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Background: This study aimed to identify the risk factors associated with coronavirus disease
2019 (COVID-19) infection and mortality among older adults in South Korea. Methods: Using
Korean National Health Insurance data from January 1, 2020, to March 31, 2022, we analyzed
the impact of various factors, including age, comorbidity burden, and insurance type, on
COVID-19 infection and mortality rates. Results: Age was the most significant risk factor for
mortality in older adults. A higher comorbidity burden was also associated with increased infec-
tion (odds ratio [OR]=1.33 for Charlson Comorbidity Index [CCI] >2, 95% confidence interval [CI]
1.321-1.339) and mortality (OR=1.537 for CCl 22, 95% Cl 1.459-1.618) rates. While Medical Aid
recipients exhibited lower infection rates (OR=0.898, 95% Cl 0.89-0.906) than National Health
Insurance beneficiaries, they had higher mortality rates (OR=1.692, 95% Cl 1.623-1.763). Con-
clusion: These results emphasized the need to prioritize vaccination and allocate healthcare re-
sources for older adults, particularly those with multiple comorbidities. Addressing socioeconomic
disparities and ensuring equitable access to testing and healthcare services are crucial for miti-
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INTRODUCTION

Since the World Health Organization (WHO) declared the coro-
navirus disease 2019 (COVID-19) pandemic on March 12, 2020,
as of July 3, 2023, a total of 32,131,606 cumulative confirmed cases
of COVID-19 in Korea have been recorded by the WHO."
COVID-19 is primarily transmitted through respiratory droplets
when an infected person coughs, sneezes, talks, or breathes. The
symptoms range from mild to severe, with the common symptoms

including fever, cough, shortness of breath, fatigue, and loss of taste

gating the impact of COVID-19 on older adults.

Key Words: COVID-19, Mortality, Aged, Republic of Korea, Risk factors

or smell.”™ However, some individuals, particularly older adults,
and those with underlying health conditions, may experience se-
vere respiratory distress and other complications.

Previous COVID-19-related research in Korea examined the
impact of the comorbidity burden on mortality in patients infected
with the virus. However, these studies were limited in scope, rely-
ing on data from only 7,590 patients registered until May 15, 2020,
and did not specifically focus on older adults.” Although studies
have been conducted in Wuhan, China, to examine the association

between acute respiratory distress syndrome (ARDS), mortality,
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and risk factors, these studies used data from the overall age range
of infected individuals.” Another study conducted in South Korea
that evaluated the COVID-19 case fatality risk found that, while
younger age groups had higher infection rates, older adults had
higher mortality rates. However, that study had limitations owing
to its relatively small sample size.”

The COVID-19 pandemic has majorly impacted global health,
particularly among older adults who are more vulnerable to severe
illness and mortality.” Understanding the risk factors associated
with COVID-19 infection and mortality in this population is cru-
cial for effective prevention and management strategies. South Ko-
rea has implemented comprehensive healthcare systems including
universal health coverage, providing an ideal setting for investigat-
ing these risk factors.

This study aimed to identify key risk factors contributing to
COVID-19 infection and mortality among older adults in South
Korea. Age, comorbidity burden, disease severity, and insurance
type were examined to assess their associations with infection and
mortality rates. By utilizing a large-scale nationwide cohort, this
study provides robust evidence of specific risk factors affecting this

population.

MATERIALS AND METHODS

Data Source

We used the Korea Disease Control and Prevention Agen-
cy-COVID-19-National Health Insurance Service (K-COV-N) co-
hort data from the National Health Insurance Service (NHIS). The
data are provided through the universal health coverage for Kore-
ans. Data from the population aged > 65 years registered between
January 1, 2019, and December 31, 2019, were used for analysis.
Death was defined as the loss of national health insurance qualifi-
cation. For COVID-19 confirmation, individuals who claimed
with the coronavirus code from January 1, 2020, to March 31,
2022, were included in the analysis. COVID-19 mortality was de-
fined as death within 30 days from the coronavirus code entered
for the last time until April 30,2022.

Using data from the National Health Insurance Corporation's
qualification information for 2020, specifically the data related to
insured individuals in the Oth percentile of the calculated insurance
premium for January 2020, we indirectly reflected the income level
by considering the eligibility for NHIS beneficiaries or Medical
Aid recipients. In South Korea, the national social security system,
known as Medical Aid, provides medical assistance to low-income
individuals who lack the means to sustain their livelihoods or who
face financial difficulties.

