336 

 3. Kim, HS, Yoo, B-N, and Lee, EW. Evaluation of the national chronic diseases management policy: performance and future directions. Public. Health Aff. (2018) 2:105–20. doi: 10.29339/pha.2.1.105


 4. OECD
. Health at a glance 2019. Paris: OECD Publishing (2021).


 5. Sohn, M, and Jung, M. Effects of public and private health insurance on medical service utilization in the National Health Insurance System: national panel study in the Republic of Korea. BMC Health Serv Res. (2016) 16:503. doi: 10.1186/s12913-016-1746-2 

 6. National Health Insurance Service
. A study on the historical origins and changes of public healthcare in Korea. Wonju: National Health Insurance Service (2021).


 7. Kim, AM, Cho, S, Kim, HJ, Jung, H, Jo, M-W, Lee, JY , et al. Primary care patients’ preference for hospitals over clinics in Korea. Int J Environ Res Public Health. (2018) 15:1119. doi: 10.3390/ijerph15061119 

 8. National Health Insurance Service
. The number of hypertension patients aged 20 and above has increased 1.94 times over the past 14 years National Health Insurance Service; (2022). Available at: https://kiri.or.kr/PDF/weeklytrend/20220523/trend20220523_1.pdf.


 9. Kim, S, and Kim, B. Preventable hospitalizations and emergency room visits: focus on medical aid beneficiaries with chronic conditions. Health Soc Welfare Rev. (2015) 35:405–28. doi: 10.15709/hswr.2015.35.2.405


 10. Wang, JM, Kim, BO, Bae, JW, and Oh, DJ. Implementation of National Health Policy for the prevention and control of cardiovascular disease in South Korea: regional-local cardio-cerebrovascular center and Nationwide registry. Korean Circ J. (2021) 51:383–98. doi: 10.4070/kcj.2021.0001


 11. Kim, N
. Introduction of chronic disease management projects to strengthen local community centered primary care and future development plans. HIRA Policy Rev. (2018) 12:18–27.


 12. Cho, B
. Review and assessment to support chronic non-communicable diseases Management in the Primary Care in Korea. HIRA. (2021) 1:31–5. doi: 10.52937/hira.21.1.1.31


 13. Kim, S, Nho, SJ, Kim, YR, and Kim, J. The current status and task of non-communicable disease prevention and Management of the Capital Regional Center for disease control and prevention. Public Health Weekly Rep. (2022) 15:2835–49. doi: 10.56786/PHWR.2022.15.46.2835


 14. Kim, YM, and Kang, SH. Changes and determinants affecting on geographic variations in health behavior, prevalence of hypertension and diabetes in Korean. J Digital Converg. (2015) 13:241–54. doi: 10.14400/JDC.2015.13.11.241


 15. Jun, HJ, and Kang, SY. Spatial distribution of local health inequities: an analysis of local mortality. J Korea Plan Assoc. (2021) 56:228–38. doi: 10.17208/jkpa.2021.10.56.5.228


 16. Han, KT, and Kim, S. Regional prevalence of dyslipidemia, healthcare utilization, and cardiovascular disease risk in south Korean: a retrospective cohort study. Int J Environ Res Public Health. (2021) 18:538. doi: 10.3390/ijerph18020538


 17. Korea Institute for Health and Social Affairs
. Survey design (2020). Available at: https://www.khp.re.kr:444/eng/survey/sampling.do.


 18. Andersen, RM
. Revisiting the behavioral model and access to medical care: does it matter? J Health Soc Behav. (1995) 36:1–10. doi: 10.2307/2137284


 19. Andersen, R, and Newman, JF. Societal and individual determinants of medical care utilization in the United States. Milbank Mem Fund Q Health Soc. (1973) 51:95–124. doi: 10.2307/3349613


 20. Ware, JE
. Standards for validating health measures: definition and content. J Chronic Dis. (1987) 40:473–80. doi: 10.1016/0021-9681(87)90003-8


 21. Nagin, DS, and Odgers, CL. Group-based trajectory modeling in clinical research. Annu Rev Clin Psychol. (2010) 6:109–38. doi: 10.1146/annurev.clinpsy.121208.131413


 22. Jones, BL, and Nagin, DS. Advances in group-based trajectory modeling and an SAS procedure for estimating them. Sociol Methods Res. (2007) 35:542–71. doi: 10.1177/0049124106292364


 23. Zhang, Z, Kim, HJ, Lonjon, G, and Zhu, Y. Balance diagnostics after propensity score matching. Ann Transl Med. (2019) 7:16. doi: 10.21037/atm.2018.12.10 

 24. Mansournia, MA, and Altman, DG. Inverse probability weighting. BMJ. (2016) 352:i189. doi: 10.1136/bmj.i189


 25. Ma, X, and Wang, J. Robust inference using inverse probability weighting. J Am Stat Assoc. (2020) 115:1851–60. doi: 10.1080/01621459.2019.1660173


 26. Lin, S, Xu, M, Zhang, X, Chao, S-K, Huang, Y-K, and Shi, X. Balancing approach for causal inference at scale. In: Proceedings of the 29th ACM SIGKDD conference on knowledge discovery and data mining; 2023: Association for Computing Machinery; (2023) 4485–4496.


