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Purpose: The aim of this study was to analyze hospital-discharged acute myocardial infarction (AMI) patients in Korea (2006-2020)
to understand how pre-existing conditions affect mortality rates.

Participants and Methods: This study utilized the 2006-2020 Korean National Hospital Discharge In-depth Injury Survey data.
A weighted frequency analysis estimated discharged AMI patients and calculated age-standardized discharge and mortality rates,
Charlson Comorbidity Index (CCI) score distribution, and general patient characteristics. Weighted logistic regression analysis
examined influencing mortality factors.

Results: There were 486,464 AMI patients (143,751 female), with AMI-related mortality rates at 7.5% (36,312): 5.7% for males
(19,190) and 11.8% for females (17,122). The highest mortality rate was among individuals aged 70-79 years (25%). Factors
influencing mortality included sex, insurance type, admission route, hospital bed count, region, operation status, and CCI score.
Mortality risk at discharge was 1.151 times higher in females than males (95% CI: 1.002—1.322), 0.787 times lower among those with
national health insurance than Medicaid recipients (95% CI 0.64-0.967), 2.182 times higher among those admitted via the emergency
department than the outpatient department (95% CI 1.747-2.725), and 3.402 times higher in patients with a CCI score of 3 points than
those with 0 points (95% CI 1.263-9.162).

Conclusion: The number of discharged AMI patients and related mortality rates increased, underscoring the need for proactive
management of chronic diseases, particularly for those with higher CCI scores.

Keywords: acute myocardial infarction, mortality, Charlson Comorbidity Index (CCI), chronic diseases, Korean National Hospital
Discharge In-depth Injury Survey data

Introduction
As of 2019, cardiovascular disease (CVD), which includes coronary artery disease, myocardial infarction (MI), stroke,
heart failure, and hypertension (HT), was the number one cause of death around the world." While advances in modern
medical technology and improved sanitary conditions have led to a decrease in the global mortality rate associated with
infectious diseases, an increase in average life expectancy, unhealthy diets, lack of physical activity, drinking, and
smoking have caused an increase in chronic diseases such as HT, diabetes, and hyperlipidemia, which are major factors
in the etiology of CVD.? Consequently, CVD has continued to be the number one cause of mortality since 1990.°
Among CVDs, acute myocardial infarction (AMI) refers to a situation where blood flow to the heart vessels is
suddenly obstructed, causing an interruption in the supply of oxygen and nutrients to the myocardial tissues that lead to

myocardial tissue damage and cardiac dysfunction. Particularly, once cardiac tissues become damaged, it is difficult for
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such tissues to regain their normal function, requiring timely emergency care. Therefore, early detection and proper
treatment of MI play an important role in minimizing cardiac damage and increasing the survival rate.*

Mortality among patients with AMI is associated with a combination of various factors. Currently, factors such as
age, sex, smoking, drinking, obesity, lack of exercise, emergency healthcare services, healthcare facilities, and infra-
structure have been identified as major influencing factors of mortality among patients with AMI. In particular, the
presence of pre-existing conditions such as diabetes, HT, and hyperlipidemia are known to be factors that increase the
risk of mortality.’

In fact, indices such as Charlson Comorbidity Index (CCI) or Elixhauser Comorbidity Index (ECI) are often used to
assess pre-existing conditions of patients with AMI. CCI and ECI were developed for the purpose of assessing survival
rates or predicting in-hospital mortality rates of patients based on comorbidities, but they are also being used for
assessing pre-existing conditions of patients and establishing treatment and management strategies with consideration of
existing disease burden. However, previous studies have predominantly focused on evaluating mortality risk based on
comorbidities in patients with other cardiovascular diseases, such as congestive heart failure and stroke, rather than
specifically on AML® The prognosis of AMI patients can differ significantly from that of other cardiovascular diseases.
Factors influencing prognosis, such as comorbidities, lifestyle habits, and immediate medical response, may affect AMI
patients differently compared to those with heart failure or stroke.”* Therefore, AMI-specific research can provide
critical insights for the prevention and effective management of this condition.

In Korea, AMI accounts for approximately 40% of all heart disease-related mortalities, while the prevalence of AMI
is also showing an increasing trend.”'” While the level of treatment has reached that of other developed countries owing
to advances in medical technology in the past several decades, the 30-day in-hospital mortality rate among patients with
AMI in Korea is higher than the Organization for Economic Co-operation and Development average, which causes
difficulties with advanced prevention and treatment.

