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Abstract

Objectives

There do not appear to be many studies which have examined the socio-economic burden
and medical factors influencing the mortality and hospital costs incurred by patients with car-
diac arrest in South Korea. We analyzed the differences in characteristics, medical factors,
mortality, and costs between patients with national health insurance and those on a medical
aid program.

Methods

We selected patients (>20 years old) who experienced their first episode of cardiac arrest
from 2004 to 2015 using data from the National Health Insurance Service database. We
analyzed demographic characteristics, insurance type, urbanization of residential area,
comorbidities, treatments, hospital costs, and mortality within 30 days and one year for each
group. A multiple regression analysis was used to identify an association between insurance
type and outcomes.

Results

Among the 487,442 patients with cardiac arrest, the medical aid group (13.3% of the total)
had a higher proportion of females, rural residents, and patients treated in low-level hospi-
tals. The patients in the medical aid group also reported a higher rate of non-shockable con-
ditions; a high Charlson Comorbidity Index; and pre-existing comorbidities, such as
hypertension, diabetes mellitus, and renal failure with a lower rate of providing a coronary
angiography. The national health insurance group reported a lower one-year mortality rate
(91.2%), compared to the medical aid group (94%), and a negative association with one-
year mortality (Adjusted OR 0.74, 95% CI 0.71-0.76). While there was no significant differ-
ence in short-term costs between the two groups, the medical aid group reported lower
long-term costs, despite a higher rate of readmission.

PLOS ONE | https://doi.org/10.1371/journal.pone.0254622  July 14, 2021

1/16


https://orcid.org/0000-0003-3769-9647
https://doi.org/10.1371/journal.pone.0254622
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0254622&domain=pdf&date_stamp=2021-07-14
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0254622&domain=pdf&date_stamp=2021-07-14
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0254622&domain=pdf&date_stamp=2021-07-14
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0254622&domain=pdf&date_stamp=2021-07-14
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0254622&domain=pdf&date_stamp=2021-07-14
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0254622&domain=pdf&date_stamp=2021-07-14
https://doi.org/10.1371/journal.pone.0254622
https://doi.org/10.1371/journal.pone.0254622
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://nhiss.nhis.or.kr/bd/ab/bdaba021eng.do
http://nhiss.nhis.or.kr/bd/ab/bdaba021eng.do
https://nhiss.nhis.or.kr/bd/ab/bdaba013eng.do
https://nhiss.nhis.or.kr/bd/ab/bdaba013eng.do

PLOS ONE

Insurance type and outcome in cardiac arrest patients from 2004 to 2015

National Health Insurance Corporation allows
researchers access to analyze the data in the “Data
Analysis Room” located at the National Health
Insurance Corporation in which a PC for reviewing
and analyzing the data was installed for a limited
and approved period. The researchers have
documentation on the process of data request and
approval; data validation, data extraction, and
analysis in the assigned “data analysis room” were
conducted within a three-month period and stored
in the requested data. The National Health
Insurance Corporation does not allow the copying
or the transferring of original raw data outside
corporation building, and only allows the copying
of analyzed results.

Funding: This work was funded by the National
Research Foundation of Korea (NRF-
2017R1A2B1005037, 2019R1A2C1007110). SUK
received a fund from the National Research
Foundation of Korea. This funding source had no
role in the study design, data collection, data
analysis, data interpretation, or decision to publish,
or preparation of the manuscript.

Competing interests: The authors have declared
that no competing interests exist.

Conclusions

Medical aid coverage was an associated factor for one-year mortality, and may be the result
of an insufficient delivery of long-term services as reflected by the lower long-term costs and
higher readmission rates. There were differences of characteristics, comorbidities, medical
and hospital factors and treatments in two groups. These differences in medical and hospital
factors may display discrepancies by type of insurance in the delivery of services, especially
in chronic healthcare services.

Introduction

Global incidence rates of cardiac arrest and corresponding outcomes show variations across
continents due to differences in healthcare systems, race, and comorbidities [1]. The estimated
number of annual out-of-hospital cardiac arrests (OHCA) occurrences in South Korea is 44
per 100,000 population [2], compared to 95 per 100,000 population in the United States, along
with 200,000 patients of in-hospital cardiac arrests IHCA) annually [3,4]. In Europe, the num-
bers of annual cardiac arrests occurrences ranged from 19 to 108 per 100,000 population [1,5].
The survival to hospital discharge rates in South Korea are less than 10% and 20% for OHCA
and THCA, respectively, and good neurologic survival rates vary widely, from 6-14% depend-
ing on the region [1,6-9]. High mortality rates after cardiac arrest demand time-sensitive
intensive hospital care services and poor neurologic outcomes after survival demand long-
term hospitalization for chronic care, thus incurring high hospital costs, despite global varia-
tions [5,10,11].

Several socioeconomic factors, such as age, sex [12], rural residence [13], and household
income [14], may affect incidences and outcomes for patients with cardiovascular disease and
cardiac arrest [15,16]. Factors regarding socioeconomic status, such as race, education, geo-
graphic area, employment status, and type of insurance coverage based on income, may be
considered proxy measures of individual economic status [17-19]. Type of insurance coverage
may influence the delivery of medical services before admission and during hospitalization,
thus affecting the outcome and management of comorbidities in patients with cardiac arrest
[18-22].