Study Population

Data from a total of 7,802,796 (n= 6,725,628 of non-COVID-19;
n=1,077,168 of COVID-19) patients registered between January
1,2020, and March 31, 2022, were obtained from the NHID data-
base. Based on the qualification data for 2020, those aged > 65
years were included. Among them, cases where the “C” code (can-
cer diagnosis),was entered more than once in the primary diagno-
sis or sub-diagnosis during the 10 years from January 1, 2010, to
December 31, 2019, were excluded. Among the group of patients
with confirmed COVID-19, only data from those aged > 65 years
were included, and the number of people entered by combining
the coronavirus codes from January 1, 2020, to March 31, 2022,
was confirmed. Death from COVID-19 was defined as death with-
in 30 days of the last entry of the code U07.1 as a primary or
sub-diagnosis, and deaths up to April 30, 22 were included (Fig. 1).

Data Collection
We utilized data on sex, age, type of insurance, residential area,
Charlson Comorbidity Index (CCI), and disease severity. The
CCI was calculated based on the diagnosis codes recorded from
January 1, 2019, to December 31, 2019. Age groups were catego-
rized as 65-74, 75-84, and > 85 years. The mean and standard de-
viation were rounded to the nearest decimal place, while the per-
centages were rounded to the second decimal place. Insurance eli-
gibility was divided into National Health Insurance and Medical
Aid recipients. Residential areas were classified as capital regions,
including Seoul, Gyeonggi Province, and Incheon.

Disease severity was classified by assessing whether specific
treatment codes were present within the infectious period, en-
abling us to categorize hospitalization and the condition severity.

Age 265
NHID data from Jan 1, 2020 to Mar 31, 2022
Total n=7,802,796

Cases who diagnosed cancer during
Jan 1, 2010 to Dec 31, 2019 were
excluded n=387,176

| Not diagnosed as cancer n=7,415,620 |
[
COVID-19 un-diagnosed COVID-19 diagnosed
n=6,384,666 n=1,030,954

|
v v

No COVID-19 death COVID-19 death
n=1,010,104 n=20,850

Fig. 1. Flow chart of this study. COVID-19, coronavirus disease 2019;
NHID, National Health Information Database.
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The treatment levels of "oxygen therapy” and "oxygen by mask or
nasal prongs” were defined as "hospitalized mild disease,” while
"non-invasive ventilation or high-flow oxygen," "intubation and
mechanical ventilation,” and "ventilation + additional organ sup-
port (continuous renal replacement therapy [CRRT], extracorpo-
real membrane oxygenation [ECMO])" were categorized as "hos-
pitalized severe disease” if implemented. The classification was

based on the most severe point of the condition.

Ethical Consideration

This study was approved by the Institutional Review Board of
Kyung Hee University Hospital (No. KHUH 2022-11-059). The
requirement for informed consent was waived because this study
used de-identified administrative data. Also, this study complied
the ethical guidelines for authorship and publishing in the Annals
of Geriatric Medicine and Research.”

Statistical Analysis

Using frequencies and percentages, we compared the characteris-
tics of COVID-19 patients and individuals without confirmed in-
fection. Additionally, we conducted a multivariate logistic regres-
sion analysis to identify the factors associated with the occurrence
of and death due to COVID-19. We calculated adjusted odds ra-

tios (ORs) for nine factors: region, sex, age group, CCI, four spe-
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cific diseases, and MA status. We defined the significance level as
two-tailed p-values < 0.0S.

In the analysis of disease severity, we first compared confirmed
cases that were not hospitalized with those that were hospitalized.
Second, we compared “hospitalized severe disease” and deceased
patients with other patients. Finally, we compared deceased pa-

tients with the remaining patients.

