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Abstract
Background Many municipalities in rural areas of Korea are facing population decline due to the aging population 
phenomenon. This study examined the relationship between residing in municipalities facing population decline and 
satisfaction with nearby healthcare infrastructure in older aged adults.

Methods The 2021 Korea Community Health Survey (KCHS) data were used. Municipalities were classified as those 
not facing population decline, those at risk, and those facing population decline based on the Population Decline 
Index. The association between residing in municipalities facing population decline and satisfaction with nearby 
healthcare infrastructure was examined cross-sectionally using a multi-level logistic regression analysis. Satisfaction 
with available public transportation was concomitantly examined as it is related to accessing healthcare services.

Results Of the 58,568 individuals aged 65 years or above analyzed, 27,471 (46.9%) adults were residing in 
municipalities without population decline, 4,640 (7.9%) adults in municipalities at risk of population decline, and 
26,457 (45.2%) in municipalities with population decline. Individuals living in municipalities with population decline 
were more likely to be dissatisfied with nearby healthcare infrastructure (OR 1.76, 95% CI 1.41–2.20). Similar tendencies 
were found for public transportation infrastructure (OR 1.67, 95% CI 1.38–2.03).

Conclusions Individuals residing in municipalities with declining populations are more likely to report dissatisfaction 
with nearby healthcare infrastructure and public transportation. These findings emphasize the importance of 
providing adequate medical infrastructure to reduce potential health-related disparities.
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Introduction
South Korea is one of the most rapidly aging countries 
in the world and is projected to become a super-aged 
society, wherein 20% of its population is aged 65 years 
or older, by 2026 [1]. This phenomenon is the result of 
the country’s low birth rate, which has continued for 
nearly two decades and has led to natural population 
decline (Supplementary Fig.  1) [2]. As the population 
dwindles, many rural municipalities are at risk of extinc-
tion and may soon disappear [3]. This tendency has been 
influenced by population aging and strong youth migra-
tion, wherein many younger individuals are migrating 
to the capital city, Seoul, and its nearby areas to seek 
higher-quality tertiary education and jobs [4]. In fact, 
the population of the capital region accounts for a large 
proportion of the entire Korean population [5]. Popula-
tion aging and concentration in the capital area have left 
many rural local municipalities at risk of extinction, gen-
erally characterized by having a high proportion of older 
adults.

Rural communities are characterized by lower avail-
ability of healthcare resources and personnel [6]. Addi-
tionally, as rural municipalities are largely composed of 
older adults who have a greater need for healthcare and 
medical services, they are likely to face greater difficulties 
in adequately accessing healthcare services [7]. A pre-
requisite for the adequate delivery of healthcare services 
is the availability of suitable healthcare infrastructure, 
including buildings, beds, and equipment [8, 9]. Although 
healthcare infrastructure is important for delivering 
and improving healthcare quality, there are often large 
regional discrepancies in its distribution owing the lim-
ited availability of resources [9]. Considering that health 
infrastructure is cited as critical infrastructure in many 
countries, which generally refers to facilities and services 
that are essential for the basic functioning and well-being 
of a society, [10] there is a need to explore the adequacy 
of healthcare infrastructure in rural municipalities facing 
rapid population decline.

Another characteristic of many local municipalities is 
that they are situated in rural municipalities with com-
paratively poor public transportation, which can act 
as a barrier to accessing healthcare services in a timely 
manner, leading to negative health outcomes [11]. Spe-
cifically, inadequate transportation can result in lost or 
delayed appointments, poorer compliance, and reduced 
routine healthcare visits in older adults [11–13]. As such 
hindrances to public transportation can lead to poorer 
health outcomes and higher disease burden, accounting 
for access to public transportation alongside healthcare 
services is important [11].

The objective of this study was to investigate whether 
residing in municipalities facing population decline is 
associated with lower levels of satisfaction with nearby 

healthcare infrastructure in older aged adults. Health-
care infrastructure was analyzed alongside public 
transportation as it is an important factor in accessing 
medical services. The hypothesis was that residents of 
local municipalities characterized by population decline 
would report lower levels of satisfaction with nearby 
healthcare infrastructure and public transportation.

Methods
Data and study population
This study used data from the 2021 Korea Commu-
nity Health Survey (KCHS), a cross-sectional survey 
conducted annually by the Korea Disease Control and 
Prevention Agency (KDCA). The KDCA uses the com-
puter-assisted personal interview method to perform 
in-person interviews with a sample representative of the 
Korean population. The study population was selected 
from national census data using a stratified, multistage, 
probability cluster sampling method [14]. The KCHS data 
consisted of 229,242 individuals, in which 74,492 individ-
uals were aged 65 years or above. Of the 74,492 individu-
als, those with missing values on the outcome variable or 
the variables were excluded from the study population. 
The final study population included 58,568 individuals 
(Fig. 1).

