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Background/Aims: Only a few epidemiologic studies on the patients with pulmo-
nary disorders admitted to intensive care unit exist. We investigated the charac-
teristics and clinical outcomes of the patients with severe pulmonary disorders.
Methods: The sample cohort database of National Health Insurance Sharing Ser-
vice from 2006 to 2015 was used. Operational definition of critically ill patients 
was adults who were either admitted to intensive care unit for at least 3 days or 
expired within first 2 days in the unit. The pulmonary disorder group comprised 
of critically ill patients with respiratory disease as the main diagnosis.
Results: Among the 997,173 patients, 12,983 (1.3%) in 383 intensive care units were 
categorized as critically ill. Patients in the pulmonary disorder group tended to 
have more comorbidities or disabilities. The length of hospital stay and duration 
of mechanical ventilation were longer in the pulmonary disorder group. Overall 
mortality and re-admission were higher in the pulmonary disorder group, with 
adjusted incidence rate ratios of 1.22 (95% confidence interval, 1.18 to 1.27) and 1.26 
(95% confidence interval, 1.17 to 1.36), respectively. After adjustment by Cox regres-
sion, the pulmonary disorder group was an independent risk factor for in-hospi-
tal mortality.
Conclusions: In critically ill patients with pulmonary disorder, the use of health-
care resources was higher, and their clinical outcomes were significantly worse 
than the non-pulmonary disorder group. 

Keywords: Critical illness; Lung diseases; Intensive care units; Patient readmis-
sion; Mortality
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INTRODUCTION

The needs and expenditures for in-
tensive care unit (ICU) in critically ill 
patients have been increasing, and the 
global burden of critical illness is more 
manifest as the aging population in-
creases [1-3]. One of the major indica-
tions for admission to ICU is respira-
tory failure, which has a high mortality 

rate and increases economic and clini-
cal burdens [4-7]. Although respiratory 
diseases account for a significant por-
tion of respiratory failure [4,7], epide-
miologic data on pulmonary disorders, 
especially in critical care medicine, is 
relatively insufficient.

Critically ill patients with respira-
tory problems are presumed to be at 
high risk for poor clinical prognosis in 
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ICU, and more medical attention or resources should 
be directed toward them. Acute respiratory distress syn-
drome (ARDS) is detected in approximately 10% to 60% 
of the patients with mechanical ventilation (MV), with 
a mortality rate of approximately 40%, which exerts a 
large disease burden on ICU resources [8-10]. Admis-
sion to an ICU for respiratory failure in patients with 
chronic airway diseases, such as asthma, bronchiectasis, 
and chronic obstructive pulmonary disease, is a clinical 
burden on physicians as an independent risk factor for 
long-term admission and in-hospital mortality [11-13]. 
Nevertheless, the extent of burden due to pulmonary 
disorder on clinicians managing patients in ICU is not 
known. Therefore, the present study was conducted 
to address the necessity of a long-term epidemiologic 
study that determines the socio-demographic informa-
tion, amount of medical services used, and prognosis of 
critically ill patients with pulmonary disorder.

METHODS 

Study design, setting, and data sources
We referred to the strengthening the reporting of obser-
vational studies in epidemiology guidelines for drafting 
the study protocol and reporting the results of our study 
[14]. The present observational cohort study was de-
signed retrospectively using the National Sample Cohort 
(NSC) database (version 2.0) developed by the National 
Health Insurance Sharing Service. The National Health 
Insurance Program has comprehensively covered the 
medical insurance and delivery system for the entire 
population of South Korea. The NSC database includes 
socio-demographic, clinical, and procedural informa-
tion on 1,025,340 participants, which constitute 2.2% of 
the total population who claimed hospital charges, and 
represents the patients in South Korea from 2002 to 
2015 by systematic stratified random sampling with pro-
portional allocation to ensure representativeness [15]. 
The NSC database consists of the following six tables: 
(1) qualifications, (2) birth and death, (3) specifications, (4) 
medical history, (5) diagnosis, and (6) prescription his-
tory. As the NSC database includes those who were alive 
in 2006, we analyzed 997,173 patients who were followed 
up from 2006 to 2015. An event of ICU admission was 
identified by special codes in the claim database, which 

were considered highly accurate because these exclusive 
codes were made differently from other codes, and ev-
ery medical institute must enter these codes to claim 
medical expenses from the National Health Insurance 
Review & Assessment Service (Supplementary Table 1). 
Procedures conducted only for critical care, such as MV, 
endobronchial tube management, and continuous renal 
replacement management, were identified using the 
same method. We analyzed the data using the Korean 
Standard Classification of Diseases and Causes of Death 
7th revision (KCD-7) code, which is based on the Inter-
national Statistical Classification of Diseases and Relat-
ed Health Problems 10th revision, to reveal the most 
reliable diagnosis for ICU admission and mortality.

Participants
We identified all the patients with at least one or more 
events of ICU admission between January 1st, 2006 and 
December 31st, 2015. During this period, the subspecial-
ty certification for critical care was started (in 2008), and 
a major epidemiological event, the 2009 influenza A vi-
rus subtype H1N1 pandemic, occurred, with a high ICU 
mortality of 42.6% [16]. There was no other considerable 
change in the nationwide policies for ICU admissions, 
management, and discharges. As our target population 
was critically ill patients in ICUs, we excluded the pa-
tients who were admitted to ICUs without critical ill-
nesses, such as for close observation after procedure or 
surgery and only for short term intermediate care. Op-
erational definition of critically ill patients was adults 
aged ≥ 18 years who either stayed at least 48 hours or 
expired in the ICU during admission to a tertiary care 
center or general hospital. Operational definition of 
pulmonary disorder group, the test group, was critically 
ill patients with a KCD-7 code for a respiratory disease 
as the main diagnosis at the time of admission to the 
ICU (Supplementary Table 1). Operational definition of 
non-pulmonary disorder group, the control group, was 
critically ill patients who had some other medical illness 
as the main diagnosis at the time of entering the ICU. 
Patients who were admitted to the ICU after surgery 
were not included in the control group.