RESULTS

Characteristics and Risk Factors for COVID-19 Infection

Among the 7,415,620 participants, 44.33% resided in the capital
region. Of the 1,030,954 infected individuals, 49.26% resided in
the capital region. A total of 43.53% of non-infected individuals
also lived in the capital region. Men comprised 41.87%, and
41.05% of the entire study population and infected individuals, re-
spectively. The 65-74-year age group accounted for 4,263,439 in-
dividuals, representing 57.49% of the total population. Among
them, 643,625 were affected by COVID-19, corresponding to
62.43% of the 1,030,954 infected individuals. In the 75-84-year
age group, 286,940 individuals were affected by COVID-19. The
OR for this age group compared with the 65-74-year age group
was 0.756 (95% confidence interval [CI], 0.753-0.76), indicating
alower risk of infection. The population aged > 85 years (790,234

Table 1. Baseline characteristics of study and COVID-19 infection risk factor analysis

Undiagnosed Diagnosed OR (95% CI
All (n=7,415,620) (n= 6,3%;11-,666) (n=1 ,%%0,954) Crude ( ) Adjusted

Residential area (other areas)” 4,128,628 (55.67) 3,605,488 (56.47) 523,140 (50.74) 0.794(0.791-0.797)  0.790 (0.787-0.793)
Sex, female 4,310,600 (58.13) 3,702,839 (58) 607,761 (58.95) 1.040(1.036-1.044)  1.066 (1.062-1.071)
Age (y) 742+74 744+74 73.5+7.3

65-74 4,263,439 (5749) 3,619,814 (56.7) 643,625 (62.43) 1 (ref) 1 (ref)

75-84 2,361,947 (31.85) 2,075,007 (32.5) 286,940 (27.83) 0.778 (0.774-0.781)  0.756 (0.753-0.760)

>85 790,234 (10.66) 689,845 (10.8) 100,389 (9.74)  0.818 (0.813-0.824)  0.789 (0.783-0.795)
Morbidity status (Charlson Comorbidity Index)

0 1,866,266 (25.17) 1,640,556 (25.7) 225,710 (21.89) 1 (ref) 1 (ref)

1 1,816,419 (2449) 1,560,782 (24.45) 255,637 (24.8)  1.190(1.183-1.198)  1.217(1.209-1.224)

>2 3,732,935 (50.34) 3,183,328 (49.86) 549,607 (53.31) 1.255(1.248-1.261)  1.330(1.321-1.339)
Disease

Cardiovascular disease 4,657,874 (62.81) 4,009,958 (62.81) 647,916 (62.85) 1(0.6134-0.4335)  0.974 (0.969-0.978)

Cerebrovascular disease 1,129,908 (15.24) 963,240 (15.09) 166,668 (16.17)  1.085 (1.079-1.092)  1.057 (1.051-1.063)

Diabetes mellitus 2,411,182 (32.51) 2,065,802 (32.36) 345,380(33.5)  1.053(1.049-1.058)  0.963 (0.958-0.968)

Chronic respiratory disease 1,495,683 (20.17) 1,270,376 (19.9) 225307 (21.85) 1.126 (1.120-1.132)  1.066 (1.061-1.072)
Socioeconomic status represented by national

insurance status
Insurance beneficiaries 6,920,374 (93.32)  5,952,515(93.23) 967,859 (93.88) 1 (ref) 1 (ref)
Medical Aid 495,246 (6.68) 432,151 (6.77)  63,095(6.12)  0.898 (0.890-0.906)  0.898 (0.890-0.906)

Values are presented as meanzstandard deviation or number (%).

COVID-19, coronavirus disease 2019; OR, odd ratio; CI, confidence interval.
Y Area except Seoul metropolitan area (Seoul, Gyeonggi Province, Incheon).
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individuals, 10.66%) included 100,389 confirmed cases (9.74%).
The OR was 0.789 (95% CI, 0.783-0.795), indicating a lower in-
fection risk than that in the 65-74-year age group. These results
suggested that the infection risk of COVID-19 did not necessarily
increase with age and that the infection rate was lower in older age
groups (Table 1).

Among the 1,030,954 confirmed cases, 225,710 (21.89%),
255,637(24.8%), and 549,607(53.31%) had CCI scores of 0, 1,
and 2, respectively. Compared with the reference group with CCI
scores of 0, the ORs were 1.217 (95% CI, 1.209-1.224) for a CCI
score of 1 and 1.33 (95% CI, 1.321-1.339) for a CCI score > 2.
Thus, the infection rate increased with higher CCI scores.

Regarding the relationship between income level and suscepti-
bility to infection, when considering medical insurance status, the
OR for Medical Aid recipients compared to that for insurance ben-
eficiaries was 0.898 (95% CI, 0.89-0.906). Thus, Medical Aid re-

cipients had a lower risk of infection than insurance beneficiaries.