Health insurance service systems and the clinical characteristics of a population may affect
the impact of insurance types on short- and long-term outcomes for patients with cardiac
arrest. Insurance coverage may also have a financial impact on short-term hospital costs for
acute care and long-term hospital costs for chronic care [1,23]. However, nation-wide studies
to examine the influence of health insurance types on short- and long-term outcomes and
costs rarely include patients with cardiac arrest.

The objective of this study was to analyze the impact of insurance type as the determinant
on short- and long-term mortality outcomes in a universal healthcare setting, based on nation-
wide population data. We also attempted to analyze differences in short- and long-term hospi-
tal costs between patients with cardiac arrest covered by national health insurance and those
on a medical aid program.

Methods
Data source

We used cohort data from the Korean National Health Insurance Services (NHIS) claim data-
base released by the NHIS from 2002 to 2016. The NHIS program, as a universal healthcare
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system, is a unique single insurer, administered by the government of Korea [24]. The NHIS,
which requires all Koreans to be mandatorily registered, covers most of the citizens’ medical
care and includes all medical facilities. The database contains de-identified information on all
insurance claims such as age, sex, residence, an identifier for the clinic or hospital, type of
insurance; diagnostic codes by the International Classification of Diseases (ICD-10, 10 edi-
tion); information on reimbursements for each medical service including medications and
procedures; and patient deaths [25]. The Emergency Medical Services (EMS) system is exclu-
sively operated by the National Fire Agency. The EMS in Korea, covers most of the country,
and the EMS provider cannot declare a state of death or stop cardiopulmonary resuscitation
(CPR) until the patient regains a pulse. The protocol for on-scene termination of resuscitation
is applied in very limited conditions for patients with obvious signs of death. EMS providers
transport all OHCA patients to the emergency department (ED) under the EMS CPR protocol,
even if there has been a return of spontaneous circulation (ROSC) [26,27]. This study was
approved by the Institutional Review Board of Korea University Medical Center
(#2017AN0083) and informed consent was waived because of the anonymous nature of the
data.

Study population

We identified patients with a first diagnosis of cardiopulmonary arrest during their index hos-
pitalization based on the main-diagnosis, the 1°-4™ sub-diagnosis claims codes (146.0-9), or
the first claim codes for CPR procedures (M5871, M5873-7), and the relevant ICD-10 codes
[3,4,28] using the NHIS claims data from 2004 to 2015, with a one year follow-up through
2016. Index hospitalization was defined as the first instance of hospitalization of a patient with
a claim for cardiac arrest. All adult patients with cardiac arrest, aged 20 years and older, who
were admitted to a hospital between 2004 and 2015 were included. The study population
included all patients with IHCA and OHCA who were transported and admitted to hospital.
We excluded patients below 20 years of age; those with codes from an oriental medical insti-
tute, drug store, or dentistry; and those with missing data (Fig 1).

Definition of variables

We used raw data from the NHIS database to identify patients’ age, sex, residential areas, types
of health insurance at index hospitalization; comorbidities, which were differentiated by diag-
nostic codes at the medical institute before index hospitalization; the Charlson Comorbidity
Index (CCI) using the diagnostic codes [29]; and hospital information. The hospital levels are
classified by the Ministry of Health and Welfare based on the level of medical service, function
of medical care and training, human resources, and facilities etc. Tertiary-level hospitals con-
stitute more than 20 professional departments with a resident training function, while second-
ary-level hospitals constitute a minimum of 100 beds with seven to nine professional
departments. Urbanization level was classified based on the geographical region of the admin-
istrative divisions while considering the population.

Pre-existing comorbidities were classified [30-33], and determined when a diagnostic code
was recorded at least twice within one year during visits to clinics, or when a patient had one
or more hospitalizations within two years before index hospitalization. Further, we extracted
details regarding specific treatments, including defibrillation, extracorporeal membrane oxy-
genation (ECMO), percutaneous coronary intervention (PCI), coronary angiography (CAG),
coronary artery bypass graft (CABG), implantable cardioverter defibrillator (ICD) or pace-
maker, continuous renal replacement therapy (CRRT), hemodialysis, electroencephalography
(EEG), therapeutic hypothermia, and medications from the records of reimbursements for
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National Health Insurance Services database : Jan 2002 ~ Dec 2016

I

Diagnostic code of cardiac arrest (n = 234,383) or Claim code of CPR procedure™ (n = 509,818)

Cardiac arrest event

Duplicated codes (n = 123,598)

Excluding
—1 Cases with diagnostic or claim code from an oriental
medical institute, drug store, or dentistry (n = 20,557)

Claim cases with cardiac arrest (n = 620,595)

Excluding

Year 2002-2003 (n=43,500)

— < 20 years old (n =20,367)

Unclear or missing data (n = 741)

More than two events after the first event (n = 18,146)

Final determination of study subjects (= 20 years, 2004-2015) (n = 487,422)

Fig 1. Flowchart of the selection of study population.

https://doi.org/10.1371/journal.pone.0254622.9001

each medical service. The estimated total costs, length of stay in a hospital (hospitalization
days), length of stay during ICU admission (ICU days), and post-hospitalization disposition
were also extracted. Post-hospitalization ICU days were defined as the number of ICU days
after index hospitalization.

