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Abstract: Background/Objectives: The purpose of this study was to evaluate the relationship between
1-year mortality and health insurance benefit extension policy items in severe pneumonia patients
requiring mechanical ventilation using a South Korean nationwide cohort. Methods: A nationwide
population-based retrospective study was conducted using the Korean National Health Insurance
database. A total of 1,099 patients (542 patients in the health insurance benefit item group and 557
patients in the control group) were included. The primary outcome was 1-year mortality. Results:
Among patients with health insurance benefit extension policy items, 203 patients (37.5%) were
diagnosed with hemato-oncological disease, who were categorized as group A, and 339 patients
(62.5%) were diagnosed with cerebrovascular, cardiovascular, or rare diseases, who were
categorized as group B. Group B had lower 1-year mortality (50.7% vs. 62.5%, P<0.001), higher total
medical expenditure (median: 31,543 vs. 18,132 U.S. dollars [USD], P<0.001), and lower out-of-
pocket medical expenditure (median: 2,835 vs. 3,318 USD, P<0.001) than the control group. Cox
regression analysis revealed that group B benefit items were associated with lower 1-year mortality
(hazard ratio, 0.697; 95% confidence interval, 0.580-0.836; P<0.001). Conclusions: In a nationwide
cohort study of patients with pneumonia requiring mechanical ventilation, the health insurance
benefit extension policy was associated with use of more medical resources and lower 1-year
mortality.

Keywords: Health expenditures; Health insurance; Pneumonia; Mechanical ventilator; Mortality

1. Introduction

Pneumonia, an infection of the pulmonary parenchyma, is a significant health concern globally
and associated with considerable mortality [1]. Many studies have reported prognostic factors for
pneumonia, and patients with severe pneumonia have higher mortality and a poorer prognosis [2—
4]. Even if they survive, patients with severe pneumonia are prone to becoming chronically and
critically ill, and this long-term detrimental outcome can lead to economic collapse of the patient’s
family due to the financial burden and ultimately national loss [5,6].

To alleviate the financial burden on hospitalized patients, various healthcare insurance systems
exist in different countries [7]. In Korea, there is a system known as the National Health Insurance
Service (NHIS) program. The entire Korean population can receive financial support through the
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NHIS [8], which has been updated annually since its inception in 1977. One of the most important
updates of the NHIS was implementation of the health insurance benefit extension policy, which
targets patients with rare incurable disease such as hemato-oncological, cardiovascular,
cerebrovascular, and rare diseases [9]. These benefit items under the health insurance benefit
extension policy has provided great financial assistance and its coverage has progressively expanded.
A previous study investigated the relationship between the benefit items and the clinical outcomes
of patients requiring mechanical ventilation (MV) in intensive care units (ICUs), and reported the
usefulness of this policy in ventilated patients [10]. However, this study was performed at a single
center and the etiology of the patient population was highly heterogeneous.

In the critical care field, the utilization of big data has emerged as a powerful tool for
comprehensive analyses. The NHIS database provides extensive patient data, covering patients’
demographics, treatment modalities, and outcomes [11]. Based on analysis of big data from the NHIS
database, we hypothesized that the health insurance benefit extension policy may be beneficial for
critically ill patients.

Therefore, this study aimed to evaluate the relationship between 1-year mortality and the benefit
items in patients with severe pneumonia requiring MV.

2. Materials and Methods
2.1. Data Source and Patient Population

This study was conducted by extracting data from the NHIS database. This database represents
a public health insurance system in South Korea, containing information about disease diagnoses,
drug prescriptions and procedural data for all citizens. It encompasses a stratified random sample of
1 million individuals enrolled in the NHIS since 2002. Diseases are registered based on the
International Classification of Diseases 10th Revision (ICD-10 codes).

Data of patients who were admitted to ICUs in South Korea between January 2016 and
December 2018 were retrospectively evaluated using the NHIS database. Adult (age > 18 years)
patients who were primarily diagnosed with pneumonia and required MV for more than 24 hours
were included. Data on the survival status of all patients was collected until December 31, 2019.
Beneficiaries of Medical Aid (MA) were not included because MA caters for low-income families,
offering healthcare benefits and establishing an upper limit for out-of-pocket medical expenditure in
accordance with the National Basic Living Security Act. Consequently, the benefit items have
minimal impact on the clinical outcomes of MA beneficiaries.