Measurement of variables
We evaluated the critically ill patients’ socio-demo-
graphic characteristics such as age, sex, residence in ur-
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ban or rural areas, particulate matter 10 mm or less in 
diameter (PM10) or ozone concentration change from 
the prior year, the number of total or tertiary healthcare 
units per area (10 km2), the decile of income, Charlson 
comorbidity index (CCI), and severity of disability. Data 
regarding air pollution was acquired from the homep-
age of Air Korea (https://www.airkorea.or.kr/index) and 
has been presented in the Supplementary Table 2. Based 
on the area in which the patients lived, we calculated 
the average number of healthcare units per 10 km2 for 
each region. The CCI was calculated using each patient’s 
claim documents which recorded their comorbidities 
and used to categorize them into four groups. Severity 
of disability was determined according to the criteria 
for disability (grades 1 to 6) set by the Korean Ministry 
of Health and Welfare with grades 1 to 2 indicating se-
vere disability, grades 3 to 6 indicating mild disability, 
and others indicating lack of disability [17]. To evaluate 
the trends of healthcare resource usage, we analyzed the 
course of admission to hospital, ICU patient volume, 
number of days spent in the hospital, number of days 
spent in the ICU, use of endotracheal tube and mechan-
ical ventilator, number of days of mechanical ventilator 
usage, and total cost during ICU stay. The course of ad-
mission to hospital was defined as where the decision 
on hospitalization was made before admission. The ICU 
patient volume was defined as the number of patients 
who were admitted to an ICU per healthcare unit, and 
divided into tertile, “High,” Middle,” and “Low.” We 
assessed clinical outcomes such as the result of ICU 
discharge, the time to ICU re-admission and mortal-
ity, the long-term incidence rate of ICU re-admission 
and mortality, and most probable major cause of overall 
mortality. If a patient had multiple admissions to ICUs, 
the first episode was regarded as the major event during 
the study period. The cases of intra- or inter-hospital 
transfer between ICUs were identified using individual 
identifier numbers and claim bill numbers and consid-
ered one episode of ICU admission.

Assessment of outcomes
The primary endpoint was to elucidate current epide-
miologic features, trends of healthcare resource usage, 
and clinical outcomes of critically ill patients who were 
admitted to ICU for various pulmonary disorders com-
pared with those admitted for other disorders.

Statistical methods
For comparisons between the pulmonary and non-pul-
monary disorder groups, categorical variables were eval-
uated using percentage difference and 95% confidence 
interval (CI) between proportions. Continuous variables 
were analyzed using mean difference and 95% CI. Cor-
relation analysis was conducted to evaluate Pearson’s 
correlation coefficient. Kaplan-Meier curve with log-
rank test and hazard ratio (HR) with 95% CI were used 
to assess differences in cumulative rates of ICU re-ad-
mission and mortality. Poisson regression analysis was 
performed to compare the adjusted incidence rate ra-
tio of ICU re-admission and mortality between the two 
groups. Subgroup analysis was conducted according to 
the various entities of pulmonary disorders to deter-
mine the number of patients, total cost during ICU stay, 
in-hospital mortality, and re-admission to ICU for each 
disorder. We analyzed the relationship of the baseline 
characteristics and the usage of healthcare resources 
with in-hospital survival. After testing the proportion-
al hazards assumption, univariable and multivariable 
analyses with Cox proportional hazards model were 
conducted to reveal the adjusted impact of pulmonary 
disorder on the in-hospital mortality in the critically 
ill patients. Multicollinearity was measured by variance 
inflation factor and a cut-off value of 4 was regarded as 
high. All the analyses were conducted using R for Sta-
tistical Computing software, version 3.3.3 (R Core Team 
[2017], Vienna, Austria).

Ethics
The Institutional Review Board Committee of  Seoul Na-
tional University Bundang Hospital examined and ap-
proved the protocol of this study and exempted it from 
the need for informed consent for access to electronic 
medical records (Institutional Review Board number: 
X-1706-405-903).

RESULTS 

Socio-demographic characteristics of the study  
population
Among the 997,173 patients in the NSC database, 49,414 
(5.0%) had at least one episode of ICU admission from 
2006 to 2015, and 12,983 (1.3%) in 383 ICUs were eligible 
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to be categorized as critically ill, as per the operation-
al definition (Fig. 1). Among the critically ill patients, 
we found that 3,875 (30.0%) were eligible to be included 
in the pulmonary disorder group and 3,980 (30.7%) re-
ceived MV. The frequency of patients receiving MV was 
approximately 2.6 times higher in the pulmonary disor-
der group than in the control group. Annual proportion 
of the pulmonary disorder group among the critically 
ill patients had increased during the 10-year follow-up 
(compound annual growth rate = 6.3%), with 28.7% being 
the lowest value, in 2006, and 55.4% being the highest 
value, in 2013 (Fig. 2).

 The patients in the pulmonary disorder group were 
more likely to be old and male (Table 1). There was no 
significant difference according to the residence area. 
More patients in the pulmonary disorder group were 

found in the areas where the ozone concentration had 
increased compared with the previous year. The num-
ber of total or tertiary healthcare units per area was not 
significantly different between the two groups. The 
number of patients using ICU resources for manage-
ment of critical illness linearly varied according to the 
incomes. Patients with higher incomes occupied a larg-
er proportion of the critically ill group (Supplementary 
Fig. 1). In terms of underlying conditions, more patients 
in the pulmonary disorder group showed a higher CCI 
score and higher grade of disability than those shown by 
patients in the non-pulmonary disorder group.

Utilization of healthcare resources
There was no difference in the course of admission to 
hospital or ICU volume per healthcare unit between the 
pulmonary disorder group and non-pulmonary disor-
der group (Table 2). Patients in the pulmonary disorder 
group spent 6.2 days more in the hospital and 4.5 days 
more in the ICU than those in the non-pulmonary dis-
order group. Patients in the pulmonary disorder group 
were approximately 34.3% more likely to use an endo-
tracheal tube and a mechanical ventilator for 2.6 days 
more than those in the non-pulmonary disorder group. 
In the pulmonary disorder group, the total cost during 
ICU stay and number of patients in the third tertile of 
ICU cost, who needed more hospital expenditure than 
other patients, was higher than for those in the non-pul-
monary group. Among the pulmonary disorder group, 
patients with empyema, neoplastic disorder, and ARDS 
needed higher expenditure than other patients (Supple-
mentary Table 3).

Comparison of clinical outcomes after intensive care
Patients in the pulmonary disorder group were more 
likely to die in hospital, whereas a higher proportion 
of patients in the non-pulmonary disorder group were 
more likely to be discharged to home or the previous 
healthcare unit (Table 3). More patients in the pulmo-
nary disorder group were re-admitted to ICU after dis-
charge. In the Kaplan-Meier curves used to estimate 
time to overall death and re-admission to ICU from the 
initial ICU admission, the pulmonary disorder group 
showed significantly lower survival rate (log-rank p < 
0.001; HR, 1.78; 95% CI, 1.69 to 1.87) and higher rate of 
re-admission to ICU (log-rank p < 0.001; HR, 2.07; 95% 

Total 997,173 patients in insurance claims data

49,414 Patients (5.0%) were admitted to ICU from 2006 to 2015

12,938 Patients (1.3%) were eligible to be categorized as critically ill

3,875 Pulmonary disorder 
group  (30.0%) 

2,124 With 
mechanical 
ventilation
 (54.8%) 

1,751 Without 
mechanical 
ventilation
 (45.2%) 

1,856 With 
mechanical 
ventilation
 (20.5%) 

7,207 Without 
mechanical 
ventilation
 (79.5%) 

9,063 Non-pulmonary disorder 
group  (70.0%) 
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Figure 1. Flow chart of patient inclusion according to opera-
tional definition. ICU, intensive care unit.