Outcome measure
The outcome measure was satisfaction with the health-
care infrastructure and public transportation available 
nearby in the municipalities in which the participants 
resided. This was measured using the following ques-
tions: “Are you satisfied with the healthcare infrastruc-
ture (community health center, clinics and hospitals, and 
pharmacies) available in your residing neighborhood?” 
“Are you satisfied with the available public transportation 
(bus, taxi, subway, or train)? respectively.” Participants 
responded to these questions with either “yes” or “no.”

Independent variables
The main independent variable was the population 
decline status of 255 municipalities in Korea, which was 
measured using the Population Decline Index. The “Spe-
cial Act on Balanced National Development” was intro-
duced by the government in 2016 to cope with the issue 
of population decline in rural municipalities. Based on 
this Act, the Ministry of Public Administration and Secu-
rity reports on municipalities facing population decline, 
which is measured based on the summation of changes 
in the average annual population growth rate, popula-
tion density, net youth (individuals aged 19–34) mobility 
rate, daytime population size, aging (individuals aged 65 
or above) rate, youth proportion (individuals aged < 14) 
rate, crude birth rate, and financial independence of the 
municipality (Supplementary Table 1). The 2021 report 
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classified 89 municipalities with population decline and 
18 municipalities at risk of population decline (Fig.  2). 
This study categorized municipalities into three groups 
based on this index: “municipalities without population 
decline,” “municipalities at risk of population decline,” 
and “municipalities with population decline.” The Popula-
tion Decline Index was successfully evaluated in a previ-
ous study [15].

Various covariates were considered in this analysis. 
The included variables were sex (male or female), age 
(65–69, 70–74, 75–79 or 80 + years), educational level 
(none, elementary school, middle school, high school, 
or college or above), income (quartiles), job classifica-
tion (professional or administrative position, office work, 
sales and service, agriculture and fishery, blue collar work 
or simple labor, or unemployed), smoking status (no or 
yes), monthly drinking (no or yes), Body Mass Index 
(BMI; underweight, normal, or obese), moderate to vig-
orous levels of physical exercise (no or yes), hypertension 
(no or yes), diabetes (no or yes), subjective health status 
(poor or fair), perceived stress (no or yes), and depressive 
symptoms (no or yes). A BMI of < 18.5 was categorized as 
underweight, 18.5≤, < 25.0 as normal, and ≥ 25.0 as obese 
[16]. Depressive symptoms were defined based on the 
Patient Health Questionnaire-9, which ranges from 0 to 
27 with a cutoff score of 10 [17].

Statistical analysis
The chi-square test was used to examine the general 
characteristics of the study population. The associa-
tion between satisfaction with nearby infrastructure and 
residing in municipalities facing population decline was 
analyzed using a multilevel logistic regression analysis. 
The null hypothesis was examined in Model 1, individ-
ual-level factors in Model 2, and both individual- and 
municipal-level factors in Model 3. A random intercept 
model with municipality as a level 2 variable was used in 
the full fitting model. The latent variable method of intra-
cluster correlation (ICC), Median Odds Ratio (MOR), 
and proportional change in variance were used to reveal 
the variation measures that infer random effects. Specifi-
cally, the MOR is a useful measure to interpret the mag-
nitude of the contextual effect [18, 19]. The goodness of 
fit was compared between models using the − 2 log likeli-
hood test, Akaike Information Criteria (AIC), and Bayes-
ian Information Criteria (BIC). From this, Model 3 was 
shown as the best fitting model. Results are presented 
as Odds Ratios (OR) and 95% Confidence Intervals (CI). 
Statistical significance was set at p < 0.05. All analyses 
were conducted using SAS software (version 9.4, SAS 
Institute, Cary, NC, USA).

Fig. 1 Flow-chart of study participants selection process
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Ethical approval
The Korea Community Health Survey (KCHS) data 
are openly published. Participant’s data were fully ano-
nymized prior to release. Our study was excluded from 
the review list pursuant to Article 2.2 of the Enforce-
ment Rule of Bioethics and Safety Act in Korea, since 
the data was exempted from IRB review. All procedures 
performed in studies involving human participants were 
in accordance with the ethical standards of the national 
research committee and with the 1964 Helsinki decla-
ration and its later amendments or comparable ethical 
standards.

