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Objectives: In rural areas of Korea, where public transportation infrastructure is lacking and alternative systems are poor, the elderly
experience inconveniences in using healthcare, although their need is high. This study aimed to analyze the association between the
convenience of transportation and unmet healthcare needs among the rural elderly.

Methods: The data used were collected in the 2016 Community Health Survey among rural elderly individuals aged 65 or older. De-
pendent variable was the unmet healthcare needs, explanatory variable was the convenience of transportation. The elderly were di-
vided into 3 groups: with no driver in the household, with a driver, and the elderly individual was the driver (the self-driving group).
Covariates were classified into predisposing, enabling, and need factors. They included gender, age, education, income, economic ac-
tivity, household type, motor ability, subjective health level, number of chronic diseases, anxiety/depression, and pain/discomfort.
The data were analyzed using logistic regression and stratification.

Results: A significant association was found between the convenience of transportation and unmet healthcare needs. When exam-
ined unadjusted odds ratio of the group with a driver in the household, using the group with no driver as a reference, was 0.61 (95%
confidence interval [Cl], 0.54 to 0.68), while that of the self-driving group was 0.34 (95% Cl, 0.30 to 0.38). The odds ratios adjusted for
all factors were 0.69 (95% Cl, 0.59 to 0.80) and 0.79 (95% Cl, 0.67 to 0.91).

Conclusions: We confirmed a significant association between inconvenient transportation and unmet healthcare needs among the
rural elderly even after adjustment for existing known factors. This implies that policies aimed at improving healthcare accessibility
must consider the means of transportation available.
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Healthcare accessibility refers to equality in the use of
healthcare regardless of other factors that do not relate to
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needs can also manifest in different ways. For instance, tem-
porary workers have a high level of unmet healthcare needs
[3] as they have spent little time in Korean society, migrant
women experience difficulty due to language barriers [4], and
people with disabilities encounter various types of barriers de-
pending on the type of disability [5]. The barriers for the rural
elderly are associated with several problems. Although health-
care needs increase with age, the rural elderly experience dif-
ficulties due to factors such as a lack of regional medical re-
sources, an unbalanced distribution of those resources, poor
infrastructure, and the vulnerable condition due to ageing
[6,71.

Most policies related to healthcare accessibility have fo-
cused on lowering barriers from the supply side [8], and Kore-
an policies have been no exception. However, it is logical to
lower the barriers on the demand side [9], as well as on the
supply side, to better meet the healthcare needs of the de-
manders (patients). The physical barriers to healthcare accessi-
bility from the supply side involve allocation of medical facili-
ties and resources, whereas from the demand side, barriers in-
clude the transportation process from households to health-
care institutions. Unless the means of transportation from resi-
dences to healthcare institutions are improved, even if the al-
location of medical resources (such as medical facilities or per-
sonnel) is increased, elderly individuals with poor motor ability
will still face a barrier [10] that may be too high to surmount
despite a short distance or a short calculated travel time.

In other countries, studies have confirmed that transporta-
tion was the most influential determinant of healthcare acces-
sibility [11,12]. Those studies identified an association be-
tween means of transportation and healthcare use, as can be
exemplified by the association between driving as an elderly
individual and the regular check-up and management of
chronic conditions [10]. However, few Korean studies [13] have
expressed interest in means of transportation for healthcare
use for the elderly, although studies have investigated the in-
convenience of transportation of rural area [14,15] and travel
time and distance to healthcare institutions [16-18]. Although
some qualitative studies have found that a lack of transporta-
tion limits healthcare use by the elderly [2,19], no research has
yet explored the association between means of transportation
and the healthcare use or unmet healthcare needs of the rural
elderly.

The first step in responding to health inequalities is measur-
ing them [20]. To prepare measures and policies aimed at low-
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ering the barriers to healthcare accessibility for the rural elder-
ly in Korea, it is necessary to first assess the presence and ex-
tent of any differences in the unmet healthcare needs of that
population based on means of transportation apart from the
factors that have been identified so far. This study aimed to
analyze the association between the convenience of transpor-
tation and the unmet healthcare needs of the rural elderly
with the goal of making an evidence for suggestions to im-
prove healthcare accessibility and to address problems relat-
ing to unequal access.

