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Abstract

Background Although one's socioeconomic status affects health outcomes, limited research explored how South
Korea's National Health Insurance (NHI) system affects mortality rates. This study investigated whether health insur-
ance type and insurance premiums are associated with mortality.

Methods Based on the National Health Insurance Service-Health Screening cohort, 246,172 men and 206,534
women aged >40 years at baseline (2002-2003) were included and followed until 2019. Health insurance type

was categorized as employee-insured (El) or self-employed-insured (S). To define low, medium, and high economic
status groups, we used insurance premiums at baseline. Death was determined using the date and cause of death
included in the cohort. Cox proportional hazard models were used to analyze the association between insurance fac-
tors and the overall and cause-specific mortality.

Results The Sl group had a significantly higher risk of overall death compared to the El group (adjusted hazard ratio
(HR) [95% confidence interval]: 1.13 [1.10-1.15] for men and 1.18 [1.15-1.22] for women), after adjusting for vari-

ous factors. This trend extended to death from the five major causes of death in South Korea (cancer, cardiovascular
disease, cerebrovascular disease, pneumonia, and intentional self-harm) and from external causes, with a higher risk
of death in the SI group (vs. the El group). Further analysis stratified by economic status revealed that individuals
with lower economic status faced higher risk of overall death and cause-specific mortality in both sexes, compared
to those with high economic status for both health insurance types.

Conclusion This nationwide study found that the SI group and those with lower economic status faced higher risk
of overall mortality and death from the five major causes in South Korea. These findings highlight the potential dispar-
ities in health outcomes within the NHI system. To address these gaps, strategies should target risk factors for death

at the individual level and governments should incorporate such strategies into public health policy development

at the population level.

Trial registration This study was approved by the Institutional Review Board of Chungbuk National University Hospi-
tal (CBNUH-202211-HR-0236) and adhered to the principles of the Declaration of Helsinki (1975).
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Background

Mortality rates are a key indicator of population health
and are influenced by a complex interplay of multiple
factors. These factors encompass both unmodifiable
determinants, such as sex, age, and race/ethnicity, and
modifiable factors, such as lifestyle choices (smoking,
diet, and physical activity), occupation, education, and
socioeconomic status (SES) [1, 2]. As a result of advance-
ment in medicine and research, the importance of pre-
vention and education alongside disease treatment for
reducing mortality risk is gaining recognition. Policy-
makers are also increasingly focusing on addressing
health outcome disparities arising from individual and
national differences [3].

SES is a broad concept that encompasses factors such
as education, income, and occupation and significantly
impacts health outcome. Numerous studies have estab-
lished a link between SES and health disparities, thus
influencing medical utilization, health behaviors, and
ultimately mortality [2]. The theory that these social
and environmental factors influence health outcomes
is known as the “social determinants of health” [4]. For
instance, previous research has shown that individuals
with lower educational levels experience higher mortality
rates from various causes of death, and a wider life expec-
tancy gap is associated with bigger educational dispari-
ties [5, 6]. Income level has also been identified as a key
factor in health disparities that influences medical utili-
zation, health behavior, and life expectancy [7-10]. Addi-
tionally, health insurance coverage and premium levels
can contribute to health disparities [11, 12]. For example,
Pulte et al. found lower survival rates for patients without
insurance or Medicaid cover than for those with other
forms of insurance [13]. Similarly, population that is at
risk of lacking stable health insurance coverage, including
racial and ethnic minorities and those with lower income,
is likely to have worse health status [14]. These findings
highlight the influence of SES and health insurance status
on health disparities and their associated outcomes.

While prior international research links SES, health
insurance, and mortality, the impact within South Korea’s
unique public health insurance system remains unclear.
This study addresses this gap by investigating the asso-
ciation between mortality risk and the health insurance
type (employee insured [EI] vs. self-employed insured
[SI]) and insurance premium level. We hypothesize that
individuals with lower economic status and employment
insecurity will be associated with higher risk of death

compared to those with higher economic status and
secure employment status in South Korea. We investigate
the differences in overall and cause-specific mortality
risks based on health insurance type and insurance pre-
mium using the Korean National Health Insurance Ser-
vice-Health Screening (NHIS-HEALS) cohort.