Insurance type

The NHIS comprises a health insurance program, which covers approximately 96% of the
Korean population, and a medical aid program, which covers between 3% and 4% of the popu-
lation [34]. The co-payment rate, ranging from 5% to 60%, is determined based on the severity
of the disease such as cancer, cardiovascular disease, type of service, and hospital level. The
medical aid program, financed by the government, provides healthcare to individuals in the
lower-income group with a co-payment rate of between 0% and 15%, and is supported by the
National Basic Livelihood Security System. We used the type of insurance as a proxy variable
for economic status and allocated patients to either the national health insurance (NHI) or the
medical aid (MA) group.

Study outcome

The primary outcome we considered was mortality rate within 30 days (short-term) and one
year (long-term) from the date of hospitalization. Secondary outcomes included analyzing the
differences between short-term hospital costs during the acute care period (within 30 days of
the index date) and long-term costs (from 31 days to one year after the index date). The
exchange rate was assumed to be 1,055 Korean won per US $1.
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Statistical analysis

Demographic data were described using proportions for categorical variables and means with
standard deviations (SD), and medians with an interquartile range (IQR) for continuous vari-
ables. We performed the Chi-square test and Fisher’s exact test for categorical variables, and
the Student’s t-test, Wilcoxon rank sum test, and analysis of variance for continuous variables.
In addition, we used absolute standardized differences (ASDs) to compare various characteris-
tics between the insurance types. We analyzed ASDs as they are expected to be more informa-
tive than p-values while comparing large datasets; ASDs less than 0.1 represent a small
standardized difference [35].

Odds ratios (OR) with 95% confidence intervals (CI) were calculated using a multiple logis-
tic regression analysis with generalized estimating equation methods to examine the associa-
tion between factors and mortality for analyzing the impact of insurance type on mortality and
any change in the impact of insurance type, by adding characteristics such as age, sex, comor-
bidities, hospital level, urbanization, admission route, and basic treatments. All statistical anal-
yses were performed using SAS ver. 9.4 (SAS Institute, Cary, NC).

Results

We identified 487,442 patients with cardiac arrest, 60.2% were male, and the median age was
70 years. The NHI and MA groups accounted for 86.6% and 13.3% of the patients, respectively.
Furthermore, 15.6% of the patients were rural residents; and 33.7% and 19.5% used lower-
capacity (<300 beds) and primary level hospitals, respectively (Table 1).

Characteristics and hospital factors

The MA group showed a higher proportion of patients over 80 years of age, females, rural resi-
dents, and patients using low-level and low-capacity hospitals when compared to the NHI
group. The rate of admission through emergency rooms (ER) was lower in the MA group than
in the NHI group (Table 1).

The MA group reported a significantly higher rate of patients with ischemic stroke,
chronic respiratory disease, chronic renal failure, liver cirrhosis, hypertension, and diabetes
mellitus (DM). The MA group also reported a higher CCI than the NHI group (Table 2).
Such as the results of Tables 1 and 2, demographic, hospital factors, comorbidities were
shown to be consistent tendency in the cardiac arrest patients who admitted through ER
(S1 Table).

Medications and procedures

Defibrillation at the hospital was conducted in 26.5% of the total number of cases, and was
more frequent in the NHI group (27.1%) than in the MA group (22.7%). Amiodarone and
coronary angiogram (CAG) were more frequently provided to the NHI group than the MA
group. Specific treatments and procedures, including percutaneous coronary intervention
(PCI), coronary artery bypass graft surgery (CABG), veno-arterial extracorporeal membrane
oxygenation (ECMO), continuous renal replacement therapy (CRRT), and therapeutic hypo-
thermia did not show significant ASDs in both groups. The long-term mortality rate was
higher in the MA group at 94% as opposed to 91.2% in the NHI group. The short-term mor-
tality rate was 84.9% in the MA group but the ASDs were not statistically significant

(Table 3).
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Table 1. Characteristics, and hospital factors in national health insurance group and medical aid group.