Results
The general characteristics of the study population are 
presented in Tables  1 and 2. In total, 27,471 (46.9%) 
individuals resided in municipalities without any risk of 
population decline, 4,640 (7.9%) resided in municipalities 
at risk of population decline, and 26,457 (45.2%) resided 
in municipalities with population decline. A higher 

percentage of individuals residing in at-risk municipali-
ties (21.9%) or municipalities with population decline 
(24.5%) reported dissatisfaction with the healthcare infra-
structure available nearby compared to those residing in 
municipalities with no risk of population decline (16.6%). 
Similar trends were observed for public transportation. 
Overall, the socioeconomic status of participants residing 
in areas with population decline were lower. The results 
of the descriptive statistics on health status according to 
the Population Decline Index can be found in Supple-
mentary Table 2.

Information of the random effects in the model and 
model fit is presented in Table 3. The null model (Model 
1) confirmed the fitness of the multilevel analysis in 
which ICC was calculated to show the intra-cluster vari-
ability of the study population. The results of Model 
1 also showed that the intraclass correlation coeffi-
cient ranged from 14.7–18.6%, which indicates that 
14.7–18.6% of the variation in satisfaction with nearby 
healthcare infrastructure and public transportation can 

Fig. 2 Municipalities categorized according to the Population Decline Index
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Variables Total (N = 58,568) Population decline

Without (n = 27,471) At risk (n = 4,640) With (n = 26,457)

N % N % N % N %
Sex
Male 24,778 42.3 11,821 43.0 2,024 43.6 10,933 41.3
Female 33,790 57.7 15,650 57.0 2,616 56.4 15,524 58.7
Age
65–69 17,054 29.1 8,856 32.2 1,412 30.4 6,786 25.7
70–74 16,884 28.8 8,142 29.6 1,409 30.4 7,333 27.7
75–79 10,370 17.7 4,595 16.7 815 17.6 4,960 18.8
80+ 14,260 24.4 5,878 21.4 1,004 21.6 7,378 27.9
Educational level
None 13,432 22.9 4,450 16.2 938 20.2 8,044 30.4
Elementary school 19,269 32.9 8,153 29.7 15,46 33.3 9,570 36.2
Middle school 10,681 18.2 5,478 19.9 964 20.8 4,239 16.0
High school 10,382 17.7 6,174 22.5 856 18.5 3,352 12.7
College or above 4,804 8.2 3,216 11.7 336 7.2 1,252 4.7
Income
Q1 (Low) 13,821 23.6 4,875 17.8 913 19.7 8,033 30.4
Q2 15,448 26.4 6,223 22.7 1,223 26.4 8,002 30.3
Q3 14,652 25.0 7,343 26.7 1,333 28.7 5,976 22.6
Q4 (High) 14,647 25.0 9,030 32.9 1,171 25.2 4,446 16.8
Job classification
Professional or administrative position 969 1.7 615 2.2 70 1.5 284 1.1
Office work 370 0.6 253 0.9 22 0.5 95 0.4
Sales and service 3,162 5.4 1,503 5.5 282 6.1 1,377 5.2
Agriculture and fishery 7,103 12.1 1,254 4.6 215 4.6 5,634 21.3
Blue collar work or simple labor 10,522 18.0 4,502 16.4 955 20.6 5,065 19.1
Unemployed 36,442 62.2 19,344 70.4 3,096 66.7 14,002 52.9
Smoking
No 53,468 91.3 25,082 91.3 4,170 89.9 2,4216 91.5
Yes 5,100 8.7 2,389 8.7 470 10.1 2,241 8.5
Monthly drinking
No 45,474 77.6 20,986 76.4 3,593 77.4 20,895 79.0
Yes 13,094 22.4 6,485 23.6 1,047 22.6 5,562 21.0
Body mass index
Underweight (BMI < 18.5) 2,981 5.1 1,167 4.3 190 4.1 1,624 6.1
Normal (18.5 ≤ BMI < 25.0) 39,996 68.3 18,595 67.7 3,177 68.5 18,224 68.9
Obese (BMI ≥ 25.0) 15,591 26.6 7,709 28.1 1,273 27.4 6,609 25.0
Moderate-to-vigorous physical exercise
No 50,997 87.1 24,322 88.5 4,144 89.3 22,531 85.2
Yes 7,571 12.9 3,149 11.5 496 10.7 3,926 14.8
Hypertension
No 26,242 44.8 12,924 47.1 2,098 45.2 11,220 42.4
Yes 32,326 55.2 14,547 53.0 2,542 54.8 15,237 57.6
Diabetes Mellitus
No 44,773 76.5 20,988 76.4 3,461 74.6 20,324 76.8
Yes 13,795 23.6 6,483 23.6 1,179 25.4 6,133 23.2
Subjective health status
Poor 43,148 73.7 19,447 70.8 3,450 74.4 20,251 76.5
Fair 15,420 26.3 8,024 29.2 1,190 25.7 6,206 23.5
Perceived stress
No 49,578 84.7 23,131 84.2 3,976 85.7 22,471 84.9
Yes 8,990 15.4 4,340 15.8 664 14.3 3,986 15.1

