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Objective: This study compared disparities between community health
characteristics and health literacy levels for hypertension and diabetes by
combining community-level characteristics, such as the local extinction index
and healthcare resources, with individual-level characteristics based on the
Andersen healthcare utilization model.

Method: Data obtained from the 2017, 2019, and 2021 Community Health
Surveys, Korean Statistical Information Service, and National Health Insurance
Service were analyzed. The analyses included spatial analysis, propensity score
matching, and cross-analysis.

Results: Twenty-five extinction-risk regions (ERRs) were identified in 2017, 26 in
2019,and 29in 2021, indicating a high risk of extinction and insufficient healthcare
resources in non-metropolitan regions. Based on analyses of demographic
changes and unmet medical needs at the individual level, we observed increased
age and economic activity, decreased healthcare access, and lower education
levels in ERRs compared to non-extinction-risk regions (NERRs). No significant
differences were found between the regions regarding diagnosis or medication
use concerning the health literacy gap for hypertension and diabetes. However,
individuals in ERRs were significantly less likely than those in NERRs to be aware
of such diseases or educated about their management.

Discussion: Given that healthcare services in ERRs focus on chronic disease
management rather than prevention, we propose two directions to reduce
health disparities in ERRs. First, the government should encourage cooperation
with private healthcare organizations to ensure the provision of health
education programs in vulnerable areas. Second, improvements in awareness
and education regarding chronic disease management can be achieved through
digital healthcare and telemedicine. This study identifies regional disparities in
chronic disease prevention and management, providing a basis for policies to
ensure healthier communities with health equity.

KEYWORDS

spatial analysis, propensity score matching, health literacy, regional disparity, local
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1 Introduction

Declining birthrates and aging populations, especially in
developed countries, have resulted in major changes globally. Paying
attention to rural and regional population decline, the Organization
for Economic Co-operation and Development (OECD) has
emphasized the development and implementation of regional
development policies (1). Among OECD member countries, South
Korea, which is currently experiencing severe demographic changes
and regional decline, experienced the dead cross phenomenon in
2020, wherein deaths surpassed births. Additionally, it is predicted
that South Korea will become a super-aged society by 2025, which is
significantly sooner than other OECD countries (2, 3).

Rapid demographic changes carry a significant risk of rural
depopulation and a subsequent decline in healthcare resources.
Depopulation, also known as population decline, is the overall
reduction or extinction of a region’s population. It can significantly
affect a country’s long-term socioeconomic sustainability, and must
therefore be managed effectively (4-7). Population decline in
extinction-risk regions (ERRs) results in the closure of existing
medical institutions due to the shortage of medical personnel. Korea’s
healthcare system is predominantly reliant on private providers, and
the shutdown of medical institutions has reduced access to local
healthcare services, thereby resulting in notable systemic gaps (8, 9).

Declining healthcare resources resulting from population decline
exacerbate the loss of health equity among individuals with chronic
diseases across various regions globally. The achievement of health
equity among individuals with chronic diseases such as hypertension,
diabetes, and cardiovascular diseases is closely linked to the availability
of healthcare resources, since such diseases are characterized by
individual health behaviors as well as their physical and socioeconomic
environments (10, 11). In such environments, the concept of health
literacy is emerging, with the key aim of helping individuals maintain
and improve their health despite the presence of chronic diseases
(12-14). Health literacy encompasses individuals’ cognitive and social
skills, which reflect their motivation and capacity to comprehend
health-related information. It also involves their aptitude to apply this
information in managing personal health using available healthcare
services. Health literacy positively impacts patient safety, access to
healthcare, and quality of care, and is increasingly crucial in the
enhancement of health equity in different regions (15, 16).

To date, in various ERRs, studies on health equity among
individuals suffering from chronic diseases have been conducted at
the community and individual levels. At the community level, the
related studies simply examine and visualize the changes in spatial
distribution (17-20). However, at the individual level, the studies
primarily focus on the characteristics of individuals with chronic
diseases and their perceived health problems as individual
responsibilities (21-23). Therefore, this study aimed to identify
regional health disparities in health literacy for chronic diseases by
combining community-and individual-level characteristics to provide
policy directions to resolve health disparities.