Total N (%) NHI N (%) MA N (%) p-value ASDs*
Age (years)
20-29 8510 (1.75) 7787 (1.84) 723 (1.1) <.0001* 0.1968
30-39 17897 (3.7) 15874 (3.8) 2023 (3.1)
40-49 45562 (9.4) 37717 (8.9) 7845 (12.1)
50-59 73905 (15.2) 62538 (14.8) 11367 (17.5)
60-69 96651 (19.8) 85601 (20.3) 11050 (17.0)
70-79 137370 (28.2) 120912 (28.6) 16458 (25.3)
80- 107547 (22.1) 92038 (21.8) 15509 (23.9)
Mean 66.9 £15.3 66.9 £ 15.3 66.7 £ 15.6 0.0026° 0.0128
Median (IQR") 70.0 (56.0-78.0) 70.0 (57.0-78.0) 69.0 (54.0-79.0)
Gender
Female 193865 (39.8) 164077 (38.8) 29788 (45.9) <.0001° 0.1422
Male 293577 (60.2) 258390 (61.2) 35187 (54.2)
Urbanization level
Urban 410484 (84.4) 358319 (85.0) 52165 (80.4) <.0001¢ 0.1217
Rural 76033 (15.6) 63307 (15.0) 12726 (19.6)
Level of Hospital
Tertiary 155106 (31.8) 140759 (33.3) 14347 (22.1) <.0001* 0.2994
Secondary 237272 (48.7) 204921 (48.5) 32351 (49.8)
Primary 95064 (19.5) 76787 (18.2) 18277 (28.1)
Capacity of hospital (beds)
<300 164083 (33.7) 135424 (32.1) 28659 (44.1) <.0001* 0.2826
300-499 86446 (17.7) 74589 (17.7) 11857 (18.3)
500-799 149424 (30.7) 132560 (31.4) 16864 (26.0)
>800 87489 (18.0) 79894 (18.9) 7595 (11.7)
Admission route (ERY) 336046 (68.9) 297257 (70.4) 38789 (59.7) < .0001° 0.2250
Total 487442(100.0) 422467 (86.7) 64975 (13.3)

*Chi-square test
Student’s t-test
Fisher’s exact test.

ASDs*, Absolute standardized differences; IQR", interquartile range; ED?, Emergency room.

https://doi.org/10.1371/journal.pone.0254622.t001

Adjusted Odds ratio of insurance type for mortality depending on the
adjusting factors (Table 4)

After adjusting the age group, gender, CCI, admission route through the ER, hospital level,
level of urbanization, provision of defibrillation, and epinephrine medication, the type of
health insurance coverage was found to be negatively associated with one-year mortality
(adjusted OR, 0.74; 95% CI 0.71-0.76). When adjusting for age group, gender, CCI, and
admission route factors, health insurance coverage was found to be negatively associated with
30-days mortality (adjusted OR, 0.91; 95% CI 0.89-0.93). However, insurance type did not
report any association with 30-days mortality (adjusted OR, 0.99; 95% CI 0.97-1.02) after
adjusting for hospital level, level of urbanization, and resuscitation-related treatments

(p =0.519) in Table 4A. While NHI coverage did not show any association with 30-days mor-
tality (adjusted OR, 0.99; 95% CI 0.96-1.02; p = 0.390) in cardiac arrest patients who were
admitted through ER, NHI coverage was negatively associated with one-year mortality
(adjusted OR, 0.737; 95% CI 0.71-0.77; p<0.0001) in Table 4B.
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Table 2. Comorbidities in national health insurance group and medical aid group.

\ Total NHI MA p-value ASDs*
car'
Median (IQR¥) 2.0 (1.0-5.0) 2.0 (1.0-5.0) 3.0 (1.0-5.0) <.0001* 0.2017
CCI <2 178778 (36.7) 162395 (38.4) 16383 (25.2) < .0001° 0.2868
Comorbidities, n (%)
Cancer 100616 (20.6) 88593 (21.0) 12023 (18.5) <.0001° 0.0620
Ischemic stroke 92087 (18.9) 76470 (18.1) 15617 (24.0) <.0001° 0.1459
Hemorrhagic stroke 17837 (3.7) 14680 (3.5) 3157 (4.9) <.0001° 0.0693
Myocardial infarction 19218 (3.94) 16528 (3.91) 2690 (4.1) 0.0058" 0.0116
Angina 68278 (14.0) 59131 (14.0) 9147 (14.1) 0.5806" 0.0023
Heart failure 52117 (10.7) 44014 (10.4) 8103 (12.5) < .0001° 0.0645
Arrhythmia 45377 (9.31) 39233 (9.29) 6144 (9.5) 0.1683" 0.0058
Hypertension (HTN) 258264 (53.0) 220955 (52.3) 37309 (57.4) < .0001° 0.1030
Diabetes Mellitus (DM) 155281 (31.9) 131049 (31.0) 24232 (37.3) <.0001° 0.1326
Lipidemia 113895 (23.4) 97891 (23.2) 16004 (24.6) <.0001° 0.0342
Chronic pulmonary disease 146034 (30.0) 122432 (29.0) 23602 (36.3) <.0001° 0.1571
Chronic renal failure 37686 (7.7) 30588 (7.2) 7098 (10.9) <.0001° 0.1285
Hemodialysis 20948 (4.3) 16879 (4.0) 4069 (6.3) <.0001° 0.1029
Liver cirrhosis 90018 (18.5) 73824 (17.5) 16194 (24.9) <.0001° 0.1830
*Wilcoxon rank sum test
PFisher’s exact test.
ASDs*, Absolute standardized differences; CCI', Charlson Comorbidity Index; IQR¥, interquartile range.
https://doi.org/10.1371/journal.pone.0254622.1002
Table 3. Medications and procedures in national health insurance group and medical aid group.