METHODS

Data Source

This study used 2016 data from the Community Health Sur-
vey, which was conducted by the Korea Centers for Disease
Control and Prevention. From the raw data, which included
228 452 adults aged 19 or older from across the nation, only
the data from health centers in gun (county) areas was ex-
tracted (with the health centers in the guns of Busan, Daegu,
Incheon, and Ulsan excluded from the analysis). In our study,
data from 28 191 elderly individuals aged 65 or older among
68 150 adults from 77 health centers were analyzed.

Dependent Variable

The dependent variable in this study was the level of unmet
healthcare needs. Individuals who replied “yes” to the question
“Over the past year, have you ever not been able to visit the
hospital or clinic (not including a dental clinic) even though
you wanted to visit?” were said to have unmet healthcare
needs, while those who replied “no” were said to have no un-
met healthcare needs. The variables used to describe the rea-
sons for unmet healthcare needs were set by the reply to the
question “If you have had such an experience, what reason
prevented you from visiting the hospital(s) or clinic(s) you
wanted to visit?”

Explanatory Variable

For the variable describing convenience of transportation, a
questionnaire was used to ascertain whether driving was
available to the elderly individual. The participants were divid-
ed into 3 groups (a self-driving group, a group with a driver
who was not the elderly, and a group with no driver in the
household) for analysis.
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Covariates

Existing known factors were categorized according to the
concept of the predisposing, enabling, and need factors from
Andersen’s healthcare utilization model [21]. The predisposing
factors included gender, age, and education level, while the
enabling factors included household income, economic activi-
ty, household type, and motor ability. Finally, the need factors
included subjective health level, the number of chronic dis-

Transportation and Unmet Healthcare Needs

eases of the individual, anxiety or depression, and pain or dis-
comfort.

Statistical Analysis

A frequency analysis and the chi-square test were conduct-
ed to investigate general characteristics of the research sub-
jects (the rural elderly) as well as their status regarding unmet
healthcare needs.

Factors Categories of variables Total Healthcare needs Chi-square/
Unmet No unmet p-value
Total 28191 (100) 3244 (11.5) 24 947 (88.5)
Predisposing ~ Gender 0: Women 16 273 (57.7) 2360 (14.5) 13913 (85.5) 339.15
factors 1: Men 11918 (42.3) 884 (7.4) 11034 (92.6) <0.001
Age (y) 0: 65-69 6983 (24.8) 680 (9.7) 6303 (90.3) 80.86
1:70-74 7300 (25.9) 751(10.3) 6549 (89.7) <0.001
2:75-79 7189 (25.5) 860 (12.0) 6329 (88.0)
3: 80 or more 6719 (23.8) 953(14.2) 5766 (85.8)
Education level  0: No education 8371(29.7) 1402 (16.7) 6969 (83.3) 424.47
1: Elementary school graduate 12 928 (45.9) 1416 (11.0) 11512 (89.0) <0.001
2: Middle school graduate 3494 (12.4) 238 (6.8) 3256 (93.2)
3: High school graduate or above 3398 (12.1) 188 (5.5) 3210 (94.5)
Enabling Household 0: Less than 1 18 249 (64.7) 2520(13.8) 15729 (86.2) 271.75
factors income 1:1-2 5784 (20.5) 446 (7.7) 5338 (92.3) <0.001
(10° KRW/mo)
2:2-3 2186 (7.8) 148 (6.8) 2038 (93.2)
3:3 or more 1972 (7.0) 130 (6.6) 1842 (93.4)
Economic 0: No 14126 (50.1) 1842 (13.0) 12 284 (87.0) 65.31
activity 1: Yes 14 065 (49.9) 1402 (10.0) 12663 (90.0) <0.001
Household type  0: Living alone 8507 (30.2) 1320 (15.5) 7187 (84.5) 202.98
1: Couple (1 generation) 15 643 (55.5) 1470 (9.4) 14173 (90.6) <0.001
2: 2 or more generations 4041 (14.3) 454 (11.2) 3587 (88.8)
Motor ability 0: No limitation of function 14145 (50.2) 870(6.2) 13 275(93.8) 799.96
1: Limitation of function 14 046 (49.8) 2374 (16.9) 11672(83.1) <0.001
Driving 0: No driver in the household 18 349 (65.1) 2581 (14.1) 15768 (85.9) 369.74
availability 1 priver in the household 3580 (12.7) 327 (9.1) 3253 (90.9) <0.001
2: Self-driving 6262 (22.2) 336 (5.4) 5926 (94.6)
Need factors ~ Subjective 0: Good 4922 (17.5) 230(4.7) 4692 (95.3) 757.60
health level 1. pediocre 9158 (32.5) 663 (7.2) 8495 (92.8) <0.001
2: Poor 14111 (50.1) 2351 (16.7) 11760 (83.3)
No. of chronic ~ 0: None 8405 (29.8) 853(10.1) 7552 (89.9) 66.88
diseases 1:1-2 11639 (41.3) 1258 (10.8) 10381 (89.2) <0.001
2: 3 or more 8147 (28.9) 1133 (13.9) 7014 (86.1)
Anxiety/ 0: No 22 426 (79.6) 1959 (8.7) 20 467 (91.3) 827.40
depression 1: Yes 5765 (20.4) 1285 (22.3) 4480 (77.7) <0.001
Pain/discomfort  0: No 12 440 (44.1) 688 (5.5) 11752 (94.5) 781.02
1: Yes 15751 (55.9) 2556 (16.2) 13195 (83.8) <0.001

