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Strengths and limitations of this study

 ► The strength of this study is that all patients who 
visited the emergency room for acute myocardial 
infarction were analysed using the National health 
claims database in Korea.

 ► Using a nationwide longitudinal database enabled 
the identification of medical use of the overall pop-
ulation, so these results can be generalised to the 
population in South Korea.

 ► Due to the nature of the health insurance claim 
data, reflecting on the severity of disease and pa-
tients’ clinical characteristics during visits was not 
possible.

AbStrACt
Objectives This study investigated the risk associated 
with interhospital transfer of patients with acute 
myocardial infarction (AMI) and clinical outcomes 
according to the location of the patient’ residence.
Design A nationwide longitudinal cohort.
Setting National Health Insurance Service database of 
South Korea.
Participants This study included 69 899 patients with 
AMI who visited an emergency centre from 2013 to 
2015, as per the Korea National Health Insurance Service 
database.
Primary outcome measure The clinical outcome of a 
patient with AMI was defined as mortality within 7 days, 30 
days and 1 year.
results Clinical outcomes were analysed and compared 
with respect to the location of the patient’s residence and 
occurrence of interhospital transfer. We concluded that the 
HR of mortality within 7 days was 1.49 times higher (95% 
CI 1.18 to 1.87) in rural patients than in urban patients not 
subjected to interhospital transfer and 1.90 times higher 
(95% CI 1.13 to 3.19) in transferred rural patients than in 
non- transferred urban patients.
Conclusions To reduce health inequality in rural areas, 
a healthcare policy considering regional characteristics, 
rather than a central government- led, catch- all approach 
to healthcare policy, must be formulated. Additionally, 
a local medical emergency delivery system, based on 
allocation of roles between different medical facilities in 
the region, must be established.

IntrODuCtIOn
Acute myocardial infarction (AMI), one 
of the three major medical emergencies 
including stroke and major trauma, is a 
medical condition with high incidence and 
fatality rates; however, early mortality and 
disability associated with AMI can be greatly 
reduced if adequate and timely medical 
care is provided.1 The transfer of a patient 
to another hospital or specialist to obtain 
appropriate medical treatment in a timely 

manner may affect the clinical outcomes of 
the patient.2–5 Moreover, many patients with 
emergency conditions who visit emergency 
departments are often transferred to other 
medical centres due to limited capacity, 
including shortage of medical facilities and 
professionals. This, in turn, causes delayed 
arrivals of emergency patients at the final care 
facilities and, thus, has an effect on patient 
clinical outcomes.6 7

Most medical centres that can offer special-
ised care are concentrated in urban areas 
with higher population densities and higher 
incomes, and correspondingly, rural areas 
experience shortages of specialised care facil-
ities and personnel, which hinders the provi-
sion of appropriate and timely emergency 
medical care.8–10 The Emergency Medical 
Service Act in Korea divides emergency 
medical institutions into regional emergency 
medical centre, local emergency medical 
centre and local emergency medical facili-
ties. In terms of medical resources, the emer-
gency medical centre is a hospital equipped 
with more specialised facilities and human 
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resources than is an emergency medical facility. In terms 
of treatment capacity, regional emergency medical centres 
can provide more advanced emergency medical services 
to treat more severe emergency patients than can local 
emergency medical centres. In fact, while there are 15 
regional emergency medical centres in urban areas, there 
are none in rural areas, and there are 136 local emer-
gency medical institutions in urban areas and 72 in rural 
areas. In such conditions, rural healthcare authorities are 
forced to undertake extensive interhospital transfers of 
emergency patients,11 which ultimately leads to health 
inequalities between the rural and urban communities.

According to previous studies, the implementation rates 
of medical interventions and emergency care described in 
the guidelines for the management of patients with AMI 
was reported to be lower in rural than in urban areas,12–15 
and mortality within 30 days for emergency patients was 
reported to be higher in rural than in urban areas.10 15 
Furthermore, with respect to deaths that could have been 
avoided if appropriate and timely healthcare had been 
provided, the mortality rate was reported to be higher 
in rural areas than in urban areas, indicating that rural 
communities suffer from health disparities with regard to 
many diseases.16

Other countries continuously conduct research on 
rural health issues with respect to medical emergen-
cies,8 10 13–15 along with diverse research on the effects of 
interhospital transfers.5 6 8 9 In contrast, most research 
conducted in South Korea has focused on the status of 
particular diseases and healthcare systems in rural areas 
only, and research on interhospital transfers has also been 
limited to one individual hospital. This has resulted in 
insufficient research on the rural- urban comparison of 
interhospital transfer of patients with AMI and their clin-
ical outcomes.