Characteristics and COVID-19 Mortality
Comparison of the risk of death based on residential area showed
that 47.54% of the deceased individuals resided in the capital re-

gion. When using individuals residing in the capital region as the
reference, the OR for non-capital region residents confirmed to
have COVID-19 was 0.928 (95% CI, 0.903-0.955). Among all
confirmed and deceased cases, 41.05% and 42.35% were men, re-
spectively. The OR for the risk of death in women compared to
men was 0.607 (95% CI, 0.59- 0.625), indicating a higher risk of
death in men. The average age of the confirmed cases was 73.5
years, while the average age of the deceased after confirmation was
82.4 years. Among all confirmed cases, 61.43% were aged 65-74
years, 27.83% were aged 75-84 years, and 9.74% were aged > 85
years. Comparison of the risk of progression to death using the
group aged 65-74 years as a reference, the OR for the 75-84 years
age group was 4.406 (95% CI, 4.236-4.582), while that for the
> 85 years age group was 16.032 (95% CI, 15.399-16.691). Com-
pared to the reference group with a CCI score of 0, the ORs for the
risk of death after confirmation among patients with CCI scores of
1and >2 were 1.172 (95% CI, 1.111-1.236) and 1.537 (95% CI,
1.459-1.618), respectively. This indicates that as the burden of co-
morbidities increased (higher CCI score), the risk of death also in-
creased. Compared to the general population with medical insur-
ance, patients with Medical Aid showed a higher risk of death

Table 2. Multivariate analysis of factors associated with COVID-19 death

Alldiagnosed ~ No COVID-19 death COVID-19 death OR (95% CI)
(n=1,030,954) (n=1,010,104) (n=20,850) Crude Adjusted
Demographic

Seoul metropolitan area 507,814 (49.26) 497,902 (49.29) 9,912 (47.54) 1 (ref) 1 (ref)

Other areas” 523,140 (50.74) 512,202 (50.71) 10,938 (52.46) 1.073 (1.044-1.103) 0.928 (0.903-0.955)
Sex, female 607,761 (58.95) 595,741 (58.98) 12,020 (57.65) 0.947 (0.921-0.973) 0.607 (0.590-0.625)
Age (y) 73.5+7.3 734+7.1 824+8.1

65-74 643,625 (62.43) 639,753 (63.34) 3,872 (18.57) 1 (ref) 1 (ref)

75-84 286,940 (27.83) 278,933 (27.61) 8,007 (38.4) 4.743 (4.563-4.930) 4.406 (4.236-4.582)

>85 100,389 (9.74) 91,418 (9.05) 8,971 (43.03) 16.214 (15.604-16.847) 16.032 (15.399-16.691)
Morbidity status (Charlson Comorbid-

ity Index)

0 225,710 (21.89) 223,402 (22.12) 2,308 (11.07) 1 (ref) 1 (ref)

1 255,637 (24.8) 251,803 (24.93) 3,834 (18.39) 1474 (1.399-1.552) 1.172 (1.111-1.236)

>2 549,607 (53.31) 534,899 (52.95) 14,708 (70.54) 2.661 (2.546-2.781) 1.537 (1.459-1.618)
Disease

Cardiovascular disease 647,916 (62.85) 632,423 (62.61) 15,493 (74.31) 1.727 (1.674-1.782) 1.018 (0.984-1.052)

Cerebrovascular disease 166,668 (16.17) 160,495 (15.89) 6,173 (29.61) 2.227(2.161-2.295) 1.338 (1.295-1.383)

Diabetes mellitus 345,380 (33.5) 336,990 (33.36) 8,390 (40.24) 1.345 (1.308-1.383) 1.142 (1.107-1.178)

Chronic respiratory disease 225,307 (21.85) 220,460 (21.83) 4,847 (23.25) 1.085 (1.050-1.121) 0.887 (0.857-0.918)
Socioeconomic status represented by

national insurance status
Insurance beneficiaries 967,859 (93.88) 949,945 (94.04) 17,914 (85.92) 1 (ref) 1 (ref)
Medical Aid 63,095 (6.12) 60,159 (5.96) 2,936 (14.08) 2.588 (2.487-2.693) 1.692 (1.623-1.763)

Values are presented as meanzstandard deviation or number (%).
COVID-19, coronavirus disease 2019; OR, odd ratio; CI, confidence interval.
Y Area except Seoul metropolitan area (Seoul, Gyeonggi Province, Incheon).
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(OR=1.692; 95% CI, 1.623-1.763) (Table 2).