Figure 2. Annual proportion of the pulmonary disorder 
group out of the total number of critically ill patients.

www.kjim.org


1415

Lee HW, et al. Big data on pulmonary disorders in ICU

www.kjim.orghttps://doi.org/10.3904/kjim.2018.449

Table 1. Socio-demographic characteristics of the critically ill patients, including pulmonary and non-pulmonary disorder groups

Characteristic
Non-pulmonary disorder 

 (n = 9,063)
Pulmonary disorder 

(n = 3,875)
Difference 
 (95% CI)

Age, yr 64.9 ± 15.3 71.1 ± 13.3 6.1 (5.6 to 6.7)

Male sex 5,129 (56.6) 2,415 (62.4) 5.7 (3.9 to 7.6)

Residence in rural areas 5,561 (61.4) 2,421 (62.5) 1.1 (–0.7 to 2.9)

PM10 concentration increased compared to 
 previous year

3,657 (40.5) 1,612 (41.8) 1.2 (–0.6 to 3.1)

Ozone concentration increased compared  
 to previous year

6,874 (76.0) 3,072 (79.4) 3.4 (1.9 to 5.0)

No. of total healthcare units per area (10 km2) 530.2 ± 445.1 514.3 ± 441.1 –15.9 (–32.6 to 0.8)

No. of tertiary healthcare units per area (10 km2) 2.3 ± 3.5 2.2 ± 3.4 –0.1 (–0.2 to 0.04)

Income, decile

1st 727 (8.0) 317 (8.1) 0.2 (–0.9 to 1.2)

2nd 543 (6.0) 190 (4.9) –1.1 (–1.9 to –0.3)

3rd 522 (5.8) 199 (5.1) –0.6 (–1.5 to 0.2)

4th 653 (7.2) 217 (5.6) –1.6 (–2.5 to –0.7)

5th 623 (6.9) 229 (5.9) –1.0 (–1.9 to –0.1)

6th 690 (7.6) 222 (5.7) –1.9 (–2.8 to –1.0)

7th 830 (9.2) 315 (8.1) –1.0 (–2.1 to 0.02)

8th 881 (9.7) 391 (10.1) 0.4 (–0.8 to 1.5)

9th 1,104 (12.2) 508 (13.1) 0.9 (–0.3 to 2.2)

10th 1,171 (12.9) 576 (14.9) 1.9 (0.6 to 3.3)

Not recorded 1,319 (14.6) 711 (18.3)

Charlson comorbidity index

0–1 756 (8.3) 121 (3.1) –5.2 (–6.0 to –4.4)

2–4 3,988 (44.0) 1,831 (47.3) 3.2 (1.4 to 5.1)

> 4 4,319 (47.7) 1,923 (49.6) 2.0 (0.1 to 3.9)

Comorbidities

Cerebrovascular accident 1,471 (16.2) 381 (9.8) –6.4 (–7.6 to –5.2)

Moderate to severe chronic kidney disease 650 (7.2) 255 (6.6) –1.4 (–2.3 to –0.5)

Chronic liver disease 3,457 (38.1) 1,614 (41.7) 3.5 (1.7 to 5.4)

COPD 839 (9.3) 1,306 (33.7) 24.4 (22.8 to 26.0)

Congestive heart failure 1,922 (21.2) 1,091 (28.2) 6.9 (5.3 to 8.6)

Connective tissue disease 88 (1.0) 46 (1.2) 0.2 (–0.2 to 0.6)

Diabetes mellitus 4,931 (54.4) 2,289 (59.1) 4.7 (2.8 to 6.5)

Malignancy 1,895 (20.9) 744 (19.2) –1.7 (–3.2 to –0.2)

Myocardial infarction 1,167 (12.9) 379 (9.8) –3.1 (–4.3 to –1.9)

Peripheral vascular disorder 1,273 (14.0) 605 (15.6) 1.6 (0.2 to 2.9)

Severity of disability

Severe (grade 1 and 2) 759 (8.4) 588 (15.2) 6.8 (5.5 to 8.1)

Mild (grade 3, 4, 5, and 6) 1,211 (13.4) 686 (17.7) 4.3 (3.0 to 5.7)

No disability 7,093 (78.3) 2,601 (67.1) –11.1 (–12.8 to –9.4)

Values are presented as mean ± SD or number (%).
CI, confidence interval; PM10, particulate matter, 10 μm or less in diameter; COPD, chronic obstructive pulmonary disease.
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CI, 1.90 to 2.25) (Fig. 3). The ratios of the unadjusted and 
adjusted incidence rate in terms of both overall mortal-
ity and re-admission to ICU were higher in the pulmo-
nary disorder group (Table 4). The analysis for the most 
probable major cause of overall mortality revealed that, 

although majority of the patients in the pulmonary dis-
order group died of pulmonary disorder (44.9%), more 
than half died of other disorders, such as cardiovascular 
disorder (19.5%) (Supplementary Table 4).

The subgroup analysis according to entities of pul-

Table 2. Difference of the utilization of healthcare resources between pulmonary and non-pulmonary disorder groups

Variable 
Non-pulmonary  

disorder (n = 9,063)
Pulmonary  

disorder (n = 3,875)
Difference
 (95% CI)

Course of admission to hospital

Through outpatient clinic 3,067 (33.8) 1,283 (33.1) –0.7 (–2.5 to 1.0)

Through emergency room 5,864 (64.7) 2,570 (66.3) 1.6 (–0.2 to 3.4)

All others 132 (1.5) 22 (0.6) –0.9 (–1.2 to –0.5)

ICU volume per healthcare unit

High 8,810 (97.2) 3,760 (97.0) –0.2 (–0.8 to 0.5)

Middle 219 (2.4) 105 (2.7) 0.3 (–0.3 to 0.9)

Low 34 (0.4) 10 (0.3) –0.1 (–0.3 to 0.1)

No. of days spent in the hospital 21.2 ± 23.4 27.4 ± 28.6 6.2 (5.2 to 7.3)

No. of days spent in the ICU 8.6 ± 15.7 13.2 ± 19.4 4.5 (3.8 to 5.2)

Use of endotracheal tube and mechanical ventilator 1,856 (20.5) 2,124 (54.8) 34.3 (32.5 to 36.1)

No. of days using mechanical ventilator 7.3 ± 18.3 9.9 ± 16.5 2.6 (1.5 to 3.7)

Total cost during ICU stay, 1,000 KRW 6,167 ± 9,391 9,905 ± 12,165 3,738 (3,309 to 4,168)

ICU cost, tertile

1st 4,201 (46.4) 909 (23.5) –22.9 (–24.6 to –21.2)

2nd 3,027 (33.4) 1,328 (34.3) 0.9 (–0.9 to 2.7)

3rd 1,835 (20.2) 1,638 (42.3) 22.0 (20.3 to 23.8)

Values are presented as mean ± SD or number (%).
CI, confidence interval; ICU, intensive care unit; KRW, Korean won. 