First, employing the local extinction index (LEI) along with
hospital and clinic counts, we assessed population changes related to
healthcare resources. Based on this assessment, we categorized regions
as ERRs and non-extinction-risk regions (NERRs). Second,
we identified the regions’ health characteristics by comparing
demographic characteristics, such as gender, age, education levels, and
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unmet medical needs, between ERRs and NERRs. Third, we compared
the levels of health literacy for hypertension and diabetes between
ERRs and NERRs. Finally, we suggested policy directions for
addressing health disparities between these regions. This study seeks
to provide an empirical basis for policy formulation aimed at
addressing regional disparities in chronic disease prevention and
management, while ensuring the achievement of community health
promotion that considers health equity among all individuals in the
regions involved.

2 Materials and methods
2.1 Local extinction index

This study uses the local extinction index to measure the regional
decline potential among women in the reproductive age group of
20-39years. A significant reduction in this group can indicate a region
“at risk” due to challenges in social security and employment (24). Lee
expanded on Masuda’s method by examining the ratio of women aged
20-39 to those aged 65 and older. An index of 1.5 or higher indicates
a “Very low risk of extinction,” 1.0-1.5 signifies a “Moderate risk of
extinction,” 0.5-1.0 suggests “Caution stage,” 0.2-0.5 indicates
“Entering the risk of extinction,” and below 0.2 denotes “high risk of
extinction” (24). The formula used is:

Women Aged 20 —39 Years
Population Aged 65 Years and Above

Local extinction index =

This index is essential for understanding regional disparities in
healthcare resources and health literacy. The primary goal is to offer
empirical evidence that supports targeted policy interventions and
resource allocation to mitigate healthcare inequities in high-risk
regions, thereby improving overall health outcomes.

2.2 Study area

In this study, we compared the levels of health literacy among
individuals suffering from chronic diseases by categorizing regions
into ERRs and NERRs based on the LEI and healthcare resource
status, as presented in Figure 1. Regions with a low LEI typically have
fewer healthcare facilities due to population decline, thereby hindering
access to healthcare and timely symptom management (3). Conversely,
areas with a high LEI enjoy improved access to healthcare due to
population growth or revitalization, thereby promoting the early
detection and treatment of chronic diseases (25). Consequently, ERRs
include regions with a low LEI and limited healthcare availability,
whereas NERRs encompass areas with a high LEI and abundant
medical services.

2.3 Data sources and definition of variables

This study utilized both community-and individual-level data for
analysis. Geoda (ver. 1.20.0.10) and QGIS (ver. 3.24.1) were employed
for the spatial analysis and geographical pattern visualization of the
community-level data. The STATA software (ver. SE. 17) was used for
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FIGURE 1
Steps of identifying the study area.

Local Extinction Index
Spatial autocorrelation of Local Extinction index
Korean Statisical Information Service

The number of Hospitals
Spatial autocorrelation of Hospitals
National Health Insurance Service

The number of Clnics
Spatial autocorrelation of Clinics
National Health Insurance Service

TABLE 1 Variable definitions.

Variables Definition of variables Source
The numerator of the regional extinction index is defined as women
Korean Statistical Information
Local extinction index between the ages of 20 and 39 years, and the denominator is the
Communit Service (2017, 2019, 2021)
Y population of individuals aged 65 years and above
based data
Number of hospitals The number of hospitals at the regional level National Health Insurance Service
Number of clinics The number of clinics at the regional level (2017, 2019, 2021)
Gender Men, Women
Age Continuous
Education level Under elementary school, Middle school, High school, College or Higher
Spouse or not Yes, No
Individual based | Economic activity Yes, No Community Health Survey (2017,
data Unmet medical needs Yes, No 2019, 2021)
Diagnosis Diagnosis for hypertension/diabetes (Yes, No)
Medication Medication for hypertension/diabetes (Yes, No)
Awareness Awareness of blood pressure/glycemic (Yes, No)
Education Education of hypertension/diabetes management (Yes, No)

the statistical analysis of individual-level data. The detailed definitions
of the variables involved are listed in Table 1.

Community-level data were obtained from the Korean Statistical
Information Service and National Health Insurance Service, spanning
2017, 2019, and 2021. The LEI was calculated by dividing the number
of women aged 20-39 years by the number of individuals aged 65 years
and older within a region. A lower LEI reflects reduced fertility rates
and increased aging, which correlates with a heightened risk of local
extinction. The number of hospitals and clinics was determined by the
number of medical facilities in the area.