Values are presented as number (%).
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Logistic regression analysis was conducted to investigate
the association between the convenience of transportation
and the unmet healthcare needs. Spearman correlation anal-
ysis was used to check multicolinearity. By conducting logis-
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tic regression analysis for the predisposing, enabling, and
need factors of Andersen’s healthcare utilization model,
the odds ratio (OR) before and after adjustment were calcu-
lated.

Factors Explanation of variables Total (n)
Total 28191
Predisposing Factors
Gender 0: Women 16 273
1: Men 11918
Age (y) 0: 65-69 6983
1:70-74 7300
2:75-79 7189
3: 80 or more 6719
Education level 0: No education 8371
1: Elementary school graduate 12 928
2: Middle school graduate 3494
3: High school graduate or above 3398
Enabling factors
Household income 0: Less than 1 18 249
(10° KRW/mo] 1:1-2 5784
2:2-3 2186
3: 3 or more 1972
Economic activity 0: No 14126
1: Yes 14 065
Household type 0: Living alone 8507
1: Couple (1 generation) 15643
2: 2 or more generations 4041
Motor ability 0: No limitation of function 14145
1: Limitation of function 14 046
Driving availability 1: No driver in household 18 349
2: Driver in household 3580
3: Self-driving 6262
Need factors
Subjective health level 0: Good 4922
1: Mediocre 9158
2: Poor 14111
No. of chronic diseases 0: None 8405
1:1-2 11639
2: 3 or more 8147
Anxiety/depression 0: No 22 426
1: Yes 55765
Pain/discomfort 0: No 12 440
1: Yes 15751

Values are presented as odds ratio (95% confidence interval).

KRW, Korean won.

*p<0.05, **p<0.01, ***p<0.001.

