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Background: Depression is a widely prevalent, often recurrent condition. 
To analyze the regional differences in depressive symptoms over time, 
we  investigated urban–rural differences in change in depression over time 
in South Korea and the association between healthy aging and depressive 
symptoms among middle-aged and older adults.

Methods: Data collected in the Korean Longitudinal Study of Aging, from 2006 
to 2020, of adult participants aged ≥45  years without depressive symptoms were 
analyzed. Healthy aging was defined under five principal components: absence 
of chronic disease, good physical function, normal cognitive function, active 
social engagement, and good psychological adaptation. Depressive symptoms 
were measured using the short version of the Center for Epidemiologic Studies 
Depression Scale. Using the Andersen-Gill model for recurrent time-to-event, 
we  examined the effect of healthy aging on depressive symptoms, with a 
subgroup analysis based on the residential area.

Results: Of the 7,708 participants, 78.2% lived in urban areas and 39.4% achieved 
healthy aging. In 2008, rural residents had a higher incidence of depressive 
symptoms (rural 11.8%; urban 8.9%); however, after 2016, the depressive 
symptoms of urban residents gradually increased (rural 6.4%; urban 12.1%). 
Unhealthy aging (adjusted hazard ratio  =  3.04, 95% confidence interval: 2.72–
3.39) and urban residence (adjusted hazard ratio  =  1.15, 95% confidence interval: 
1.06–1.24) were risk factors for depressive symptoms. The subgroup analysis 
revealed that individuals who did not achieve healthy aging had an increased 
risk of depressive symptoms, regardless of their residential area (hazard ratio 
[95% confidence interval]: urban, 3.13 [2.75–3.55]; rural 2.59 [2.05–3.28]).

Conclusion: As urbanization accelerates, urban residents have a higher risk 
of depressive symptoms than rural residents. Healthy aging is an essential 
factor in reducing depressive symptoms. To achieve healthy aging, appropriate 
interventions and policies that target the middle-aged adults and gradually 
extend to older adults are needed, considering individual and regional factors.
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1 Introduction

With the advancement in medical technology and the consequent 
extension of life expectancy, aging has become one of the major public 
health challenges worldwide (1, 2). South Korea has the fastest-aging 
population globally (3). In 2017, more than 14% of the Korean 
population was in the ≥65 year-age group, and this proportion 
increased to 16.6% in 2022 (4). Depression among older adults is an 
important risk factor for suicide in many countries (5) and diminishes 
the quality of life (6). The suicide rate in Korea has remained the 
highest among the Organization for Economic Co-operation and 
Development (OECD) countries since 2013 (7). Notably, the suicide 
rate of the older adult population is approximately 2.26 times that of 
Korea’s other age groups. The middle-aged group (40–64 years) has the 
second highest suicide rate (8), underscoring the mental health needs 
of both the middle-aged and older adults.

Approximately 280 million people worldwide have depression (9), 
and 20–35% of older adults in Korea have experienced depression 
(10), with 27.8% of the total population with depression in Korea 
being in their 40s or 50s (11). Depression is a highly recurrent health 
problem, with 60% of those who recover from the first episode being 
at risk of additional episodes and approximately 70% of those with a 
history of two episodes having another recurrence (12). However, 
most previous studies investigating the prevalence of depressive 
symptoms and associated factors have used cross-sectional designs 
(13–15). Consequently, the studies are inherently limited to establish 
a causal relationship or demonstrate consistent associations with 
depressive symptoms.

The World Health Organization (WHO) posited the concept of 
healthy aging, defined as “the process of developing and maintaining 
the functional ability that enables wellbeing in older age.” Health aging 
is not a new concept, but rather, an inclusive concept related to 
successful, active, and optimized aging (16). Healthy aging decreases 
the risks of requiring long-term care (17) and all-cause mortality (18). 
Due to the large proportion of older adults in Korea, healthy aging has 
increasingly garnered focus, and previous reports on the relationship 
between healthy aging and depression indicate that unhealthy aging 
is a predictor of a higher risk of depression (19, 20). In particular, most 
studies using the Korean Longitudinal Study on Aging (KLoSA) – a 
nationally representative sample of Koreans older adults – explored 
the factors that influence depression (21, 22). Individual factors, 
including women, having a lower income, living alone, consuming 
alcohol, and being visually impaired, are known risk factors for 
increased depressive symptoms (10, 13, 14, 23). Recent studies have 
reported differences in the neighborhood effect on depression (24, 
25). These neighborhood-level factors include infrastructural, 
interactive social, and demographic characteristics of residents, as well 
as political and environmental characteristics (26). Residential areas 
(urban/rural) affect inhabitants in various contexts, especially older 
adults versus young adults (27). Hwang and Kim (24) reported that 
urban residents have lower depressive symptoms in Korea in 

association with spatial distribution patterns, as urban areas have 
various facilities, such as healthcare services, employment 
opportunities, transportation, and social capital. However, the 
opposite results have been reported previously (28). Studies and 
resources on the relationship between depressive symptoms and 
neighborhood-level variables in Korea are scarce, and the existing 
studies are small-sized convenience samples (14) or cross-sectional 
studies (29, 30) that do not reflect changes in the differences over time. 
To generate robust results by recognizing that depressive symptoms 
do not end as a single event and recur subsequently, we applied a new 
statistical model – the Anderson–Gill model (31) – which is effective 
wherein the event of interest occurs more than once in a participant, 
for example, the incidence of depression after injury or readmission 
outcome analysis (32, 33). In contrast to previous studies that focused 
on the prevalence of depressive symptoms and the influencing factors, 
this study is meaningful as it expanded the focus on the incidence of 
recurrent depressive symptoms using longitudinal data.

This study aimed to (1) compare how depressive symptoms 
change over time in urban and rural areas in Korea; (2) assess whether 
regional differences in the effects of healthy aging on depressive 
symptoms in Korean adults vary over time; and (3) assess whether risk 
factors for depressive symptoms differ between urban and rural areas 
over time (Figure 1).

Hypotheses 1: The incidence of depressive symptoms significantly 
differs between urban and rural areas.

Hypotheses 2: Health aging and factors affecting the incidence of 
depression differ between urban and rural areas from 2006 to 
2020 in Korea.

2 Methods

2.1 Study design and population

This is a secondary data analysis study using longitudinal data. 
Data for this study were derived from the 1st to the 8th waves of the 
KLoSA, from 2006 to 2020. KLoSA is an ongoing, longitudinal, 
nationwide study conducted by the Labor Institute of the Korean 
Ministry of Labor once every 2 years. It is a panel survey of 
community-dwelling people aged ≥45 years at the time of the 
baseline interview in 2006. The participants were randomly recruited 
using multilevel stratified sampling based on geographical areas and 
housing types representing the entire population of South Korea. In 
the 2006 baseline survey, the original panel interviewed 10,245 
participants. All participants took part in a computer-assisted 
personal interview. Detailed information on the KLoSA survey and 
design can be found on its website.1 The target population of the 
present study were individuals aged ≥45 years. We  excluded 
individuals who had incomplete data or missing values (n = 1,262), 
those who had depressive symptoms (Center for Epidemiologic 

1 https://survey.keis.or.kr/eng/klosa/klosa01.jsp

Abbreviations: ADL, activities of daily living; BMI, body mass index; CES-D-10, 

Center for Epidemiological Studies Depression Scale; CI, confidence interval; HR, 

hazard ratio; IADL, instrumental activities of daily living; KLoSA, Korean Longitudinal 

Study of Aging; MMSE-K, Korean version of the Mini-Mental State Examination; 

OR, odds ratio; SA, successful aging; WHO, World Health Organization.
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Studies Depression Scale [CES-D-10] ≥4) in wave 1 (n = 749), and 
those who had changes in their residence between urban and rural 
areas (n = 535). Finally, 7,708 participants were included in the 
baseline evaluation, as shown in the flowchart of participants and 
selection process (Figure 2).

2.2 Variables and measurements

2.2.1 Outcome variables
The main outcome of this study was the incidence of depressive 

symptoms, which were measured using the CES-D-10. The 
CES-D-10 comprises 10 items listed in the original 20-item version 
and has been validated (34). The Korean version of the CES-D-10 
was validated by Shin (35) and showed good internal consistency 
(Cronbach’s alpha = 0.79). For this study, Cronbach’s alpha was 0.83. 
The total score is 10 points; higher scores indicate more severe 

depressive symptoms. We used a cutoff score of 4 points based on 
previous studies (36). If the CES-D-10 score was ≥4, participants 
were considered to have depressive symptoms, which constitute an 
event (depressive symptoms).

2.2.2 Independent variables

2.2.2.1 Healthy aging
As healthy aging is a multidimensional concept, we  used the 

operational definition from literature reviews (37–39). Healthy aging 
is a binary variable equal to 1 if the following five dimensions are 
considered: (1) absence of chronic disease, (2) good physical function, 
(3) normal cognitive function, (4) active social engagement, and (5) 
good psychological adaptation. Respondents who satisfied all the five 
domains were classified as a healthy aging group, whereas the 
remaining respondents were classified as an unhealthy aging group. 
The five domains are defined below:

FIGURE 1

Conceptual framework.