Individual-level data were obtained from the 2017, 2019, and 2021
Community Health Surveys. These data are actively used in research
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to evaluate health at the community level because they contain
information regarding health behaviors, morbidity rates, and the
utilization of healthcare services among local residents, with the main
aim of implementing evidence-based health projects required in each
region (26, 27). Therefore, this study used gender, age, education, and
spousal status as the predisposing factors, economic activity as a
probability factor, and unmet medical needs as a need factor to
identify the characteristics of healthcare-service utilization according
to the Andersen healthcare utilization model (28). Additionally, in this
study, health literacy was defined as the ability of individuals to
understand, access, and utilize health information to maintain and
improve their health (29, 30). Therefore, to evaluate and compare the
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levels of health literacy for hypertension and diabetes by region, the
following four dependent variables were used: diagnosis, medication,
awareness, and management education.

2.4 Spatial autocorrelation

Spatial data refers to the interdependencies and interactions
between geographical regions and spaces that exhibit similar
characteristics, which are characterized by the fact that the closer they
are spatially, the more similar and correlated they are (31). In this
study, we used Moran’s I statistic presented by Moran (32). The basic
formula is shown in Equation 1, as follows:

NY X e (Y =T )(r; - Y)
(03 | X (-7

,
Moran sl =

where N represents the number of regional units, Y represents the
dependent variable, Y; represents the mean of Y in region i, and w;
represents the spatially weighted matrix of points i and j. Moran’s I
index uses a Z-test to determine statistical significance, and the basic
formula is shown in Equation 2, as follows:

2 1=E) o
Se(1)

where E(I')and S, (1) represent the mean and standard deviation
of the statistic 7. The spatial autocorrelation index of Moran’s I has
values ranging from —1 to 1, with values closer to 1 indicating a
positive correlation and values closer to —1 indicating a negative
correlation (33).

2.5 Propensity score matching

Propensity score matching is a sampling technique that pairs
samples with similar characteristics to ensure homogeneity between
groups, and is used to narrow the gap between control and treatment
groups based on the observed covariates (34, 35). The probit regression
used in the analysis is shown in Equation 3.

This probit regression implies a linear transformation of the
nonlinearity of the bivariate dependent variable based on the principle
of binomial distribution, which states that the mean EY of the bivariate
dependent variable is equal to the probability p of performing a certain
action and the properties of the normal distribution function (36).

k
probit(EY) =0~ (p) =@ (P[Y =1])= fo + T, (3)
=1

The process comprises three steps: estimating the propensity
scores, matching between groups, and evaluating the quality of the
matches (36). First, the group variable, which distinguishes between
the control group (ERRs) and the treatment group (NERRs), was
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selected according to the LEI, number of hospitals, and number of
clinics and set as the dependent variable. We used gender, age,
education, spousal status, economic activity, and unmet medical needs
as the independent variables, which, according to the Andersen
model, can affect the utilization of healthcare services. The propensity
scores were then estimated using probit regression.

Second, we used the 1:1 NN matching method, which is efficient
when the control group is large and has the advantage of fewer
discarded observations. We also used the 0.001 caliper matching
method, which can adjust for differences in propensity scores between
matched samples (37). Third, to assess the matching quality, we used
the balancing test method, which tests the distributional shape of
covariates in the treatment and control groups before and after
matching. In this study, we confirmed that the histogram distributions
of the matched
(Supplementary Appendix Table A1). The flowchart for this study is

propensity  scores for both  groups

presented in Figure 2.

2.6 Ethical statement

The Korea University Institutional Review Board reviewed and
approved this study (approval number: KUIRB-2023-0242-01).

3 Results
3.1 Identifying the study area

Table 2 shows the number of regions identified through spatial
autocorrelation analysis based on the LEI, number of hospitals, and
number of clinics during the study period. In 2017, 2019, and 2021,
the ERRs of LEI were 52, 53, and 53 regions, and the NERRs were 49,
50, and 49 regions, respectively. In 2017, 2019, and 2021, the ERRs of
number of hospitals were 12, 12, and 15 regions, and NERRs were 37,
39, and 41 regions. In 2017, 2019, and 2021, the ERRs of number of
clinics were 29, 34, and 32 regions, and the NERRs were 44, 44, and
45 regions. Figure 3 shows the final regions for this study. Finally, 25,
26, and 29 ERR regions were selected as the target regions in 2017,
2019, and 2021, and 5, 4, and 8 NERR regions were selected
(Supplementary Appendix Table A2).

3.2 Results of propensity score matching

The results before and after propensity matching for each year
throughout the study period are listed in Table 3. In 2017, the
number of participants in the treatment and control groups before
propensity score matching were 22,067 and 4,568, respectively,
which was adjusted to 4,394 after propensity score matching. In
2019, the numbers of participants in the treatment and control
groups before propensity score matching were 22,956 and 3,645,
respectively, which was adjusted to 3,506 after propensity score
matching. In 2021, the number of participants in the treatment and
control groups before propensity score matching were 25,631 and
6,386, respectively, which was adjusted to 5,920 after propensity
score matching. T-tests for the mean differences in the variables used
for propensity score matching and cross-tabulation analysis revealed
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FIGURE 2
Research model.