Against this backdrop, this study aimed to examine the trend in hospital-discharged patients with AMI in Korea and
determine the influencing factors of mortality among hospital-discharged patients with AMI based on pre-existing
conditions for the purpose of presenting basic data for establishing policies related to the prevention and management
of AML

Materials and Methods

Study Population

This study utilized the Korean National Hospital Discharge In-depth Injury Survey data to analyze hospital-discharged
patients over a 15-year period between 2006 and 2020. The Korean National Hospital Discharge In-depth Injury Survey
is a survey that the Korea Disease Control and Prevention Agency has been conducting annually since 2005 for the
purpose of establishing cost-effective health policies at the national level by identifying the size and characteristics of
hospital-discharged patients. We obtained the data by submitting an application to use raw data through the National
Injury Information Portal (https://www.kdca.go.kr/injury/biz/injury/main/mainPage.do).

The population of the Korean National Hospital Discharge In-depth Injury Survey includes all patients discharged
from general hospitals throughout Korea, with the sample consisting of approximately 9% of all patients discharged from
170 hospitals selected according to the number of hospital beds and survey method. In this study, raw data were
downloaded from the portal mentioned above, and “hospital-discharged patient with AMI” was defined as a patient with
the principal diagnosis of 121 (acute myocardial infarction) according to the International Classification of Diseases,
Tenth Revision (ICD-10). The Korean National Hospital Discharge In-depth Injury Survey uses two-stage stratified
cluster sampling, and thus, complex sampling can be applied to calculate the weighted total number of hospital-
discharged patients. Accordingly, a total of 486,464 hospital-discharged patients with AMI were selected for this study.

Study Variables
The Korean National Hospital Discharge In-depth Injury Survey data include demographic, hospitalization, disease,
treatment, and non-injury information of hospital-discharged patients based on their medical records. Accordingly, sex
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(male and female), age group (20-29, 30-39, 40—49, 50-59, 60-69, 70-79, and > 80 years), admission route (emergency
department and outpatient department), insurance type (national health insurance and Medicaid), number of hospital beds
(100299, 300499, 500-999, and > 1000 beds), and length of hospital stay were used in this study as variables for
identifying the characteristics of hospital-discharged patients with AMI.

Moreover, CCI was applied for severity adjustment of hospital-discharged patients with AMI. CCI uses the method of
adjusting the sum of weighted values after assigning a certain weight (from 1 to 6 points) to 19 major diseases, including
ischemic heart disease, diabetes, and HT, to generally categorize them by scores of 0, 1, 2, and 3 points. The Korean
National Hospital Discharge In-depth Injury Survey data include one primary diagnosis and information about 20 other
diagnoses. Accordingly, this study defined other diagnoses as pre-existing conditions, and CCI diseases were analyzed
after converting them to the ICD-10 algorithm.

Statistical Analysis

A weighted frequency analysis was performed to estimate the number of hospital-discharged patients with AMI, while
the discharge and mortality rates of hospital-discharged patients with AMI were calculated as age-standardized discharge
and mortality rates based on the population size of South Korea in 2015, and the results were presented together with the
average annual percent change. Moreover, frequency analysis was also performed to identify the distribution of CCI
scores and general characteristics of patients. Furthermore, weighted logistic regression analysis was performed to
analyze the influencing factors of mortality as a treatment outcome, and the results were presented with adjusted odds
ratio (aOR) and 95% confidence interval (CI). All analyses in this study were performed using SAS 9.4 version, and
a significance probability of p < 0.05 was considered statistically significant.

Results

The Number of Hospital-Discharged Patients with AMI by Year

In 2005, the number of hospital-discharged patients with AMI was 22,877 (15,084 males and 7794 females). After
a repeating pattern of increase and decrease, the number of hospital-discharged patients with AMI reached 36,964
(27,577 males and 9387 females) in 2020, indicating an average annual percent change of 3.6% (4.5% for males and
1.7% for females; Figure 1).
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Figure | Number of hospital-discharged patients with AMI by year and sex.
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The Number of Hospital-Discharged Patients with AMI and Mortality Rate by Year
Among patients who were discharged with a primary diagnosis of AMI, the total number of mortalities was 36,312, with
19,190 among males and 17,122 among females, resulting in an average annual mortality rate of 5.7% and 11.8%,
respectively (Figure 2).