Correlation between Age and COVID-19 Severity and Length
of Hospitalization

A total of 173,816 of 1,030,954 confirmed cases aged > 65 years
were hospitalized. The analysis was conducted by categorizing in-
dividuals into four groups based on the severity of hospitalization:
non-hospitalized, hospitalized mild disease, hospitalized severe
disease, and death. We evaluated severity based on the most severe
condition during the treatment period.

First, using the non-hospitalized group as a reference, we divided
the hospitalized patients into age groups and assessed the risk of
hospitalization according to the OR. Taking the age group of 65—
74 years as the reference, the ORs of hospitalization for the 75-84
and > 85 years age groups were 2.007 (95% CI, 1.983-2.032) and
4.933 (95% Cl, 4.857-5.01), respectively, indicating a higher risk
of hospitalization with increasing age.

The group exhibiting severe disease during hospitalization was
compared with the group showing lower disease severity. Age-spe-
cific risks were also compared. Taking the age group of 65-74
years as the reference, the OR for the 75-84 and > 85 years age
groups were 3.129 (95% CI, 3.032-3.228) and 10.012 (95% CI,
9.685-10.35), respectively. Thus, the risk of progression to severe
or higher COVID-19 severity increased with age. Comparison of
mortality rates by age group showed an OR for the > 85-years age
group of 16.032 (95% CI, 15.399-16.691), indicating a signifi-
cantly higher mortality rate as age increased, especially in the > 85
years age group compared to that in the youngest age group. Final-
ly, we compared the length of hospitalization by age, specifically
among patients who were hospitalized for more than a week, with
other confirmed cases as the control group. Among all infected in-
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dividuals, 126,964 (12.32%) required hospitalization for more
than 1 week.

Among the 643,625 infected individuals aged 65-74 years,
56,253 (8.74%) required hospitalization for more than one week.
In comparison, 15.3% of those aged 75-84 years (OR=1.762;
95% CI, 1.738-1.786) and 26.69% of those aged >8S years
(OR=3.515; 95% CI, 3.455-3.576) required hospitalization for
more than one week. These findings confirmed that as age increas-
es, the duration of hospitalization also tends to increase, indicating
a higher need for hospitalization as individuals age. Table 3 shows
the severities and hospitalization dates of COVID-19 patients clas-
sified by age, and Table 4 shows the results of the multivariate anal-

ysis.
DISCUSSION

Our study was conducted using a large-scale population-based co-
hort. The most influential factor in the severity and mortality rate
of COVID-19 in older Korean adults was age. Furthermore, being
an Medical Aid recipient and having multiple comorbidities in-
creased the risk of COVID-19 infection progressing to mortality.

The risk of infection was lower for individuals with cardiovascu-
lar disease (OR=0.974; 95% CI, 0.969-0.978) and diabetes
(OR=0.963; 95% CI; 0.958-0.968). In contrast, the risk of infec-
tion was higher in individuals with cerebrovascular disease
(OR=1.057; 95% CI, 1.051-1.063) and chronic respiratory dis-
ease (OR = 1.066; 95% CI, 1.061-1.072).

The risk of mortality increased significantly with cerebrovascu-
lar disease (OR=1.338; 95% CI, 1.295-1.383) and diabetes
(OR=1.142; 95% CI, 1.107-1.178) but not for cardiovascular
disease (OR = 1.018; 95% CI, 0.984-1.052) and chronic respirato-

Table 3. Data of COVID-19 confirmed patients based on severity and length of hospitalization

Total (n=1,030,954)

Age group (y)

65-74 (n=643,625)

75-84 (n=286,940) >85 (n=100,389)

COVID-19 severity”

Not hospitalized 857,138 (83.14) 572,423 (88.94) 225,171 (78.47) 59,544 (59.31)

Hospitalized mild 146,648 (14.22) 64,147 (9.97) 51,550 (17.97) 30,951 (30.83)

Hospitalized severe 6,318 (0.61) 3,183 (0.49) 2,212 (0.77) 923(0.92)

Death 20,850 (2.02) 3,872(0.6) 8,007 (2.79) 8,971 (8.94)
Hospitalization day (wk)

<1 903,990 (87.68) 587,372 (91.26) 243,025 (84.7) 73,593 (73.31)

>1 126,964 (12.32) 56,253 (8.74) 43,915 (15.3) 26,796 (26.69)

Values are presented as number (%).
COVID-19, coronavirus disease 2019.