Material and methods

South Korea’s NHIS and NHIS-HEALS cohort

The NHIS is a single-payer, mandatory health insurance
program that covers all citizens who reside in South
Korea, except Medical Aid beneficiaries. The NHIS
divides its enrollees into two main categories: the EI and
dependents (70%) and the SI and dependents (27%) [15].
The EI covers workers and employers in all workplaces,
including public officials, private school employees, and
daily paid workers at construction sites. The SI covers
those not in the EI group and their dependents, including
farmers, fishers, and self-employed persons. The NHIS
enrollees are mandated to pay premiums based on their
income or assets. In the EI group, insurance premiums
are charged based on employees’ monthly average wages,
and in the SI group, they are charged based on informa-
tion on the household’s wealth, such as income, property,
and cars owned [16]. The NHIS uses collected premi-
ums to cover a portion of subscribers’ medical expenses
through co-payments. The NHIS uses collected premi-
ums to cover a portion of subscribers’ medical expenses
through co-payments. The NHI offers a wide range of
medical services, including inpatient care, outpatient
clinic visits, prescription drugs, and preventive health-
care services to their enrollees.

Leveraging data from the NHIS, the NHIS-HEALS
cohort database includes healthcare usage, death-related
information, and health-screening information. The vari-
ables from the NHIS were demographics, date of death,
cause of death, income-based insurance premiums (a
proxy for household income), prescription records, and
diagnostic codes based on the 10th edition of the Inter-
national Classification of Diseases (ICD-10). Blood pres-
sure, anthropometric measurements, laboratory results,
answers to a self-questionnaire about lifestyle (smoking
status, alcohol consumption, and physical activity), and
personal and family medical histories were obtained [17].

This study analyzed the NHIS-HEALS cohort database
from 2002 to 2019. This database comprised a 10% sam-
ple of adults aged 40-79 years who underwent national



Kim et al. BMC Public Health (2024) 24:1577

health screening programs (NHSPs) and were enrolled in
the NHIS program in 2002 and 2003.

The ethics committee of the NHIS waived the need for
informed consent because data from the NHIS-HEALS
were anonymized at all stages and de-identified, includ-
ing through data cleaning and statistical analysis. This
study was approved by the Institutional Review Board
of Chungbuk National University Hospital (CBNUH-
202211-HR-0236) and adhered to the principles of the
Declaration of Helsinki (1975).

Study population and definition of study group
Participants aged 40 years or older who underwent
NHSPs in 2002 and 2003 were included in the NHIS-
HEALS cohort database. Of the initial 514,795 par-
ticipants, 62,089 were excluded based on the following
exclusion criteria: 1) individuals with incomplete data
for the confounding variables (#=61,566); 2) individu-
als whose total study duration was less than 30 days
(n=153); and 3) individuals without a recorded cause
of death (n=370). After exclusion, 452,706 individuals
(246,172 men and 206,534 women) were included in the
study. A flowchart of the inclusion and exclusion criteria
of this study is shown in Fig. 1.

The study group was classified based on health insur-
ance type and insurance premiums in the NHIS-HEALS
cohort database. Health insurance was divided into
the EI and SI groups. Insurance premiums were used
to define economic status group:1-3rd deciles as low,
4-7th deciles as mid, and 8-10th deciles as high. We
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categorized the study group into a total of six groups
according to the combination of these two factors: low,
mid, and high for EI, and low, mid, and high for SL

Following this classification, 285,859 individuals
(171,015 men and 114,844 women) were in the EI group,
and 166,847 individuals (75,157 men and 91,690 women)
were in the SI group.

Outcomes

The primary purpose of this study was to compare the
risk of overall death by health insurance type and eco-
nomic status. Overall death was defined as all death after
enrollment (2002-2003). Death was defined using death
information from the NHIS-HEALS cohort database
(date of death and direct cause of death).

As a secondary outcome, the risk of death due to each
cause, including the five major causes of death in South
Korea and external causes, was analyzed [18]. The causes
of death were classified by the death certificate and ICD-
10: (1) cancer (ICD-10 codes C00-D48); (2) cardiovascu-
lar disease (CVD; 120-151); (3) cerebrovascular disease
(CbVD; 160-169); (4) pneumonia (J12-J18); (5) inten-
tional self-harm (X60-X84); and (6) external cause (V01—
V99, W00-W19, W20-W99, X00-X59, and YO0-Y8).