 27. Rodriguez Weno, E, Mazzucca, S, Parks, RG, Padek, M, Allen, P, and Brownson, RC. Use and awareness of the community guide in state and local health department chronic disease programs. Prev Chronic Dis. (2020) 17:E133. doi: 10.5888/pcd17.200196 

 28. Towne, SD, Smith, ML, Ahn, S, and Ory, MG. The reach of chronic-disease self-management education programs to rural populations. Front Public Health. (2015) 2:2. doi: 10.3389/fpubh.2014.00172


 29. Morenoff, JD, House, JS, Hansen, BB, Williams, DR, Kaplan, GA, and Hunte, HE. Understanding social disparities in hypertension prevalence, awareness, treatment, and control: the role of neighborhood context. Soc Sci Med. (2007) 65:1853–66. doi: 10.1016/j.socscimed.2007.05.038 

 30. Lee, H, Park, S, and Kim, HC. Temporal and geospatial trends of hypertension Management in Korea: a Nationwide study 2002-2016. Korean Circ J. (2019) 49:514–27. doi: 10.4070/kcj.2018.0358


 31. Brownlee, S, Chalkidou, K, Doust, J, Elshaug, AG, Glasziou, P, Heath, I , et al. Evidence for overuse of medical services around the world. Lancet. (2017) 390:156–68. doi: 10.1016/S0140-6736(16)32585-5 

 32. Park, J
. Socioeconomic inequalities in health at the regional level in Korea. Health Welfare Policy Forum. (2018) 2018:7–19. doi: 10.23062/2018.06.2


 33. Miller, CE, and Vasan, RS. The southern rural health and mortality penalty: a review of regional health inequities in the United States. Soc Sci Med. (2021) 268:113443. doi: 10.1016/j.socscimed.2020.113443 

 34. Rader, B, Astley, CM, Sy, KTL, Sewalk, K, Hswen, Y, Brownstein, JS , et al. Geographic access to United States SARS-CoV-2 testing sites highlights healthcare disparities and may bias transmission estimates. J Travel Med. (2020) 27:taaa076. doi: 10.1093/jtm/taaa076 

 35. Wulandari, RD, Laksono, AD, Nantabah, ZK, Rohmah, N, and Zuardin, Z. Hospital utilization in Indonesia in 2018: do urban-rural disparities exist? BMC Health Serv Res. (2022) 22:491. doi: 10.1186/s12913-022-07896-5 

 36. Leider, JP, Meit, M, McCullough, JM, Resnick, B, Dekker, D, Alfonso, YN , et al. The state of rural public health: enduring needs in a new decade. Am J Public Health. (2020) 110:1283–90. doi: 10.2105/AJPH.2020.305728 

 37. Ostchega, Y, Hughes, JP, Zhang, G, Nwankwo, T, Graber, J, and Nguyen, DT. Differences in hypertension prevalence and hypertension control by urbanization among adults in the United States, 2013-2018. Am J Hypertens. (2022) 35:31–41. doi: 10.1093/ajh/hpab067 

 38. Mohanty, SK, Abhilasha, MRS, Upadhyay, AK, O'Donnell, O, and Maurer, J. Sociodemographic and geographic inequalities in diagnosis and treatment of older adults' chronic conditions in India: a nationally representative population-based study. BMC Health Serv Res. (2023) 23:332. doi: 10.1186/s12913-023-09318-6 

 39. Kang, HC
. Healthcare disparities and their policy implications. Health Welfare Policy Forum. (2019) 270:18–30. doi: 10.23062/2019.04.3


 40. Thornton, RLJ, Glover, CM, Cené, CW, Glik, DC, Henderson, JA, and Williams, DR. Evaluating strategies for reducing health disparities by addressing the social determinants of health. Health Aff. (2016) 35:1416–23. doi: 10.1377/hlthaff.2015.1357 


Copyright
 © 2024 Kim, Song, Nam, Lee and Yoo. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fpubh-12-1294045-t003.jpg
Category Expenditure increasing group High expenditure group