Unmet healthcare Adjustment
needs (n) Before After
3244
2360 1.00 (reference) 1.00 (reference)
884 0.47 (0.44, 0.51)*** 0.79(0.71,0.88)***
680 1.00 (reference) 1.00 (reference)
751 1.06 (0.95, 1.18)*** 0.76 (0.67, 0.85)***
860 1.26 (1.13, 1.40)*** 0.71(0.64, 0.81)***
953 1.53(1.38, 1.70)*** 0.72 (0.64, 0.83)***
1402 1.00 (reference) 1.00 (reference)
1416 0.61(0.56, 0.66)*** 0.79(0.72, 0.86)***
238 0.36(0.31, 0.42)*** 0.67(0.57, 0.79)***
188 0.29(0.24, 0.34)*** 0.73(0.60, 0.88)***
2520 1.00 (reference) 1.00 (reference)
446 0.52(0.47, 0.58)*** 0.76 (0.68, 0.86)***
148 0.45(0.38, 0.54)*** 0.71(0.59, 0.86)***
130 0.44(0.36, 0.53)*** 0.68 (0.55, 0.83)***
1842 1.00 (reference) 1.00 (reference)
1402 0.74(0.68, 0.79)*** 1.23(1.13, 1.34)***
1320 1.00 (reference) 1.00 (reference)
1470 0.56 (0.52, 0.61)*** 0.90(0.82, 0.99)*
454 0.69(0.61, 0.77)*** 1.19(1.03, 1,37)*
870 1.00 (reference) 1.00 (reference)
2374 3.10(2.85, 3.36)*** 1.50(1.35, 1.66)***
2581 1.00 (reference) 1.00 (reference)
327 0.61(0.54, 0.68)*** 0.69 (0.59, 0.80)***
336 0.34(0.30, 0.38)*** 0.79(0.67,0.91)**
230 1.00 (reference) 1.00 (reference)
663 1.58(1.37, 1.86)*** 1.30(1.11, 1.652)**
2351 4.08 (3.56, 4.70)** 2.06(1.77, 2.40)***
853 1.00 (reference) 1.00 (reference)
1258 1.07(0.97, 1.17)*** 0.83(0.75, 0.91)***
1133 1.42 (1.30, 1.57)*** 0.87(0.79, 0.97)*
1959 1.00 (reference) 1.00 (reference)
1285 3.00(2.77, 3.24)** 1.87 (1.71, 2.03)***
688 1.00 (reference) 1.00 (reference)
2566 3.30(3.03, 3.61)** 1.57 (1.41, 1.75)***
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To determine whether the extent of unmet healthcare
needs varied in the rural elderly depending on convenience of
transportation, the subjects were divided into 3 groups: a
group with no driver in the household (GR1), a group with a
driver who was not the elderly (GR2), and the self-driving
group (GR3), and the reasons for the level of unmet healthcare
needs were described. SAS version 9.4 (SAS Institute Inc., Cary,

Transportation and Unmet Healthcare Needs

NG, USA) and R version 3.5.1 (https://cran.r-project.org/bin/
windows/base/old/3.5.1/) were used.

Ethics Statement

This study was conducted after obtaining approval with a
review exemption from the Institutional Review Board of
Seoul National University.