Table 3. Comparison of clinical outcomes after intensive care between pulmonary and non-pulmonary disorder groups

Clinical outcomes
Non-pulmonary

 disorder (n = 9,063)
Pulmonary disorder

 (n = 3,875)
Difference
 (95% CI)

Result of ICU discharge

Discharge to home 4,822 (53.2) 1,685 (43.5) –9.7 (–11.6 to –7.9)

Transfer to other hospital 257 (2.8) 95 (2.5) –0.4 (–1.0 to 0.2)

Return to previous health care unit 180 (2.0) 45 (1.2) –0.8 (–1.3 to –0.4)

In-hospital death 1,871 (20.6) 1,269 (32.7) 12.1 (10.4 to 13.8)

Continue to hospitalization for other  
 complainta

1,933 (21.3) 781 (20.2) –1.2 (–2.7 to 0.3)

Re-admission to ICU 1,400 (15.4) 884 (22.8) 7.4 (5.8 to 8.9)

Values are presented as number (%).
CI, confidence interval; ICU, intensive care unit.
aThese patients continued to be hospitalized due to one or more complaints other than the chief complaint at initial admis-
sion.
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monary disorder revealed that half of the total patients 
in the pulmonary disorder group were admitted to ICU 
for treating pneumonia, while in-hospital mortality rate 
was higher for interstitial lung disease (ILD) and ARDS 
than for other disorders (Supplementary Table 3). The 
two disorders with the highest rate of re-admission to 
ICU were pleural effusion and pneumonitis. We found 

three different patterns of survival curve among the var-
ious pulmonary disorders (Fig. 4). One was pattern A, in 
which the survival rate drops sharply at the initial stage 
of the ICU admission, such as that for ARDS, respiratory 
failure, pneumonia, pneumonitis, ILD, and neoplastic 
disorder. Another is pattern B, in which survival rate 
decreases gradually over time, such as that for pneumo-
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Figure 3. Kaplan-Meier curve to evaluate the time to death and intensive care unit re-admission. (A) Survival rate. (B) Re-ad-
mission rate.

Table 4. Comparison of unadjusted and adjusted incidence rates of mortality and re-admission to ICU between pulmonary 
and non-pulmonary disorder groups

Incidence rate Non-pulmonary disorder (n = 9,063) Pulmonary disorder (n = 3,875)

Overall mortality

Total events 3,767 2,333

Total person-time, person-year 35,200 9,113

Incidence rate, per 1000 person-years 107 256

Incidence rate ratio (95% CI) - 2.39 (2.27–2.52)

Adjusted incidence rate ratioa (95% CI) - 1.22 (1.18–1.27)

Re-admission to ICU

Total events 1,400 884

Total person-time, person-year 28,225 6,435

Incidence rate, per 1000 person-years 50 137

Incidence rate ratio (95% CI) - 2.77 (2.55–3.01)

Adjusted incidence rate ratiob (95% CI) - 1.26 (1.17, 1.36)

ICU, intensive care unit; CI, confidence interval.
aPoisson regression analysis was conducted with variables, including age, sex, residence, particulate matter of 10-μm diameter 
or less, ozone concentration increase compared with the previous year, number of total and tertiary healthcare units per area, 
income, Charlson comorbidity index, disability, course of admission to hospital, and ICU patient volume.
bPoisson regression analysis was conducted with variables, including age, sex, residence, number of total and tertiary health-
care units per area, income, Charlson comorbidity index, and disability.
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thorax, pleural effusion, and chronic airway disease. Pat-
tern C is one which does not show difference in survival 
rate compared with the non-pulmonary disorder group, 
such as that for pulmonary embolism, lung abscess, and 
empyema.

Age, sex, air pollution, income, CCI score, disability, 
pulmonary disorder as the main cause of ICU admis-
sion, course of admission to hospital, and ICU patient 
volume were associated with in-hospital mortality 
(Supplementary Tables 5 and 6). The cases of critically 
ill patients, mainly with pulmonary disorder, were sig-
nificantly related to in-hospital mortality in the unad-
justed and adjusted regression analyses with Cox pro-
portional hazards model (Table 5). In addition, higher 
age, male sex, decreased concentration of PM10, disabil-
ity, admission to hospital via outpatient clinic, and low 
ICU patient volume were significantly associated with 
a higher risk of in-hospital mortality, after adjustment. 
Risk factors of in-hospital mortality were different be-
tween the pulmonary disorder group and non-pulmo-
nary disorder group (Supplementary Table 7). Patients 
in the pulmonary disorder group who lived in an urban 
area had a higher risk of in-hospital mortality (HR, 1.12; 
95% CI, 1.00 to 1.26). In contrast, disability, admission 
course, and ICU patient volume were not associated 

with in-hospital mortality in the pulmonary disorder 
group.

DISCUSSION

The present study yielded extensive epidemiologic re-
sults from the insurance claims data for a single insurer, 
from the national healthcare system. The proportion of 
the critically ill patients with pulmonary disorder as the 
major cause of admission had increased annually for 10 
years. The patients in the pulmonary disorder group 
were likely to have more comorbidities or disabilities 
in the rural areas with relatively lower access to health-
care units. More medical resources were needed for the 
pulmonary disorder group in terms of longer hospital 
stay and use of mechanical ventilator for a longer peri-
od. After adjustment, incidence rates of overall mortality 
and re-admission to ICU were higher in the pulmonary 
disorder group. Poor clinical outcomes were mainly due 
to ARDS, pneumonia, ILD, and neoplasm in the short 
term, and chronic airway and pleural diseases in the 
long term. Among different types of pulmonary disor-
ders, ARDS contributed more to higher proportions of 
clinical and economic burdens than others. 