FIGURE 2

Participants selection process. Flowchart of the study participants from 2006 to 2020.
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 1) Absence of chronic disease: Healthy aging refers to the absence 
of the following five diseases, which are the major causes of 
death in Korea: cancer, heart disease, chronic lung disease, 
diabetes mellitus, and cerebrovascular disease (number of 
diseases = 0) (38).

 2) Good physical function: To determine good physical function, 
activities of daily living (ADLs) and instrumental activities of 
daily living (IADLs) were used. ADLs include dressing, 
continence, indoor transfer, eating, toilet use, and showering, 
whereas IADLs include grooming, ability to use the telephone, 
shopping, food preparation, housekeeping, driving or using 
public transportation, medication use, handling finances, 
doing laundry, and managing medications. If participants had 
no disability in ADLs (ADL = 0) and not more than one 
disability in IADL (IADL = 0 or 1), they were considered to 
have healthy aging (38).

 3) Normal cognitive function: Cognitive function was measured 
using the Korean Mini-Mental Status Examination (MMSE-K), 
and total scores ranged from 0 to 30, with higher scores 
indicating better cognitive function (40). We  classified 
respondents with a score ≥ 24 as having a normal cognitive 
function (38). Cronbach’s alpha for MMSE-K at the time of 
development was 0.84 (41) and 0.76 in this study.

 4) Active social engagement: Healthy aging involves participation 
in social activities, including religious activities, leisure 
activities/sports, alumni events, volunteering, political events, 
and nongovernmental organization events. Active social 
engagement was defined as engaging in one or more of the 
abovementioned activities (social activities >1) (39).

 5) Good psychological adaptation: This was measured as the 
mean satisfaction with health, economic status, marital status, 
relationship with children, and general life on a scale of 0 to 
100. Respondents with a mean score ≥ 60 were classified as 
having good psychological adaptation (39).

2.2.2.2 Control variables
Participants’ demographics, socioeconomic status, health 

behaviors, and physical status were considered independent 
variables. Demographic variables included sex and age (45–54, 
55–64, >65 years). Socioeconomic factors included marital status 
(married/ unmarried/divorced/widowed), education level 
(elementary or lower school, middle school, high school, and 
college or higher), household income level (low/middle-low/
middle-high/high), insurance type (national health/medical 
benefit), contact with children (frequently engaged with at least 
one child/frequently engages with all children/ occasionally 
engages with all children/ rarely engages with all children), contact 
with neighbors (less than once a week/more than once a week), and 
labor force participation (active/inactive). Health behavioral 
factors included smoking (current/past/never), alcohol 
consumption (yes/no), regular physical activity (yes/no), and 
regular diet (yes/no). Physical status factors included body mass 
index (BMI; underweight/normal/overweight), vision (good/
poor), and hearing (good/poor). BMI was classified as overweight 
(BMI ≥25 kg/m2), normal (18.5 ≤ BMI <25 kg/m2), or underweight 
(BMI <18.5 kg/m2) according to the WHO parameters for Asian 
adults (42).

2.2.2.3 Urban and rural areas
The urban and rural areas are divided according to the 

administrative districts in Korea. The “dong” is a unit district of large 
cities or provinces. “Metropolitan cities,” “provinces,” “cities,” and 
“dongs” are defined as urban areas, whereas “eups” and “myeons” are 
defined as rural areas in this country. The KLoSA provided the 
codebook with the classified residential areas.

2.3 Statistical analysis

First, the general characteristics of the study population, healthy 
aging, depression, and control variables are presented using descriptive 
statistics, that is, frequencies and percentages for categorical variables. 
The chi-square test was used to compare the general characteristics, 
control variables, and healthy aging components between the urban 
and rural areas at baseline. Second, we compared the incidence rates 
of depressive symptoms from 2006 to 2020 between the urban and 
rural areas. Third, the Andersen–Gill model was applied to investigate 
the effect of healthy aging on the incidence of depressive symptoms 
over time. Participants in the KloSA were assessed for depressive 
symptoms and not for the diagnosis of depressive disorder because it 
was assumed that present depressive symptoms would not persist until 
the following assessment 2 years later. The Andersen–Gill model is the 
most frequently applied model for recurrent time-to-event data and 
is a simple extension of the Cox proportional hazards regression 
model (30, 31). It is based on the assumption that the instantaneous 
risk of experiencing an event at a time since study induction remains 
the same, regardless of whether previous events have occurred (43, 
44). In this study, the dependent variable was depression status 
(1 = depressive symptom, CES-D-10 ≥ 4). Independent variables were 
healthy aging, regional areas, and control variables. Depressive 
symptoms could be repeated several times during the eight follow-up 
assessments conducted during the study period. In Model 1 
(unadjusted), the incidence of depressive symptoms was determined 
according to independent variables and healthy aging components 
from 2008 to 2020. In Model 2, the adjusted effect was identified by 
adding healthy aging and control variables in Model 1. In Model 3, 
subgroup analysis was performed to identify regional differences in 
factors related to depressive symptoms. We  calculated crude and 
adjusted hazard ratios (HR), 95% confidence interval (CI), and 
p-values. All statistical analyses were performed using SAS version 9.4 
(SAS Institute Inc., Cary, NC, United States), and p-values <0.05 were 
considered to indicate statistical significance.

2.4 Ethical statement

The original data are publicly available free of charge from the 
KLoSA website, published by the Korea Employment Information 
Service.2 This study used a deidentified secondary dataset. Therefore, 
it was exempted from review by our Institutional Review Board 
(1040621-202202-HR-E001).

2 https://survey.keis.or.kr/eng/klosa/klosa01.jsp
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3 Results

3.1 General characteristics and healthy 
aging between urban and rural areas

Table 1 shows the baseline characteristics of the participants. In 
total, 7,708 participants were included (3,520 males and 4,188 
females). Among them, 78.2% (6,028) lived in urban areas. With 
regard to individual and social factors, 54.3% of the participants were 
female. Approximately 43.1% of all participants had an education level 
below elementary school, 39.1% assessed their household income as 
above middle-high, 57.4% had an inactive labor force status, and 
41.3% responded that they rarely had contact with their children. 
Regarding health behaviors, approximately 60–70% of participants 
were nonsmokers or nondrinkers; however, 59.7% did not exercise 
regularly. Regarding health status, most (96.6%) participants had 
normal BMI. Between participants from urban and rural areas, there 
were significant differences in age, education level, household income 
level, insurance, frequency of contact with neighbors or children, 
participation in the labor force, regular exercise or diet, BMI, vision, 
and hearing.

Table  2 presents the distribution of healthy aging and its 
components according to the urban and rural areas in the baseline 
population. In general, 39.4% of the participants were considered 
healthy aging, including 41.0% of those in urban areas and 33.8% of 
those in rural areas, with a significant difference between living areas 
at baseline (p < 0.0001). Regarding the five domains of health aging, 
good psychological adaptation was only achieved in 64.6% (lowest) of 
the population, whereas 97.2% (highest) had good physical function. 
There were significantly higher levels of physical function, cognitive 
function, and active social participation in urban than in rural areas.

3.2 Incidence of depressive symptoms 
from 2006 to 2020

Figure 3 shows the incidence of depressive symptoms between 
urban and rural areas from 2008 (2nd wave) to 2020 (8th wave). At 
the beginning of 2008, the incidence of depressive symptoms was 
higher in rural (11.8%) than in urban areas (8.9%). In rural areas, 
the incidence of depressive symptoms showed a strong downward 
trend in 2020 compared to that in 2008, despite fluctuations. After 
the 6th wave, the incidence of depressive symptoms was significantly 
higher in urban than in rural areas (6th: 12.1% vs. 6.4%, p < 0.001; 
7th: 11.4% vs. 8.6%, p = 0.009; 8th: 11.5% vs. 7.0%, p < 0.001; 
Supplementary Table S1).

3.3 Effects of healthy aging on depressive 
symptoms from 2006 to 2020

Table 3 shows the factors related to depressive symptoms and their 
HRs among all participants (from 2008 to 2020) using time-dependent 
Cox regression in the crude and adjusted models. In the crude model, 
the region was not a significant factor for depressive symptoms 
(HR = 1.03, 95% CI: 0.95–1.10); however, in the adjusted model, the 
effect of the region (urban) on depressive symptoms was significant 
(HR = 1.15, 95% CI: 1.06–1.24). Furthermore, unhealthy aging had a 

significant effect on depressive symptoms (adjusted HR = 3.04). All 
five components of health aging (number of chronic diseases, ADLs, 
IADLs, MMSE-K, and participation in one or more activities)  
were significantly associated with depressive symptoms 
(Supplementary Table S2). Additionally, lower educational levels 
(elementary and middle school), higher household income level, 
medical benefits, poor contact with neighbors, inactive labor force 
status, no alcohol consumption, lower weight, poor vision, and poor 
hearing were significant factors for depressive symptoms.