Total N (%) NHI N (%) MA N (%) p-value ASDs

Defibrillation 129060 (26.5) 114302 (27.1) 14758 (22.7) <.0001" 0.1006
Epinephrine 396146 (81.3) 345054 (81.7) 51092 (78.6) < .0001° 0.0763
Amiodarone 56220 (11.5) 50699 (12.0) 5521 (8.5) < .0001° 0.1157
Atropine 292674 (60.0) 254330 (60.2) 38344 (59.0) <.0001% 0.0242
CAG* 26545 (5.5) 24397 (5.8) 2148 (3.3) <.0001% 0.1188
pcr’ 16004 (3.3) 14742 (3.5) 1262 (1.9) <.0001* 0.0953
CABG* 1344 (0.28) 1248 (0.30) 96 (0.15) <.0001* 0.0314
ECMO?® 4376 (0.9) 4155 (1.0) 221 (0.3) <.0001* 0.0794
1cpll 1107 (0.23) 1060 (0.25) 47 (0.1) <.0001* 0.0445
CRRT" 28123 (5.8) 24991 (5.9) 3132 (4.8) <.0001" 0.0486
Brain CT 104982 (21.5) 91924 (21.8) 13058 (20.1) <.0001" 0.0409
Brain MRI 20140 (4.1) 17845 (4.2) 2295 (3.5) <.0001" 0.0358
EEG® 22280 (4.6) 19866 (4.7) 2414 (3.7) <.0001" 0.0492
Therapeutic hypothermia 5220 (1.1) 4896 (1.2) 324 (0.5) <.0001* 0.0729
30-ds death 411375 (84.4) 356185 (84.3) 55190 (84.9) < .0001° 0.0175
6-mo death 442253 (90.7) 381882 (90.4) 60371 (92.9) < .0001° 0.0912
1-yr death 446414 (91.6) 385337 (91.2) 61077 (94.0) <.0001% 0.1068

*Fisher's exact test.

CAG*, Coronary angiography; PCI', Percutaneous coronary intervention; CABG¥, Coronary artery bypass graft; ECMO?, Veno-arterial extracorporeal membrane

oxygenation; ICD!|, Implanted cardioverter-defibrillator, ETCO,*, End-tidal carbon dioxide; CRRT ', Continuous renal replacement therapy; EEG?,

Electroencephalography.

https://doi.org/10.1371/journal.pone.0254622.t003
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Table 4. Factors independently associated with short-term and long-term mortality outcome.

A. Adjusted ORs* for mortality outcome in the patients with cardiac arrest

30-days mortality

1-year mortality

Variables Adjusted ORs (95% CI") p-value Adjusted ORs (95% CI") p-value
Age (per 10 years) 1.190 (1.184, 1.196) < .0001 1.296 (1.288,1.303) < .0001
Male 1.050 (1.033, 1.067) < .0001 1.110 (1.087,1.134) < .0001
ccr’ 1.004 (1.002, 1.007) 0.0011 1.071 (1.067,1.075) <0001
Admission route (ERY) 1.397 (1.373, 1.421) < .0001 1.013 (0.989,1.037) 0.2911
National Health insurance 0.913 (0.892, 0.934) <.0001 0.687 (0.663,0.771) <.0001
Age (per 10 years) 1.154 (1.148, 1.159) <.0001 1.270 (1.263, 1.278) <.0001
Male 1.060 (1.042, 1.077) <.0001 1.112 (1.089, 1.136) <.0001
ccr’ 1.009 (1.007, 1.012) <.0001 1.075 (1.071, 1.079) <.0001
Admission route (ER¥) 1.759 (1.727, 1.791) <.0001 1.171 (1.142, 1.201) <.0001
Level of hospital (Primary) Ref Ref

Tertiary 0.384 (0.373, 0.394) <.0001 0.496 (0.478, 0.514) < .0001
Secondary 0.467 (0.455, 0.480) <.0001 0.624 (0.602, 0.647) < .0001
Urbanization level (Rural) Ref Ref

City 1.030 (1.007, 1.054) 0.0094 1.059 (1.028, 1.091) 0.0002
National Health insurance 0.982 (0.959, 1.005) 0.1307 0.728 (0.703, 0.753) <.0001
Age (per 10 years) 1.157 (1.151, 1.163) < .0001 1.279 (1.271, 1.286) < .0001
Male 1.056 (1.038, 1.073) <.0001 1.112 (1.089, 1.137) <.0001
ccr® 1.014 (1.011, 1.017) <.0001 1.083 (1.079, 1.087) <.0001
Admission route (ER¥) 1.726 (1.694, 1.759) <.0001 1.126 (1.097, 1.156) <.0001
Level of hospital (Primary) Ref Ref

Secondary 0.413 (0.401, 0.424) < .0001 0.520 (0.501, 0.540) <.0001
Tertiary 0.326 (0.317, 0.336) <.0001 0.389 (0.374, 0.405) <.0001
Urbanization level (Rural) Ref Ref