Table 5. Results of unadjusted and adjusted regression analysis with Cox proportional hazards model to evaluate the risk of 
in-hospital mortality

Variable
Univariable analysis Multivariable analysis

HR (95% CI) p value HR (95% CI) p value

Age 1.028 (1.025–1.031) < 0.001 1.027 (1.023–1.030) < 0.001

Male sex 1.145 (1.065–1.230) < 0.001 1.306 (1.212–1.407) < 0.001

PM10 concentration increase of 1 ppm compared to 
 previous year

0.981 (0.971–0.990) < 0.001 0.980 (0.970–0.989) < 0.001

Ozone concentration increase of 0.001 ppm 
 compared to previous year

1.040 (1.017–1.064) 0.002 1.022 (0.999–1.046) 0.064

Income, decile 1.010 (1.000–1.020) 0.049 1.000 (0.991–1.010) 0.963

Charlson comorbidity index > 4 2.298 (1.881–2.809) < 0.001 1.116 (0.898–1.387) 0.322

Disability 1.206 (1.115–1.304) < 0.001 1.109 (1.023–1.201) 0.012

Admission to ICU due to pulmonary disorder 1.749 (1.628–1.879) < 0.001 1.450 (1.384–1.604) < 0.001

Admission through emergency room 0.879 (0.817–0.946) < 0.001 0.888 (0.824–0.956) 0.002

High ICU patient volume 0.612 (0.514–0.729) < 0.001 0.684 (0.573–0.816) < 0.001

HR, hazard ratio; CI, confidence interval; PM10, particulate matter 10 μm or less in diameter; ppm, parts per million; ICU, in-
tensive care unit. 
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Previous studies have shown that respiratory disease 
is one of the main disorders that require intensive care, 
and that the prognosis is poor in patients admitted 
to ICU due to various respiratory diseases [8-13,18,19]. 
The incidence and proportion of respiratory disease 
in the community has been increasing in recent years 
because of the increasing aging population, excessive 
body weight due to westernization, increased morbid-
ity of chronic pulmonary disorders, and long-term air 
pollution exposure [20-22]. In our study, the percentage 
of critically ill patients with respiratory disease as the 
main cause of ICU admission increased annually. This 
trend, at a community level, may indicate an important 
public health problem which not only changes the qual-
ity of life but also affects the use of medical resources 
and clinical burdens in ICU. In the pulmonary disorder 
group, the most common cause of death was pulmonary 
disorder, but other comorbid diseases, such as cardio-
vascular disorders, should also be noted because deteri-
oration of other organ functions is common in hypoxic 
conditions [23,24].

We found that the patients with a lower income had a 
lower possibility of receiving critical healthcare, regard-
less of the patient group. It would be more reasonable to 
interpret this finding as lower economic access to crit-
ical healthcare than as a lower incidence of critical ill-
ness in these people. In critically ill patients, it has been 
reported that access to critical healthcare was limited by 
low socio-economic status [25]. In addition, the patients 
living in the areas with lower economic status were like-
ly to receive less appropriate intensive care for ARDS 
[26]. In our study, the critically ill patients with a higher 
income had a lower risk of in-hospital mortality, after 
multivariate adjustment. In domestic healthcare deliv-
ery systems, there is a high probability that the patients 
with low income would have a lower access to intensive 
medical care, which may cause the problem of medical 
inequality.

The mean concentration of PM10 had been generally 
decreasing annually from 2002 to 2015 in South Korea. 
The annual reduction in the average concentration of 
PM10 over the previous year did not reduce, rather in-
creased, the incidence of pulmonary disorder or in-hos-
pital mortality in the critically ill patients. However, there 
are limitations in describing causality, since our analysis 
did not include sufficient confounding factors for PM10 

concentration, and the results were not obtained from 
spatiotemporal analysis. Rather, this result may indicate 
that the effects of other factors on in-hospital mortality 
are more significant than that of annual change of mean 
PM10 concentration. Previous studies have shown that 
short-term exposure to particulate matter for 3 or 4 days 
increased the number of emergency room visits or ICU 
admission, whereas the relationship between long-term 
exposure to particulate matter and critical illness was 
poorly studied [27,28]. A rapid change in PM10 concen-
tration over a few days may be more important for the 
course of acute critical illness than an annual change in 
the mean PM10 concentration. To accurately determine 
the effect of PM10 concentration on severe respiratory 
illness, it is necessary to construct a cohort prospectively 
and to perform spatiotemporal analysis by deliberately 
including confounding variables.

Although there was no significant difference in res-
idential areas between the pulmonary disorder and 
non-pulmonary disorder groups, the pulmonary disor-
der group had a higher risk of in-hospital mortality for 
people living in urban areas. It is controversial whether 
there is a difference in the mortality rate due to respira-
tory disease depending on the residence area. In asthma, 
urban populations were associated with lower mortality 
[29]. In chronic obstructive pulmonary disease, mortal-
ity was higher in the rural areas [30]. The clinical out-
come of pneumonia was not different between rural and 
urban areas [31]. In large epidemiologic studies, higher 
cardiopulmonary mortality was reported in urban area 
residents than rural residents; this was mostly associat-
ed with higher levels of air pollution [32,33]. In order to 
determine whether the higher mortality rates in urban 
areas in the pulmonary disorder group are related to air 
pollution level, it is necessary to study air pollution data, 
including more sophisticated and various substances, in 
the future.

The major strengths of our study are the large sam-
ple population and long-term follow-up duration of a 
well-verified nation-wide cohort, which represents the 
entire South Korean population. Another advantage 
of this study is the reliability of the socio-demograph-
ic data, which is difficult to obtain from individual re-
search institutes. These strengths enable us to have 
adequate statistical power for sophisticated analyses of 
the socio-demographic and clinical variables, and the 
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results are generalizable and reproducible in terms of 
the use of medical resources in the real world.

There are some limitations to this study. First, the 
characteristics of the non-pulmonary disorder group 
were heterogeneous but were not further analyzed. The 
non-pulmonary disorder group, which included gener-
al critically ill patients with various diseases, was intro-
duced only for comparison with the pulmonary disorder 
group and was not the main focus of this study. Second, 
the operational definition of critically ill patients using 
the claims data may not be sufficient because of the lack 
of clinical information in the claims data. Some critically 
ill patients may not have been included in this study be-
cause they died before being admitted to the ICU [34] or 
were successfully managed in general wards. Third,  like 
the previous studies using medical insurance claim data 
[35,36], the present study has also a limitation in terms of 
analysis of the clinical information or severity of major 
diseases. Although the classification of patients accord-
ing to the main diagnosis has limitations, it is expected 
that the characteristics of the pulmonary disorder group 
would not be significantly different from those of ICU 
patients who actually suffered from respiratory diseases. 
Our study is significant as it is the first attempt at an ep-
idemiologic study on pulmonary disorders in the ICU, 
which will help to further elaborate a hypothesis in this 
research area. Fourth, patients’ or their family’s deci-
sions on treatment, such as “Do-Not-Resuscitate,” with-
drawal of treatment, and withholding treatment, were 
not included in our study. End-of-life care is one of the 
most important current issues in ICU care. Because the 
treatment code for end-of-life care is now legally estab-
lished, it is expected to be available for future research.