The Characteristics of Hospital-Discharged Patients with AMI

The general characteristics of hospital-discharged patients with AMI are shown in Table 1. Hospital-discharged patients
with AMI comprised 70.4% males and 29.6% females, with the highest percentage of patients aged 70-79 years (25%),
followed by 60-69 years (24.2%), 5059 years (21.8%), > 80 years (15.0%), 40—49 years (11.3%), 30-39 years (2.5%),
and 20-29 years (0.2%). With respect to insurance type, national health insurance (91.5%) was more common than
Medicaid (8.5%), while admission via the emergency department (81.0%) was more common than via the outpatient
department (19.0%). Regarding the number of hospital beds, 500-999 beds (53.4%) were most common, followed by
300499 beds (19.7%), 100-299 beds (15.1%), and > 1000 beds (11.9%). In terms of the treatment outcome at discharge,
survival (92.5%) was more common than mortality (7.5%), while operation during hospitalization was 96.7%. The CCI
scores of hospital-discharged patients with AMI appeared in the order of 2 points (45.0%), 1 point (26.9%), > 3 points
(25.5%), and 0 points (2.6%).

Influencing Factors of Mortality Among Hospital-Discharged Patients with AMI

The influencing factors of mortality among hospital-discharged patients with AMI were identified as sex, insurance type,
admission route, number of hospital beds, region, operation status, and CCI score (Table 2). In other words, the risk of mortality
at discharge was 1.151 times higher among females than males (95% CI 1.002—-1.322), 0.787 times lower among those with
national health insurance than Medicaid recipients (95% CI 0.64-0.967), and 2.182 times higher among those admitted via the
emergency department than the outpatient department (95% CI 1.747-2.725). Moreover, the risk of mortality at discharge
increased gradually as the number of hospital beds decreased relative to 1000 hospital beds, with risks 1.327 times higher for
500-999 beds (95% CI 1.333—1.555), 1.617 times higher for 300499 beds (95% CI 1.298-2.014), and 2.413 times higher for
100299 beds (95% CI 1.887-3.084). Furthermore, the risk of mortality at discharge was 1.216 times higher among patients from
hospitals in the capital area than in other rural areas (95% CI 1.043-1.417), 2.515 times higher in patients with a history of
receiving an operation (95% CI 1.936-3.268), and 3.402 times higher in patients with a CCI score of 3 points than in those with 0
points (95% CI 1.263-9.162).
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Figure 2 Number of hospital-discharged patients with AMI and mortality rate by year.
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Table | Characteristics of Hospital-Discharged Patients with AMI (N=486,464)

Category Weighted n | Weighted %
Sex Males 342,712 70.4
Females 143,752 29.6
Age group 20-29 887 0.2
30-39 12,076 25
4049 55,118 1.3
50-59 105,916 21.8
60-69 117,859 242
70-79 121,525 25.0
280 73,083 15.0
Insurance type National health insurance 445,171 91.5
Medicaid 41,293 8.5
Admission route Emergency department 394,049 81.0
Outpatient department 92,415 19.0
Number of hospital beds | 100-299 73,216 15.1
300499 95,842 19.7
500-999 259,593 534
21000 57,814 1.9
Region Capital 173,813 357
Metropolitan 144,545 29.7
Others 168,107 34.6
Outcomes Survival 450,154 925
Death 36,312 7.5
Operation Yes 16,107 96.7
No 470,358 33
Cccl 0 12,495 2.6
I 130,904 26.9
2 218,810 45.0
23 124,255 25.5

Abbreviation: CCl, Charlson Comorbidity Index.

Table 2 Influencing Factors of Mortality Among Hospital-Discharged Patients

with Acute Myocardial Infarction

Category aOR (95% CI)
Sex Females I1.151% (1.002, 1.322)
Males I (ref.)
Age group 280 1.443 (0.345, 6.031)
70-79 0.787 (0.189, 3.279)
60-69 0.439 (0.106, 1.807)
50-59 0.396 (0.097, 1.609)
4049 0.332 (0.079, 1.39)
30-39 0.663 (0.163, 2.701)
20-29 I (ref.)
Insurance type National health insurance 0.787* (0.64, 0.967)
Medicaid I (ref.)
Admission route Emergency department 2.182%% | (1.747, 2.725)
Outpatient department I (ref.)
(Continued)
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Table 2 (Continued).