(vs. persistent low expenditure group) (vs. persistent low expenditure group)
Coef. OR 95% ClI Coef. OR 95% C

Gender (ref: male)
Female 0.28* 132 102-1.69 0.43%% 154 115-2.07

Age group (ref: 45-54)

55-64 0.37 145 0.93-2.24 0.88%* 241 1.31-443
65-74 0.55% 173 112-2.67 [ 331 1.81-6.03
75.and up 046 158 099253 120%% 331 1.75-624

Education level (ref: elementary school

graduate)
Middle school graduate ~0.07 093 0.69-1.28 02 112 0.86-1.74
High school graduate or above -021 081 0.60-1.10 ~0.04 096 0.67-137

Marital status (ref: married)
Single, separated, divorced ~0.14 0.87 0.67-1.14 063+ 0.53 0.38-0.74
Self-rated health status (ref: poor)
Fair ~007 0.94 073-12 ~085+5% 043 031-057
Good ~046+* 0.63 046-0.86 ~L19¥s 031 0.21-044

Income level (ref: Low)

Under-middle 029 133 0.99-1.78 047% 1.60 112-2.28
Middle 011 L1l 0.79-157 0.65%* 192 13-284
Upper-middle 001 100 0.68-1.50 029 135 084-2.16
High 065+ 191 128-286 L02¥s* 278 1.73-4.47

Region' (ref capital city)
Metropolitan city 0.53** 1.69 1.11-259 031 136 0.84-2.19
Rural area 0.52%% 1.69 1.13-252 041 151 0.97-2.34

‘Capital City: Seoul, Metropolitan City: Busan, Dacgu, Incheon, Gwangju, Dacjeon, Ulsan. p <0.05, **p <0.01, ***p <0001





OPS/images/fpubh-12-1294045-t004.jpg
OR 95%Cl  P-value

Expenditur

persistent low expenditure group)

Capital city 100
Metropolitan city 107 (103-1.12) 0.001
Rural area 107 (103-1.11) <0.001

High expenditure group (vs.

persistent low expenditure group)

Capital city 100
Metropolitan city 103 (0.99-1.08) 0.067
Rural area 105 (1.01-1.08) 0,008

‘Capital City: Seoul, Metropolitan City: Busan, Dacgy, Incheon, Gwangju, Dacjeon, Ulsan.





OPS/images/fpubh-12-1294045-t001.jpg
Category Expenditure group (n, %)

Persistent low Expenditure High expenditure
expenditure group  increasing group group
(n=2,185) (n =398) (n=279)
Gender
Male 1217 (425) 970/(79.7) 146 (12.0) 101(83)
0.0087
Female 1,645 (57.5) 1215 (73.9) 252(15.3) 178 (10.8)
Age group (years)
45-54 323 (11.3) 277 (85.8) 32(99) 14(43)
55-64 702(24.5) 538 (76.6) 96 (13.7) 68(9.7)
0.002
65-74 1,108 (38.7) 818(73.8) 167 (15.1) 123(11.1)
75and up 729(25.5) 552(75.7) 103 (14.1) 74(102)
Education level
Elementary school graduate 1,289 (45.0) 953(73.9) 203(15.7) 133 (10.4)
Middle school graduate 534(18.7) 400 (74.9) 74(13.9) 60(11.2) <0.0001
High school graduate or above 1,039 (36.3) 832(80.1) 121(116) 86(83)
Type of medical insurance coverage
National Health Insurance 2632(920) 1977 (75.1) 383 (14.6) 272(103)
Medical Aid 230 (80) 208 (90.4) 15(65) 76.1) oo
Marital status
Married 2034 (71.1) 1539 (75.6) 278(137) 217(107)
00048
Single, separated, divorced 828(28.9) 646 (78.0) 120 (145) 62(7.5)
Self-rated health status.
Poor 922(322) 643 (69.7) 137 (14.9) 142 (154)
Fair 1,224 (428) 945 (77.2) 184 (15.0) 95(7.8) <0.0001
Good 716 (25.0) 597 (83.3) 77(10.8) 42(5.9)
Income level
Low 875(30.6) 682(77.9) 121 138) 72(83)
Under-middle 704 (24.6) 518(73.6) 111(158) 75 (10.6)
Middle 550(19.2) 423(76.9) 66(12.0) 61(1L1) 00023
Upper-middle 394 (13.8) 319 (81.0) 443111 31(7.9)
High 339(11.8) 243 (717) 56 (16.5) 40(118)
Region'
Capital city 329 (12.0) 269 (81.8) 32(97) 28(85)
Metropolitan city 783 (27.0) 598 (76.4) 13 (144) 72(92) <0.0001
Rural area 1,750 (61.0) 1318 (75.3) 253(14.5) 179(102)

‘Capital City: Seoul, Metropolitan City:

usan, Dacgu, Incheon, Gwangju, Dacjeon, Ulsan.