YHospitalized mild includes oxygen therapy, oxygen by mask or nasal prongs, hospital severe includes non-invasive ventilation, high-flow oxygen, intubation and
mechanical ventilation, ventilation+additional organ support (continuous renal replacement therapy, extracorporeal membrane oxygenation); classification was

based on the most severe point of the condition.
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Table 4. Multivariate analysis on the correlation between age, severity, and length of hospitalization

Total” Event” Adjusted OR? (95% CI)

Hospitalized, mild disease or more severe severityd) 1,030,954 173,816 (16.86)

65-74y 643,625 71,202 (11.06) 1 (ref)

75-84y 286,940 61,769 (21.53) 2.007 (1.983-2.032)

>85y 100,389 40,845 (40.69) 4933 (4.857-5.010)
Hospitalized, severe disease or more severe severityd) 1,030,954 27,168 (2.64)

65-74y 643,625 7,055 (1.1) 1 (ref)

75-84y 286,940 10,219 (3.56) 3.129 (3.032-3.228)

>85y 100,389 9,894 (9.86) 10.012 (9.685-10.350)
Death 1,030,954 20,850 (2.02)

65-74y 643,625 3,872 (0.6) 1 (ref)

75-84y 286,940 8,007 (2.79) 4.406 (4.236-4.582)

>8Sy 100,389 8,971 (8.94) 16.032 (15.399-16.691)
Admission > 1 week 1,030,954 1,26,964 (12.32)

65-74y 643,625 56,253 (8.74) 1 (ref)

75-84y 286,940 43,915 (15.3) 1.762 (1.738-1.786)

>85y 100,389 26,796 (26.69) 3.515(3.455-3.576)

Values are presented as number (%).

COVID-19, coronavirus disease 2019; OR, odds ratio; CI, confidence interval.

YNumber of diagnosed, number of hospitalized patients, “adjusted ORs for nine factors (region, gender, age group, Charlson Comorbidity Index, four specific
diseases, medical aid status); “hospitalized mild includes oxygen therapy, oxygen by mask or nasal prongs, hospital severe includes non-invasive ventilation, high-
flow oxygen, intubation and mechanical ventilation, ventilation-+additional organ support (continuous renal replacement therapy, extracorporeal membrane

oxygenation); classification was based on the most severe point of the condition.

ry disease (OR=0.887; 95% CI, 0.857-0.918).

Previous studies compared factors such as sex, medical history,
disease severity, and mortality related to COVID-19 infection be-
tween older and younger age groups.‘)’“) One study found that in
all age groups, men had a higher oxygen demand and greater dis-
ease severity (p < 0.01, p=0.0083).” Furthermore, univariate anal-
ysis revealed that the risk of non-mild COVID-19 was significantly
higher (p<0.05) in middle-aged and older adults than in young
adults.” Another study using data from a total of 1,537 patients re-
ported that in-hospital mortality was associated with older age af-
ter adjusting for age, hypertension, diabetes mellitus, and cortico-
steroid use (risk ratio [RR] =2.01; 95% CI, 1.59-2.52)."” These
findings are consistent with the main findings of the present study.
However, the previous study had limitations in terms of a smaller
sample size and shorter observation period (from May 2020 to
August 2020) compared to our study.

A previous study conducted using COVID-19-confirmed case
data registered in South Korea until May 15, 2020, that evaluated
the association between CCI values (3, 4, and S or higher) and
mortality also found an increasing trend in mortality with increas-
ing age-adjusted CCI score."”) Although this study included data
from a younger age group, a similar trend was observed in the pres-
ent study.

In this study, patients with diabetes and cerebrovascular diseases
had a higher COVID-19-related mortality rate, which is consistent

with previously reported findings.] 2 However, we observed no sig-
nificant relationship between cardiovascular disease and
COVID-19-related mortality rates. In this study, the cardiovascular
disease categories included hypertension, ischemic heart disease,
cardiomyopathy, atrial fibrillation, and heart failure. Previous stud-
ies have demonstrated that each of these conditions contributes to
increased mortality in COVID-19 patients. A review reported that
hypertension, which is the most common underlying disease, can
increase the severity and mortality rates of COVID-19. However,
the use of renin-angiotensin-aldosterone system (RAAS) inhibi-
tors may provide benefits in the course of the disease.”” Another
study found that angiotensin-converting enzyme inhibitors
(ACEIs) and angiotensin receptor blockers (ARBs) mitigate
COVID-19 mortality rates in patients with hypertension."” In the
management of hypertension in South Korea, the most commonly
used monotherapy is ARB (50.1%). Even in combination thera-
pies (dual therapy), ARB/ACEi regimens dominate, accounting
for 89.9% of cases.”” This contradictory relationship may explain
the lack of significance between cardiovascular disease and
COVID-19 mortality.