Duration of study

The study duration was defined as the period between a
participant’s national health examination and their date
of death. The start date of the study was defined as the
day of the first health examination conducted between

Random sample (n = 514,795)

Participants aged 40 years or older from health screening examinee between 2002 and 2003

Exclude candidates (n=62,089)
(1) Individuals with incomplete data for the confounding variables (n=61,566)

(2) Individuals whose total study duration was less than 30 days (n=153)

(3) Individuals whose cause of death unrecorded (n=370)

Final participants (n = 452,706)

Employee insured

171,015 men and 114.844 women)

Low Mid High
(31,254 men, (51,982 men, (87,779 men,
37,628 women 32,368 women 44,848 women

Fig. 1 Flow chart of inclusion and exclusion criteria of participants

Self-employed insured

(75.157 men and 91,690 women)

Low Mid High
(12,589 men, (28,050 men, (34,518 men,
19.499 women) 33.692 women 38.499 women



Kim et al. BMC Public Health (2024) 24:1577

2002 and 2003. For participants who died after enroll-
ment and before December 31, 2019, the study ended on
their date of death. For participants who remained alive
until December 31, 2019, the study ended on the later of
the dates for their last outpatient clinic visit, last health
screening, or the last day the participants took the pre-
scribed medication.

Covariates

We included potential death risk factors from the NHIS-
HEALS cohort data as covariates in our analysis. Body
mass index (BMI, kg/m?) was calculated as body weight
(kg) divided by height squared (m?). Smoking status,
alcohol consumption, physical activity status, and medi-
cal history were collected via self-reported question-
naires from the NHSPs and classified as follows: Smoking
status was categorized as never, former, or current smok-
ers. Never smokers were defined as individuals who
answered “Never” to “Do you smoke?” Former smok-
ers were defined as individuals who responded “No. I
smoked earlier, but not currently” to this question. Cur-
rent smokers were defined as individuals who answered
“Yes, I currently smoke cigarettes” Alcohol consumption
was classified as rare (one drink per month or less), mod-
erate (two drinks per month or more to two drinks per
week), or heavy (three drinks or more per week). Physi-
cal activity was divided into three categories based on
the answer to “How many times a week do you exercise
enough to make you sweat?”: rare (less than once per
week), sometimes (one to four days per week), and regu-
lar (five or more days per week) [19].

Residential areas were divided into the Seoul capital
area (including Seoul, Gyeonggi-do, and Incheon metro-
politan city), other metropolitan cities (including Busan,
Daegu, Daejeon, Kwangju, and Ulsan, where the popu-
lation is 500,000 or more in large cities other than the
Seoul capital area), and non-metropolitan areas.

Charlson’s comorbidity index (CCI) was used to cat-
egorize patient comorbidities based on the ICD codes
recorded in the administrative system [20]. The CCI
scores correlated well with patient death or medical
resource utilization [21]. Individuals with higher CCI
scores were more likely to die or use medical resources.
Each comorbidity had weighted scores of 1 to 6 based
on the adjusted risk of death or medical resource utiliza-
tion [22]. The CCI score was calculated using the ICD-
10 code entered within 1 year of enrollment, and the sum
of CCI scores was recategorized into four groups (0, 1, 2,
and 3 or more).

Medical history of cancer, CVD, and CbVD was classi-
fied as having a history when the subject indicated it in
the self-questionnaire at the time of study enrollment or
when registration of the main diagnosis was confirmed
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within one year (cancer, C00-D48; CVD, 120-125; and
CbVD, 160-169).

Statistical analyses

Continuous variables (age, BMI, systolic blood pres-
sure, fasting glucose, total cholesterol, and alanine ami-
notransferase [ALT]) were presented as the mean (95%
confidence interval). Categorical variables (cigarette
smoking, alcohol consumption, physical activity, resi-
dential area, medical history of cancer, CVD, CbVD, and
CCI) were expressed as the number of participants (per-
centage). To compare the mean or percentage of each
variable, analysis of variance for continuous variables
and the chi-square test for categorical variables were per-
formed. Kaplan—Meier estimates and the log-rank test
were conducted to compare mortality rates among the
study groups to ascertain whether insurance type and
insurance premium affected survival rates.