Unmet healthcare needs

Factors
GR1 GR2 GR3 Total
Total 28191 (100) 2581 (14.1) 326(9.1) 337 (5.4) 3244 (11.5)
Predisposing factors
Gender 0: Women 16 273 (57.7) 2020 (16.2) 298(9.1) 42(7.3) 2360 (14.5)
1: Men 11918 (42.3) 561 (9.5) 29(9.2) 294 (5.2) 884 (7.4)
Age (y) 0: 65-69 1983 (24.8) 363(13.3) 115(9.8) 202 (6.6) 680(9.7)
1:70-74 7300 (25.9) 589 (13.4) 79(8.4) 83(4.2) 751(10.3)
2:75-79 7189 (25.5) 768 (13.8) 57 (8.8) 35(3.6) 860 (12.0)
3: 80 or more 6719 (23.8) 861 (15.3) 76 (9.4) 16 (5.8) 953 (14.2)
Education 0: No education 8371(29.7) 1270 (17.9) 117 (10.6) 15(7.9) 1402 (16.7)
1: Elementary school graduate 12 928 (45.9) 1102 (12.5) 175(9.3) 139 (6.3) 1416 (11.0)
2: Middle school graduate 3494 (12.4) 133(8.9) 25 (6.8) 80 (4.9) 238(6.8)
3: High school graduate or above 3398 (12.1) 76 (8.2) 10 (4.4) 102 (4.6) 188 (5.5)
Enabling factors
Household income 0: Less than 1 18 249 (64.7) 2270 (15.2) 106 (10.5) 144 (6.3) 2520(13.8)
(10° KRW/mo] 1:12 5784 (20.5) 236(9.2) 99(9.3) 111(5.2) 446 (7.7)
2:2-3 2186 (7.8) 54(10.9) 57(8.2) 37(3.7) 148 (6.8)
3: 3 or more 1972 (7.0 21(6.7) 65 (8.0) 44(5.2) 130 (6.6)
Economic activity 0: No 14126 (50.1) 1622 (15.5) 146 (7.6) 74 (4.2) 1842 (13.0)
1: Yes 14 065 (49.9) 959 (12.1) 181(10.9) 262 (5.8) 1402 (10.0)
Household type 0: Living alone 8507 (30.2) 1280 (16.1) 0(0) 40 (7.4) 1320(15.5)
1: Couple (1 generation) 15643 (55.5) 1098 (11.9) 141 (8.4) 231(4.8) 1470 (9.4)
2: 2 or more generations 4041 (14.3) 203(17.2) 186 (9.8) 65 (6.8) 454 (11.2)
Motor ability 0: Limitation of function 14145 (50.2) 543 (7.3) 104 (6.0) 223 (4.5) 870(6.2)
1: No limitation of function 14 046 (49.8) 2038 (18.7) 223(12.1) 113(8.8) 2374 (16.9)
Need factors
Subjective health level 0: Good 4922 (17.5) 134 (5.6) 21(3.7) 75(3.9) 230(4.7)
1: Mediocre 9158 (32.5) 449(8.5) 87 (7.0) 128 (4.8) 663 (7.2)
2: Poor 14111 (50.1) 1999 (18.7) 219(12.4) 133(7.9) 2351 (16.7)
No. of chronic diseases 0: None 8405 (29.8) 631(12.7) 81(8.4) 141 (5.7) 853 (10.1)
1:1-2 11639 (41.3) 1012 (13.2) 132 (9.0) 114 (4.6) 1258 (10.8)
2: 3 or more 8147 (28.9) 938 (16.4) 114(9.9) 81(6.3) 1133(13.9)
Anxiety/depression 0: No 22 426 (79.6) 1485 (10.7) 217 (7.5) 257 (4.5) 1959 (8.7)
1: Yes 5765 (20.4) 1096 (24.5) 110(15.8) 79(13.6) 1285 (22.3)
Pain/discomfort 0: No 12 440 (44.1) 453 (6.8) 75(5.1) 160 (3.7) 688 (5.5)
1: Yes 15751 (55.9) 2128(18.2) 252 (11.9) 176 (9.0) 2556 (16.2)

Values are presented as number (%).

GR1, group with no driver in the household; GR2, group with a driver who was not the elderly; GR3, self-driving group; KRW, Korean won.
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Table 4. Distribution of reasons for unmet healthcare needs by group
Characteristics Total GR1 GR2 GR3
Total 28191 (100) 18 349 (100) 3580 (100) 6262 (100)
No unmet healthcare needs 24 947 (88.5) 15768 (85.9) 3253(90.9) 5926 (94.6)
Unmet healthcare needs' 3244(11.5) 2581 (14.7) 327(9.1) 336 (5.4)
Economic reason (financial accessibility) 579(17.8) 494 (19.1) 39(11.9) 45(13.4)
Transportation (physical accessibility) 1157 (35.7) 1039 (40.3) 82(25.1) 37(10.7)
Inconvenient reservation/waiting/use time (availability) 563 (17.4) 325(12.6) 98 (30.0) 140 (41.7)
Symptoms were mild 395(12.1) 264(10.2) 50(15.3) 81(24.1)
Other 551 (17.0) 459(17.8) 58(17.7) 34(10.1)

Values are presented as number (%).

GR1, group with no driver in the household; GR2, group with a driver who was not the elderly; GR3, self-driving group.
'Percentages of reasons are calculated using unmet health care needs of each group as 100.

Economic reason (financial
accessibility)
1200

Other

Transportation (physical
accessibility)

Inconvenient

Symptoms were mild

reservation/waiting/use
time (availability)

—Aggregate e e (GR ] e (GR) eeseee(GR3

Figure 1. Reasons for unmet healthcare needs by group. GR1, group with no driver in the household; GR2, group with a driver

who was not the elderly; GR3, self-driving group.
RESULTS

Table 1 presents general characteristics and descriptive sta-
tistical results associated with unmet healthcare needs among
the rural elderly.

Table 2 and Supplemental Material 1 present the results of a
logistic regression analysis. This shows the OR of each variable
before and after adjustment of all factors.

The results of the stratification into 3 groups are presented
in Table 3.

Table 4 and Figure 1 present the results of the distribution of
the reasons for unmet healthcare needs by group.