TABLE 2 Number of regions for community based data.

LEIL 52 49 53 50 52 49
Hospitals 37 12 39 12 41 15
Clinics 44 29 44 34 45 32

LEL local extinction index; ERR, extinction risk regions; NERR, non-extinction risk regions.

significant differences between the treatment and control groups in
terms of age, spousal status, and economic activity prior to
propensity score matching for all 3 years. We also found significant
differences in the responses to unmet medical needs in 2017 and
2021. However, after propensity score matching, we found no
significant differences between the treatment and control groups for
most variables in 2017, and for all variables in 2019 and 2021.
Therefore, homogeneity between the two groups was achieved, and
the characteristics of each variable were similar.
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3.3 Descriptive statistics

The basic statistics for the two regions by year during the study
period are listed in Table 3. Regarding gender, the proportion of
women was higher than that of men in both regions throughout the 3
years. In addition, the average age, proportion of people with spouses,
and proportion of economically active people were higher among
individuals in ERRs compared with those in NERRs. However, for
individuals with unmet medical needs and those with low education
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FIGURE 3
Study area.

levels, access to healthcare was lower in ERRs than in NERRs.
Specifically, in both regions, the proportion of women was 10.4%
higher than that of men on average over the three-year period, and age
was 11.6years older on average during the 3-year period in ERRs than
in NERRs. On average, the percentage of people with a college degree
or higher was 32.3% lower in ERRs than in NERRs, the proportion of
people with a spouse was 3.2% higher in ERRs than in NERRs, the
proportion of people who were economically active was 4.6% higher
in ERRs than in NERRs, and the proportion of people with unmet
medical needs was 1% higher in ERRs than in NERRSs.

3.4 Health literacy in hypertension across
the study area

Table 4 shows the results of a cross-analysis between the ERRs and
NERRs to identify health literacy differences for hypertension
throughout the study period. In 2021, the analysis showed that ERRs
had higher rates of hypertension diagnoses, medication use, and blood
pressure awareness, and lower rates of hypertension management
education than NERRs. All these differences were statistically
significant, and the breakdown by year was as follows.

First, for hypertension diagnoses, there was a similar trend
between ERRs and NERRs in 2017 and 2019. However, in 2021, the
difference between the two regions widened, with a higher rate of
diagnoses in ERRs than in NERRs. The difference was statistically
significant only for 2021. Second, in terms of medication use for
hypertension, there was a similar trend between ERRs and NERRs in
2017 and 2019. However, in 2021, the difference between the two
regions widened, with a higher rate of medication use for hypertension
in ERRs than in NERRs. This difference was statistically significant
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only for 2021. Third, in 2017, regarding blood pressure awareness,
NERRs had a higher awareness rate than ERRs. While the trend
reversed in 2019 with the ERR awareness rate increasing, the awareness
difference between the two regions narrowed in 2021 to approximately
1%, owing to an increase in awareness in NERRs. Statistically
significant differences were observed across all the years. Fourth, in
terms of the completion of hypertension management education,
NERRs had higher completion rates than ERRs in 2017, 2019, and
2021. In particular, the difference in completion rates between the two
regions was high in 2021, with a difference of approximately 20%.
Statistically significant differences were observed across all the years.

3.5 Health Literacy in Diabetes Mellitus
across the study area

Table 5 shows the results of the cross-analysis between ERRs and
NERRs to identify the health literacy differences for diabetes during
the study period. In 2021, the analysis showed that ERRs had lower
rates of glycemic awareness and diabetes management education than
NERRSs. These differences were statistically significant. However, there
were no statistically significant differences in diabetes medication use
and diagnosis rates between the two regions. The breakdown by year
is as follows.

First, the diagnoses for diabetes were similar between the two
regions in 2017, 2019, and 2021. There were no statistically
significant differences between the years. Second, the use of
diabetes medication was similar between the two regions in 2017,
2019, and 2021. There were no statistically significant differences
between the years. Third, regarding glycemic awareness, in 2017,
NERRs had a higher awareness rate than ERRs. There was a trend
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TABLE 3 Descriptive statistics.