Cox proportional hazards regression models were
constructed to investigate the association between mor-
tality risk and the insurance type and premium, after
controlling the following variables: 1) Model 1, age only;
2) Model 2, smoking status (never, former, and current),
alcohol consumption (rare, moderate, and heavy), physi-
cal activity (rare, sometimes, and regular), and residential
area (Seoul capital, other metropolitan, and non-metro-
politan), added to Model 1; and 3) Model 3, BM], systolic
blood pressure, fasting glucose, ALT, total cholesterol,
and CCI (0, 1, 2, and > 3), added to Model 2. In addition,
Cox proportional hazards regression models were exam-
ined after stratification into each subgroup with the his-
tory of cancer, CVD, and CbVD. The Cochran-Armitage
test was conducted to analyze the linear trend between
insurance premiums and mortality risk, and the results
were described as P-trends.

Statistical analyses were conducted from September 1,
2023, to April 22, 2024, using the statistical packages SAS
Enterprise version 7.1 (SAS Inc., Cary, NC, USA) and R
studio version 3.3.3 (The R Foundation, Vienna, Austria).
All p-values were two-sided, and statistical significance
was set at p<0.05.

Results

Baseline characteristics of participants

Table 1 shows the baseline characteristics of the partici-
pants according to health insurance type and economic
status. Compared to the EI group, the SI group had a
higher prevalence of heavy drinkers and individuals with
a history of cancer and CVD in both sexes; women in the
SI group had a higher BMI, proportion of current smok-
ers, and individuals with a history of CbVD. Within the
same health insurance type group, participants with
lower economic status exhibited higher rates of current
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smoking, heavy alcohol consumption, and physical inac-
tivity. This observation suggests that individuals with
lower economic status tended to have less healthy life-
style habits. SI group members with a lower economic
status had a higher risk of having a CCI score of>3 and
a higher prevalence of having cancer, CVD, and CbVD
history.

Overall and cause-specific mortality by health insurance
type

This study included a follow-up period of an average
of 16.6 years for a total of 452,706 individuals. During
the follow-up period, 59,816 (13.2%) died from various
causes. Cancer was the most frequent cause of death, fol-
lowed by CVD and CbVD. Appendix 1 provides a detailed
breakdown of the causes of death (cancer: 37.1%, CVD:
9.6%, and CbVD: 9.1%). A greater proportion of SI indi-
viduals died during follow-up than EI individuals (21.9%
of SI and 13.2% of EI for men; 12.1% of SI and 8.4% of
EI for women; p <0.0001; Fig. 2). After adjusting for age,
smoking status, drinking status, physical activity status,
BM]I, systolic blood pressure, fasting glucose, total cho-
lesterol, ALT, residential area, and CCI, HRs (95% Cls)
for the overall death of SI group were 1.13 (1.10-1.15)
for men and 1.18 (1.15-1.22) for women, compared to EI
group of the same sex (Table 2). Additionally, statistically
significant increases were identified in cause-specific
death risk for the SI group compared to the EI group, for
causes including cancer, CbVD, intentional self-harm,
and external causes for both sexes (Table 3).

Overall and cause-specific mortality by economic status
Overall and cause-specific mortality rates were also ana-
lyzed according to economic status (low, mid, and high)
categorized by insurance premiums within each insur-
ance type (EI and SI; Fig. 3 and Table 4). In Fig. 3, individ-
uals with lower economic status had a higher cumulative
incidence of overall mortality compared to those with
higher economic status, except for the women in the EI
group. Among women in the EI group, the high-EI group
had the highest and the low-EI group had the lowest
cumulative incidence of overall death, with statistically
significant differences between all three groups (high-EI
group: 10.6% vs. mid-EI group: 8.5% vs. low-EI group:
5.7%, p <0.0001).

However, after adjusting for age, smoking status, drink-
ing status, physical activity status, BMI, systolic blood
pressure, fasting glucose, total cholesterol, ALT, residen-
tial area, and CCI, individuals in lower economic status
had a significantly higher risk of overall mortality com-
pared to those in the high economic status, regardless of
sex and insurance type (adjusted HR [95% CI] of men in
the mid- and low-EI groups, 1.25 [1.21-1.29] and 1.37
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[1.33-1.42], respectively; women in the mid- and low-EI
groups, 1.06 [1.01-1.11] and 1.07 [1.02-1.13], respec-
tively; men in the mid- and low-SI groups, 1.33 [1.28-
1.38] and 1.56 [1.59-1.63], respectively; women in the
mid- and low-SI groups, 1.18 [1.12-1.31] and 1.25 [1.19—
1.31], respectively).