The chronic respiratory disease categories in the present study
included obstructive pulmonary disease, chronic bronchitis, em-
physema, asthma, persistent asthma, and bronchiectasis. Accord-
ing to the Global Initiative for Chronic Obstructive Lung Disease
(GOLD) 2023 report, chronic obstructive pulmonary disease
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(COPD) is more likely to worsen with severe COVID-19. Howev-
er, the impact of COPD on the risk of COVID-19 is unclear, which
is consistent with the low risk of infection in our study.m) In anoth-
er study investigating the relationship between obstructive pulmo-
nary disease (OPD) and COVID-19, a total of 7,549 patients with
a history of COPD were included for comparison of mortality rate.
The study found that patients with COPD had higher hospitaliza-
tion rates (62% vs. 28%) and higher mortality rates (15% vs. 4%;
adjusted OR=2.1; 95% CI, 1.96-2.26; p<0.001) compared to
those without COPD.'” Regarding asthma, a cohort study com-
pared the risk of COVID-19-related mortality between adults us-
ing low-dose inhaled corticosteroids (ICS) and those without
asthma. The study did not observe a significant difference in mor-
tality risk between patients with and without asthma.' Another
study suggested that one mechanism of asthma, involving type 2
airway inflammation and ACE2/TMPRSS2 receptor downregula-
tion and the use of controllers such as ICS, might underrepresent
COVID-19 symptoms.'”

In our study, patients with chronic respiratory disease showed
decreased mortality rates (OR=0.887; 95% CI, 0.857-0.918),
which could be due to asthma. Second, the prevalence of COPD
in South Korea is relatively high, reaching 13.4% in individuals
aged > 40 years. However, in COPD, symptoms may remain mild
or go unnoticed until the lung function is compromised by > 50%.
Moreover, many cases are attributed to aging-related symptoms,
leading to underdiagnosis.zo) Lastly, our study has some limitations
in the results as we did not consider data on the severity of chronic
respiratory disease.

Previous domestic studies examining the association between
mortality from COVID-19 and socioeconomic income levels,
considering characteristics such as age, sex, and underlying diseas-
es, observed no significant difference in the risk of death between
Medical Aid recipients and health insurance beneficiaries.”” In
contrast, in our study; after adjusting for factors such as region, sex,
age group, CCI, and major underlying diseases, we observed a
higher mortality rate than infection rate in the Medical Aid patient
group. This aligns with the findings of another systematic review
and meta-analysis of 4.3 million patients from 68 studies which
found that socioeconomic determinants were strongly associated
with COVID-19 outcomes in racial and ethnic minority popula-
tions.”” The previous domestic study included only 7,590 con-
firmed cases as of May 185, 2020, which may explain the discordant
results.

We identified age as the factor with the greatest impact on the
infection rates and subsequent mortality. Therefore, prioritizing
the vaccination of older adults may be warranted in future infec-
tious disease situations. Additionally, as age increased, the length
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of hospitalization tended to increase. Given the gradual aging of
society and the increasing elderly population, policies aimed at se-
curing an adequate number of hospital beds are needed. Analysis
of the data by insurance type showed a lower infection rate among
Medical Aid recipients than among NHIS beneficiaries; however,
the mortality rate of Medical Aid recipients was higher. This can be
attributed not only to socioeconomic differences, as pointed out in
previous studies on COVID-19 infection and mortality rates in the
domestic healthcare environment with universal health coverage,
but also to other factors that may have had a marked impact, such
as poor underlying health conditions, rapid early testing and treat-
ment, transmission-reducing behaviors, and regional prepared-
ness.”” Considering the relatively high cost of self-testing kits and
the surge in demand for masks, which have increased personal hy-
giene expenses, it is important to implement national policies that
provide appropriate support and resources to Medical Aid recipi-
ents. This is crucial for preventing economic differences from

translating into differences in infection and mortality rates.