3.4 Effects of health aging on depressive 
symptoms according to the residential 
areas

Table 4 shows the results of the subgroup analysis. Throughout the 
study period (2006–2020), a lower educational level (elementary 
school) was associated with depressive symptoms in rural areas. 
Household income level significantly affected depressive symptoms in 
urban areas, while in rural areas, its effects were mixed. In urban areas, 
the groups above the mid-low household income level were more 
likely to report increased depressive symptoms than the low-income 
group. However, in rural areas, depressive symptoms were not 
significant in the middle-high household income group. Depressive 
symptoms showed a higher incidence in those having less frequent 
contact with their neighbors than in those with frequent contact in 
both regions (urban HR = 1.87, 95% CI: 1.74–2.02; rural HR = 1.49, 
95% CI: 1.30–1.71). Participation in the labor force decreased the risk 
of depressive symptoms, whereas there was a higher risk for depressive 
symptoms in economically inactive (urban HR = 1.67, 95% CI: 1.50–
1.85; rural HR = 1.67, 95% CI: 1.42–1.97) than in economically 
active participants.

Regional comparison of depressive symptoms and related factors 
between urban and rural areas revealed that health aging lowered the 
risk of depressive symptoms. In both residence areas, participants with 
unhealthy aging had a higher risk of depressive symptoms (urban 
HR = 3.13, 95% CI: 2.75–3.55; rural HR = 2.59, 95% CI: 2.05–3.28) 
than those with healthy aging. Regarding health behaviors, regular 
diet decreased the risk of depressive symptoms in both areas, and 
participants who did not perform regular physical activities showed a 
significantly increased risk of depressive symptoms in urban areas 
alone (HR = 1.39, 95% CI: 1.28–1.51). Poor vision and hearing 
increased the risk of depressive symptoms, regardless of the 
residence area.

4 Discussion

This study conducted an analysis of longitudinal data from 2006 
to 2020 to further understand the relationship between health aging 
and depressive symptoms, focusing specifically on regional differences 
in Korea. The adjusted analysis showed that the incidence of depressive 
symptoms was significantly higher in urban areas than in rural areas, 
and the risk of depressive symptoms was 3.04 times higher in 
unhealthy adults than in those with healthy aging.

Differences in depressive symptoms among individuals from 
urban and rural areas have been an interesting research topic. 
Previous studies investigating the prevalence of depressive 
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TABLE 1 Baseline characteristics of the participants (N  =  7,778).

Variables Category Total Urban Rural p-value

Number of participants 7708 (100.0) 6028 (100.0) 1680 (100.0) –

Sex Men 3520 (45.7) 2752 (45.7) 768 (45.7) 0.965

Women 4188 (54.3) 3276 (54.4) 912 (54.3)

Age (years) 45–54 2703 (35.1) 2335 (38.8) 368 (21.9) <0.0001

55–64 2214 (28.7) 1732 (28.7) 482 (28.7)

>65 2791 (36.2) 1961 (32.5) 830 (49.4)

Education Elementary 3319 (43.1) 2225 (36.9) 1094 (65.1) <0.0001

Middle school 1333 (17.3) 1074 (17.8) 259 (15.4)

High school 2208 (28.7) 1951 (32.4) 257 (15.3)

College 848 (11.0) 778 (12.9) 70 (4.2)

Marital status Married 6345 (82.3) 4976 (82.6) 1369 (81.5) 0.314

Unmarried/divorced/widowed 1363 (17.7) 1052 (17.5) 311 (18.5)

Household income High 2134 (27.7) 1629 (27.0) 505 (30.1) <0.0001

Middle-high 880 (11.4) 613 (10.2) 267 (15.9)

Middle-low 1994 (25.9) 1461 (24.2) 533 (31.7)

Low 2700 (35.0) 2325 (38.6) 375 (22.3)

Insurance type National 7552 (98.0) 5916 (98.1) 1636 (97.4) 0.050

Medical benefit 156 (2.0) 112 (1.9) 44 (2.6)

Contact with children Frequently engaged with at least 

one child
2348 (30.5) 1781 (29.6) 567 (33.8) <0.0001

Frequently engages with all 

children
401 (5.2) 325 (5.4) 76 (4.5)

Occasionally engages with all 

children
1776 (23.0) 1232 (20.4) 544 (32.4)

Rarely engages with all children 3,183 (41.3) 2,690 (44.6) 493 (29.4)

Contact with neighborhood 

(number of times)

<1/week 2633 (34.2) 2225 (36.9) 408 (24.3) <0.0001

≥1/week 5075 (65.8) 3803 (63.1) 1272 (75.7)

Labor force participation Active 3283 (42.6) 2491 (41.3) 792 (47.1) <0.0001

Inactive 4425 (57.4) 3537 (58.7) 888 (52.9)

Smoking Never 5445 (70.6) 4277 (71.0) 1168 (69.5) 0.502

Past 759 (9.9) 590 (9.8) 169 (10.1)

Current 1504 (19.5) 1161 (19.3) 343 (20.4)

Regular physical activity Yes 3110 (40.4) 2743 (45.5) 367 (21.9) <0.0001

No 4598 (59.7) 3285 (54.5) 1313 (78.2)

Alcohol consumption Yes 3060 (39.7) 2405 (39.9) 655 (39.0) 0.501

No 4648 (60.3) 3623 (60.1) 1025 (61.0)

Regular diet Yes 7098 (92.1) 5505 (91.3) 1593 (94.8) <.0001

No 610 (7.9) 523 (8.7) 87 (5.2)

BMI (kg/m2) Underweight: <18.5 265 (3.4) 185 (3.1) 80 (4.8) 0.001

Normal: 18.5–24.9 7443 (96.6) 5843 (96.9) 1600 (95.2)

Overweight: ≥25.0 0 (0.0) 0 (0.0) 0 (0.0)

Hearing Poor 2106 (27.3) 1568 (26.0) 538 (32.0) <0.0001

Good 5602 (72.7) 4460 (74.0) 1142 (68.0)

Vision Poor 4989 (64.7) 3813 (63.3) 1176 (70.0) <0.0001

Good 2719 (35.3) 2215 (36.8) 504 (30.0)

BMI, body mass index.
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symptoms in urban and rural areas have reported inconsistent 
results (15, 28, 45). China Family Panel Studies examined 8,025, 
7,808, and 4,887 older adults aged 60 years and above in 2016,2018, 

and 2020 and found that rural residents had a higher prevalence of 
depressive symptoms than urban residents (46). In contrast, a 
cross-sectional study of a cohort from the Canadian Longitudinal 

TABLE 2 Description of the components of healthy aging at baseline (N=7,778).

Variables Total Urban Rural p-value

HA 3039 (39.4) 2471 (41.0) 568 (33.8) <0.0001

Unhealthy aging 4669 (60.6) 3557 (59.0) 1112 (66.2)

Components Definition Category

Absence of chronic 

disease

Number of chronic

0 Yes 6523 (84.6) 5112 (84.8) 1411 (84.0) 0.412

≥ 1 No 1185 (15.4) 916 (15.2) 269 (16.0)

Good physical function ADL

0 Yes 7492 (97.2) 5870 (97.4) 1622 (96.6) 0.068

≥1 No 216 (2.8) 158 (2.6) 58 (3.5)

IADL

0–1 Yes 7094 (92.0) 5576 (92.5) 1518 (90.4) 0.004

≥2 No 614 (8.0) 452 (7.5) 162 (9.6)

Sum of ADL and IADL

0–1 Yes 7065 (91.7) 5553 (92.1) 1512 (90.0) 0.006

≥2 No 643 (8.3) 475 (7.9) 168 (10.0)

Normal cognitive 

function

MMSE-K

≥24 Yes 6090 (79.0) 4931 (81.8) 1159 (69.0) <0.0001

<24 No 1618 (21.0) 1097 (18.2) 521 (31.0)

Active social engagement Participation in one or more activities

≥1 Yes 5712 (74.1) 4557 (75.6) 1155 (68.8) <0.0001

0 No 1996 (25.9) 1471 (24.4) 525 (31.3)

Good psychological 

adaptation

Satisfaction with life

≥60 Yes 4979 (64.6) 3894 (64.6) 1085 (64.6) 0.991

<60 No 2729 (35.4) 2134 (35.4) 595 (35.4)

ADL, activities of daily living; IADL, instrumental activities of daily living; MMSE-K, Mini-Mental State Examination; HA, healthy aging.

FIGURE 3

Changes in the incidence of depressive symptoms from 2008 to 2020.
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TABLE 3 Factors related to depressive symptoms.