Therefore, this study examines the OR of occurrence of 
interhospital transfer in patients with AMI who visited an 
emergency department, using the National Health Insur-
ance claims data, and then compares the HR of mortality 
between rural and urban areas; it aims at identifying the 
negative effects of such transfers and provide a basis for 
policy- making towards achieving enhanced accessibility 
of emergency medical care and to ensure health equality 
between rural and urban communities.

MethODS
Database and participants
This was a nationwide longitudinal cohort study using 
data from the national health claims database. In South 
Korea, approximately 98% of the population is included 
in the national health insurance system. Thus, claims data 
are representative of the whole population treated for a 
specific illness.

This study included 69 899 patients diagnosed with AMI 
during their emergency centre visits, from January 2013 
to December 2015, who were identified using medical 
claims data from the National Health Insurance Service. 

A patient with AMI is defined as a person diagnosed with 
code I21 based on the International Classification of 
Diseases, 10th revision disease classification.

Variables
The cities were divided on the basis of the administra-
tive districts of residence of patients. The administrative 
districts of Korea were classified as capital city, metro-
politan cities and provinces. Also, each municipality was 
divided into districts, cities and counties as lower admin-
istrative districts in consideration of financial indepen-
dence, city type and population size. According to the 
division of administrative districts, the cities were clas-
sified as follows: the cities of administrative districts in 
the capital city and metropolitan areas were classified as 
urban (with approximately half a million residents); the 
cities of administrative districts in the provinces were clas-
sified as suburban (with fewer than 50 000–5 00 000 resi-
dents) and the counties of administrative districts in the 
provinces were classified as rural (fewer than 50 000 resi-
dents).17 Based on these standards, social and economic 
support is differentially applied. In this study, the same 
definition was applied to classify cities.

The results of emergency medical interventions in the 
claims database are categorised into interhospital transfer, 
discharge, death, return and continuance (scheduled 
outpatient). Return is also included in interhospital trans-
fers. However, in the claim data, return is defined as the 
case where it is transferred to a nursing institution after 
appropriate treatment. Therefore, in this study, the inter-
hospital transfer was defined as a transfer within 1 day of 
visiting the emergency room, and return was not included 
in interhospital transfer. This is to ensure that the return 
patient, transferred to a nursing institution after proper 
treatment, is not included as a patient in the interhospital 
transfer category.

The clinical outcome of patients with AMI confirmed 
death within 7 days, 30 days and 1 year after the interhos-
pital transfer through the death database of the claims 
database.

Statistical methods
To compare the characteristics of study subjects 
according to the area of residence, χ² and analysis of vari-
ance (ANOVA) tests were performed for categorical vari-
ables and for continuous variables, respectively. Scheffe’s 
posthoc test was also performed to test the differences 
between groups after ANOVA confirmed statistical signif-
icance. Moreover, a multivariable logistic regression was 
performed to obtain the OR of interhospital transfers 
with respect to classification of the area of residence.

As concerns the clinical outcomes of patients with AMI, 
a Cox proportional hazard model was used to determine 
the HR of mortality within 7 days, 30 days and 1 year. 
The age stratification analysis was conducted because 
the age of a patient can have a significant effect on clin-
ical outcomes. In Korea, the definition of the elderly 
(senior) varies depending on the law. The national basic 
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Table 1 General characteristics according to the area of residence of patients with acute myocardial infarction

Characteristic Urbana (n=28 688) Suburbanb (n=31 559) Ruralc (n=9652) P value

Age (years) 64.09±13.44 64.27±13.82 68.80±12.94 <0.001
a, b<c

Sex, male 20 864 (72.73) 22 573 (71.53) 6128 (63.49) <0.001

National Health Insurance (KRW) 106 995±1 12 690 104 292±99 766 97 539±96 822 <0.001
c<b<a