Before matching, N (%)

2017 2019 2021
Treatment Control = Treatment Treatment
4,568 22,067 3,645 22,956 6,386 25,631
(17.15) (82.85) (13.70) (86.30) (19.95) (80.05)
2,063 9,768 1,601 10,223 2,905 11,631
Men
(45.16) (44.27) (43.92) (44.53) (45.49) (45.38)
Gender 0.267 0.491 0.337
2,505 12,299 2,044 12,733 3,481 14,000
‘Women
(54.84) (55.73) (56.08) (55.47) (54.51) (54.62)
Continuous
Age (years) 4791 59.96 0.000 50.30 61.44 0.000 49.75 61.25 0.668
(Mean)
<Elementary 460 9,316 387 9,575 481 9,553
school (10.07) (42.22) (10.62) (41.71) (7.54) (37.27)
387 2,855 312 3,103 430 3,473
Middle school
Education (8.47) (12.94) (8.56) (13.52) (6.73) (13.55)
0.000 0.000 0.195
level 1,364 5,123 1,060 5,529 1,665 6,533
High school
(29.86) (23.22) (29.08) (24.09) (26.07) (25.49)
2,357 4,773 1,886 4,749 3,810 6,072
>College
(51.60) (21.63) (51.74) (20.69) (59.66) (23.69)
3,037 15,217 2,361 15,715 3,935 16,702
Yes
Spouse or (66.48) (68.96) (64.77) (68.46) (61.62) (65.16)
0.001 0.000 1.000
not 1,531 6,850 1,284 7,241 2,451 8,929
No
(33.52) (31.04) (35.23) (31.54) (38.38) (34.84)
2,799 14,345 2,145 14,820 3,942 16,937
Yes
Economic (61.27) (65.01) (58.85) (64.56) (61.73) (66.08)
- 0.000 0.000 0.328
activity 1769 7,722 1,500 8,136 2,444 8,694
No
(38.73) (34.99) (41.15) (35.44) (38.27) (33.92)
455 2,594 222 1,421 308 1,496
Yes
Unmet (9.96) (11.76) (6.09) (6.19) (4.82) (5.84)
medical 0.001 0.002 0.130
4,113 19,473 3,423 21,533 6,078 24,135
needs No
(90.04) (88.24) (93.91) (93.81) (95.18) (94.16)

After matching, N (%)

2017 2019 2021
Control = Treatment Control = Treatment Control = Treatment
4,394 4,394 3,506 3,506 5,920 5,920
(50.00) (50.00) (50.00) (50.00) (50.00) (50.00)
2,023 1,937 1,569 1,609 2,807 2,708
Men
(46.04) (44.08) (44.75) (45.89) (47.42) (45.74)
Gender 0.065 0.337 0.068
2,371 2,457 1,937 1,897 3,113 3,212
‘Women
(53.96) (55.92) (55.25) (54.11) (52.58) (54.26)
Continuous
Age (years) (Mean) 47.87 47.99 0.736 50.06 49.89 0.668 49.94 50.34 0.198
ean

(Continued)
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TABLE 3 (Continued)

After matching, N (%)

2017 2019 2021
Treatment Control = Treatment Treatment
<Elementary 460 541 384 344 481 492
school (10.47) (12.31) (10.95) (9.82) (8.13) (8.31)
363 282 299 339 414 404
Middle school
Education (8.26) (6.42) (8.54) (9.67) (6.99) (6.83)
0.001 0.195 0.969
level 1,326 1,330 1,026 1,026 1,613 1,611
High school
(30.18) (30.27) (29.26) (29.26) (27.25) (27.21)
2,245 2,241 1,797 1,797 3,412 3,413
>College
(51.09) (51.00) (51.25) (51.25) (57.64) (57.65)
2,960 2,964 2,318 2,318 3,676 3,715
Yes
Spouse or (67.36) (67.46) (66.12) (66.12) (62.09) (62.75)
0.927 1.000 0.459
not 1,434 1,430 1,188 1,188 2,244 2,205
No
(32.64) (32.54) (33.88) (33.88) (37.91) (37.25)
2,749 2,661 2,110 2,150 3,794 3,783
Yes
Economic (62.56) (60.56) (60.18) (61.32) (64.09) (63.90)
o 0.054 0.328 0.833
Activity 1,645 1,733 1,396 1,356 2,126 2,137
No
(37.44) (39.44) (39.82) (38.68) (35.91) (36.1)
441 538 209 180 283 324
Unmet Yes
(10.04) (12.24) (5.96) (5.13) (4.78) (5.47)
medical 0.001 0.130 0.088
3,953 3,856 3,297 3,326 5,637 5,596
needs No
(89.96) (87.76) (94.04) (94.87) (95.22) (94.53)

TABLE 4 Health literacy in hypertension across the study area.