Category aOR (95% CI)

Number of hospital beds | 100-299 2.413% | (1.887, 3.084)
300499 1.617* (1.298, 2.014)
500-999 1.327%* (1.133, 1.555)
21000 I (ref.)

Region Capital 1.216% | (1.043, 1.417)
Metropolitan 0.836 (0.695, 1.005)
Others I (ref.)

Operation Yes 2.515% | (1.936, 3.268)
No I (ref)

Cccl >3 3.402%%F | (1.263, 9.162)
2 1.944 (0.72, 5.251)
| 0.922 (0.346, 2.459)
0 I (ref.)

Notes: *p<0.05; **p<0.01; ***p<0.001.
Abbreviations: aOR, adjusted odds ratio; Cl, confidence interval; ref, reference; CCl, Charlson
Comorbidity Index.

Discussion

Despite significant improvements in diagnostic technologies, therapeutic modalities, and pharmaceuticals to date, AMI
remains a leading cause of death and a major contributor to the healthcare burden worldwide.'""'? In particular, the
prevalence of AMI is expected to continue to increase due to prolonged average life expectancy and increased health risk
factors. In that context, this study used the 20062020 Korean National Hospital Discharge In-depth Injury Survey data
to examine the trend in hospital-discharged patients with AMI in Korea and the association between pre-existing
conditions and mortality among patients with AMI.

First, an increasing trend in the number of hospital-discharged patients with AMI in Korea was found.'* In fact, the
average annual percent change was 3.6%, meaning the number of patients increased by approximately 60% in 2020
compared to 2006. Such an increase in the number of patients with AMI is a phenomenon found not only in Korea, but
also in Japan® and China."* In particular, such increase in the number of patients with MI is interpreted to be associated
with a gradual increase in Non-ST-elevation myocardial infarction (NSTEMI), more so than ST-elevation myocardial
infarction (STEMI)."® This is because NSTEMI is known to be more strongly associated with hypertension, diabetes, and
dyslipidemia compared to STEMI. In fact, the prevalence rates of hypertension, diabetes, and dyslipidemia among
patients in Korea are showing an increasing trend, and during the COVID-19 pandemic period, the health status of males
has worsened.'® Ultimately, it is inferred that the increase in chronic diseases in Korea is significantly associated with the
increase in discharged patients with acute myocardial infarction.

In contrast to the United States'” and Japan where the incidence of AMI is steadily increasing but the AMI-related
mortality rate is decreasing, South Korea has not shown any decreasing trend in the AMI-related mortality rate. In Japan,
increased use of ambulances and primary percutaneous coronary intervention (PCI) is believed to have had a significant
impact on the decrease in the mortality rate. Korea already has a high rate of using PCI, but it appears that such factors
have not had an impact on reducing the mortality rate. On the other hand, the increased incidence of MI among
individuals aged < 65 years may have contributed to the increase in mortality rate.'® Despite the fact that age is a key
variable associated with mortality among patients with MI, age was not found to be a major cause in this study. This is
because the prevalence of AMI is increasing in younger patients under the age of 65, while at the same time, chronic
diseases such as hypertension and diabetes are increasing among this age group. Consequently, such findings suggest that
there are limitations in reducing the incidence of AMI without improving chronic disease in Korea, and thus, there is
a need for more active intervention and efforts for managing chronic diseases.
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Even though AMI is more common among males, females showed a higher AMI-related mortality rate, and females also
had a higher risk of mortality than males. A similar tendency was also found in the United States'® and Japan.® Such sex-
based differences in mortality may be attributed to females with AMI being relatively older, which may have limited their
access to various therapeutic modalities, including PCI.>° In addition, females may have had a longer period between onset
and hospitalization, and vascular or bleeding complications are more common among females, all of which may have
influenced mortality. Therefore, the findings in this study suggest the need for greater attention when treating female
patients, since being female was identified to be a major risk factor of mortality among patients with AMI.