In conclusion, critically ill patients with pulmonary 
disorder as the main diagnosis are more likely to use 
healthcare resources; however, their clinical outcomes 
are significantly worse than those of the non-pulmo-
nary disorder group. Although the interpretation of 
claim data is limited, it was followed up for a prolonged 
period to analyze and elucidate the socio-demographic 
characteristics and clinical outcomes of patients with re-
spiratory diseases in the ICU.
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Supplementary Table 1. Disease, admission, and treatment codes used to identify the patients who were eligible for the opera-
tional definition

Corresponding codes

KCD-7 codes for diagnosis of 
 pulmonary disorder

A15: Respiratory tuberculosis, bacteriologically and histologically confirmed
A16: Respiratory tuberculosis, not confirmed bacteriologically or histologically
C39: Malignant neoplasm of other and ill-defined sites in the respiratory system and 
intrathoracic organ

C78.0-78.3: Secondary malignant neoplasm of respiratory organs
D02.1-02.4: Carcinoma in situ of respiratory system
D14.2-14.4: Benign neoplasm of respiratory system
D38.1-38.3: Neoplasm of uncertain or unknown behavior of respiratory and intratho-
racic organs

J00-J99: Diseases of the respiratory system
R06: Abnormalities of breathing
R09: Other symptoms and signs involving the circulatory and respiratory systems
R84: Abnormal findings in specimens from respiratory organs and thorax
T48: Poisoning by agents primarily acting on smooth and skeletal muscles and the 
respiratory system

U04: Severe acute respiratory syndrome (SARS)
U19: Middle east respiratory syndrome (MERS)
W77: Threat to breathing due to cave-in, falling earth and other substances
W83: Other specified threats to breathing
W84: Unspecified threat to breathing
Y55: Agents primarily acting on smooth and skeletal muscles and the respiratory sys-
tem

Codes to identify an event of 
 admission to ICU

AH501, AJ001, AJ002, AJ003, AJ100, AJ110, AJ120, AJ130, AJ150, AJ200, AJ210, AJ220, 
AJ230, AJ240, AJ250, AJ260, AJ280, AJ290, AJ300, AJ310, AJ320, AJ330, AJ340, AJ350, 
AJ360, AJ380, AJ390, AJ500, AJ510, AJ520, AJ530, AJ540, AJ550, AJ56 0, AJ580, AJ590, 
M0115, M0125, M0135, M0145, V5100, V5200, V5210, V5220

Codes for intubation and ventilator 
 assistance

M5830, M5850, M5857, M5858, M5860, M5861, M5862, M5863, M5864, M5865, M5866, 
M5867, M5868, M5859, M5920

KCD, Korean Standard Classification of Diseases and Causes of Death 7th revision; ICU, intensive care unit.
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Supplementary Table 2. Raw data of annual mean concentrations of ozone and PM10

Year 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Ozone (O3), ppm

Nationwide 0.020 0.019 0.020 0.020 0.021 0.021 0.022 0.023 0.024 0.023 0.024 0.025 0.026 0.027 0.027

Metropolitan 
 area

0.017 0.016 0.016 0.017 0.019 0.019 0.019 0.020 0.022 0.020 0.021 0.023 0.023 0.025 0.024

Seoul 0.015 0.014 0.014 0.014 0.017 0.018 0.018 0.019 0.021 0.019 0.019 0.021 0.022 0.023 0.022

Busan 0.025 0.024 0.023 0.024 0.023 0.024 0.024 0.026 0.027 0.026 0.027 0.029 0.029 0.029 0.029

Daegu 0.019 0.018 0.020 0.022 0.022 0.020 0.021 0.023 0.023 0.022 0.025 0.026 0.025 0.026 0.026

Incheon 0.019 0.019 0.019 0.020 0.022 0.020 0.022 0.024 0.024 0.021 0.022 0.024 0.025 0.026 0.025

Gwangju 0.019 0.016 0.018 0.022 0.022 0.021 0.022 0.023 0.026 0.024 0.026 0.027 0.029 0.029 0.028

Daejeon 0.021 0.019 0.018 0.019 0.021 0.018 0.017 0.023 0.023 0.021 0.022 0.024 0.024 0.026 0.025

Ulsan 0.020 0.021 0.021 0.022 0.022 0.021 0.021 0.023 0.024 0.023 0.025 0.026 0.028 0.028 0.028

Gyeonggi 0.018 0.017 0.017 0.018 0.019 0.019 0.019 0.020 0.022 0.020 0.021 0.023 0.023 0.025 0.025

Gangwon 0.023 0.022 0.021 0.022 0.024 0.025 0.025 0.025 0.027 0.025 0.026 0.026 0.026 0.028 0.028

Chungbuk 0.020 0.021 0.021 0.021 0.021 0.022 0.023 0.021 0.024 0.022 0.024 0.025 0.026 0.026 0.025

Chungnam 0.026 0.026 0.024 0.025 0.024 0.021 0.021 0.025 0.027 0.025 0.024 0.027 0.028 0.029 0.028

Jeonbuk 0.020 0.019 0.018 0.018 0.019 0.022 0.020 0.023 0.025 0.023 0.024 0.026 0.028 0.030 0.030

Jeonnam 0.026 0.026 0.031 0.031 0.027 0.025 0.030 0.029 0.031 0.027 0.028 0.029 0.032 0.031 0.030

Gyeongbuk 0.022 0.023 0.024 0.024 0.025 0.024 0.024 0.025 0.026 0.024 0.027 0.027 0.028 0.029 0.030

Gyeongnam 0.026 0.024 0.026 0.026 0.022 0.026 0.026 0.027 0.028 0.025 0.026 0.030 0.030 0.030 0.030

PM10, ppm 

Nationwide 58 (56) 61 (57) 58 (58) 59 (58) 57 (56) 59 (55) 58 (55) 54 (52) 53 (51) 51 (49) 50 (47) 45 (45) 49 (48) 49 (47) 48 (45)

Metropolitan 
 area

68 (62) 72 (63) 68 (67) 64 (63) 63 (61) 65 (61) 65 (62) 58 (56) 59 (56) 56 (53) 54 (51) 47 (47) 51 (51) 52 (50) 51 (47)

Seoul 71 (65) 76 (65) 69 (69) 61 (59) 58 (56) 60 (55) 61 (58) 55 (53) 54 (51) 49 (47) 47 (44) 41 (41) 45 (44) 46 (44) 45 (41)