2017, N (%) 2019, N (%) 2021, N (%)
No No
929 3,465 786 2,720 1,288 4,632
Control
(21.14) (78.86) (22.42) (77.58) (21.76) (78.24)
Diagnosis 0.451 0.149 0.001
958 3,436 837 2,669 1,445 4,475
Treatment
(21.8) (78.2) (23.87) (76.13) (24.41) (75.59)
821 3,573 737 2,769 1,189 4,731
Control
(18.68) (81.32) (21.02) (78.98) (20.08) (79.92)
Medication 0.348 0.316 0.000
858 3,536 780 2,726 1,372 4,548
Treatment
(19.53) (80.47) (22.25) (77.75) (23.18) (76.82)
2,914 1,480 2,157 1,349 3,887 2,033
Control
(66.32) (33.68) (61.52) (38.48) (65.66) (34.34)
Awareness 0.000 0.000 0.000
2,599 1,795 2,348 1,158 3,951 1,969
Treatment
(59.15) (40.85) (66.97) (33.03) (66.74) (33.26)
421 3,973 130 3,376 462 5,458
Control
(9.58) (90.42) (3.71) (96.29) (7.8) (92.2)
Education 0.000 0.000 0.000
179 4,215 81 3,425 239 5,681
Treatment
(4.07) (95.93) (2.31) (97.69) (4.04) (95.96)
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TABLE 5 Health literacy in diabetes mellitus across the study area.

10.3389/fpubh.2024.1423645

2017, N (%) 2019, N (%) 2021, N (%)
\[¢) \[¢) \[o)
403 3,991 305 3,201 585 5,335
Control
(9.17) (90.83) (8.70) (91.30) (9.88) (90.12)
Diagnosis 0.162 0.210 0.345
366 4,028 348 3,158 616 5,304
Treatment
(8.33) (91.67) (9.93) (90.07) (10.41) (89.59)
352 4,042 286 3,220 518 5,402
Control
(8.01) (91.99) (8.16) (91.84) (8.75) (91.25)
Medication 0.553 0.348 0.166
329 4,065 329 3,177 563 5,357
Treatment
(7.49) (92.51) (9.38) (90.62) (9.51) (90.49)
1,070 3,324 923 2,583 1,971 3,949
Control
(24.35) (75.65) (26.33) (73.67) (33.29) (66.71)
Awareness 0.000 0.276 0.000
896 3,498 949 2,557 1,970 3,950
Treatment
(20.39) (79.61) (27.07) (72.93) (33.28) (66.72)
188 4,206 77 3,429 274 5,646
Control
(4.28) (95.72) (2.20) (97.80) (4.63) (95.37)
Education 0.000 0.000 0.000
94 4,300 39 3,467 170 5,750
Treatment
(2.14) (97.86) (1.11) (98.89) (2.87) (97.13)

of increasing awareness in both regions over time. Statistically
significant differences were observed only in 2017 and 2021.
Fourth, regarding the completion of diabetes management
education, NERRs had higher completion rates than ERRs in 2017,
2019, and 2021. However, the difference in completion rates
between the two regions decreased from 2.14% in 2017 to 1.76% in
2021. Statistically significant differences were observed across all
the years.

4 Discussion and public health
implications

This study aimed to identify regions based on the LEI and
healthcare resources and compare disparities in personal health
characteristics and health literacy regarding hypertension and diabetes
between regions based on the Andersen healthcare utilization model.
The main findings of this study are as follows.

First, we identified 25, 26, and 29 ERRs in 2017, 2019, and 2021,
respectively. This is consistent with the results of previous studies
showing that regions with a high risk of extinction and low healthcare
resources are mainly distributed in non-metropolitan regions, such as
Gyeongsang-do, Jeolla-do, and Chungcheong-do (18, 38). This
indicates a spatial connection between ERRs and local healthcare
resources, and the spatial concentration in non-metropolitan regions
must be considered in conjunction with socioeconomic conditions
related to decreasing population, weakening economic power, and
declining healthcare infrastructure.
the
characteristics and unmet medical needs showed that ERRs had a