360

The rates of unmet healthcare needs for GR1, GR2, and GR3
were 14.1%, 9.1%, and 5.4%, respectively. Regarding the rea-
sons for these unmet needs, over 40.0% of the rural elderly in
GR1 experienced unmet healthcare needs due to inconvenient
transportation.

DISCUSSION

Unmet Healthcare Needs of the Rural Elderly

The elderly in the guns included were mostly women; com-
bined, individuals with no formal education and an elementary
school graduation accounted for 75.6%, and individuals with
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less than 1 million Korean won (KRW) of monthly household
income accounted for 64.7%. These reveal vulnerabilities in
multiple aspects. In comparison, in the National Survey of Se-
nior Citizens [10], individuals with an education level of ele-
mentary school graduation or lower constituted 67.0%, and
their average annual income was 23 million KRW. With regard
to driving, the proportion of self-driving individuals in our
study was 22.2%, while the proportions of those with a driver
among family members and no driver among family members
were 12.7% and 65.1%, respectively. This proportion of self-
driving elderly individuals is slightly higher than the 16.1%
obtained by the 2014 National Survey of Senior Citizens. How-
ever, given that the number of cars across the nation was over
20 million and the era of 2 cars per household started in 2016
[22], the rates of a driver’s presence among family members
and the availability of individual transportation were very low.
The proportions of dysfunctional motor ability (49.8%), and
good subjective health level (17.5%), the frequency of chronic
diseases (70.2%), and pain/discomfort (55.9%) show high lev-
els of healthcare necessity. In summary, while the barriers to
visiting healthcare institutions by walking (due to disordered
motor ability) and by using public transportation (due to its
unavailability) were expected to be major, the availability of
individual transportation was low, from which difficulty in
finding transportation for the use of healthcare services is ex-
pected. Reflecting this, an overwhelming reason for unmet
healthcare needs was inconvenient transportation. This is a
striking discrepancy from the finding that economic reasons
were the most frequent in a previous study associated with
unmet healthcare needs [5,23,24].

Unmet Healthcare Needs of the Rural Elderly
and Associated Factors

Our study found that many factors were significantly associ-
ated with unmet healthcare needs in complex ways, and some
particularly notable findings were confirmed. Regarding gen-
der, women showed a higher level of unmet healthcare needs
than men, which is consistent with the findings of previous
studies [24-27]. Regarding age, while unmet healthcare needs
increased with age before adjustment, the level of these needs
decreased with age after adjustment. It can be concluded that,
because unmet healthcare needs are more influenced by other
factors that increase with age, such as chronic diseases, poor
health level, restriction of motor ability, or pain, than by age it-
self, and that age itself lowers the level of unmet health needs.

Transportation and Unmet Healthcare Needs

In a study conducted by Moon and Kang [25], the young-old
elderly displayed higher unmet healthcare needs than the old-
old elderly. This was assumed to be true because the young-old
elderly have relatively high expectations and more easily per-
ceive unmet needs when those expectations cannot be satis-
fied. Regarding education level, unmet healthcare needs great-
ly decreased from the group with no formal education to the
groups with an elementary, middle school, and high school
education before adjustment, and it decreased until middle
school graduation and slightly increased again until high school
graduation and above after adjustment. The difference between
before and after adjustment data can be explained through
the concept that need factors decrease as health level increas-
es along with education level, and higher education levels are
associated with more resources that enable the use of health-
care, such as income and transportation. The post-adjustment
phenomenon in which unmet healthcare needs decreased
and then increased with education level can be explained by
the fact that the highly-educated elderly have higher expecta-
tions for healthcare service beyond merely traveling to and
visiting healthcare institutions. The study conducted by Kim
and Lee [4] on the married migrant women showed that a
higher education level corresponded with a higher level of un-
met healthcare needs, and this example supports our explana-
tion regarding levels of expectations.