OPS/images/fpubh-12-1294045-t002.jpg
Category

Gender
Male
Female
Age group
45-54
55-64
65-74
75and up
Education level
Elementary school graduate
Middle school graduate
High school graduate or above
“Type of medical insurance coverage
National Health Insurance
Medical Aid
Marital status
Married
Single, separated, divorced
Self-rated health status
Poor.
Fair
Good
Income level
Low
Under-middle
Middle
Upper-middle
High
Region"
Capital city
Metropolitan city

Rural area

1,217 (42.5)

1,645 (57.5)

323 (113)
702 (24.5)
1,108 (38.7)
729 (25.5)

1,289 (45.0)
534 (18.7)
1,039 (36.3)

2632(92.0)
230 (8.0)

2,034 (71.1)

828 (289)

922 (32.2)
1224 (42.8)

716 (25.0)

875 (30.6)
704 (24.6)
550 (19.2)
394 (13.8)

339 (118)

329 (12.0)
783 (27.0)

1,750 (61.0)

Persistent Low
Expenditure group

(n =2,185)

659,288 (1,077,675)

688,749 (892,205)

524,704 (600,126)
691,630 (1,188,840)
700,266 (1,019,369)

699,424 (827.884)

703,632 (1,002,611)
409,893 (658,130)

692,549 (945,907)

649,287 (922,422)

669,021 (1,040,894)

677,405 (1,031,742)

671,538 (839.919)

814,035 (1,135,166)
624,504 (741,135)

607,637 (1,105,870)

613,179 (816,733)
712,219 (942,606)
749,766 (1,355,236)
668,759 (930,984)

653,235 (710,314)

668,338 (781,019)
727,122 (1,261,655
653,822 (860,963)

‘Capital City: Seoul, Metropolitan City: Busan, Dacgu, Incheon, Gwangju, Dacjeon, Ulsan.

Expenditure group (n, %)

Expenditure
Increasing group

(n =398)

668,602 (493,686)

821,277 (586,196)

786,749 (592,085)
801,469 (562,149)
692470 (463,984)
842,895 (667,697)

770744 (562477)
625,510 (429,566)

767,831 (563,821)

826,381 (596,215)

723,602 (525,144)

740,242 (542,059)

823,253 (592,511)

949,005 (633,621)
689,218 (472,236)

620,101 (525,933)

793,858 (580,014)
777,626 (548,302)
730,753 (565,337)
770,588 (588,855)

715,516 (509,657)

780,837 (464,760)
822538 (616.243)
737,724 (541,698)

High Expenditure
group

(n =279)

3,272,894 (2415,196)

3,513,784 (2,959,482)

3,555,990 (3,049,068)
3,905,392 (3,087,670)
3,002,435 (2161,104)
3517511 (3264,052)

3,446,400 (2,773,109)
2,656,426 (2,858,642)

3,092,063 (2,032:412)

31996976 (3,041,219)

3,545,964 (3,448,346)

3,492,828 (2,889,321)

3,194,711 (2,325,286)

3,548,055 (2,778,454)
3,504,707 (2929,507)

2,839,164 (2,342,329)

3,010,408 (1,818,806)
3,364,340 (2,508,090)
3,430,062 (3,008,393)
3,914,103 (2984,113)

3,909,249 (3,913,568)

3,200,091 (2238,371)
3,323,308 (2,298,604)

3,503,548 (3,020,194)

0.0087

0.002

<0.0001

00046

00048

<0.0001

00023

<0.0001





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Trajectory of medical expenditure and regional disparities in hypertensive patients in South Korea



		1 Introduction



		2 Methods



		2.1 Data and study population



		2.2 Variables



		2.3 Statistical analysis









		3 Results



		4 Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		References



















OPS/images/fpubh-12-1294045-g001.jpg
Baseline year 2014 participants
(N=19,219)

~_ @@

Exclusion

—_— Individual under 45, without
hypertension (N=6,520)

YN

Individual aged 45 and over
with hypertension

(N=12,699)

| —

Exclusion

sy | Participants including variables with
missing value (N=9,837)

Final study population

(N=2,862)






OPS/images/fpubh-12-1294045-g002.jpg
IRGTAOURN).

cost

2014 2015 2016 2017 2018

year
Growp Rerconts *+755 M4 00





OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Trajectory of medical expenditure
and regional disparities in
hypertensive patients in South
Korea












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Public Health