Second, analysis of individual-level demographic
higher average age, a higher proportion of people with a spouse, and
a higher proportion of economically active people than NERRs. This

is consistent with the results of previous studies showing that people
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in non-metropolitan regions are aging, married, and more
economically active (39, 40). Lee (39) emphasized that although
metropolitan regions are slowing the aging rate due to population
inflow, non-metropolitan regions are becoming polarized by
accelerating the aging rate due to population outflow, especially
among individuals in their 20s. Park and Park (40) have reported that
between 1980 and 2000, the participation rate of rural populations in
economic activity was higher than that of the urban population within
the same period. This is attributed to the fact that metropolitan
regions are known for their focus on the development of tertiary and
service industries, thereby providing diverse jobs. In contrast,
non-metropolitan regions rely heavily on the agricultural industry,
resulting in passive participation in economic activities due to
excessive competition from the higher population density in
metropolitan regions. However, access to healthcare and education
levels resulting from unmet medical needs are lower in ERRs than in
NERRs. This indicates a constraint on healthcare access due to the
imbalance of healthcare resources between metropolitan and
non-metropolitan regions and is consistent with the results of previous
studies showing that differences in educational support in
metropolitan regions become more polarized over time (18, 41, 42).
The presence of unmet medical needs and low education levels in
ERRs demonstrates the disparity in healthcare and educational
resources, leading to varied environments in metropolitan and
non-metropolitan regions.

Third, the results of the analysis of ERRs and NERRs for health
literacy in hypertension and diabetes were as follows. The results by
region in 2017 and 2019 show that there was no significant difference
between the two regions regarding diagnosis and medication. However,
there was a difference between the two regions regarding awareness and
management education, with ERRs showing a lower level compared to
NERRSs. Similarly, in 2021, diagnosis and medication use showed a clear
difference between the two regions, thereby indicating a lower level of
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health literacy in ERRs than in NERRs. Next, we evaluated the regional
analysis of health literacy related to diabetes and found no significant
differences in diagnosis and medication use between the two regions in
2017, 2019, and 2021. Although NERRs had a higher awareness rate
than ERRs in 2017, the difference became insignificant in 2019 and
2021. In contrast, there was a clear difference between the two regions
in management education over all 3years, with ERRs showing lower
levels than NERRs. Overall, these results are consistent with those of
previous studies that have found no significant differences in diagnoses
and treatment rates for hypertension and diabetes in regions with
decreasing populations, such as rural areas, compared to regions with
non-decreasing populations, such as urban areas. Significant differences
were also observed in awareness levels for hypertension and diabetes, as
well as experience with education on the management of such chronic
diseases (43, 44). This indicates that the nationwide COVID-19
outbreak during the first half of 2020 adversely affected access to the
diagnosis and treatment of people with hypertension, thereby
exacerbating regional disparities (45, 46). Choi et al. (30) found no
significant differences in the diagnoses and treatment rates of
hypertension and diabetes when comparing the characteristics of key
health indicators in regions with decreasing and non-decreasing
populations. However, significant differences were observed in the levels
of chronic disease awareness and management education experiences.
Regarding those who did not receive management education for
hypertension, Lee and Lee (43) found a significant difference between
rural older adults (75%) and urban older adults (23.4%). Park and Jung
(44) also examined the level of health literacy, including education and
awareness of disease management, among selected community-based
older adults and found significant differences based on where they lived.
Additionally, it was found that the COVID-19 pandemic limited routine
outpatient visits among hypertensive patients for safety reasons, thereby
disrupting access to primary care information, one of the primary goals
of hypertension management guidelines (45). A recent study (46) found
that participation rates in health checkups decreased across all regions
during the COVID-19 pandemic, with significant differences being
associated with regional vulnerability factors.