Variables Crude p-value Adjusted p-value

HR 95% CI HR 95% CI

Region Urban 1.03 (0.95–1.10) 0.505 1.15 (1.06–1.24) 0.001

Rural 1.00 [ref] 1.00 [ref]

Sex Men 1.00 [ref] 1.00 [ref]

Women 1.29 (1.21–1.38) <0.0001 1.00 (0.91–1.11) 0.950

Age (years) 45–54 1.00 [ref] 1.00 [ref]

55–64 0.99 (0.46–0.52) <0.0001 0.90 (0.83–0.98) 0.010

> 65 1.71 (1.31–2.22) <0.0001 0.88 (0.67–1.15) 0.334

Education Elementary 2.77 (2.41–3.19) <0.0001 1.31 (1.12–1.52) 0.001

Middle school 1.67 (1.43–1.96) <0.0001 1.23 (1.05–1.44) 0.012

High school 1.29 (1.11–1.50) 0.001 1.14 (0.98–1.33) 0.098

College 1.00 [ref] 1.00 [ref]

Marital status Married 1.00 [ref] 1.00 [ref]

Unmarried/divorced/widowed 1.77 (1.65–1.91) <0.0001 1.07 (0.98–1.16) 0.131

Household income High 1.97 (1.81–2.14) <0.0001 1.22 (1.12–1.33) <0.0001

Middle-high 1.89 (1.71–2.10) <0.0001 1.24 (1.12–1.39) <0.0001

Middle-low 1.50 (1.37–1.63) <0.0001 1.14 (1.05–1.25) 0.003

Low 1.00 [ref] 1.00 [ref]

Insurance type National 1.00 [ref] 1.00 [ref]

Medical benefit 1.67 (1.41–1.98) <0.0001 1.19 (1.00–1.41) 0.045

Contact with children Frequently engaged with at least one child 1.16 (1.07–1.26) 0.000 1.01 (0.93–1.09) 0.902

Frequently engages with all children 0.85 (0.72–1.00) 0.053 0.97 (0.82–1.15) 0. 699

Occasionally engages with all children 1.19 (1.10–1.28) <0.0001 1.06 (0.98–1.14) 0.150

Rarely engages with all children 1.00 [ref] 1.00 [ref]

Contact with neighborhood 

(number of times)

<1/week 2.01 (1.89–2.14) <0.0001 1.80 (1.68–1.92) <0.0001

≥1/week 1.00 [ref] 1.00 [ref]

Labor force participation Active 1.00 [ref] 1.00 [ref]

Inactive 2.70 (2.50–2.92) <0.0001 1.67 (1.53–1.83) <0.0001

Smoking Never 1.36 (1.22–1.50) <0.0001 1.02 (0.90–1.15) 0.788

Past 1.31 (1.16–1.48) <0.0001 1.10 (0.97–1.24) 0.150

Current 1.00 [ref] 1.00 [ref]

Regular physical activity Yes 1.00 [ref] 1.00 [ref]

No 1.73 (1.61–1.86) <0.0001 1.33 (1.23–1.43) <0.0001

Alcohol consumption Yes 1.00 [ref] 1.00 [ref]

No 1.92 (1.78–2.08) <0.0001 1.24 (1.14–1.35) <0.0001

Regular diet Yes 1.00 [ref] 1.00 [ref]

No 1.93 (1.75–2.13) <0.0001 1.67 (1.51–1.85) <.0001

BMI (kg/m2) Underweight: <18.5 2.22 (1.97–2.50) <0.0001 1.31 (1.16–1.49) <0.0001

Normal: 18.5–24.9 1.00 [ref] 1.00 [ref]

Hearing Poor 2.59 (2.42–2.76) <0.0001 1.49 (1.39–1.61) <0.0001

Good 1.00 [ref] 1.00 [ref]

Vision Poor 2.86 (2.59–3.16) <0.0001 1.50 (1.34–1.66) <0.0001

Good 1.00 [ref] 1.00 [ref]

HA All HA 1.00 [ref] 1.00 [ref]

Unhealthy aging 5.18 (4.66–5.75) <0.0001 3.04 (2.72–3.39) <0.0001

HR, hazard ratio; CI, confidence interval; BMI, body mass index; HA, healthy aging.
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TABLE 4 Regional comparison of the time-dependent Cox recurrent models between depressive symptoms and related factors.

Variables Categories Urban Rural

HR 95% CI p-value HR 95% CI p-value

Sex Men 1.00 [ref] 1.00 [ref]

Women 1.04 (0.93–1.16) 0.532 0.92 (0.76–1.13) 0.428

Age (years) 45–64 1.00 [ref] 1.00 [ref]

65–74 0.88 (0.80–0.96) 0.005 0.95 (0.80–1.12) 0.522

75–84 1.07 (0.95–1.20) 0.267 1.04 (0.86–1.26) 0.666

>85 0.80 (0.57–1.11) 0.185 1.09 (0.69–1.73) 0.717

Education Elementary 1.33 (1.13–1.56) 0.001 1.06 (0.68–1.64) 0.801

Middle school 1.18 (0.99–1.40) 0.064 1.25 (0.79–1.96) 0.343

High school 1.16 (0.98–1.36) 0.078 0.87 (0.54–1.39) 0.548

College 1.00 [ref] 1.00 [ref]

Marital status Married 1.00 [ref] 1.00 [ref]

Unmarried/divorced/widowed 1.04 (0.95–1.15) 0.390 1.09 (0.91–1.30) 0.356

Household income High 1.16 (1.05–1.27) 0.004 1.37 (1.12–1.67) 0.002

Middle-high 1.32 (1.17–1.49) <0.0001 1.06 (0.83–1.34) 0.661

Middle-low 1.28 (1.16–1.42) <0.0001 0.73 (0.59–0.91) 0.004

Low 1.00 [ref] 1.00 [ref]

Insurance type National 1.00 [ref] 1.00 [ref]

Medical benefit 1.12 (0.91–1.38) 0.281 1.32 (0.96–1.81) 0.083

Contact with children Frequently engaged with at least one 

child
0.99 (0.90–1.09) 0.805 1.09 (0.93–1.29) 0.298

Frequently engages with all children 0.94 (0.78–1.13) 0.507 1.18 (0.80–1.73) 0.403

Occasionally engages with all children 1.09 (1.00–1.20) 0.046 0.93 (0.79–1.09) 0.347

Rarely engages with all children 1.00 [ref] 1.00 [ref]

Contact with neighborhood 

(number of times)

<1/week 1.87 (1.74–2.02) <0.0001 1.49 (1.30–1.71) <0.0001

≥1/week 1.00 [ref] 1.00 [ref]

Labor force participation Active 1.00 [ref] 1.00 [ref]

Inactive 1.67 (1.50–1.85) <0.0001 1.67 (1.42–1.97) <0.0001

Smoking Never 0.99 (0.86–1.13) 0.840 1.14 (0.88–1.49) 0.327

Past 1.08 (0.94–1.24) 0.294 1.15 (0.88–1.51) 0.294

Current 1.00 [ref] 1.00 [ref]

Regular physical activity Yes 1.00 [ref] 1.00 [ref]

No 1.39 (1.28–1.51) <0.0001 0.98 (0.81–1.17) 0.794

Alcohol consumption Yes 1.00 [ref] 1.00 [ref]

No 1.21 (1.09–1.33) <0.0001 1.34 (1.13–1.60) 0.001

Regular diet Yes 1.00 [ref] 1.00 [ref]

No 1.72 (1.54–1.92) <0.0001 1.56 (1.22–2.00) 0.001

BMI (kg/m2) Underweight: <18.5 1.41 (1.22–1.63) <0.0001 1.16 (0.93–1.46) 0.198

Normal: 18.5–24.9 1.00 [ref] 1.00 [ref]

Hearing Poor 1.58 (1.46–1.72) <0.0001 1.23 (1.05–1.42) 0.008

Good 1.00 [ref] 1.00 [ref]

Vision Poor 1.44 (1.28–1.62) <0.0001 1.64 (1.29–2.08) <0.0001

Good 1.00 [ref] 1.00 [ref]

HA All HA 1.00 [ref] 1.00 [ref]

Unhealthy aging 3.13 (2.75–3.55) <0.0001 2.59 (2.05–3.28) <0.0001

HR, hazard ratio; CI, confidence interval; BMI, body mass index; HA, healthy aging.
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Study on Aging, which analyzed 21,241 adults aged 45–85 years 
from 2010 to 2014, showed that rural and peri-urban residents had 
lower scores of depressive symptoms than urban residents (47). 
Similarly, in a systematic review and meta-analysis that compared 
residential areas (48), urban residents had a significantly higher 
prevalence of depressive symptoms than rural residents in 
developed countries, although this trend was not observed in 
developing countries. Purtle et  al. (48) attributed the regional 
differences in depressive symptoms to urbanization, wherein 
urbanization increased the risk of mental health problems. Several 
studies have reported that urbanization is associated with the 
prevalence of depressive symptoms (45, 49). Urban residents are 
more likely to have lower social support (49), and be exposed to 
stressors related to urban environments, including artificial light 
at night, neighborhood crime, traffic congestion, and noise (48). In 
addition to environmental pollution, rapid urbanization has 
increased other public health issues, such as chronic and mental 
health diseases and changes in people’s living and working habits, 
all of which have resulted in adverse health effects (50).