Insurance categories <0.001

  Regional insurees (rural excluded) 7732 (31.02) 8419 (30.93) 99 (1.24)

  Public employee insurees 1782 (7.15) 2305 (8.47) 903 (11.28)

  Employed insurees 13 155 (52.78) 14 174 (52.08) 3619 (45.2)

  Medical aid 2009 (8.06) 1786 (6.56) 660 (8.24)

  Regional insurees (Rural) 246 (0.99) 533 (1.96) 2726 (34.05)

Charlson’s comorbidities index <0.001

  0 4050 (14.12) 4294 (13.61) 930 (9.64)

  1 6267 (21.85) 6982 (22.12) 1788 (18.52)

  2 5935 (20.69) 6210 (19.68) 1818 (18.84)

  3+ 12 436 (43.35) 14 073 (44.59) 5116 (53.00)

Transfer, yes 1044 (3.64) 1883 (5.97) 1054 (10.92) <0.001

Data are presented as means±SD or numbers and percentages. P<0.05 was accepted as statistically significant.

Table 2 Predicting factors of interhospital transfer of patient with acute myocardial infarction

Characteristic

OR (95% CI)

Crude Model 1 Model 2 Model 3

Urban ref. ref. ref. ref.

Suburban 1.68 (1.56 to 1.82) 1.68 (1.55 to 1.81) 1.68 (1.55 to 1.81) 1.68 (1.55 to 1.81)

Rural 3.25 (2.97 to 3.55) 3.19 (2.92 to 3.49) 3.20 (2.93 to 3.50) 3.19 (2.92 to 3.49)

Model 1: Crude+sex.
Model 2: Crude+sex+age.
Model 3: Crude+sex+age+Charlson’s comorbidities index.

living security act defines the elderly based on the age of 
65 years, but the act prohibiting age discrimination in 
employment and elderly employment promotion is based 
on the age of 55 years. Therefore, in this study, stratifica-
tion analysis was divided at 55 years old to exclude the age 
effects of the elderly population.

Statistical analysis was performed using SAS 9.4 (SAS., 
Cary, North Carolina, USA) and R 3.5 (Institute for Statis-
tics and Mathematics, Vienna, Austria; www. R- project. 
org).

Patient and public involvement
We used administrative claim data and did not involve 
patients in this study.

reSultS
General characteristics
The average age of the study subjects in rural areas was 
68.80±12.94, which was higher than that of patients in 
urban and suburban areas, and the percentage of patients 
who underwent interhospital transfer in rural areas was 

10.92%, which was three times higher than that in urban 
areas and 1.83 times higher than that in suburban areas, 
with the differences found to be statistically significant 
(table 1).

risk of interhospital transfer for patients with AMI with 
respect to area of residence
The OR for interhospital transfer with respect to the area 
of residence was examined, and the crude OR for inter-
hospital transfer in suburban areas was 1.68 times higher 
(95% CI 1.56 to 1.82) than that in urban areas, and in 
rural areas was 3.25 times higher (95% CI 2.97 to 3.55) 
than that in urban areas. Adjustment for sex, age and 
comorbidities virtually did not change the estimated ORs 
(table 2).

Clinical outcomes of patients with AMI
The HRs of mortality in patients with AMI within 7 days, 30 
days and 1 year after emergency centre visit were investi-
gated using an age- stratified analysis. The results revealed 
that for the patients with AMI aged 55 or younger, the 
HRs of mortality within 7 days and 30 days were 1.51 
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Table 3 HRs of mortality within 7, 30 day and 1 year of rural compared with urban patients with acute myocardial infarction

HR (95% CI)

7 day 30 day 1 year

Age≤55 Age>55 Age ≤55 Age>55 Age≤55 Age>55

Crude 1.55 (1.25 to 1.92) 1.24 (1.15 to 1.32) 1.56 (1.27 to 1.92) 1.20 (1.13 to 1.28) 1.52 (1.26 to 1.84) 1.21 (1.15 to 1.28)

Model 1 1.52 (1.23 to 1.89) 1.08 (1.01 to 1.16) 1.53 (1.24 to 1.88) 1.04 (0.97 to 1.11) 1.49 (1.24 to 1.80) 1.03 (0.97 to 1.09)