The research protocol received approval from the Institutional Review Board of Pusan National
University Hospital (IRB No. 2208-020-118). The NHIS permitted data sharing after approval of the
study protocol (NHIS-2023-2-063).

2.2. Data Collection and Definitions

From the NHIS database, demographic and clinical information such as age, sex, duration of
stay in both the ICU and hospital, and the length of mechanical ventilation (MV) usage, was collected
retrospectively. ICD-10 codes of pneumonia range from viral pneumonia (J10) to unspecified
pneumonia (J18). We did not distinguish between community- and hospital-acquired pneumonia
according to practice guidelines [12,13]. Diseases covered by the health insurance benefit extension
policy have codes beginning with “V’, which are separate from the ICD-10 codes. We divided patients
covered by the benefit items into four groups, namely, the hemato-oncological disease,
cerebrovascular disease, cardiovascular disease, and rare disease groups. Hemato-oncologic diseases
included solid and liquid malignant tumors. Cerebrovascular diseases included cerebral infarction,
cerebral hemorrhage, carotid artery dissection, and any brain damage that required brain surgery.
Cardiovascular diseases included ischemic heart disease, pulmonary thromboembolism, aortic
dissection, and other heart diseases. Rare diseases included various congenital, autoimmune, and
neuromuscular diseases and other rare diseases. The detailed codes for each group are listed in
Supplementary Table S1.
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The primary outcome was 1-year mortality. The secondary outcomes were vasopressor use,
renal replacement therapy use, LOS in the ICU and hospital, and medical expenditures.
Expenditures, both total and out-of-pocket, are reported in U.S. dollars (USD), converted from
Korean won at a rate of 1 USD to 1,303.0 Korean won, based on the exchange rate as of December 18,
2023. Furthermore, the main applicable benefit items under the health insurance benefit extension
policy to reduce each patient’s out-of-pocket medical expenditure during their hospital stay were
assessed.

2.3. Statistical Analysis

Continuous variables are presented as the mean + standard deviation (SD) for normally
distributed data, or the median with interquartile range otherwise. For continuous variables, the
Student's t-test was applied to those with a normal distribution, while the Wilcoxon rank sum test
was utilized for variables without normal distribution. Categorical variables are presented as counts
(percentages) and were analyzed using the chi-square test or Fisher's exact test (for small numbers),
as applicable. ANOVA test was used to assess the statistical significance of the difference of a
continuous variable between three or more study groups. Post hoc analysis was conducted for
multiple comparisons, and the significance level was adjusted using the Bonferroni method. The
Kruskal-Wallis test was employed to evaluate the statistical significance of differences in an ordinal
variable between three or more study groups. Univariate proportional hazard models were
constructed to evaluate the association between the benefit items and in-hospital mortality. Hazard
ratios are presented along with 95% confidence intervals. In-hospital mortality rates, estimated via
Kaplan-Meier methods, were categorized based on the status of benefit items, and the differences
between these curves were analyzed using the log-rank test. Each test was conducted using a two-
tailed approach, with P-values <0.05 regarded as statistically significant. All analyses were performed
using the SAS Enterprise Guide version 8.3 (2017-2020, SAS Institute Inc., Cary, NC, USA).

3. Results

3.1. Characteristics of Total Patients

During the enrollment period, 38,888 patients were screened, of whom 37,789 were excluded
(Figure 1). Thus, 1,099 patients were included in the final analysis. Their baseline characteristics are
shown in Table 1. The 6-month and 1-year cumulative mortality rates were 56.5% and 61.9%,
respectively. The median LOS was 35.7 days (SD: 36.9 days) in the ICU and 139.6 days (SD: 215.8
days) in the hospital. During the hospitalization, the median total medical expenditures were 22,261
USD (range: 11,707-43,233 USD), while out-of-pocket expenses were a median of 2,733 USD (range:
1,279-6,122 USD), respectively.