Table 1 General characteristics of the study population
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be attributed to differences between clusters. The MOR 
indicates that when individuals with identical character-
istics are randomly selected from different clusters, the 
participant from the higher-risk cluster has 2.05–2.29 
times higher odds of being satisfied with nearby health-
care infrastructure and public transportation. As Model 3 
(the fully adjusted model) of the three models analyzed in 

this study had the lowest AIC and BIC scores, this model 
can be seen as the best fitting model

The results of the multilevel analysis of the association 
between municipalities with population decline and the 
likelihood of dissatisfaction with nearby infrastructure 
are presented in Fig.  3. Individuals residing in munici-
palities with population decline were more likely to be 
dissatisfied with nearby healthcare infrastructure (OR 

Table 2 Dissatisfaction with different types of available infrastructure according to the Population decline Index
Variables Healthcare infrastructure (N = 59,146) Public transportation (N = 58,696)

Satisfied Not satisfied p-value Satisfied Not satisfied p-value
Population Decline < 0.001 < 0.001
Without 23,081 (83.4) 4,582 (16.6) 22,582 (82.0) 4,952 (18.0)
At risk 3,651 (78.1) 1,023 (21.9) 3,710 (79.8) 937 (20.2)
With 20,238 (75.5) 6,571 (24.5) 19,575 (73.8) 6,940 (26.2)
Unit: N (%), The study population (N) was arrived as shown in the Table based on the selection process shown in the flow chart (Fig. 1)

Table 3 Estimate of variance for the random effect and model fitness
Variables Random effect and model fitness

Model 1 Model 2 Model 3
Healthcare infrastructure

Random effects
 Area-level variance (SE) 0.75* (0.07) 0.75* (0.07) 0.68* (0.07)
 ICC (%) 18.6 18.5 17.1
 PCV (%) Reference. 0.8 10.1
 MOR 2.29 2.28 2.19
Model fit statistics
 -2 log likelihood 55395.97 54984.22 54959.69
 AIC 55399.97 55040.22 55019.69
 BIC 55407.05 55139.38 55125.93

Public transportation
Random effects
 Area-level variance (SE) 0.57* (0.05) 0.57* (0.06) 0.51* (0.05)
 ICC (%) 14.7 14.7 13.4
 PCV (%) Reference. 0.1 10.1
 MOR 2.05 2.05 1.98
Model fit statistics
 -2 log likelihood 57729.34 57252.02 57225.86
 AIC 57733.34 57308.02 57285.86
 BIC 57740.42 57407.18 57392.1
Abbreviations: SE, standard error; ICC, intraclass correlation coefficient; PCV, proportional change in variance; MOR, median odds ratio; AIC, Akaike information 
criteria; BIC, Bayesian information criteria

Model 1 (null model): a model with no independent variables

Model 2: a model with only individual-level factors

Model 3 (full model): a model with both municipal-level and individual factors

* p-value < .0001

Variables Total (N = 58,568) Population decline

Without (n = 27,471) At risk (n = 4,640) With (n = 26,457)

N % N % N % N %
Depressive symptoms
No (PHQ-9 < 10) 55,859 95.4 26,106 95.0 4,420 95.3 25,333 95.8
Yes (PHQ-9 ≥ 10) 2,709 4.6 1,365 5.0 220 4.7 1,124 4.3

Table 1 (continued) 
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1.76, 95% CI 1.41–2.20). Similar tendencies were found 
for public transportation infrastructure (OR 1.67, 95% CI 
1.38–2.03). The results on other types of infrastructure, 
namely safety-related infrastructure (natural disasters, 
traffic accidents, agricultural accidents, and crime), envi-
ronmental conditions (air and water quality), and living 
conditions (electricity, sewage system, waste system, and 
sport facilities) are presented in Supplementary Table 3 
for reference.