Limitations and Strengths

This study has several strengths. First, it benefits from a nation-
wide cohort in which the entire population is enrolled in health in-
surance programs. This resulted in a large sample size, which in-
creased the statistical significance of the findings. Additionally, the
study focused exclusively on the elderly population aged >65
years. By identifying the most significant factors related to disease
outcomes in older adults, who are generally considered vulnerable
to infections due to the high prevalence of underlying health con-
ditions, our findings can be utilized to prioritize management with
limited resources in the event of future infectious diseases.

In addition, a previous study comparing age and COVID-19-re-
lated mortality in South Korea identified malignant neoplasms as
having the highest hazard ratio among comorbidities.”” In the
present study, we excluded patients diagnosed with cancer within
the past 10 years to ensure distinctiveness in our analysis. Howev-
er, this study had some limitations. First, as the population decreas-
es with increasing age, the infection rate among older adults may
have been underestimated in the OR. However, the sufficiently
large OR for mortality suggests that the results remain valid for
evaluating the severity of COVID-19 and the importance of age in
policy decisions. Second, statistical errors may have occurred due
to the relatively low proportion of Medical Aid recipients com-
pared with that in the total population. According to the "2021
Medical Aid Statistical Yearbook" jointly published by the National
Health Insurance Corporation and Health Insurance Review and
Assessment Service in October 2022, the number of Medical Aid
recipients was 1,516,525, accounting for approximately 2.9% of
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the total population (approximately 52.92 million).24) However, as
39.1% of Medical Aid recipients were aged > 6S years and this
study focused on this age group, our findings are highly significant
in evaluating the relationship between COVID-19 and insurance
status.

The study's limitation lies in the use of insurance type as a proxy
for access to healthcare without accounting for other factors such
as living conditions,” exposure to smoking, and work environ-
ments, which could also contribute to higher infection rates. Re-
ports have suggested an association between smoking and
COVID-19 progression and mortality.%) However, the present
study did not include such data, indicating the need for further re-
search in this area. Moreover, the reduction in mortality among in-
dividuals surveyed later in the data collection period could be at-
tributed to the commencement of the national COVID-19 vacci-
nation in South Korea.

In this study, the incidence of COVID-19 among Medical Aid
beneficiaries was lower than that among NHIS beneficiaries, and
the mortality of COVID-19 among Medical Aid beneficiaries was
higher than that among NHIS beneficiaries. These findings are in
stark contrast to the results of previous studies.”” While other
studies have examined the early phase of the COVID-19 pandem-
ic, our study covered a longer period of exceeding 2 years. There-
fore, our study better reflects the trend of the COVID-19 pan-
demic. Because Medical Aid beneficiaries have relatively poor
jobs, they may have lost their jobs due to the prolonged COVID-19
pandemic. Due to the COVID-19 pandemic, these individuals
could not use community services such as welfare centers and se-
nior citizen centers and likely spent more time at home. This may
have reduced human contact, and consequently, reduced the prev-
alence of COVID-19. However, this is merely speculation, and no
precise analysis has been performed. Further studies are needed to
confirm this hypothesis. Our results may have been better support-
ed if we had conducted a comparative analysis between COVID-19
infection status and COVID-19-related deaths. However, this analy-
sis was not possible, which is a limitation of our study.

Lastly, as long COVID syndrome has gained attention, discus-
sion continues regarding its long-term effects. However, this study
did not evaluate long-term complications, which is a limitation that

warrants further investigation.

Conclusion

The most significant factor for COVID-19 infection was the sever-
ity of the underlying health conditions, whereas age and socioeco-
nomic status were the most critical factors for post-infection mor-
tality. The results of this study suggest that in the event of a large-
scale respiratory infection, policies should prioritize vaccination

and the provision of hospital beds for the elderly, rather than focus-
ing solely on underlying health conditions. For individuals receiv-
ing Medical Aid, it is crucial to implement measures such as rapid
screening tests and ensure the availability of healthcare supplies to
correct the pathways contributing to the worsening of infection.
Overall, the results of this study provide valuable insights for the
development of policies and interventions in response to respirato-
ry infections, emphasizing the importance of age, underlying
health conditions, and socioeconomic factors in determining in-

fection and mortality rates.””
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