Urban 1.021 (0.998, 1.044) 0.0767 1.042 (1.011, 1.073) 0.0081
Defibrillation 0.821 (0.806, 0.836) < .0001 0.678 (0.663, 0.694) < .0001
Epinephrine 1.954 (1.914, 1.994) < .0001 2.934 (2.859, 3.011) < .0001
National Health insurance 0.992 (0.969, 1.016) 0.5192 0.737 (0.712, 0.764) <.0001

B. Adjusted ORs* for mortality outcome in the patients with cardiac arrest who were admitted through ER

30-days mortality

1-year mortality

Adjusted ORs* (95% CI") p-value Adjusted ORs* (95% CI") p-value
Age (years) 1.019 (1.018, 1.019) <.0001 1.029 (1.029, 1.030) <.0001
Male 1.037 (1.016, 1.059) 0.0006 1.075 (1.047, 1.103) <.0001
Level of Hospital
Primary Ref Ref
Secondary 0.608 (0.583, 0.635) < .0001 0.629 (0.596, 0.663) < .0001
Tertiary 0.476 (0.455, 0.497) < .0001 0.475 (0.449, 0.502) < .0001
Urbanization level (Rural) Ref Ref
Urban 1.034 (1.002, 1.066) 0.0365 1.074 (1.033, 1.117) 0.0004
CCI*> 2 1.016 (0.990, 1.044) 0.2331 1.256 (1.212,1.302) < .0001
Defibrillation 0.816 (0.798, 0.834) <.0001 0.675 (0.657, 0.694) <.0001
Epinephrine 2.758 (2.680, 2.838) <.0001 3.374 (3.259, 3.492) <.0001
National Health insurance 0.986 (0.956, 1.018) 0.3906 0.737 (0.706, 0.770) <.0001
*ORs*, Odds ratios; CI", Confidence intervals; ERY, Emergency room; CCI®, Charlson Comorbidity Index.
https:/doi.org/10.1371/journal.pone.0254622.t004
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Table 5. Length of stay, hospital costs, and post-hospitalization disposition in national health insurance group and medical aid group.

Total NHI MA p-value ASDs
Hospitalization days
Median (IQR*) 3.0 (1.0-11.0) 2.0 (1.0-11.0) 4.0 (1.0-14.0) < .0001° 0.1190
Mean + SD* 8.8 £15.1 8.6 £15.0 10.4 £ 15.8
N 487442 422467 64975
ICU* days
Median (IQR*) 4.0 (1.0-11.0) 4.0 (1.0-10.0) 4.0 (2.0-12.0) <.0001* 0.0603
Mean + SD* 8.4 +13.0 8.3+ 13.0 9.1+12.9
N® 200076 173748 26328
Post-hospitalization ICU days
Median (IQR*) 9.0 (3.0-24.0) 8.0 (3.0-23.0) 10.0 (3.0-28.0) <.0001* 0.0736
Mean + SD* 23.1+44.8 22.7+44.6 26.0 +45.7
N 27890 24455 3435
Hospital cost/person, Median (IQR*)
Short-term Hospital cost $1315 (431-4357) $1302 (426-4442) $1384 (473-3915) 0.4451* 0.0974
Mean + SD* $3617 + 5841 $3686 + 6003 $3165 + 4620
N 487441 422467 64975
Long-term Hospital cost $8516 (2973-23404) $8737 (3087-24026) $7279 (2404-20013) <.0001* 0.1657
Mean + SD* $17228+ 22854 17755 £ 23595 14285 £+ 17885
N 47580 40358 7222
Post-hospitalization disposition, n (%)
Continuing Admission 39168 (8.0) 34068 (8.1) 5100 (7.9) < .0001¢ 0.1061
Readmission 3552 (0.7) 2543 (0.6) 1009 (1.6)
Outpatient clinic 48329 (9.9) 42837 (10.1) 5492 (8.5)

*Wilcoxon rank sum test

°The number of patients who were admitted to the ICU during index hospitalization

“The number of patients who had been hospitalized from 31 days to one year

dChi-square test.

IQR*, interquartile range; SD', standard deviation; ICU¥, Intensive care unit.

https://doi.org/10.1371/journal.pone.0254622.t005

Length of stay, hospital costs per person, and post-hospitalization
disposition

The median number of hospitalization days was 2 (1-11) days in the NHI group and 4 (1-14)
days in the MA group. The median intensive care unit (ICU) days during index hospitalization
was 4 (1-10) days and 4 (2-12) days in the NHI and MA groups, respectively.

There was no significant difference between the short-term hospital costs per person for
patients in the NHI group ($1,302) and patients in the MA group ($1,384). However, the MA
group reported lower long-term hospital costs at $7,279 per person compared to $8,737 per
person for the NHI group (Table 5).