‘ 38,888 Assessed for eligibility

37,789 Excluded
36,953 Patients only diagnosed with pneumonia or
only received mechanical ventilation
624 Washout period
199 Medical aid beneficiaries
13 Missing data

‘ 1,099 Final analysis ‘

/\

542 Health insurance 557 Health insurance
benefit item : yes benefit item : No

Figure 1. Flowchart of patient selection.
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Table 1. Clinical characteristics of total patients and comparisons between survivors and non-
survivors.
All patients Survivors Non-survivors p-
(n=1099) (n=419) (n=680) value
Male 717 (65.2) 268 (64.0) 449 (66.0) 0.526
Age (yrs) 70.2+14.3 65.4+15.3 732 +12.7 <0.001
Hospital LOS (day) 139.6 +215.8 219.2£284.7 90.5+138.2 <0.001
ICU LOS (day) 35.7+36.9 40.4+43.7 32.6+31.3 0.008
MYV LOS (day) 31.4+33.3 34.4+374 29.5+30.3 0.015
Comorbidities
Hypertension 835 (76.0) 312 (74.5) 523 (76.9) 0.395
Diabetes mellitus 665 (60.5) 236 (56.3) 429 (63.1) 0.030
Congestive heart disease 343 (31.2) 106 (25.3) 237 (34.9) 0.001
Chronic lung disease 339 (30.8) 121 (28.9) 218 (32.1) 0.298
Cerebrovascular disease 138 (12.6) 73 (17.4) 65 (9.6) <0.001
Chronic kidney disease 139 (12.6) 45 (10.7) 94 (13.8) 0.161
Chronic liver disease 123 (11.2) 37 (8.8) 86 (12.6) 0.064
Total medical expenditures (USD)* 2222;;;')707_ 29'8216, (()19?)')459_ 19'252(%;’)178_ <0.001

Out of pocket medical dit
Ut o pocket edical eXpenditiies ; 733 (1,279-6,122) 4,160 (1,569-9,072) 2,391 (1,076-4,914) <0.001

(USD)*
Requi tf
equirement ToT vasopressor 836 (76.1) 268 (64.0) 568 (83.5)  <0.001
infusion
Requirement for renal-replacement 201 (18.3) 51 (12.2) 150 (22.1) <0.001
therapy
Tracheostomy at hospital discharge 289 (26.3) 125 (29.8) 164 (24.1) 0.043

Normally distributed continuous variables are reported as mean * standard deviation (SD), non-normally
distributed continuous data are presented as median (interquartile range), and categorical variables are reported
as number (%). *Medical expenditures were calculated at the December 18, 2023 exchange rate.LOS: length of
stay; ICU: intensive care unit; MV: mechanical ventilation; USD, U.S dollars.

Hemato-oncological disease 37.5%(n=203)

Rare disease 25.8%(n=140)

Cerebrovascular disease

25.5%(n=138)

Cardiovascular disease 18.8%0(n=102)

L) Ll L] L] 1

0 10 20 30 40
Figure 2. Benefit items under the health insurance benefit extension policy.

3.2. Comparisons of Patients with and Without Benefit Items under the Health Insurance benefit Extension
Policy

Of total patients, 542 patients (49.3%) had each benefit items under this policy (Figure 2). The
clinical characteristics and outcomes of patients in the four benefit item categories are shown in
Supplementary Table S2. We further divided these four categories into two groups. Patients with
hemato-oncological diseases as benefit items were classified into group A, while other patients were
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classified into group B. Table 2 compares the clinical characteristics and outcomes between patients
without benefit items and those within groups A and B. Patients without benefit items were older
than those with benefit items. Patients in group B had significantly longer hospital, ICU, and MV
LOS. During their hospital stay, they had significantly higher total medical expenditure and exhibited
an increased need for renal replacement therapy and tracheostomy. Furthermore, they had
significantly lower 6-month and 1-year cumulative mortality rates. By contrast, patients in group A
showed a significantly lower percentage of out-of-pocket medical expenditure in relation to total
medical expenditure compared to those in the other two groups. They also had a higher rate of
requirement for vasopressor infusion during their hospital stay and a higher 1-year cumulative
mortality rate.

Table 2. Demographic and Clinical characteristics of group A and group B in patients with health
insurance benefit item.

