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The novel and simple models could predict in-hospital and ICU mortality and were not inferior compared to the pre-

Conclusion existing scoring systems.

Background/Aims: Intensive care unit (ICU) quality is largely determined by the mortality rate. Therefore, we aimed to de-
velop and validate a novel prognostic model for predicting mortality in Korean ICUs, using national insurance claims data.

Methods: Data were obtained from the health insurance claims database maintained by the Health Insurance Review and
Assessment Service of South Korea. From patients who underwent the third ICU adequacy evaluation, 42,489 cases were
enrolled and randomly divided into the derivation and validation cohorts. Using the models derived from the derivation co-
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hort, we analyzed whether they accurately predicted death in the validation cohort. The models were verified using data
from one general and two tertiary hospitals.

Results: Two severity correction models were created from the derivation cohort data, by applying variables selected
through statistical analysis, through clinical consensus, and from performing multiple logistic regression analysis. Model
1 included six categorical variables (age, sex, Charlson comorbidity index, ventilator use, hemodialysis or continuous renal
replacement therapy, and vasopressor use). Model 2 additionally included presence/absence of ICU specialists and nursing
grades. In external validation, the performance of models 1 and 2 for predicting in-hospital and ICU mortality was not inferi-
or to that of pre-existing scoring systems.

Conclusions: The novel and simple models could predict in-hospital and ICU mortality and were not inferior compared to
the pre-existing scoring systems.

Keywords: Intensive care unit; Health Insurance Review and Assessment Service; In-hospital mortality; Intensive care unit

mortality

INTRODUCTION

The mortality rate is a main key indicator of intensive care
unit (ICU) quality. However, patients’ disease severity, co-
morbidities, and demographics significantly impact mortal-
ity [1]. Therefore, comparing mortality rates among ICUs
without considering severity may provide an incorrect as-
sessment of ICU quality.

A variety of outcome prediction scoring systems have
been developed to provide an indication of the risk of death
of groups of ICU patients. In 1981, the original Acute Phys-
iology and Chronic Health Evaluation (APACHE) model was
published [2], and there have been three subsequent revi-
sions [3-5]. The Simplified Acute Physiology Score (SAPS)
was devised as a simplification of APACHE Il and has been
revised twice since then [6,7]. Furthermore, because organ
dysfunction is associated with high rates of ICU morbidity
and mortality, organ failure scores such as the Sequential
Organ Failure Assessment (SOFA) score have been devel-
oped [8]. The Mortality Probability Model (MPM) which
is another validated ICU mortality prediction model, have
been developed and updated [9,10].

The severity scores predict in-hospital and ICU mortali-
ty based on the severity of the patients’ conditions. These
scoring systems can be used in clinical trials for case-mix
comparisons and for the assessment and comparison of ICU
quality and performance. However, they were not designed
for individual prognostication and the scoring system used
by each hospital is different. Furthermore, not all hospitals
use a prognostic scoring system. Therefore, there are lim-
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itations in predicting prognosis using the existing scoring
systems.

Despite the availability of public databases such as Health
Insurance Review and Assessment Service (HIRA) claims
data, the development of a prognostic model for predict-
ing mortality has not been reported in Asia, including South
Korea. Therefore, we aimed to develop and validate a novel
prognostic model for predicting mortality in Korean ICUs,
using national insurance claims data.

METHODS

Study populations and data
This study used the database of 3rd quality evaluation of
HIRA in critical care. Data were obtained from the health
insurance claims database maintained by the HIRA of South
Korea, the sole nationwide governmental agency that oper-
ates a fee-for-service reimbursement system. All Koreans are
required to subscribe the National Health Insurance, a sin-
gle medical insurance system. The insurance qualifications,
treatment details, and medical institution information are
stored in the HIRA database. Since data on ICU administra-
tion and discharge dates are not included in the HIRA claims
data, it is not possible to create a severity correction model
for ICU mortality. However, HIRA periodically evaluates the
adequacy of ICUs, which have a high cost of medical care,
to check the report data requested by medical institutions.
ICU mortality can be calculated as the ICU adequacy eval-
uation has data on ICU admission and discharge dates. The
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evaluation includes all ICUs in Korea. The HIRA third ICU
adequacy evaluation data were used to develop a severity
correction model for in-hospital and ICU mortality. The third
ICU adequacy evaluation was conducted from May to July
2019 for institutions (including all general hospitals and ter-
tiary hospitals) providing inpatient care in the ICU. Patients
aged 18 years or older admitted to the ICU were includ-
ed. Patients who were admitted to the ICU for less than 48
hours or were admitted to neonatal or pediatric ICUs, and
burn patients, were excluded. Among the 56,926 patients
who underwent the third ICU adequacy evaluation, the
following cases were excluded: 11,507 not linked to claim
data, 12 with claim data recorded after the date of death,
and 2,918 with duplicate claims. The remaining 42,489 pa-
tients who were accurately identified and whose data were
linked to health insurance claim data and date of death were
randomly divided into the derivation and validation cohorts
in a ratio of 7:3 (Fig. 1). In the derivation cohort, a model for
calculating the predicted mortality was developed based on
the factors influencing death using multiple logistic regres-
sion analysis. Using the model developed in the derivation
cohort, we analyzed whether it accurately predicted death
in the validation cohort. In addition, the model was verified
using data from one general and two tertiary hospitals.