Analyses of the specific causes of death showed differ-
ent results between men and women. Men with lower
economic status showed significantly higher risk of death
from cancer, CVD, CbVD, pneumonia, intentional self-
harm, and external causes regardless of health insurance
type. For women, the pattern differed. Only mortal-
ity from CVD showed a significant increase across both
EI and SI groups with lower economic status (adjusted
HRs [95% CI] of women in the low-EI group, 1.20 [1.01-
1.41] and women in the low-SI group, 1.45 [1.25-1.68]).
Women in the low-SI group specifically exhibited an
increased risk of death from CbVD, pneumonia, and
intentional self-harm (adjusted HR [95% CI] of women
in the low-SI group, 1.28 [1.11-1.48], 1.32 [1.05-1.66],
and 1.69 [1.26-2.28]). However, women in the low-EI
group showed significantly decreased risk of death from
intentional self-harm compared to those with higher
economic status (adjusted HR [95% CI] of women in the
low-EI group, 0.71 [0.52—-0.98]; Table 4).

Subgroup analyses categorized the individuals by prior
diagnoses of cancer, CVD, and CbVD to see if it affected
their death risk (Appendix 2). Individuals with a history
of cancer had elevated cancer mortality risk only among
men with lower economic status, whereas those with
a history of CVD had a significantly higher CVD death
risk only in the low-SI groups regardless of sex. These
findings, despite variations across causes of death and
subgroups, support the main conclusion that individu-
als with lower economic status had an increased risk of
overall mortality and cause-specific mortality compared
to those with higher economic status, regardless of health
insurance type.

Discussion
This large nationwide cohort study of 452,706 individu-
als found significantly higher overall and cause-specific
mortality rates among those enrolled in the SI group
than among those in the EI group. Even after adjusting
for various demographic, lifestyle, and clinical factors,
individuals in the SI group had a 13-18% higher risk of
death than those in the EI group. Additionally, those with
lower economic status, proxied by premium levels, had
an increased risk of overall and cause-specific mortality
in a dose—-response manner, regardless of insurance type.
This finding aligns with the initial hypothesis of the study.
Similar to our findings, some studies identify vulner-
ability among populations with limited health insurance
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coverage or lower SES [23-25]. A Swedish study found
16% lower CVD mortality and 26% lower suicide mortal-
ity for self-employed versus paid employees [23]. A sys-
tematic review and meta-analysis of 42 studies showed
that unemployment is also strongly linked to increased
mortality, with a 63% higher risk of death among unem-
ployed adults compared with employed adults [24].
A US study using National Health Interview Survey
data revealed a 17% lower mortality risk for those with

private insurance but a 21% higher risk for those with
public insurance versus the uninsured [25]. These mixed
results highlight the complex interplay between employ-
ment, insurance factors, and health outcomes across SES
contexts.

There are several possible explanations for the observed
higher overall and cause-specific mortality among
individuals in the SI group and those with a lower eco-
nomic status in our Korean cohort, in view of the social
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Table 2 Cox proportional hazard regression analysis for overall
death according to insurance type (2002-2019)

HR (95% Cl) Employee insured Self-employed insured
Men

Model 1 1 120 (1.17—1.22)

Model 2 1 1.12(1.10—1.15)

Model 3 1 1.13(1.10—1.15)
Women

Model 1 1 1.22(1.18—1.25)

Model 2 1 1.18(1.15—1.22)

Model 3 1 1.18(1.15—1.22)

Model 1: adjusted for age

Model 2: adjusted for smoking status (never, former, and current), alcohol
consumption (rare, moderate, and heavy), physical activity (rare, sometimes,
and regular), residential area (Seoul capital, other metropolitan, and non-
metropolitan), added to Model 1

Model 3: adjusted for systolic blood pressure, body mass index, fasting glucose,
alanine aminotransferase, total cholesterol, and Charlson’s comorbidity index (0,
1,2,>3), added to Model 2

HR Hazard ratio, Cl Confidence interval

Table 3 Cox proportional hazard regression analysis for overall
and cause-specific death according to insurance type (Model 3;
2002-2019)

HR (95% Cl)
Cause of Death Employee- Self-employed insured
insured
Men
Cancer 1 1.06 (1.02-1.09)
Cardiovascular disease 1 1.03 (0.96-1.11)
Cerebrovascular disease 1 1.21(1.13-1.30)
Pneumonia 1 1.12(1.02-1.24)
Intentional self-harm 1 1.14 (1.03-1.26)
External cause 1 1.27 (1.17-1.37)
Women
Cancer 1 1.12(1.06-1.17)
Cardiovascular disease 1 1.20(1.10-1.30)
Cerebrovascular disease 1 1.21(1.12-1.32)
Pneumonia 1 1.10 (0.97-1.26)
Intentional self-harm 1 1.35(1.14-1.59)
External cause 1 1.21(1.07-1.37)