Household income displayed results consistent with existing
studies, as lower income was associated with a higher level of
unmet health needs [4,5,27]. Regarding economic activity, be-
fore adjustment, unmet healthcare needs were lower when
the elderly engaged in economic activity than when they did
not. However, after adjustment, unmet healthcare needs were
higher when the elderly engaged in economic activity. The
pre-adjustment result is believed to be associated with the
concept that economic activity is linked to high income and a
lack of restriction of motor ability; after adjustment, however,
unmet healthcare needs are believed to increase when the el-
derly engage in economic activity due to the corresponding
lack of time. Existing studies have shown that economic activi-
ty is linked to unmet healthcare needs [4,28]. With regard to
household type, before adjustment, the level of unmet health-
care needs was highest when the elderly individual lived alone
and was lower in households where 2 or more generations co-
habited, then decreased further in households where a couple
cohabited. However, after adjustment and using living alone
as a reference, the level of unmet healthcare needs was lower
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for cohabitation of a couple but was higher for cohabitation of
2 generations or more (p<0.05). A previous study [22] showed
that the level of unmet healthcare needs according to house-
hold type was highest in single-person households, lower in
cases of cohabitation of a couple, and lowest in cohabitation
with children. Elderly individuals who live alone experience
difficulty when they visit hospitals alone, as they have a lack of
social support [18]. They are also reluctant for their children
with whom they do not live to take them to healthcare institu-
tions because they fear burdening them [23]. As for why the
level of unmet healthcare needs was higher in households
where 2 or more generations cohabitated, the makeup of the
household can play a role. In the past, 2-generation households
usually consisted of adult parents and minor children or of el-
derly parents and adult children. However, considering the
current population structure in rural areas, it can be assumed
that households of 2 or more generations are mostly old-old
support households consisting of old parents and old children.

Regarding the number of chronic diseases, which showed
conflicting results in previous studies [23,26,29], this implies
that the elevated pre-adjustment level of unmet healthcare
needs was caused by pain associated with chronic disease,
worsening of subjective health level, or restrictions on motor
ability, but the number of chronic diseases itself acted as a fac-
tor to promote more frequent hospital or clinic visits, lowering
the level of unmet healthcare needs.

With regard to driving, the level of unmet healthcare needs
was highest when there was no driver in the household both
before and after adjustment. Before adjustment, unmet
healthcare needs were lowest when the elderly individual
could drive, but after adjustment, they were lowest when
there was a driver in the household. The fact that unmet
healthcare needs before adjustment was lowest when the el-
derly individual could drive may be the case because that
group had relatively high income and high education and had
no major restriction on motor ability. The reason why unmet
healthcare needs for the self-driving group was relatively high
after adjustment may be because the group had high expec-
tations, similarly to what was proposed above regarding edu-
cation level and the elderly who drive themselves may experi-
ence time restrictions due to economic activity or other obli-
gations. Another reason is that when a family member drives,
the level of unmet healthcare needs can decrease because rel-
atively little inconvenience is associated with a guardian trans-
porting a sick spouse or parents. A study in the USA [10]
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showed that healthcare use increased when a family member
or a friend drove compared to self-driving.

Differences Depending on the Convenience of
Transportation

In previous studies and when analyzed across the entire el-
derly sample, the level of unmet healthcare needs in women
was high; however, when the groups were stratified, that in
women was still high in GR1 and GR3, but slightly higher in
men in GR2. Considering the gender and age distribution of
driver’s license holders in Korea, this is assumed to be because
if there is a driver in a household, if the subject is woman, the
driver is likely to be her husband, while if the subject is man,
the driver is likely to be one of his children, rather than his
wife. When household income was subdivided, for partici-
pants with a monthly income of less than 1 million KRW, the
difference across groups was high, while for participants with
an income of 3 million KRW or more, no association was
found. The reason is believed to be that when household in-
come is high, the household has other resources to secure
transportation even though there is no driver. Regarding
household type, a noteworthy result was obtained. In GR1, the
level of unmet healthcare needs was 16.1% in elderly individu-
als living alone, and that figure was higher, at 17.2%, in house-
holds of 2 or more generations. Many previous studies regard-
ed the elderly living alone in rural areas as a vulnerable class,
but the possibility should be considered that some house-
holds with cohabitants from 2 or more generations could also
be vulnerable, such as old-old support households or grand-
parent-grandchildren households. With regard to motor abili-
ty, when no limitation of function was present, the level of un-
met healthcare needs was relatively low (7.3%) in GR1 but
very high (18.7%) when there was a limitation of motor func-
tion, constituting a large difference from GR2 and GR3. This
means individuals who do experience a limitation of motor
function, who are more influenced by the convenience of
transportation because they have difficulty walking or using
other inconvenient transportation methods. With regard to
subjective health level, anxiety/depression, and pain/discom-
fort, GR1 displayed a higher level of unmet healthcare needs
than GR2 and GR3, despite the presence of a need factor. This
implies that individuals with high needs are highly influenced
by the convenience of transportation.