Model 2 1.51 (1.22 to 1.88) 1.09 (1.01 to 1.16) 1.51 (1.23 to 1.86) 1.03 (0.97 to 1.10) 1.45 (1.20 to 1.75) 1.02 (0.96 to 1.07)

Model 3 1.51 (1.22 to 1.87) 1.08 (1.01 to 1.16) 1.51 (1.22 to 1.86) 1.03 (0.96 to 1.10) 1.43 (1.18 to 1.73) 1.00 (0.95 to 1.06)

Model 1: age, sex.
Model 2: age, sex, transfer.
Model 3: age, sex, transfer, Charlson’s comorbidities index.

Figure 1 HRs of mortality with respect to interhospital 
transfer and area of residence in patients with AMI (adjusted 
for age, sex, Charlson’s comorbidities index). AMI, acute 
myocardial infarction.

times higher in rural than in urban areas, and the HR of 
mortality within 1 year was also higher by 1.43 times (95% 
CI 1.18 to 1.73) in rural areas. For patients with AMI aged 
55 or older, the HR of mortality within 7 days was 1.08 
times higher (95% CI 1.01 to 1.16) in rural than in urban 
areas, which was statistically significant (table 3).

Clinical outcomes for patients with AMI with respect to the 
area of residence and interhospital transfer
The clinical outcomes of patients with AMI aged 55 or 
younger were examined with respect to area of residence 
and interhospital transfer, and the results revealed that 
the HR of mortality within 7 days was 1.49 times higher 
(95% CI 1.18 to 1.87) and the HRs of mortality within 
30 days and 1 year were 1.51 times higher (95% CI 1.21 
to 1.88) and 1.42 times higher (95% CI 1.16 to 1.74), 
respectively, in rural than in urban patients without inter-
hospital transfer. Furthermore, if rural patients with AMI 
were subjected to transfer, their HRs of mortality within 
7 days and 1 year were 1.90 times higher (95% CI 1.13 to 
3.19) and 2.23 times higher (95% CI 1.47 to 3.39), respec-
tively, than those of urban patients (figure 1).

DISCuSSIOn
Interhospital transfer is an essential component of emer-
gency care, a process required for more specialised 
medical care18 and, consequently, could be deemed an 
important step for ensuring continuity of emergency care 
as well as patient safety. However, interhospital transfer 
itself may act as a risk factor with respect to the clinical 
outcomes of patients with AMI, who require timely and 
appropriate care, as it often causes delayed arrival of the 
transferred patient at a hospital capable of providing the 
necessary care.8 19 The frequency of interhospital transfer 
may vary in different areas, especially between rural areas 
suffering shortages of medical resources and urban areas, 
where such resources are concentrated, thereby causing 
differences in the resulting clinical outcomes. This study 
was conducted to identify such differences.

Interhospital transfer rates with respect to location of 
patient residence were examined using National Health 
Insurance claims data, and the results revealed that such 
transfers were most frequent in rural areas: the OR for 
interhospital transfer was found to be 3.19 times higher 
(95% CI 2.92 to 3.49) in rural than in urban areas. This is 
consistent with findings of many other studies reporting a 
high rate of transfer in non- urban areas.7 20 21

Age- stratified analysis was performed to take into 
account old- age mortality when examining the clinical 
outcomes of patients with AMI because of a tendency 
towards higher concentrations of elderly patients in 
rural areas. This revealed that rural patients aged 55 or 
younger had a nearly 1.5 times higher HR of mortality 
within 7 days, 30 days and 1 year compared with urban 
patients, while patients aged 55 or older in rural areas 
had a 1.08 times (95% CI 1.01 to 1.16) higher HR of 
mortality within 7 days compared with those in urban 
areas. With respect to the area of residence, the clinical 
outcomes of patients with AMI were found to be less 
favourable in rural than in urban areas, and rural patients 
in particular, even non- elderly, experienced less favour-
able clinical outcomes. This might be caused by delays 
in arrival times at appropriate medical centres for the 
transferred patients because of poor access to healthcare 
services in rural areas.10 15 Furthermore, the shortages of 
healthcare facilities and personnel capable of providing 
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acceptable care in rural areas hinders the recommended 
early diagnosis and treatment,12–15 22 causing disparities 
in the quality of healthcare services between rural and 
urban areas, thereby having a negative effect on the clin-
ical outcomes of patients with AMI in desperate need of 
prompt treatment.