Adjusted for age, smoking status (never, former, and current), alcohol
consumption (rare, moderate, and heavy), physical activity (rare, sometimes,

and regular), residential area (Seoul capital, other metropolitan, and non-
metropolitan), systolic blood pressure, body mass index, fasting glucose, alanine
aminotransferase, total cholesterol, and Charlson’s comorbidity index (0, 1, 2,>3)

Cl Confidence interval, HR Hazard ratio

determinants of health framework. First, in line with
prior studies demonstrating the combined effect of mul-
tiple unhealthy lifestyles and SES on mortality [26], the
observed higher prevalence of mortality risk factors in

Page 10 of 14

the SI group, such as current smoking and heavy alcohol
consumption, and the higher burden of chronic diseases,
such as cancer, CVD, and CbVD, could have contrib-
uted to the elevated mortality risk in the SI group. Sec-
ond, disparities in healthcare access based on economic
status, potentially reflected by health insurance type and
premium, may play a role as an unmeasured confound-
ing factor. Previous Korean studies have shown that the
SI group has lower outpatient medical utilization and
higher unmet medical needs compared to the EI group
[7]. Conversely, previous studies have shown that having
private insurance in addition to the NHIS is associated
with increased outpatient costs, inpatient utilization, and
lower mortality, particularly among high-income indi-
viduals who are more likely to have private insurance [27,
28]. According to these results, since Korea’s NHI cov-
ers only 64.5% of the total medical expenses (as of 2021),
those with private insurance or high incomes may have
access to expensive treatments, procedures, and preven-
tive screenings not covered by public insurance, poten-
tially lowering their mortality risk [29].

Our study also yielded unexpected findings. Women
with lower EI displayed a decreased risk of intentional
self-harm mortality compared to those with higher
EIL, which is contrary to existing literature linking low
income and financial hardship with suicide risk [30].
Moreover, individuals with a history of CVD in the low-
SI group had a significantly higher risk of pneumonia
mortality compared to those in the high-SI group. While
research on SES and pneumonia-related death is lim-
ited, studies have identified low income as a risk factor
and determined its relationship with CVD [31-33]. This
suggests that specific health conditions and mortality risk
might interact with insurance factors to disproportion-
ately impact specific subgroups.

However, some limitations of this study should be
considered when interpreting the findings. First, pre-
selection bias is inherent to observational studies using
existing datasets, including the NHIS-HEALS cohort.
While the cohort offers a random selection to eliminate
the selection bias, it cannot be eliminated entirely. Sec-
ond, potential discrepancies exist between the recorded
administrative data and the actual diagnoses or causes
of death. Studies have estimated only 60% consistency
between Korean death certificates and medical records,
indicating uncertainty regarding the causes [34]. Third,
this study captured insurance status at a single point
and was unable to follow potential shifts during study
duration. However, research suggests even temporary
low-income status can confer long-term mortality risk
[35]. Fourth, there was lack of detailed data on men-
tal health, social relationships, occupation, education,
and other SES determinants, which are all crucial for a
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Table 4 Cox proportional hazard regression analysis for overall and cause-specific death according to economic status (Model 3;