Finally, the reasons for unmet healthcare needs varied across
the 3 groups. In GR1, over 40.0% were attributed to a lack of
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transportation. GR1 is noteworthy because it had a much high-
er level of unmet healthcare needs that were caused by eco-
nomic reasons, although GR1 would be expected to be quite
similar to the other groups with regard to low income or socio-
economic level in general. Both GR2 and GR3 had low levels of
unmet healthcare needs caused by a lack of transportation
and relatively high levels of unmet healthcare needs caused
by an inconvenient reservation, waiting, or use time. In a previ-
ous study focused on the reasons for unmet healthcare needs,
the most prevalent reason was found to be economic [27,30].
The fact that the reason for unmet healthcare needs varies ac-
cording to the characteristics of the group and the level of in-
convenience of transportation is the most likely explanation
for why the current study found different results for the level
of unmet healthcare needs in the rural elderly than previous
studies.

According to the 2016 Census of Agriculture, Forestry, and
Fisheries, among agricultural and fishery villages, the percent-
age of villages with a health center less than a 10-minute drive
away was just 44.6%, and that with a hospital, clinic, or oriental
clinic was just 31.5% [31]. The percentages of areas with public
transportation that operates 3 times or fewer per day and areas
where it operates 6 times or fewer per day in all ri (village)-level
administrative units as of 2015 were 11.9% and 40.0%, respec-
tively [32]. Many rural elderly who have no personal means of
transportation walk for more than 1 hour or wait several hours
for transportation to healthcare institutions.

In Korean studies conducted on unmet healthcare needs and
accessibility to healthcare, the role of patients’ transportation
to healthcare institutions has received little attention. This is
because the means of individual transportation have been re-
garded as private assets, unlike public transportation, so indi-
vidual transportation has not been recognized as a subject
impacting the healthcare field that could be addressed through
policy measures. However, when working to increase accessi-
bility to healthcare and to address various barriers, these barri-
ers should be faced from a demander-centered viewpoint as
opposed to the current provider-focused viewpoint, and ef-
forts should be made to lower those barriers. In the UK, the
National Health Service collects data on the types of transpor-
tation that can be used to travel to and from healthcare insti-
tutions [33] and the percentage of households that cannot use
a vehicle in their healthcare institution accessibility index [34].
In Korea, the sharing model of transportation and demand-re-
sponsive transport have been introduced recently. However,
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the healthcare community should note that these practices
are in early stages and are being executed as part of projects
to improve life in rural areas, not as part of healthcare policy.

The limitations of this study are as follows. As a cross-sec-
tional study the associations found in this analysis cannot be
interpreted as influencing factor with a specific directionality.
Next, this study only analyzed replies to survey questions.
Thus, factors that were not investigated in the survey ques-
tions could not be assessed. Furthermore, because income
level was measured as household income, if it were converted
to per capita personal income, the values might differ from
the measurements used in this study. In the Community
Health Survey, an investigation should theoretically include all
household members, but in reality, some household members
can be omitted. Finally, when collecting and analyzing gun-
level data from 77 health centers, the convenience of trans-
portation was used as a variable under the assumption that
the status of public transportation and the movement paths
to healthcare institutions were similar across all guns. Thus, it
is a limitation that the differences between individual regions
were not reflected in the results.

The inconvenience of transportation is a major barrier to the
use of healthcare service by the rural elderly. Decision-makers
must consider whether the barriers that must be overcome are
the same regardless of region, rural area or city, age, and socio-
economic level [11], and must continuously work to find solu-
tions for this problem. This study suggests that convenience of
transportation is a factor involved in the accessibility of health-
care, and the results imply that transportation should be con-
sidered when developing measures to improve accessibility.
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