Discussion

We identified 487,442 patients from 2004 to 2015 (about 30,000-50,000 cardiac arrest patients
hospitalized annually, including both OHCA and IHCA among a total population of nearly 49
million in 2010, according to the Korea National Census database [36]. Several studies
reported the rate of survival at discharge as 14%-22% for IHCA [9] and 2%-9% for OHCA
[1,3], while our study reported a 30-day mortality rate of 84.4% and one-year mortality rate of
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91.6% for both OHCA and IHCA. The NHIS is a single, universal health insurer under govern-
ment supervision, which covers almost the entire population of South Korea, while nearly 1.5
million Koreans (3% of the population) are covered by the medical aid program. The NHIS
provides most of the necessary care at a low cost. The medical aid program is a surrogate for
information regarding individuals at the lowest economic level in the national healthcare pro-
gram. The proportion of patients with cardiac arrests in the MA group was 13.3%, which is
higher than the proportion of the national population using medical aid (3%). Cardiac arrest
was more common in the MA group and Kim et al. also reported that patients with medical
aid as their health insurance coverage were less likely to receive post-resuscitation care and
had poorer outcomes when compared with the NHI group [26].

Consistent with past studies, the MA group reported a higher number of patients aged 80
and older, females, and rural residents compared to the NHI group [18,37]. These differences
may be attributed to the fact that the MA group comprises patients with low household income
and that are supported by the National Basic Livelihood Security System.

Moreover, the MA group depicted a higher comorbidity burden (CCI > 2), and a higher
rate of comorbidities, such as ischemic stroke, hypertension, diabetes mellitus, chronic pulmo-
nary disease, chronic renal failure, and liver cirrhosis, but not cardiogenic diseases. Several stud-
ies reported that the higher the rate of stroke [26,37,38], hypertension [18,38], DM [18,26,38],
chronic renal failure [18,38], and chronic pulmonary disease [18,38], the higher the comorbidity
burden [38] in patients with cardiac arrest and cardiovascular risk in the MA group, which is
similar to our results. Although the healthcare insurance system depicts regional differences, a
lack of health insurance has been associated with increasing rates of stroke and death, less con-
trol of cardiovascular risk conditions, and mortality after myocardial infarction [37,38]. The
incidence of sudden cardiac arrest is twice as high in the lowest quartile by median household
income of OHCA patients; furthermore, there is a higher incidence of cardiac arrest and an
increasing number of cardiovascular disease risk factors in the low socioeconomic group affect-
ing health-promoting behavior, especially among patients below 65 years of age [15,39].

Patients in the MA group reported a higher likelihood of being admitted to primary level
hospitals, lower number of cases admitted through the ER, and a lower number of high-cost
special services like CAG. Medical aid coverage showed differences in accessibility to high-
level, large-capacity hospitals with emergency care, and delivery of high-cost special services
and treatments.

A lack of adequate insurance coverage or economic status may influence access to health-
care or delivery of services after admission [14,21,39]. Hospitals with higher case volumes and
cardiac-specific facilities reported higher survival rates when affiliated to academic medical
centers [40]. Although the selected population and defined outcome varied, non-private insur-
ance, such as Medi-care or medical aid coverage, also reported a positive association with poor
neurologic outcomes at discharge and a lower rate of post-arrest care treatment like PCI at 24/
7 PCI centers [18,19,22,26].

The rate of defibrillation and amiodarone medications was lower in the MA group. The
MA group may also have had a higher rate of non-shockable rhythm due to more severe non-
cardiac comorbidities. Eid et al. and Coppler et al. reported that a high comorbidity burden
and non-shockable rhythm show a positive association with short- and long-term mortality
[22,23]. Such different pre-existing conditions can induce the results of a lower rate of defibril-
lation, given amiodarone, and provided CAG due to chronic non-cardiac diseases.

There was no association between the short-term mortality rate and the MA program after
adjusting for other factors, and the short-term cost was similar in both groups, despite reports
of longer hospitalization in the MA group. The impact of the MA program on short-term mor-
tality was diminished after adjusting for hospital and urbanization levels.

PLOS ONE | https://doi.org/10.1371/journal.pone.0254622  July 14, 2021 10/16


https://doi.org/10.1371/journal.pone.0254622

PLOS ONE

Insurance type and outcome in cardiac arrest patients from 2004 to 2015

MA coverage was positively associated with a long-term mortality rate. After adjusting for
demographics, hospital factors, and comorbidities, the analyses reported differences in long-term
outcomes based on the type of insurance, despite social support by the NHIS system, which covers
most medical services. The MA group’s coverage status was found to be an associated factor for
long-term mortality after adjusting for age, gender, CCI, cases admitted through ER, hospital
level, urbanization level, and provision of defibrillation and epinephrine medication. Although
Uray et al. reported no association between good neurologic outcomes and insurance status in
cardiac arrest patients under the age of 65 years [21], several studies reported an association
between a lack of medical insurance and mortality and poor neurologic outcome at discharge in
cardiac arrest patients [18,19,26,38]. The association between lack of insurance and poor out-
comes may be multifaceted and is likely a result of poor access to regular health care and special
care, an unhealthy lifestyle, and differences in the delivery of services after admission.

Although we could not clearly divide the population into IHCA and OHCA groups, we
could analyze hospitalization admission routes as a surrogate for OHCA and IHCA, according
to the admission route through ER. The study found that 68.9% of the patients were the car-
diac arrest patients with admission through ER, and 31.1% were patients without admission
through non-emergency room. Similar results in terms of differences in demographics, hospi-
tal factors, comorbidities, basic treatments, and mortality between NHI and MA groups were
shown in the patients admitted through ER (S1 Table).