Globally, with increasing urbanization, more than 55% of the 
world’s population lived in urban areas in 2018, and by 2050, the 
urbanized population is expected to rise to two-thirds of the 
overall population (51). Korea is one of the few countries that has 
rapidly progressed from a low-income to a high-income country 
and has thereby experienced rapid economic development and 
urbanization. At the baseline of this study, 78.2% of the cohort 
lived in urban areas. In 1970, the urbanization rate in Korea was 
50.2% (52), rising to 90.7% in 2008 and 91.3% in 2021 (53). 
Therefore, the sample of this study, KLoSA, is reasonable and not 
biased. In Korea, many previous studies have compared levels of 
depressive symptoms between urban and rural areas. Some studies 
reported that rural populations in Korea are more likely to display 
higher levels of depressive symptoms than urban populations (14, 
44). However, many of the studies are cross-sectional or do not use 
national-wide samples. Park et al. (54) reported that older adults 
in urban areas had a mean score of 10.07 for depression, compared 
to a mean score of 5.82 of their rural peers. Further, in the 
nationwide Korean Community Health Survey, Jeong et al. (45) 
reported that the prevalence of depressive symptoms was 3.33% in 
urban areas and 2.59% in rural areas. Therefore, the findings of this 
study represent the health disparities between urban and 
rural areas.

In this study, less frequent contact with neighbors (< 1/week) 
or children was associated with increased depressive symptoms. 
We found that urban residents who had less contact with their 
neighbors had higher depressive symptoms than their rural 
counterparts. In addition, inactive labor force participation 
increased depressive symptoms in both urban and rural areas, 
consistent with previous reports that participation in social 
activities alleviates depressive symptoms (20, 48). Health behaviors, 
such as physical activity, alcohol consumption, and regular diet, are 
known to affect depression regardless residence areas. In the 
present study, urban residents who lacked regular exercise had 
higher rates of depressive symptoms than rural residents. Exercise 
is known to play a critical role in preventing depression and 
reducing depressive symptoms (54). Physical status may contribute 
to depressive symptoms (48). According to previous studies, the 
relationship between depression and BMI is U-shaped (55, 56), 

indicating that both underweight and overweight individuals had 
a higher incidence of depression, and we  observed a higher 
incidence of depressive symptoms among underweight adults; 
however, no participant was classified as overweight (BMI ≥25 kg/
m2) in this study. Regarding alcohol consumption, the 
non-drinking group had a higher incidence of depressive 
symptoms. Similarly, Jung (57), who analyzed the relationship 
between depression and drinking using KLoSA, reported that 
drinking lowered the depressive symptoms of older adults. In this 
study, we  considered the current drinking status and did not 
investigate the drinking patterns and frequency. Thus, further 
studies are needed to explore the relationship between depressive 
symptoms and drinking patterns and frequency.

In 2020, the WHO and United Nations declared a 10-year 
global action plan – UN Decade of Healthy Aging (2021–2030) 
(58) – and established healthy aging as a global agenda. However, 
healthy aging is a multidimensional and highly heterogeneous 
concept, and there are no reliable tools or survey protocols to 
measure it. Recently, studies on the development of a healthy aging 
index have been reported (58). Therefore, we  compared the 
incidence of healthy aging through the research results of 
successful aging, a similar concept that has been used more 
frequently (37). In the present study, the prevalence of healthy 
aging at baseline was 39.4%, which was slightly higher than the 
32–35% reported in a previous KLoSA survey among adults over 
45 years old (20). Another study comprising 2,157 participants 
aged 70 years and older from five European countries reported that 
41.8% were healthy agers (59). Further, among 2,565 older adults 
aged 65 years and above in Singapore, 25.4% showed healthy aging 
(60). In contrast, 3,100 veterans aged over 60 years in the 
United States reported a self-rated healthy aging of 79% (61). These 
differences can be explained by the varied definitions of healthy 
aging and population characteristics among the above-mentioned 
studies. Therefore, healthy aging should be  monitored using 
standardized healthy aging tools that consider cultural differences 
in various countries.

Among the five indicators of healthy aging, ADLs (unadjusted 
HR = 5.05) and IADLs (unadjusted HR = 3.72) demonstrated a 
higher risk ratio for depressive symptoms than the remaining 
factors. ADLs and IADLs are crucial for healthy aging because the 
ability to perform these activities is essential for maintaining 
independence and autonomy. In previous studies, ADLs and IADLs 
were strongly associated with depressive symptoms, even after 
adjusting for demographic and socioeconomic conditions (62, 63). 
The present study findings support that healthy aging intervention 
programs should include improvement of physical function as a 
main component (64–66). Among the indicators of healthy aging, 
life satisfaction constituted the second highest risk ratio for 
depressive symptoms (unadjusted HR = 4.27). A systematic review 
of healthy aging across 13 countries revealed that a positive 
attitude, such as satisfaction with life, was crucial for healthy aging 
(67). These factors should be  considered in developing healthy 
aging interventions.

A strength of this study is that it compares the incidence of 
depressive symptoms over time. To achieve this, we applied the 
Anderson-Gill model, which considers depressive symptoms as 
repeated events, and not as censored data, and thereby increased 
the completeness of the results. Therefore, our findings may lead 
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to a deeper understanding of the characteristics of depressive 
symptoms that are associated with a high risk of recurrence and 
suggest possible risk factors. However, although we  analyzed 
longitudinal data, causality in the relationship between healthy 
aging and depressive symptoms could not be ascertained. Since 
exploring factors on depression using various study design, many 
studies have investigated determinants focusing on individual 
factors, including sex, income, chronic disease, and health 
behaviors (10, 11, 14, 23). In the present study, more urban than 
rural residents had healthy aging. However, we did not analyze 
environmental factors, such as service facilities and social capital, 
that could contribute to these differences. This is because the 
KloSA data do not include these environmental variables.

This study has some limitations. First, due to the limited data 
sources and the fact that this was a secondary data analysis, the 
analysis did not include physical environmental factors, such as 
housing, neighborhood facilities, and social capital that influence 
depressive symptoms. Physical environmental factors decrease the 
risk of depressive symptoms (68). Therefore, future studies should 
consider these factors and their effect on regional differences in the 
prevalence of depressive symptoms. Second, there is no clear 
consensus on healthy aging. A systematic review of healthy aging 
identified 65 models that define healthy aging in the literature, and 
the subcomponents vary greatly, ranging from two to nine. 
Moreover, some frameworks include depression as a component of 
healthy aging (37). In this study, healthy aging was operationalized 
based on successful aging, which is widely utilized as the closest 
concept to healthy aging and has been employed in the KLoSA 
study. Third, depressive symptoms were self-reported and were not 
ascertained through diagnostic tests. However, the CES-D is a 
reliable and validated screening instrument for depressive 
symptoms. A systematic review and meta-analysis (69) confirmed 
that the CES-D has acceptable screening accuracy for depression 
in the general population or in primary care. Nonetheless, these 
results should be  interpreted with caution because an objective 
diagnostic measure of depression was not utilized. Fourth, this 
study lacks information on the underlying factors responsible for 
these differences and the mechanisms that cause these inequalities. 
Further research is needed to investigate the effects of various 
neighborhood-level factors on depressive symptoms and their 
interaction at the community level. Finally, the variables included 
in this study could also change over time. Therefore, future 
research should employ appropriate analysis methods to investigate 
how the changes in healthy aging and other variables affect the 
occurrence of depressive symptoms.

The present study findings provide insight into potential 
approaches to reducing depressive symptoms in urban and rural 
areas. Given that healthy aging is a crucial factor for depressive 
symptoms, it should be  improved starting from middle age. In 
addition, healthy aging is related to urbanization, necessitating the 
need to reduce regional disparities in factors that affect 
healthy aging.

5 Conclusion

As urbanization accelerates, urban residents have a higher risk of 
depressive symptoms than rural residents. Healthy aging is an essential 

factor in reducing depressive symptoms. To achieve healthy aging, 
appropriate interventions and policies that target the middle-aged 
adults and gradually extend to older adults should be developed with 
reference to the various factors that cause regional and individual 
differences in healthy aging.

Data availability statement

Publicly available datasets were analyzed in this study. This data 
can be found at: Korean Longitudinal Study of Aging (KLoSA) https://
survey.keis.or.kr/eng/klosa/klosa01.jsp.

Author contributions

SK: Conceptualization, Funding acquisition, Writing – review & 
editing. JH: Formal analysis, Methodology, Supervision, Writing – 
review & editing. DK: Formal analysis, Methodology, Writing – review 
& editing. BK: Conceptualization, Writing – original draft, Writing – 
review & editing.