Moreover, the clinical outcomes of patients with AMI 
aged under 55 years with respect to the area of residence 
and interhospital transfer were examined to determine 
the effects of such transfers on patient outcomes. The 
results revealed that patients with AMI not subjected to 
interhospital transfer in rural areas had higher HRs of 
mortality within 7 days, 30 days and 1 year than urban 
patients, ranging from 1.42 to 1.51 times. If transferred, 
rural patients with AMI had 1.90 times higher (95% CI 
1.13 to 3.19) HR of mortality within 7 days than non- 
transferred urban patients. The clinical outcomes of rural 
patients with AMI, even without undergoing interhospital 
transfer, were less favourable than those of urban patients. 
For rural patients with AMI undergoing transfer, the HR 
increased further. This is consistent with the findings of 
Bhuyan et al, who reported that rural patients with AMI 
had less favourable clinical outcomes than urban patients 
and is also consistent with the findings of many previous 
studies reporting that transferred patients had higher 
risks of complications and mortality than non- transferred 
patients.3 9 23 24 Moreover, interhospital transfer, even after 
adjustment for general characteristics, disease severity, 
and treatment time of patients, has been identified as a 
predictive factor that increases mortality.1 5 Therefore, the 
initial emergency care visit should be arranged to ensure 
the availability and accessibility of required medical care. 
Rural areas, unfortunately, were found to suffer from 
massive shortages of emergency care infrastructure, 
such as emergency care facilities and personnel,25 which 
suggests that there is an urgent need to establish emer-
gency care systems providing more specialised care to 
rural communities.

Therefore, education and training should be provided 
to strengthen the paramedics' capacity, so that they can 
clearly identify the patient's condition and symptoms and 
transfer the patient to the appropriate hospital.

Additionally, it is impossible for patient to visit and 
select an appropriate hospital according to their symp-
toms. If medical staff believes that immediate treatment 
is not possible, it is necessary to provide the maximum 
first aid to ensure a safe interhospital transfer. Everyone 
should have guaranteed universal access to essential 
healthcare services regardless of region, but poor access 
to rural healthcare leads to health inequalities in rural 
areas. Opening new medical facilities in rural areas to 
improve healthcare access may be the best possible way 
to address such health inequalities, but the opening 
and operation of new medical facilities is never an easy 
task, both in terms of policy and economy, especially in 
rural areas lacking a full- fledged profit- making structure. 
Nevertheless, there is an urgent need to develop strategies 
for improving healthcare access in rural communities.

To this end, a healthcare policy that takes into account 
the regional characteristics of rural areas, rather than a 
government- led catch- all policy, should be formulated. 
Furthermore, it is necessary to establish a localised emer-
gency care system with proper task allocation, along with 
a healthcare policy that constantly identifies, as well as 
efficiently manages and prevents health problems in 
rural communities, in an attempt to address interregional 
health inequalities.

The incompleteness of the administrative data used in 
this study prevented us from incorporating information 
on the severity of the clinical conditions of the patients at 
the time of visit. Such additional clinical information, if 
analysed in further studies, in connection with National 
Emergency Department Information System data, would 
allow the generation of more accurate results. Moreover, 
the distance and duration of interhospital transfer may 
affect the clinical outcome of patients with AMI, but 
actual transfer methods (ambulance, helicopter and so 
on), distances and times could not be determined due to 
the nature of the data employed in this study. If further 
studies process such additional information, in conjunc-
tion with the records of emergency medical dispatches 
and treatments from the National Fire Agency database, 
this would allow more detailed and accurate findings on 
the effects of delayed arrival times of transferred patients 
on clinical outcomes.

Despite the data limitations, this study still contributed 
to defining the basis for the risks associated with interhos-
pital transfers and health inequalities for rural patients 
with AMI, by comparing the risks of interhospital transfer 
in patients with AMI, according to the patient’s area of 
residence. We expect that this study will contribute to the 
development of sustainable healthcare policies to ensure 
universal healthcare services and reduce health inequali-
ties across all regions.
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