2002-2019)
a) Employee insured group
HR (95% Cl)
Cause of Death High El Mid EI Low EI p-trend
Men
Overall 1 1.25(1.21—1.29) 137(1.3 42) <0.001
Cancer 1 1.23(1.17—1.29) 134(1.2 41) <0.001
Cardiovascular disease 1 1.15 (1.04—1.27) 1.25(1.1 39) <0.001
Cerebrovascular disease 1 1.25(1.12—1.40) 1.30 (1.1 47) <0.001
Pneumonia 1 1(0.95—1.30) 1.25(1.0 48) <0.001
Intentional self-harm 1 1.62 (1.41—1.86) 1.87 (1.61—2. 7) <0.001
External cause 1 1.47 (1.30—1.65) 1.64 (1.44—1.86) <0.001
Women
Overall 1 1.06 (1.01—1.11) 1.07 (1.02—1.13) <0.001
Cancer 1 02 (0.94—1.11) 1.03 (0.95—1.13) <0.001
Cardiovascular disease 1 7(1.01—1.35) 1.20 (1.01—1 41) <0.001
Cerebrovascular disease 1 07 (0.93—1.24) 1.16 (0.99—1.36) <0.001
Pneumonia 1 0.97(0.77—1.21) 0.98 (0.75—1.28) <0.001
Intentional self-harm 1 06 (0.80—1.40) 71 (0.52—0.98) 0.003
External cause 1 06 (0.85—1.31) 1.24 (0.98—1.56) 0.006
b) Self-employed insured group
HR (95% ClI)
Cause of Death High SI Mid SI Low SI p-trend
Men
Overall 1 3(1.28—1.38) 1.56 (1.59—1.63) <0.001
Cancer 1 21(1.14—1.28) 1.39 (1.21—1.39) <0.001
Cardiovascular disease 1 30 (1.14—1.48) 1.60 (1.38—1.84) <0.001
Cerebrovascular disease 1 1 58( 38—1.80) 1.62 (1.40—1.87) <0.001
Pneumonia 1 1.21(1.01—1 45) 141 (1.17—1.71) <0.001
Intentional self-harm 1 1.55(1.2 86) 84 (1.49—2.27) <0.001
External cause 1 145012 67) 2.03(1.73—2.38) <0.001
Women
Overall 1 118 (1.1 24) 25(1.19—1.31) <0.001
Cancer 1 1.03 (O 94—1.12) 11(1.02—1.22) <0.001
Cardiovascular disease 1 1.30 (1.1 52) 45 (1.25—1.68) <0.001
Cerebrovascular disease 1 1.28 (1.0 45) 8(1.11—148) <0.001
Pneumonia 1 1.04 (O 81—1.33) (1 05—1.66) <0.001
Intentional self-harm 1 1.22 (0.92—1.62) 69 (1.26—2.28) <0.001
External cause 1 1.25(1.01—1.55) 9 (0.95—1.50) <0.001

Adjusted for age, smoking status (never, former, and current), alcohol consumption (rare, moderate, and heavy), physical activity (rare, sometimes, and regular),
residential area (Seoul capital, other metropolitan, and non-metropolitan), systolic blood pressure, body mass index, fasting glucose, alanine aminotransferase, total

cholesterol, and Charlson’s comorbidity index (0, 1, 2, > 3)

Cl Confidence interval, HR Hazard ratio, £l Employee insured, S/ Self-employed insured

P-trend from Cochrane-Armitage test for trend of group of insurance premium and risk of cause-specific death

comprehensive understanding and analysis of the risk of
suicide and external-cause mortality [36—38]. Lastly, our
cohort could not include the Medical Aid beneficiaries,
which constitute approximately 2.9% of the population
of individuals receiving government subsistence support

[39]. This limits the generalizability of the results to the
most socially and economically vulnerable subgroups.
Despite these limitations, our study has notably
strengths due to its large cohort size, extensive follow-up
duration exceeding 16 years, and the ability to compare
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insurance type and economic proxy groups while adjust-
ing for various confounders. The cause-specific analysis
provided valuable insights into disease-based disparities
associated with insurance and economic factors. Future
research is needed to elucidate the causal relationships
and capture unmeasured risk profiles. Nevertheless, this
study clearly demonstrates the vulnerability of individu-
als in the SI group and those with lower SES. These find-
ings highlight the need for targeted policy interventions
aimed at specific risk factors and causes of death. This
could include providing targeted healthcare services to
high-risk populations, such as prevention and screen-
ing for those at high risk for intentional self-harm or
implementation of programs to prevent pneumonia in
low-premium SI enrollees with a history of CVD. Addi-
tionally, these findings underscore the importance of
incorporating such considerations into public health pol-
icy development.

Conclusion

In conclusion, this nationwide study confirms that indi-
viduals enrolled in SI and those with lower economic
status faced significantly higher risks of overall and
cause-specific mortality compared to those in the EI
group. While further research is needed to elucidate the
causal mechanisms, these observed disparities neces-
sitate the development of targeted healthcare strategies.
These strategies should address risk factors at both the
individual, and population levels through public health
policy changes to ensure equitable health outcomes
across the socioeconomic strata.
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ICD International Classification of Diseases
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ALT Alanine aminotransferase
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