Control Group A" Group Bt p-

(n=557) (n=203) (n=339) value
Male 348 (62.5) 150 (73.9) 219 (64.6) 0.013
Age (yrs) 72.5+14.8! 67.6 +13.5 68.0+13.1 <0.001
Hospital LOS (day) 124.5 +200.9 97.7 £154.8 189.4 £258.21  <0.001
ICU LOS (day) 30.0+28.1 359 £33.1 43.4 +46.9 <0.001
MV LOS (day) 28.8 +29.1 31.8+27.1 36.1 £42.6! 0.018

. . 18,132 (8,956- 21,053 (13,400- 31,543 (17,250-

*
Total medical expenditures (USD) 35,743) 45,419) 62,215)! <0.001
Out of pocket medical expenditures 3,318 (1,584-
1,321 (742-2,934) 2 1,407-7 .001
(USDY* 6,56'6)! ,321 ( ,934) 2,835 (1,407-7,655) <0.00
Requirement for vasopressor 411 (73.8) 171 (84.2)! 254 (74.9) 0.009
infusion
Requirement for renal-replacement 84 (15.1) 39 (19.2) 78 (23.0)! 0.011
therapy

Tracheostomy at hospital discharge 126 (22.6) 49 (24.1) 114 (33.6)" 0.001
6-month mortality 319 (57.3) 155 (76.4) 147 (43.4) <0.001
1-year mortality 348 (62.5) 160 (78.8)! 172 (50.7) <0.001

Normally distributed continuous variables are reported as mean * standard deviation (SD), non-normally
distributed continuous data are presented as median (interquartile range), and categorical variables are reported
as number (%). *Group A includes following benefit items: Hemato-oncological disease. tGroup B includes
following benefit items: Cerebrovascular disease, cardiovascular disease, rare disease.  Medical expenditures
were calculated at the December 18, 2023 exchange rate. 'Denotes the highest value that is statistically significant
among 3 groups LOS: length of stay; ICU: intensive care unit; MV: mechanical ventilation; USD: U.S dollars.

insurance benefit item.

3.3. Characteristics of Total Patients

Univariate and multivariate Cox regression analyses were performed to analyze the relationship
between benefit items and 1-year mortality among all enrolled patients (Table 3). Group B benefit
items were associated with a better survival rate in both univariate and multivariate analyses. The
Kaplan-Meier survival estimate correlated with the categories of benefit items, as shown in Figure 3.
The Kaplan-Meier estimate of survival did not significantly differ between patients covered by the
health insurance benefit extension policy and control patients (Figure 3A). However, the survival
curves of patients in group A, group B, and the control group significantly differed according to the
log-rank test (P<0.001), and patients in group B had the highest survival probability (Figure 3B).

Table 3. Univariate and multivariate analysis of factors associated with 1-year mortality in total
patients and subjects with health insurance benefit items.

Factor Univariate analysis Multivariate analysis
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P-
HR (95% CI) HR (95% CI) P-value
value
1.673 (1.400- 1.648 (1.379-
>
Age>65 1.999) <0.001 1.971) <0.001
Chronic liver disease 1'311%6(41;))48- <0.001
Tracheostomy at hospital 0.720 (0.604- 0.744 (0.623-
<0.001 .001
discharge 0.859) 0.00 0.888) 0.00
0.697 (0.580- 0.756 (0.628-
B .001 .
Group 0.836) <0.00 0.909) 0.003

Statistical significance was tested by univariate Cox proportional hazards models and multivariate Cox hazards
models.*Group B includes following benefit items: Cerebrovascular disease, cardiovascular disease, rare disease.

o CroupA == GroupB == Control

== Study == Control
100
10
=07 z 0
g z
B ]
£ 5
£ om 20N
z g
F 0x @ 0%
Log-rank p=10.272
040 000
0 1 2 3 4 5 ] 7 B 9 w1 12 L
0 1 1 3 4 F 6 T & 9% 1010 o1
Months
Months
Number at risk .
Number at risk

Swdy 542 452 347 203 250 234 214 195 186 172 162 153 142
GroupA 203 157 100 73 60 51 44 39 3% B 36 M 3l
GroupB 339 205 247 220 199 183 170 156 148 134 126 119 111

(a) Comrol 557 434 321 276 247 221 198 88 178 164 152 140 127

(b)

Control 557 434 321 276 247 221 198 188 178 164 152 140 127

Figure 3. Panel a shows Kaplan-Meier curves of 1-year survival according to health insurance benefit
extension policy. Panel b shows Kaplan-Meier curves of 1-year survival according to categorized
health insurance benefit extension policy items. group A encompasses hemato-oncological diseases
and group B encompasses cerebrovascular diseases, cardiovascular diseases and rare diseases. .