Busan 60 (56) 69 (63) 55 (55) 60 (60) 58 (58) 59 (55) 57 (54) 51 (50) 49 (48) 49 (47) 47 (45) 43 (43) 49 (49) 48 (47) 46 (45)

Daegu 67 (62) 71 (65) 59 (59) - a 55 (54) 54 (50) 53 (49) 57 (54) 48 (46) 51 (48) 47 (44) 42 (42) 45 (45) 45 (44) 46 (45)

Incheon 52 (48) 57 (52) 61 (60) 62 (61) 61 (59) 68 (63) 64 (61) 57 (56) 60 (57) 55 (53) 55 (51) 47 (47) 49 (49) 49 (47) 53 (48)

Gwangju 57 (53) 52 (46) 36 (36) 46 (46) 49 (47) 55 (52) 52 (49) 50 (47) 46 (44) 45 (42) 43 (40) 38 (38) 42 (42) 41 (39) 43 (40)

Daejeon 48 (44) 53 (45) 43 (43) 49 (48) 48 (47) 49 (46) 49 (46) 45 (43) 43 (42) 44 (41) 44 (41) 39 (39) 42 (42) 41 (40) 46 (44)

Ulsan -a 54 (47) 40 (39) 50 (50) 50 (49) 52 (48) 53 (49) 54 (52) 49 (48) 48 (46) 49 (47) 46 (45) 47 (47) 46 (45) 46 (45)

Gyeonggi 71 (66) 74 (65) 68 (68) 67 (66) 65 (63) 68 (63) 66 (63) 60 (58) 60 (58) 58 (56) 56 (53) 49 (49) 54 (54) 54 (53) 53 (49)

Gangwon 49 (46) 58 (51) 57 (57) 59 (58) 62 (60) 58 (53) 55 (50) 56 (55) 53 (50) 51 (48) 50 (47) 47 (46) 50 (50) 51 (49) 50 (47)

Chungbuk 63 (56) 54 (45) 57 (56) 57 (56) 52 (51) 57 (53) 62 (59) 61 (59) 61 (59) 62 (59) 56 (53) 51 (51) 56 (55) 52 (50) 51 (48)

Chungnam 54 (47) 54 (46) 47 (47) 54 (52) 52 (50) 51 (47) 54 (51) 49 (49) 47 (45) 46 (44) 44 (41) 41 (41) 42 (42) 42 (41) 46 (43)

Jeonbuk 64 (57) 55 (50) 44 (45) 48 (47) 50 (50) 56 (53) 59 (56) 50 (49) 53 (51) 53 (51) 51 (48) 49 (48) 51 (51) 51 (49) 50 (47)

Jeonnam 45 (42) 50 (45) 45 (45) 49 (48) 43 (42) 42 (41) 45 (42) 45 (44) 46 (44) 42 (39) 41 (38) 36 (36) 39 (38) 38 (36) 38 (37)

Gyeongbuk 51 (46) 59 (52) 56 (56) 59 (58) 55 (54) 57 (53) 55 (52) 53 (51) 49 (47) 47 (44) 48 (45) 45 (45) 50 (50) 49 (48) 45 (44)

Gyeongnam 51 (48) 51 (44) 48 (46) 57 (56) 54 (54) 51 (48) 49 (46) 48 (46) 46 (45) 46 (44) 46 (44) 42 (42) 47 (47) 48 (47) 46 (45)

Jeju 46 (38) 45 (40) 37 (37) 43 (41) 45 (43) 49 (47) 44 (40) 43 (42) 42 (41) 48 (43) 42 (39) 34 (33) 40 (40) 47 (44) 44 (42)

The values in parentheses are average values, except for the date of yellow dust.
PM10, particulate matter 10 μm or less in diameter; ppm, parts per million.
a’-’ is less than effective measurement acquisition rate (75%).
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Supplementary Table 3. Subgroup analysis of the proportion of the patients, in-hospital mortality, re-admission to ICU, and 
total cost of ICU stay according to various entities of the pulmonary disorder group

Variable No. of patients
In-hospital  
mortality

Re-admission  
to ICU

ICU cost, 1,000 KRW,  
median

Pneumonia 1,842 (47.5) 629 (34.1) 432 (23.5) 6,299

Acute exacerbation of chronic airway 
 disease

559 (14.4) 128 (22.9) 143 (25.6) 4,676

Pneumonitis 453 (11.7) 134 (29.6) 125 (27.6) 7,294

Respiratory failure 323 (8.3) 147 (45.5) 61 (18.9) 6,491

ARDS 126 (3.3) 69 (54.8) 26 (20.6) 9,877

Pulmonary embolism 119 (3.1) 18 (15.1) 14 (11.8) 4,714

Interstitial lung disease 92 (2.4) 52 (56.5) 8 (8.7) 7,478

Pulmonary edema 56 (1.4) 13 (23.2) 12 (21.4) 3,726

Pleural effusion 50 (1.3) 16 (32.0) 14 (28.0) 5,683

Empyema 47 (1.2) 12 (25.5) 11 (23.4) 10,542

Lung abscess 44 (1.1) 9 (20.5) 10 (22.7) 8,011

Neoplastic disorder 40 (1.0) 19 (47.5) 7 (17.5) 10,283

Nonspecific diagnosis 36 (0.9) 7 (19.4) 2 (5.6) 5,103

Pneumothorax 35 (0.9) 10 (28.6) 9 (25.7) 5,760

Other respiratory disorder 53 (1.4) 6 (11.3) 10 (18.9) 6,324

Values are presented as number (%).
ICU, intensive care unit; KRW, Korean won; ARDS, acute respiratory distress syndrome. 
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Supplementary Table 4. Most probable major cause of overall death in the critically ill patients who expired

Variable Non-pulmonary disorder (n = 3,767) Pulmonary disorder (n = 2,333)

Cardiovascular disorder 1,357 (36.0) 455 (19.5)

Malignancy 923 (24.5) 186 (8.0)

Trauma and poisoning 275 (7.3) 61 (2.6)

Gastrointestinal disorder 253 (6.7) 73 (3.1)

Endocrine disorder 235 (6.2) 134 (5.7)

Pulmonary disorder 231 (6.1) 1,047 (44.9)

Renal disorder 104 (2.8) 56 (2.4)

Infection 85 (2.3) 55 (2.4)

Neurologic disorder 68 (1.8) 99 (4.2)

Vasculitis and connective tissue disorder 24 (0.6) 24 (1.0)

Hematologic disorder 9 (0.2) 6 (0.3)

Nonspecific diagnosis 124 (3.3) 58 (2.5)

Values are presented as number (%). 
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Supplementary Table 5. Baseline characteristics of critically ill patients, according to in-hospital survival status

Characteristic
In-hospital survivors 

(n = 9,798)
In-hospital non-survi-

vors (n = 3,140)
Difference (95% CI)