Funding

The author(s) declare financial support was received for the 
research, authorship, and/or publication of this article. This research 
was supported by Daegu University (grant number 2022-0383).

Acknowledgments

Authors are grateful to the Daegu University for providing 
funding support.

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.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fpubh.2024.1256368/
full#supplementary-material

https://doi.org/10.3389/fpubh.2024.1256368
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://survey.keis.or.kr/eng/klosa/klosa01.jsp.%3c/b%3e
https://survey.keis.or.kr/eng/klosa/klosa01.jsp.%3c/b%3e
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1256368/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1256368/full#supplementary-material


Kang et al. 10.3389/fpubh.2024.1256368

Frontiers in Public Health 12 frontiersin.org

References
 1. Kontis V, Bennett JE, Mathers CD, Li G, Foreman K, Ezzati M. Future life 

expectancy in 35 industrialised countries: projections with a Bayesian model ensemble. 
Lancet. (2017) 389:1323–35. doi: 10.1016/S0140-6736(16)32381-9

 2. World Health Organization (2016). WHO global strategy and action plan on aging 
and health (2016–2020). Available at: https://www.who.int/publications/i/
item/9789241513500 (Accessed January 28, 2022).

 3. Baek JY, Lee EJ, Jang IY. Geriatrics fact sheet in Korea 2021. Ann Geriatr Med Res. 
(2021) 25:65–71. doi: 10.4235/agmr.21.0063

 4. Statistics Korea (2022). Population ages 65 and above (% of total population). 
Available at: https://kosis.kr/statHtml/statHtml.do?orgId=101&tblId=DT_1BPA003&v
w_cd=MT_ZTITLE&list_id=A41_10&scrId=&seqNo=&lang_mode=ko&obj_var_
id=&itm_id=&conn_path=MT_ZTITLE&path=%252FstatisticsList%252FstatisticsList
Index.do (Accessed November 11, 2022).

 5. De Leo D. Late-life suicide in an aging world. Nat Aging. (2022) 2:7–12. doi: 
10.1038/s43587-021-00160-1

 6. Cho Y, Lee JK, Kim DH, Park JH, Choi M, Kim HJ, et al. Factors associated with 
quality of life in patients with depression: a nationwide population-based study. PLoS 
One. (2019) 14:e0219455. doi: 10.1371/journal.pone.0219455

 7. OECD OECD. Publishing, Paris (2021). Health at a Glance 2021: OECD Indicators. 
Available at: https://doi.org/10.1787/ae3016b9-en (Accessed November 11, 2022).

 8. Statistics Korea (2022). Cause of death in 2021. Available at: https://kosis.kr/
statHtml/statHtml.do?orgId=101&tblId=DT_1B34E01&checkFlag=N (Accessed March 
4, 2022).

 9. World Health Organization. Depression. (2021). Available at: https://www.who.int/
news-room/fact-sheets/detail/depression (Accessed July 26, 2022).

 10. Hwang J, Kim S, Kim S. Gender differences in the impact of depression on 
cognitive decline among Korean older adults. Asia Pac J Public Health. (2021) 33:67–75. 
doi: 10.1177/1010539520961715

 11. Lee SB, Yu MJ, Yoon MS. A longitudinal change patterns of depression and its 
relationship with socioeconomic deprivation among middle-aged adults in South Korea. 
Int J Environ Res Public Health. (2021) 18:12957. doi: 10.3390/ijerph182412957

 12. Gotlib IH, Goodman SH, Humphreys KL. Studying the intergenerational 
transmission of risk for depression: current status and future directions. Curr Dir Psychol 
Sci. (2020) 29:174–9. doi: 10.1177/0963721420901590

 13. Zhang G, Cai C, Zou W, Jing L, Wu S. Depressive symptoms and socioeconomic 
status among the labor force: evidence from China’s representative sample. PLoS One. 
(2022) 17:e0272199. doi: 10.1371/journal.pone.0272199

 14. Nollett C, Ryan B, Bray N, Bunce C, Casten R, Edwards RT, et al. Depressive 
symptoms in people with vision impairment: a cross-sectional study to identify who is 
most at risk. BMJ Open. (2019) 9:e026163. doi: 10.1136/bmjopen-2018-026163

 15. Jang SR, Hur JS. The effects of community environment on depression among the 
elderly: focusing on comparison of metropolitan, medium-sized city, and rural area. J 
Community Welf. (2022) 80:49–81. doi: 10.15300/jcw.2022.80.1.49

 16. Wong RY. A new strategic approach to successful aging and healthy aging. 
Geriatrics. (2018) 3:86. doi: 10.3390/geriatrics3040086

 17. Yang W, Wu B, Tan SY, Li B, Lou VWQ, Chen ZA, et al. Understanding health and 
social challenges for aging and long-term care in China. Res Aging. (2021) 43:127–35. 
doi: 10.1177/0164027520938764

 18. Mao L, Yin R, Cai J, Niu M, Xu L, Sui W, et al. The relationship between successful 
aging and all-cause mortality risk in older adults: a systematic review and meta-analysis 
of cohort studies. Front Med. (2021) 8:740559. doi: 10.3389/fmed.2021.740559

 19. Marin IB, Fernández D, Ayuso-Mateos JL, Leonardi M, Tobiasz-Adamczyk B, 
Koskinen S, et al. Healthy aging and late-life depression in Europe: does migration 
matter? Front Med. (2022) 9:866524. doi: 10.3389/fmed.2022.866524

 20. Nari F, Jang BN, Kim S, Jeong W, Jang SI, Park EC. Association between successful 
aging transitions and depressive symptoms among older Korean adults: findings from 
the Korean longitudinal study of aging (2006–2018). BMC Geriatr. (2021) 21:352. doi: 
10.1186/s12877-021-02250-6

 21. Shin M. Depressive symptoms with cognitive dysfunction increase the risk of 
cognitive impairment: analysis of the Korean longitudinal study of aging (KLoSA), 
2006–2018. Int Psychogeriatr. (2021) 33:791–801. doi: 10.1017/S1041610220003622

 22. Choi DW, Han KT, Jeon J, Jang SI, Kim SJ, Park EC. Association between 
depressive-symptom trajectories and cognitive function in the late middle-aged and 
older population: results of the Korean longitudinal study of ageing. Sci Rep. (2019) 
9:7807. doi: 10.1038/s41598-019-44158-7

 23. Yuk Y, Han CR, Jang Y, Hong YC, Choi YJ. Association between weekly fruit and 
vegetable consumption and depressive symptoms: results from the Korean elderly 
environmental panel study. Epidemiol Health. (2021) 43:e2021029. doi: 10.4178/epih.
e2021029

 24. Hwang JH, Kim YJ. Neighborhood effect on elderly depression in Republic of 
Korea. Int J Environ Res Public Health. (2023) 20:5200. doi: 10.3390/ijerph20065200

 25. Generaal E, Timmermans EJ, Dekkers JEC, Smit JH, Penninx BWJH. Not 
urbanization level but socioeconomic, physical and social neighbourhood characteristics 
are associated with presence and severity of depressive and anxiety disorders. Psychol 
Med. (2019) 49:149–61. doi: 10.1017/S0033291718000612

 26. Galster G. On the nature of neighbourhood. Urban Stud. (2001) 38:2111–24. doi: 
10.1080/00420980120087072

 27. Park S, Han Y, Kim B, Dunkle RE. Aging in place of vulnerable older adults: 
person-environment fit perspective. J Appl Gerontol. (2017) 36:1327–50. doi: 
10.1177/0733464815617286

 28. Wang Y, Li Z, Fu C. Urban-rural differences in the association between social 
activities and depressive symptoms among older adults in China: a cross-sectional study. 
BMC Geriatr. (2021) 21:569. doi: 10.1186/s12877-021-02541-y

 29. Kim S, Cho S, Morgan MR. Neighborhood and depressive symptoms in older 
adults living in rural and urban regions in South Korea. Healthcare. (2023) 11:476. doi: 
10.3390/healthcare11040476

 30. Lee J, Sa J. Regional disparities in healthy eating and nutritional status in South 
Korea: Korea National Health and nutrition examination survey 2017. Nutr Res Pract. 
(2020) 14:679–90. doi: 10.4162/nrp.2020.14.6.679

 31. Anderson PK, Borgan Ø, Richard DG, Niels K. Statistics models based on counting 
process. New York: Springer Science and Business Media (1993).