Several studies reported that IHCA showed lower mortality compared to OHCA due to a
more rapid response and start of CPR by health care providers, shorter time to defibrillate in a
shockable rhythm, and shorter interval from collapse to starting ECMO or PCI [41-43]. In
this study, the adjusted OR for “admission route through ER” was 1.726 (95% CI 1.694-.759)
for 30-day mortality and 1.126 (95% CI 1.097-1.156) for one-year mortality after adjusting for
demographic factors, hospital factors, CCI, and basic treatments. The patients admitted
through ER showed a lower rate of comorbidities and a higher 30-day mortality rate than the
patients not admitted through ER (S2 Table).

The use of epinephrine is also positively associated with 30-day mortality (aOR 1.954, 95%
CI 1.914-1.994) and one-year mortality (aOR 2.934, 95% CI 2.859-3.011). Dumas et al. reported
that the use of epinephrine was associated with a lower chance of survival among cardiac arrest
patients because epinephrine could be considered a surrogate marker of disease severity, and its
vasoconstrictive action may promote secondary detrimental effects during the post-cardiac
arrest phase, combining myocardial dysfunction, ischemia-reperfusion, and post-anoxic injury
[44]. Similar to our results, a higher survival rate in high-level hospitals or academic medical
centers was reported due to their ability to facilitate intensive post-arrest care [40,45].

The MA group showed longer hospitalization, both groups reported similar short-term
hospital costs. The MA group reported lower long-term hospital costs compared to the NHI
group, despite a higher rate of readmission. Medical aid coverage may influence short-term
costs for acute care such as coronary angiography, and long-term hospital costs for chronic
care. The difference in hospital costs may reflect the difference in delivery of services, especially
in chronic healthcare service, due to type of insurance. This economic burden during the
chronic period may impact the long-term outcome for chronic periods [11,46].

Limitations

Since our data were based on the insurance claim database and data on private insurance cover-
age, resuscitation-related variables including Utstein-style pre-hospitalization information could
not be included. Therefore, there may be unidentified confounders affecting outcomes. The in-
hospital variables were obtained using secondary diagnostic codes and operational procedure
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codes, which lack the detailed clinical information recorded during index hospitalization. The
lack of clinical information in relation to time flow such as procedure, medication use, and labora-
tory values may not exclude the influence of known confounders. Thus, the scope for establishing
a causal relationship between the clinical characteristics and outcomes is limited. As the mortality
rate on the day of arrest was high in patients suffering from cardiac arrest, we need to consider
that non-survivors did not have a chance to receive treatment when analyzing the differences in
providing post-arrest treatments between the two groups. Moreover, data regarding survival with
a functional recovery among hospitalized OHCA patients were not available.

Since we included both IHCA and OHCA patients, the origin of patients could not be
determined. We may divide the population into IHCA and OHCA patients by the admission
route through ER, as a surrogate for OHCA and IHCA. The patients admitted through ER
showed similar differences in characteristics and hospital factors between NHI and MA groups
(S1 Table). As several studies reported that OHCA and IHCA showed differences in character-
istics and mortality [41-43], further analysis focused on OHCA or IHAC would be required.

The data regarding hospital costs also did not include information on other types of chronic
supportive care for outpatient rehabilitation, nursing homes, pre-hospitalization management
(including emergency medical service system costs), or the indirect costs of returning to ordi-
nary life. We also did not measure the cost per survivor per life year gained. Moreover, all
costs for medical procedures performed in prehospitalization areas and during ambulance
transportation are covered by the tax-based EMS operation budget and not charged to
patients. The health insurance claim data did not include pre-hospitalization medical costs.

Despite the advantages of using nationwide, in-hospital healthcare insurance data on an
individual level regarding information for all patients with cardiac arrest, insurance data is
subject to coding error, and omission of costs and areas of private healthcare are not covered
by the NHIS. Our results showed similar trends as other reports on long-term, continuing hos-
pitalization in Asia [41]. However, generalizability to other countries may be limited due to
different healthcare insurance systems and cultural factors.

Lastly, in this study using administrative database, it is difficult to explain the causal rela-
tionships of lack of insurance with poor outcome differed in terms of 30-day and one-year
mortality. As subsequent healthcare decisions are complex, further research with large clinical
data is needed.

Conclusions

Medical aid coverage was found to be an associated factor for one-year mortality, but not for
short-term mortality after adjusting for demographic, medical, and hospital factors under the
national insurance coverage system. Although the MA group showed longer hospitalization,
both groups reported similar short-term hospital costs. That said, the MA group reported
lower long-term hospital costs, despite a higher rate of readmission. The differences in hospital
factors and costs may display discrepancies by the type of insurance in the delivery of services,
especially in chronic healthcare service. Since this study was based on an administrative claims
database, it was difficult to establish causal relationships between factors. To overcome the lim-
itations regarding the database’s characteristics, future research should be based on a larger
registry-based data with clinical information.
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