Age, yr 65.4 ± 15.3 71.0 ± 13.2 5.6 (5.0 to 6.1)

Male sex 5,620 (57.4) 1,924 (61.3) 3.9 (1.8 to 5.7)

Residence in rural areas 6,042 (61.7) 1,940 (61.8) 0.1 (–1.9 to 2.0)

PM10 concentration increased compared 
 to previous year

4,112 (42.1) 1,157 (37.0) –5.1 (–7.2 to –3.3)

Ozone concentration increased compared 
 to previous year

7,471 (76.3) 2,475 (79.1) 2.6 (0.7 to 4.0)

No. of total healthcare units per area (10 km2) 520.8 ± 445.7 526.9 ± 441.3 –6.1 (–24.0 to 11.8)

No. of tertiary healthcare units per area 
 (10 km2)

2.3 ± 3.4 2.2 ± 3.4 0.06 (–0.08 to 0.2)

Income, decile

1st 808 (8.2) 236 (7.5) –0.7 (–1.8 to 0.3)

2nd 581 (5.9) 152 (4.8) –1.1 (–2.0 to –0.2)

3rd 551 (5.6) 170 (5.4) –0.2 (–1.2 to 0.7)

4th 686 (7.0) 184 (5.9) –1.1 (–2.1 to –0.2)

5th 668 (6.8) 184 (5.9) –1.0 (–2.0 to 0.004)

6th 715 (7.3) 197 (6.3) –1.0 (–2.1 to –0.03)

7th 897 (9.2) 248 (7.9) –1.3 (–2.4 to –0.2)

8th 937 (9.6) 335 (10.7) 1.1 (–0.2 to 2.3)

9th 1,205 (12.3) 407 (13.0) 0.6 (–0.7 to 2.0)

10th 1,254 (12.8) 493 (15.7) 2.9 (1.4 to 4.3)

Not recorded 1,496 (15.3) 534 (17.0)

Charlson comorbidity index

0–1 775 (7.9) 102 (3.2) –4.7 (–5.5 to –3.8)

2–4 4,287 (43.8) 1,532 (48.8) 5.0 (2.9 to 6.9)

> 4 4,736 (48.3) 1,506 (48.0) –0.4 (–2.6 to 1.5)

Severity of disability

Severe (grade 1 and 2) 982 (9.6) 365 (12.3) 1.6 (0.3 to 2.9)

Mild (grade 3, 4, 5, and 6) 1,396 (14.6) 501 (15.1) 1.7 (0.2 to 3.1)

No disability 7,420 (75.8) 2,274 (72.6) –3.3 (–5.3 to –1.7)

Values are presented as  mean ± SD or number (%).
CI, confidence interval; PM10, particulate matter 10 μm or less in diameter. 
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Supplementary Table 6. Utilization of healthcare resources in critically ill patients, according to in-hospital survival status

Variable 
In-hospital survivors

 (n = 9,798)
In–hospital 

non-survivors (n = 3,140)
Difference 
(95% CI)

Cause of admission to ICU

Pulmonary disorder 2,604 (26.6) 1,269 (40.4) 13.8 (11.8 to 15.7)

Course of admission to hospital

Through outpatient clinic 3,211 (32.8) 1,139 (36.3) 3.5 (1.5 to 5.3)

Through emergency room 6,512 (66.5) 1,922 (61.2) –5.3 (–7.4 to –3.5)

All others 75 (0.8) 79 (2.5) 1.8 (1.2 to 2.3)

ICU volume per healthcare unit

High 9,561 (97.6) 3,009 (95.8) –1.8 (–2.8 to –1.3)

Middle 209 (2.1) 115 (3.6) 1.5 (0.8 to 2.3)

Low 28 (0.3) 16 (0.5) 0.2 (–0.1 to 0.5)

No. of days spent in the hospital 24.3 ± 24.9 19.1 ± 25.7 –5.2 (–6.2 to –4.1)

No. of days spent in the ICU 10.0 ± 16.4 10.1 ± 19.0 0.2 (–0.6 to 0.9)

Use of endotracheal tube and mechanical 
ventilator

2,081 (21.2) 1,899 (60.5) 39.2 (37.3 to 41.1)

No. of days using mechanical ventilator 9.1 ± 16.2 8.3 ± 18.6 –0.8 (–1.9 to 0.3)

Total cost during ICU stay, 1,000 KRW 7,154 ± 9,888 7,700 ± 11,999 547 (84 to 1 to010)

ICU cost, tertile

1st 3,644 (37.2) 1,466 (46.7) 9.5 (7.4 to 11.4)

2nd 3,592 (36.7) 763 (24.3) –12.4 (–14.3 to –10.7)

3rd 2,562 (26.1) 911 (29.0) 2.9 (1.0 to 4.6)

Values are presented as number (%) or mean ± SD. 
CI, confidence interval; ICU, intensive care unit; KRW, Korean won. 
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Supplementary Table 7. Results of univariable regression analysis with Cox proportional hazards model to evaluate the risk of 
in-hospital mortality in the pulmonary disorder and non-pulmonary disorder groups

Variable
Non-pulmonary disorder group Pulmonary disorder group

HR (95% CI) p value HR (95% CI) p value

Age 1.026 (1.023–1.030) < 0.001 1.023 (1.018–1.018) < 0.001

Male sex 1.105 (1.008–1.212) 0.034 1.127 (1.004–1.264) 0.042

Urban area 0.920 (0.838–1.011) 0.082 1.122 (1.003–1.256) 0.044

PM10 concentration increase of 1 ppm 
 compared to previous year

0.987 (0.976–0.999) 0.035 0.965 (0.950–0.980) < 0.001

Ozone concentration increase of 0.001 ppm 
 compared to previous year

1.041 (1.012–1.072) 0.006 1.025 (0.989–1.063) 0.176

Income, decile 1.011 (0.998–1.025) 0.093 1.009 (0.994–1.024) 0.260

Charlson comorbidity index > 4 2.128 (1.702–2.660) < 0.001 2.192 (1.371–3.504) 0.001

Disability 1.254 (1.128–1.394) < 0.001 0.968 (0.861–1.090) 0.593

Admission through emergency room 0.782 (0.712–0.859) < 0.001 1.044 (0.928–1.174) 0.475

High ICU patient volume 0.512 (0.414–0.633) < 0.001 0.857 (0.628–1.170) 0.331

HR, hazard ratio; CI, confidence interval; PM10, particulate matter 10 μm or less in diameter; ppm, parts per million; ICU, in-
tensive care unit.
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Supplementary Figure 1. Linear relationship between income and proportion of the (A) pulmonary disorder group and (B)
non-pulmonary disorder group.
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