 32. Choi Y, Kim EY, Sun J, Kim HK, Lee YS, Oh BM, et al. Incidence of depression 
after traumatic brain injury: a nationwide longitudinal study of 2.2 million adults. J 
Neurotrauma. (2022) 39:390–7. doi: 10.1089/neu.2021.0111

 33. Rose JH, O’Toole EE, Dawson NV, Lawrence R, Gurley D, Thomas C, et al. 
Perspectives, preferences, care practices, and outcomes among older and middle-aged 
patients with late-stage cancer. J Clin Oncol. (2004) 22:4907–17. doi: 10.1200/
JCO.2004.06.050

 34. Radloff LS. The CES-D scale: a self-report depression scale for research in the 
general population. Appl Psychol Meas. (1977) 1:385–401. doi: 
10.1177/014662167700100306

 35. Irwin M, Artin KH, Oxman MN. Screening for depression in the older adult: 
criterion validity of the 10-item Center for Epidemiological Studies Depression Scale 
(CES-D). Arch Intern Med. (1999) 159:1701–4. doi: 10.1001/archinte.159.15.1701

 36. Shin S. Validity study of short forms of the Korean version Center for Epidemiologic 
Studies Depression Scale (CES-D) [unpublished Master’s thesis]. Seoul, Korea: Seoul 
National University (2011).

 37. Menassa M, Stronks K, Khatami F, Roa Díaz ZM, Espinola OP, Gamba M, et al. 
Concepts and definitions of healthy ageing: a systematic review and synthesis of 
theoretical models. EClinicalMedicine. (2023) 56:101821. doi: 10.1016/j.
eclinm.2022.101821

 38. Chu L, Lor A, Moisan MG, Phi KM. Gender disparities in healthy aging: a cross-
national comparative study in the United States and South Korea from 2006 to 2016. Int 
J Aging Hum Dev. (2023) 96:33–50. doi: 10.1177/00914150221106643

 39. Feng Q, Son J, Zeng Y. Prevalence and correlates of successful ageing: a comparative 
study between China and South Korea. Eur J Ageing. (2015) 12:83–94. doi: 10.1007/
s10433-014-0329-5

 40. Kang Y, Na DL, Hahn S. A validity study on the Korean mini-mental state 
examination (K-MMSE) in dementia patients. J Korean Neurol Assoc. (1997) 15:300–8.

 41. Jeong S-K, Cho K-H, Kim J-M. The usefulness of the Korean version of modified 
mini-mental state examination (K-MMSE) for dementia screening in community 
dwelling elderly people. BMC Public Health. (2004) 4:1–7. doi: 10.1186/1471-2458-4-31

 42. World Health Organization (WHO). (2000). The Asia-Pacific Perspective: 
Redefining Obesity and its Treatment. Available at: https://apps.who.int/iris/
handle/10665/206936 (Accessed March 5, 2020).

 43. Cox DR. Regression models and life-tables. J R Stat Soc Series B. (1972) 34:187–202. 
doi: 10.1111/j.2517-6161.1972.tb00899.x

 44. Ozga AK, Kieser M, Rauch G. A systematic comparison of recurrent event models 
for application to composite endpoints. BMC Med Res Methodol. (2018) 18:2. doi: 
10.1186/s12874-017-0462-x

 45. Jeong JA, Kim SA, Yang JH, Shin MH. Urban-rural differences in the prevalence 
of depressive symptoms in Korean adults. Chonnam Med J. (2023) 59:128–33. doi: 
10.4068/cmj.2023.59.2.128

 46. Wu Y, Su B, Chen C, Zhao Y, Zhong P, Zheng X. Urban-rural disparities in the 
prevalence and trends of depressive symptoms among Chinese elderly and their 
associated factors. J Affect Disord. (2023) 340:258–68. doi: 10.1016/j.jad.2023.07.117

 47. St John PD, Menec V, Tate R, Newall NE, Cloutier D, O’Connell M. Depressive 
symptoms in adults in rural and urban regions of Canada: a cross-sectional analysis of 
the Canadian longitudinal study on aging. BMJ Open. (2021) 11:e048090. doi: 10.1136/
bmjopen-2020-048090

 48. Purtle J, Nelson KL, Yang Y, Langellier B, Stankov I, Diez Roux AV. Urban-rural 
differences in older adult depression: a systematic review and meta-analysis of 

https://doi.org/10.3389/fpubh.2024.1256368
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1016/S0140-6736(16)32381-9
https://www.who.int/publications/i/item/9789241513500
https://www.who.int/publications/i/item/9789241513500
https://doi.org/10.4235/agmr.21.0063
https://kosis.kr/statHtml/statHtml.do?orgId=101&tblId=DT_1BPA003&vw_cd=MT_ZTITLE&list_id=A41_10&scrId=&seqNo=&lang_mode=ko&obj_var_id=&itm_id=&conn_path=MT_ZTITLE&path=%252FstatisticsList%252FstatisticsListIndex.do
https://kosis.kr/statHtml/statHtml.do?orgId=101&tblId=DT_1BPA003&vw_cd=MT_ZTITLE&list_id=A41_10&scrId=&seqNo=&lang_mode=ko&obj_var_id=&itm_id=&conn_path=MT_ZTITLE&path=%252FstatisticsList%252FstatisticsListIndex.do
https://kosis.kr/statHtml/statHtml.do?orgId=101&tblId=DT_1BPA003&vw_cd=MT_ZTITLE&list_id=A41_10&scrId=&seqNo=&lang_mode=ko&obj_var_id=&itm_id=&conn_path=MT_ZTITLE&path=%252FstatisticsList%252FstatisticsListIndex.do
https://kosis.kr/statHtml/statHtml.do?orgId=101&tblId=DT_1BPA003&vw_cd=MT_ZTITLE&list_id=A41_10&scrId=&seqNo=&lang_mode=ko&obj_var_id=&itm_id=&conn_path=MT_ZTITLE&path=%252FstatisticsList%252FstatisticsListIndex.do
https://doi.org/10.1038/s43587-021-00160-1
https://doi.org/10.1371/journal.pone.0219455
https://doi.org/10.1787/ae3016b9-en
https://kosis.kr/statHtml/statHtml.do?orgId=101&tblId=DT_1B34E01&checkFlag=N
https://kosis.kr/statHtml/statHtml.do?orgId=101&tblId=DT_1B34E01&checkFlag=N
https://www.who.int/news-room/fact-sheets/detail/depression
https://www.who.int/news-room/fact-sheets/detail/depression
https://doi.org/10.1177/1010539520961715
https://doi.org/10.3390/ijerph182412957
https://doi.org/10.1177/0963721420901590
https://doi.org/10.1371/journal.pone.0272199
https://doi.org/10.1136/bmjopen-2018-026163
https://doi.org/10.15300/jcw.2022.80.1.49
https://doi.org/10.3390/geriatrics3040086
https://doi.org/10.1177/0164027520938764
https://doi.org/10.3389/fmed.2021.740559
https://doi.org/10.3389/fmed.2022.866524
https://doi.org/10.1186/s12877-021-02250-6
https://doi.org/10.1017/S1041610220003622
https://doi.org/10.1038/s41598-019-44158-7
https://doi.org/10.4178/epih.e2021029
https://doi.org/10.4178/epih.e2021029
https://doi.org/10.3390/ijerph20065200
https://doi.org/10.1017/S0033291718000612
https://doi.org/10.1080/00420980120087072
https://doi.org/10.1177/0733464815617286
https://doi.org/10.1186/s12877-021-02541-y
https://doi.org/10.3390/healthcare11040476
https://doi.org/10.4162/nrp.2020.14.6.679
https://doi.org/10.1089/neu.2021.0111
https://doi.org/10.1200/JCO.2004.06.050
https://doi.org/10.1200/JCO.2004.06.050
https://doi.org/10.1177/014662167700100306
https://doi.org/10.1001/archinte.159.15.1701
https://doi.org/10.1016/j.eclinm.2022.101821
https://doi.org/10.1016/j.eclinm.2022.101821
https://doi.org/10.1177/00914150221106643
https://doi.org/10.1007/s10433-014-0329-5
https://doi.org/10.1007/s10433-014-0329-5
https://doi.org/10.1186/1471-2458-4-31
https://apps.who.int/iris/handle/10665/206936
https://apps.who.int/iris/handle/10665/206936
https://doi.org/10.1111/j.2517-6161.1972.tb00899.x
https://doi.org/10.1186/s12874-017-0462-x
https://doi.org/10.4068/cmj.2023.59.2.128
https://doi.org/10.1016/j.jad.2023.07.117
https://doi.org/10.1136/bmjopen-2020-048090
https://doi.org/10.1136/bmjopen-2020-048090


Kang et al. 10.3389/fpubh.2024.1256368

Frontiers in Public Health 13 frontiersin.org

comparative studies. Am J Prev Med. (2019) 56:603–13. doi: 10.1016/j.
amepre.2018.11.008

 49. Wang R, Xue D, Liu Y, Chen H, Qiu Y. The relationship between urbanization and 
depression in China: the mediating role of neighborhood social capital. Int J Equity 
Health. (2018) 17:105. doi: 10.1186/s12939-018-0825-x

 50. Zhang Z, Zhao M, Zhang Y, Feng Y. How does urbanization affect public health? 
New evidence from 175 countries worldwide. Front Public Health. (2022) 10:1096964. 
doi: 10.3389/fpubh.2022.1096964

 51. Ritchie H, Roser M (2018). Urbanization. Published. OurWorldInData.org. 
Available at: https://ourworldindata.org/urbanization (Accessed May 11, 2023).