In conclusion, we found that as the number of ERRs increases, the
imbalance of healthcare resources between various regions becomes
increasingly pronounced. Simultaneously, health disparities between
regions become polarized regarding preventive and proactive
healthcare. This attribute demonstrates that in metropolitan regions
with large populations and high levels of affordability, healthcare
resources are expanding to meet increasing healthcare needs; however,
in non-metropolitan regions with gradually declining populations and
increasing levels of affordability, healthcare resources are declining due
to decreased investments in facilities provided by healthcare
organizations. Despite these imbalances in healthcare resources,
regional disparities in health management, specifically regarding
diagnosis and treatment, are not yet profound. This demonstrates that
ERR residents can access medical services, such as diagnosis and
medication prescriptions, at levels similar to NERR residents. However,
awareness and education on blood pressure and blood glucose
management for hypertension and diabetes were lower in ERRs
compared to those in NERRs, indicating that healthcare services in
ERRs are more focused on diagnostic and therapeutic post-treatment
rather than preventive and proactive health management. Chronic
diseases, such as hypertension and diabetes, can lead to severe health
outcomes due to complications. In emergencies, such as cardiovascular
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complications, hypoglycemia, or hyperglycemia, the lack of readily
available healthcare resources makes prevention and management more
crucial (47). Therefore, patients in ERRs, where healthcare resources are
relatively scarce, need education on recognizing their blood pressure
and blood glucose levels and continuous management practices such as
exercise and dietary control. In South Korea, approaches to the
prevention and management of chronic diseases can be divided between
metropolitan and non-metropolitan areas (48). In metropolitan areas,
sufficient healthcare resources allow for the operation of health centers
in each region, providing residents with easy access to medical services.
Conversely, in non-metropolitan areas, limited healthcare resources
have necessitated efforts to minimize medical service gaps, such as
through mobile health check-up services and the application of digital
healthcare (49). Therefore, we propose the following two measures to
address the issue of health disparities in ERRs. First, the government
should encourage cooperation with private healthcare organizations to
provide health education programs aimed at ensuring health
management education in vulnerable areas. Considering the
concentration of medical institutions in metropolitan regions, there are
fewer opportunities for health education provision in rural
communities, such as that focusing on chronic disease management.
Additionally, a collaborative system between public and private
healthcare organizations should be established to reduce the patient
burden of activities related to disease prevention, rather than disease
treatment. Second, awareness and education regarding chronic disease
management should be enhanced through contactless medical and
healthcare services, such as those based on digital healthcare and
telemedicine. As healthcare resources diminish, accessing preventive
healthcare services becomes increasingly challenging for individuals.
This can be mitigated by implementing community care services rooted
in digital healthcare and telemedicine, which can help provide health
education programs that do not necessitate physical patient contact.

This study has several limitations. First, it did not consider all the
different types of chronic diseases. When evaluating health literacy for
the prevention and management of chronic diseases, it is appropriate to
compare other types of chronic diseases, such as hyperlipidemia,
cerebrovascular disease, and dementia, in addition to hypertension and
diabetes. However, due to data limitations, health literacy was only
evaluated and analyzed for two chronic diseases. Second, complex
chronic disease groups involving multiple chronic diseases were not
considered. Although it is appropriate to categorize different severity
levels based on the number of chronic diseases, due to data limitations,
health literacy was analyzed only for questions related to hypertension
and diabetes. Third, we could not use panel data from the same
respondents in each year. To examine trends over time, it is appropriate
to use a panel analysis that considers time variation by tracking the same
respondents every year. However, there are limitations in generalizing
the results of the analysis using only a single year of collected data.
Therefore, future studies should consider various chronic diseases, the
number of chronic diseases, their severities, and the time variations
involved to allow for an increasingly in-depth analysis of the
underlying causes.

Despite these limitations, this study has several strengths. First, it
utilizes a combination of community-and individual-level data to
ensure data diversity. Through individual and community interactions,
we can learn about the education, income, and health levels of residents
as well as the environmental characteristics of the region. By
synthesizing this information, local and national governments can
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establish policies aimed at revitalizing the society and the economy,
while promoting the formulation of healthcare policies that fit the
characteristics of various regions. Second, this study can improve the
model’s accuracy by considering homogeneity at the individual level,
except for the number of healthcare resources and the LEI between the
two regions to be compared. The use of a general linear regression
model does not consider the interactions within the sample population,
which may compromise the model’s accuracy. However, a model that
considers propensity score matching reduces the bias between the
treatment and control groups, which can improve its accuracy by
ensuring the homogeneity of potentially influential factors. Third, a
time-series data analysis can reveal local changes and trends over time.
Over time, contextual effects at the local level may affect individuals
differently, thereby allowing for the prediction of future health
behaviors. These results are a crucial reference for improving and
supporting policies aimed at improving community health and reducing
health inequalities.

5 Conclusion

This study differs from previous studies in that it combines
community-level data on LEI and healthcare resources with
individual-level data on health characteristics and health literacy for
hypertension and diabetes. This indicates that healthcare in South
Korea is still diagnostic and treatment-oriented, demonstrating the
need to shift healthcare processes toward prevention and building
health systems based on local vulnerabilities.

Currently, local extinction is a crisis in South Korea. This will
further exacerbate population decline, economic stagnation, and
reduced access to healthcare services, thereby negatively affecting the
health and well-being of local residents. Therefore, government and
related organizations must develop strategies aimed at strengthening
the healthcare infrastructure and enhancing community cooperation
as well as a sense of community. Accordingly, the results of this study
can be utilized as a basis for the formulation of policies aimed at
addressing regional disparities in chronic disease prevention and
management, while ensuring community-level health promotion,
with health equity in mind.
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