Discussion
This study investigated whether individuals residing in 
municipalities with population decline report higher lev-
els of dissatisfaction with nearby healthcare infrastruc-
ture and public transportation. The results revealed that 
individuals residing in municipalities with population 
decline, particularly those in municipalities facing extinc-
tion, are more likely to report dissatisfaction with the 
nearby healthcare infrastructure. Similar tendencies were 
reported for public transportation

 Considering that the majority of municipalities fac-
ing population decline or extinction are located in non-
urban areas, the findings of this study are generally in 
accordance with previous literature that reported a defi-
ciency in infrastructure for the provision of medical ser-
vices in rural regions [20]. Regional disparities have been 
reported in Korea as healthcare personnel and medical 

equipment tend to be concentrated in urban regions, 
with over half of the major medical resources, including 
personnel and infrastructure, located in the capital area 
[21]. Unsurprisingly, access to medical services is poor in 
rural, mountainous, and seaside areas [22]. Similar ten-
dencies have been found in other countries, where inad-
equate access to medical services is documented in rural 
areas [23]. Such disparities may be of particular signifi-
cance in municipalities with an aging population because 
individuals residing in rural municipalities report an 
excessively greater burden of age-related health condi-
tions and frailty than urban dwellers [24, 25]. Limited 
access to medical services and resources has been cited 
as a major barrier to alleviating disparities in age-related 
health conditions in rural populations. The results sug-
gest the need to monitor and implement health policies 
that can moderate regional disparities in healthcare [24].

 Beyond healthcare infrastructure, individuals resid-
ing in municipalities characterized by population decline 
report difficulties in accessing public transportation, 
which is important because it is inevitably linked to 
access to medical services. Transportation has been 
cited as the most influential element in achieving health-
care accessibility, with a significant association between 
means of transportation and medical use [26, 27]. Spe-
cifically, because rural dwellers need to travel longer dis-
tances to access healthcare, inadequate transportation 

Fig. 3  Results of the multilevel analysis on the association between residing in regions with population decline and dissatisfaction with nearby health-
care infrastructure and public transportation. The adjusted odds ratios were adjusted for sex, age, education, income, job, smoking, drinking, body mass 
index, moderate-to-vigorous physical activity, hypertension, diabetes, subjective health status, perceived stress, and depressive symptoms
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can exacerbate disparities as it can result in lost appoint-
ments or delayed healthcare, which in turn can result in 
poorer health outcomes and a greater disease burden [11, 
28]. A relationship has been found between transporta-
tion convenience and unmet healthcare needs in older 
adults living in rural areas [29]. Studies have shown that 
the unavailability of mobile vehicles or door-to-door 
transportation mechanisms can lead to higher barriers 
in accessing and utilizing medical services in older adults 
[12, 30]. Unsurprisingly, older adults without access to 
adequate transportation services have been found to be 
more likely to forego or delay healthcare appointments 
for care [31, 32]. These findings suggest the importance 
of reducing transportation-related barriers to improve 
healthcare accessibility and mitigate health-related 
regional disparities.

This study has some limitations. First, the possibil-
ity of residual confounding factors could not be com-
pletely ruled out, although the analysis was adjusted for 
various covariates. For instance, certain characteristics 
possibly related to the level of satisfaction with nearby 
healthcare infrastructure and public transportation, such 
as car ownership, could not be accounted for as they 
were not measured in the data used. Second, the analy-
sis could not consider online medical services, which 
is related to accessibility to health care services, due to 
data limitations. Reimbursement of telehealth services 
for medical consultation and medicine prescription is 
currently being operated as a pilot program. Last, infor-
mation on the health status, such as diabetes, of the 
participants were measured based on self-reports in the 
KCHS. As such, this study did not analyze the potential 
effect of health status on the association between resid-
ing in municipalities facing population decline and sat-
isfaction with neighboring healthcare infrastructure. 
Future studies incorporating the limitations state above 
are needed. Despite the limitations stated above, this 
study is unique in that it is the first to investigate whether 
residing in municipalities facing population decline is 
associated with lower levels of satisfaction with nearby 
healthcare infrastructure and public transportation. The 
study results are particularly noteworthy because many 
rural municipalities in Korea currently face population 
decline due to population aging, when there is a need 
to provide adequate healthcare infrastructure in rural 
municipalities.

Conclusions
Individuals residing in municipalities with population 
decline, particularly those in municipalities facing extinc-
tion, are more likely to report dissatisfaction with nearby 
healthcare infrastructure and public transportation. Con-
sidering the large number of municipalities expected 
to experience population decline due to aging, most of 

which are located in rural municipalities, these findings 
emphasize the importance of providing adequate medical 
infrastructure in these municipalities to reduce potential 
health-related disparities.
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