Genetic predisposition and lifestyle factors significantly contribute to the risk of AMIL?'** Behaviors such as
smoking, physical inactivity, poor diet, and excessive alcohol consumption increase AMI risk. Psychological factors
like chronic stress, depression, and social isolation also elevate MI risk through mechanisms involving autonomic
dysregulation and inflammation.*® These risks are exacerbated in individuals with lower socioeconomic status (SES).**
This study highlights that insurance type, a proxy for SES, significantly impacts cardiovascular mortality. Lower SES
individuals face higher stress, poorer diets, higher smoking rates, and limited healthcare access, all contributing to
increased MI incidence and poorer outcomes.””** Therefore, managing acute myocardial infarction effectively requires
strategies that address both lifestyle factors and socioeconomic status.

The findings in this study also confirmed that the presence of pre-existing conditions is a key indicator for assessing
the risk of mortality among patients with AMI. The risk of mortality was found to be more than 3 times higher among
patients with a CCI score of > 3 points than those without any pre-existing conditions, indicating a significant increase in
the risk of mortality with higher CCI scores. Such findings suggest that CCI can be used as an important indicator for
predicting the risk of mortality by considering the comorbidities of patients, and thus, it would be reasonable to establish
treatment and management strategies with consideration for the pre-existing conditions of patients.

This study was significant in that it focused on pre-existing conditions to examine trends in hospital-discharged
patients with AMI and influencing factors of AMI-related mortality in Korea over the past 15 years. Nonetheless, this
study had some limitations. Firstly, because this study was a secondary data analysis study that used data from the
Korean National Hospital Discharge In-depth Injury Survey conducted annually by the Korea Disease Control and
Prevention Agency, only the variables already contained in the data could be considered. With respect to MI, there are
various risk factors, such as smoking, drinking, and physical activity, besides pre-existing conditions, but such factors
could not be controlled. Because the raw data consisted of information collected from medical records of patients,
relevant information can be obtained based on the medical history of patients. Therefore, it is expected that the Korea
Disease Control and Prevention Agency should be able to provide such information in the future.?® Secondly, this study
included only patients with AMI whose primary diagnosis was 121, whereas patients with 121 included as other diagnoses
were excluded from the study. Therefore, the actual number of patients with MI may have been underestimated, because
the primary diagnosis is the final diagnosis made during the course of a treatment and refers to the pathology with the
greatest need for treatment or testing. In Korea, where a single pathology that requires the most medical resources must
be selected, it is unknown whether diseases are being classified under consistent criteria.”® Therefore, it is necessary to
consider other treatments or care, in addition to the primary diagnosis, when admitting patients with AMI. Thirdly, the
data used in this study were from cross-sectional surveys, which means that only associations with influencing factors of
mortality among patients with AMI can be identified, and determining causality is challenging. Therefore, caution is
needed when interpreting the results. Over the past decades, significant advancements in the treatment of acute
myocardial infarction (AMI) have contributed to a reduction in overall mortality rates. However, this study focuses on
the absolute increase in the number of patients and deaths related to AMI, without considering the advancements in
treatment approaches during this period, representing a limitation of the study. Future research should aim to establish the
causal relationship between pre-existing conditions and AMI-related mortality through longitudinal studies.**?’
Additionally, improving data collection practices to include more detailed patient information, such as smoking status,
alcohol consumption, and physical activity, would enable more robust analyses and enhance the understanding of factors
influencing AMI outcomes. Furthermore, it is essential to consider advancements in treatment approaches when

evaluating these outcomes to ensure a comprehensive understanding of the factors affecting AMI mortality.
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Conclusion

Over the past 15 years, the number of hospital-discharged patients with AMI in Korea has increased, and the AMI-related
mortality rate has also risen. To prevent this, more active management of chronic diseases must be prioritized, including
the development of preventive interventions targeting major risk factors such as smoking, alcohol consumption, and
physical activity. The risk of mortality among hospital-discharged patients with AMI was found to be higher among those
with higher CCI scores, indicating the need for treatment and management strategies that consider the presence of
comorbidities in AMI patients. Future research should focus on longitudinal studies to establish causality and improve
data collection practices to include detailed patient information, enabling more robust analyses and a better understanding
of the factor influencing AMI outcomes.
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