 52. Average Annual Economic Growth and Urbanization Rates During 1955–2020. 
Economic Statistics System. Available at: https://ecos.bok.or.kr/ (Accessed May 11, 2023)

 53. Statistics Korea. South Korea Urban Population. (2021). Available at: https://kosis.
kr/statHtml/statHtml.do?orgId=460&tblId=TX_315_2009_H1001&vw_cd=MT_
ZTITLE&list_id=315_31502_008&seqNo=&lang_mode=ko&language=kor&obj_var_
id=&itm_id=&conn_path=MT_ZTITLE (Accessed May 11, 2023).

 54. Park KS, Park YR, Son DS. The relationship between social connectedness and 
depressive symptom: a comparison between the rural and urban elderly. J Korean 
Contents Assoc. (2020) 20:667–77. doi: 10.5392/JKCA.2020.20.02.667

 55. He K, Pang T, Huang H. The relationship between depressive symptoms and BMI: 
2005–2018 NHANES data. J Affect Disord. (2022) 313:151–7. doi: 10.1016/j.
jad.2022.06.046

 56. Li C, Li X, Li Y, Niu X. The nonlinear relationship between body mass index (BMI) 
and perceived depression in the Chinese population. Psychol Res Behav Manag. (2023) 
16:2103–24. doi: 10.2147/PRBM.S411112

 57. Jung HN. The relationship between alcohol consumption patterns and elderly depression: 
Korean case. J Korean Econ Stud. (2022) 40:97–118. doi: 10.46665/jkes.2022.3.40.1.97

 58. World Health Oranization (2020). United Nations Decade of Healthy Ageing 
(2021–2030): plan of action. Available at: https://www.who.int/initiatives/decade-of-
healthy-ageing (Accessed Nov 11, 2023).

 59. Schietzel S, Chocano-Bedoya PO, Sadlon A, Gagesch M, Willett WC, Orav EJ, et al. 
Prevalence of healthy aging among community dwelling adults age 70 and older from 
five European countries. BMC Geriatr. (2022) 22:174. doi: 10.1186/s12877-022-02755-8

 60. Subramaniam M, Abdin E, Vaingankar JA, Sambasivam R, Seow E, Picco L, et al. 
Successful ageing in Singapore: prevalence and correlates from a national survey of older 
adults. Singap Med J. (2019) 60:22–30. doi: 10.11622/smedj.2018050

 61. Pietrzak RH, Levy BR, Tsai J, Southwick SM. Successful aging in older US veterans: 
results from the 2019–2020 national health and resilience in veterans study. Am J Geriatr 
Psychiatry. (2021) 29:251–6. doi: 10.1016/j.jagp.2020.08.006

 62. Peng S, Wang S, Feng XL. Corrigendum to “multimorbidity, depressive symptoms 
and disability in activities of daily living amongst middle-aged and older Chinese: 
evidence from the China health and retirement longitudinal study”. J Affect Disord. 
(2022) 301:497. doi: 10.1016/j.jad.2021.08.072

 63. Sim HS, Lee SG, Kim TH. Physical functioning, depressive symptoms, and suicidal 
ideation among older Korean adults. Int J Environ Res Public Health. (2021) 18:8781. doi: 
10.3390/ijerph18168781

 64. Merchant RA, Tsoi CT, Tan WM, Lau W, Sandrasageran S, Arai H. Community-
based peer-led intervention for healthy ageing and evaluation of the “HAPPY” program. 
J Nutr Health Aging. (2021) 25:520–7. doi: 10.1007/s12603-021-1606-6

 65. Hsu HC, Chuang SH, Hsu SW, Tung HJ, Chang SC, Lee MM, et al. Evaluation of 
a successful aging promotion intervention program for middle-aged adults in Taiwan. 
Glob Health Promot. (2019) 26:81–90. doi: 10.1177/1757975917702087

 66. Hsu HC, Kuo T, Lin JP, Hsu WC, Yu CW, Chen YC, et al. A cross-disciplinary 
successful aging intervention and evaluation: comparison of person-to-person and 
digital-assisted approaches. Int J Environ Res Public Health. (2018) 15:913. doi: 10.3390/
ijerph15050913

 67. Reich AJ, Claunch KD, Verdeja MA, Dungan MT, Anderson S, Clayton CK, et al. 
What does “successful aging” mean to you? – systematic review and cross-cultural 
comparison of lay perspectives of older adults in 13 countries, 2010–2020. J Cross Cult 
Gerontol. (2020) 35:455–78. doi: 10.1007/s10823-020-09416-6

 68. Liu Y, Lu S, Guo Y, Ho HC, Chui HK, Webster C, et al. Associations between 
neighborhood environments and depressive symptoms of older adults. Innov Aging. 
(2021) 5:468. doi: 10.1093/geroni/igab046.1809

 69. Vilagut G, Forero CG, Barbaglia G, Alonso J. Screening for depression in the 
general population with the Center for Epidemiologic Studies Depression (CES-D): a 
systematic review with meta-analysis. PLoS One. (2016) 11:e0155431. doi: 10.1371/
journal.pone.0155431

https://doi.org/10.3389/fpubh.2024.1256368
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1016/j.amepre.2018.11.008
https://doi.org/10.1016/j.amepre.2018.11.008
https://doi.org/10.1186/s12939-018-0825-x
https://doi.org/10.3389/fpubh.2022.1096964
http://OurWorldInData.org
https://ourworldindata.org/urbanization
https://ecos.bok.or.kr/
https://kosis.kr/statHtml/statHtml.do?orgId=460&tblId=TX_315_2009_H1001&vw_cd=MT_ZTITLE&list_id=315_31502_008&seqNo=&lang_mode=ko&language=kor&obj_var_id=&itm_id=&conn_path=MT_ZTITLE
https://kosis.kr/statHtml/statHtml.do?orgId=460&tblId=TX_315_2009_H1001&vw_cd=MT_ZTITLE&list_id=315_31502_008&seqNo=&lang_mode=ko&language=kor&obj_var_id=&itm_id=&conn_path=MT_ZTITLE
https://kosis.kr/statHtml/statHtml.do?orgId=460&tblId=TX_315_2009_H1001&vw_cd=MT_ZTITLE&list_id=315_31502_008&seqNo=&lang_mode=ko&language=kor&obj_var_id=&itm_id=&conn_path=MT_ZTITLE
https://kosis.kr/statHtml/statHtml.do?orgId=460&tblId=TX_315_2009_H1001&vw_cd=MT_ZTITLE&list_id=315_31502_008&seqNo=&lang_mode=ko&language=kor&obj_var_id=&itm_id=&conn_path=MT_ZTITLE
https://doi.org/10.5392/JKCA.2020.20.02.667
https://doi.org/10.1016/j.jad.2022.06.046
https://doi.org/10.1016/j.jad.2022.06.046
https://doi.org/10.2147/PRBM.S411112
https://doi.org/10.46665/jkes.2022.3.40.1.97
https://www.who.int/initiatives/decade-of-healthy-ageing
https://www.who.int/initiatives/decade-of-healthy-ageing
https://doi.org/10.1186/s12877-022-02755-8
https://doi.org/10.11622/smedj.2018050
https://doi.org/10.1016/j.jagp.2020.08.006
https://doi.org/10.1016/j.jad.2021.08.072
https://doi.org/10.3390/ijerph18168781
https://doi.org/10.1007/s12603-021-1606-6
https://doi.org/10.1177/1757975917702087
https://doi.org/10.3390/ijerph15050913
https://doi.org/10.3390/ijerph15050913
https://doi.org/10.1007/s10823-020-09416-6
https://doi.org/10.1093/geroni/igab046.1809
https://doi.org/10.1371/journal.pone.0155431
https://doi.org/10.1371/journal.pone.0155431

	Regional differences in the effects of healthy aging on depressive symptoms: a Korean longitudinal study of aging (2006–2020)
	1 Introduction
	2 Methods
	2.1 Study design and population
	2.2 Variables and measurements
	2.2.1 Outcome variables
	2.2.2 Independent variables
	2.2.2.1 Healthy aging
	2.2.2.2 Control variables
	2.2.2.3 Urban and rural areas
	2.3 Statistical analysis
	2.4 Ethical statement

	3 Results
	3.1 General characteristics and healthy aging between urban and rural areas
	3.2 Incidence of depressive symptoms from 2006 to 2020
	3.3 Effects of healthy aging on depressive symptoms from 2006 to 2020
	3.4 Effects of health aging on depressive symptoms according to the residential areas

	4 Discussion
	5 Conclusion
	Data availability statement
	Author contributions

	References