4. Discussion

Our study investigated the impact of the NHIS health insurance benefit extension policy on long-
term outcomes of patients diagnosed with severe pneumonia requiring MV. This analysis utilized
the largest national dataset representing the entire Korean population. Our findings revealed a
positive association between the benefit items covered under this policy and 1-year mortality among
critically ill patients receiving MV for severe pneumonia. To our knowledge, this study is the first to
illustrate the potential influence of a government-driven medical expenditure reduction policy on the
outcomes of critically ill patients.

There was no significant difference in the 1-year mortality rate between patients with benefit
items and those without. However, upon further analysis by categorizing the entire range of benefit
items into four groups, we observed variations in the 1-year mortality rate according to the specific
benefit items. Notably, patients with group B benefit items had a lower 1-year mortality rate than
those with group A benefit items and those without any benefit items. Patients of group B received
more medical resources during their ICU stay, and their out-of-pocket medical expenditure was
significantly lower than those of patients with group A benefit items and patients without any benefit
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items. These results suggest that critical care physicians have the opportunity to allocate more
medical resources for optimal treatment in patients with these specific benefit items [14].
Furthermore, it is imperative that physicians consider the benefit items of critically ill patients when
planning future treatments in collaboration with their families and surrogates [10].

Patients of group A had lower out-of-pocket medical expenditure as a proportion of total
medical expenditure compared to those of group B and those without any benefit items. However,
they had a significantly higher 1-year mortality rate. The clinical outcomes of patients with group A
benefit items varied according to factors such as the type and stage at initial diagnosis and the
treatment process. Additionally, outcomes depended on whether patients achieved remission
following treatment or progressed to an advanced or terminal stage despite treatment. The
retrospective design of this study limited our ability to assess the impact of these benefit items on
clinical outcomes according to various clinical courses. Further research involving a larger number
of patients is necessary to evaluate the effects of benefit items on the prognosis of critically ill patients
with hemato-oncologic malignancies.

Approximately 50% of total enrolled patients were considered eligible for at least one benefit
item during their hospitalization. Our findings suggest that national health insurance policies lower
the threshold for medical utilization, potentially leading to increased use of medical resources [14].
However, literature concerning the association between government-driven health insurance policies
and clinical outcomes, particularly in the critical care field, is limited. The introduction of insurance
benefits established by the government for patients with life-threatening diagnoses (such as septic
shock and acute respiratory distress syndrome) may improve outcomes.

This study represents several limitations. First, our study had a retrospective observational
design, making it susceptible to unmeasured confounders. Therefore, further research performing
statistical analysis of various variables is necessary. Second, we were unable to assess severity-of-
illness and organ failure scores, such as the Acute Physiology and Chronic Health Evaluation
(APACHE II) and Sequential Organ Failure Assessment (SOFA) scores [15,16], as well as pneumonia
severity index (PSI) and CURB 65 scores [17,18], at ICU admission because various parameters
necessary to calculate these scores were not recorded in the NHIS database. Third, although we
hypothesized that long-term outcomes differed according to whether patients had community- or
hospital-acquired pneumonia, we could not accurately distinguish between these diagnoses due to
the retrospective design.

5. Conclusions

In this nationwide cohort analysis of patients with pneumonia requiring MV, patients eligible
for benefit items in three categories (cerebrovascular, cardiovascular, and rare diseases) under the
national health insurance benefit extension policy in Korea had a lower 1-year mortality rate. Large-
scale studies are warranted to assess the impact of these government-driven medical expenditure
reduction items on clinical outcomes in the critical care field.

Supplementary Materials: The following supporting information can be downloaded at:
www.mdpi.com/xxx/s1, Table S1: ICD-10-based classification of V-coded diseases with health insurance benefit
extension policy; Table S2: Demographic and Clinical characteristics of patients with each health insurance
benefit extension policy item.
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