The Institutional Review Board of Yonsei University Health
System determined that this study qualified for exempt sta-
tus (IRB permit number: 4-2021-0212). The requirement for

Total n = 56,926 assessed for eligibility
(Subjects to be evaluated for 3rd ICU
adequacy evaluation)

Exclude those who cannot be linked
EEEEE—
to claim data (n = 11,507)

Exclude those with claim data after
EE—
death (n = 12)

Exclude those with duplicate claims
(n=2918)

v v

Validation Cohort
(n=12,747)

Derivation Cohort
(n =29,742)

Figure 1. Study flow diagram. ICU, intensive care unit.
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informed consent was waived because the study was a ret-
rospective analysis of claims data from the HIRA. All patients
in the HIRA dataset were anonymously recorded.

Selection of the variables for prognostic model
From prior research, variables that have been recognized
as impacting mortality and are integrated into established
prognostic scoring systems, were chosen from health insur-
ance claim data [3,6-8,11]. The duration of hospitalization,
age, sex, and chronic diseases were investigated to iden-
tify patient-related demographic factors. Age was divided
into eight categories (18-29, 30-39, 40-49, 50-59, 60-69,
70-79, 80-89, and 90-99 yr). To evaluate chronic diseas-
es, variables were generated by calculating the Charlson
comorbidity index (CCl) using the claim code (International
Classification of Diseases, 10th Revision) for medical use ac-
cording to the analysis guide provided by the HIRA. The use
of ventilators, hemodialysis or continuous renal replacement
therapy (CRRT), and vasopressor drugs (norepinephrine,
dopamine, or vasopressin) was identified using the claims
code. These variables are factors associated with individual
patients.

In addition, given the potential impact of a lack of ICU
human resources, the presence of a dedicated ICU special-
ists [12], and bed-to-nurse grades [13] were also incorporat-
ed into a model as factors for predicting ICU and in-hospital
mortality.

Statistical analysis

Al categorical data are presented as frequency and propor-
tion. Categorical data were analyzed using the chi-square
test. The distribution of variables affecting in-hospital and
ICU mortality was investigated in the derivation cohort.
Bivariate analysis was performed to test the variable sig-
nificance for in-hospital and ICU mortality. Based on the
analysis results, significant variables were selected. In addi-
tion, multiple logistic regression analysis was performed to
confirm that these factors affect mortality. The choice of
variables was informed by the advisory board and clinical
expert hearings.

Calibration was evaluated using the Hosmer—Lemeshow
goodness-of-fit test (chi-square H). In this test, a large p val-
ue (> 0.05) indicates that the model is performing well, i.e.,
that there is not large discrepancy between observed and
expected mortality. The area under the receiver operating
characteristic (ROC) curve (AUC) was used to evaluate how
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Table 1. Baseline characteristics of demographics between ICU survivors and non-survivors in derivation cohort

Variable Total (n = 29,742) Survivors (n = 26,263)  Non-survivors (n = 3,479) p value
Sex 0.001
Male 17,029 (57.3) 14,929 (56.8) 2,100 (60.4)
Female 12,713 (42.7) 11,334 (43.2) 1,379 (39.6)
Age group (yr) 0.001
18-29 492 (1.7) 451 (1.7) 41 (1)
30-39 796 (2.7) 753 (2.9) 43(1.2)
40-49 1,968 (6.6) 1,811 (7.0) 157 (4.5)
50-59 4,261 (14.3) 3,828 (14.6) 433 (12.5)
60-69 5,547 (18.7) 4,942 (18.8) 605 (17.4)
70-79 7,756 (26.1) 6,797 (25.9) 959 (27.6)
80-89 7,451 (25.1) 6,444 (24.5) 1,007 (29.0)
90-99 1,471 (5.0) 1,237 (4.7) 234 (6.7)
ccl 0.001
cclo 4,010 (13.5) 3,651 (13.9) 359 (10.3)
CCl1 6,693 (22.5) 6,082 (23.2) 611 (17.6)
CCl2 6,177 (20.8) 5,443 (20.7) 734 (21.1)
CCl 3+ 12,862 (43.3) 11,087 (42.2) 1,775 (51.0)
Hospital type 0.884
Tertiary 11,469 (38.6) 10,123 (38.5) 1,346 (38.7)
General 18,273 (61.4) 16,140 (61.5) 2,133 (61.3)
Ventilator 0.001
No 19,508 (65.6) 18,489 (70.4) 1,019 (29.3)
Yes 10,234 (34.4) 7,774 (29.6) 2,460 (70.7)
CRRT, dialysis 0.001
No 26,223 (88.2) 23,801 (90.6) 2,422 (69.6)
Yes 3,519 (11.8) 2,462 (9.4) 1,057 (30.4)
Norepinephrine 0.001
No 18,247 (61.4) 17,443 (66.4) 804 (23.1)
Yes 11,495 (38.7) 8,820 (33.6) 2,675(76.9)
Dopamine 0.001
No 27,002 (90.8) 24,290 (92.5) 2,712 (78.0)
Yes 2,740 (9.2) 1,973 (7.5) 767 (22.1)
Vasopressin 0.001
No 27,178 (91.4) 24,755 (94.3) 2,423 (69.7)
Yes 2,564 (8.6) 1,508 (5.7) 1,056 (30.4)
Emergency room hospitalization 0.719
No 8,862 (29.8) 7,835 (29.8) 1,027 (29.5)
Yes 20,880 (70.2) 18,428 (70.2) 2,452 (70.5)
Nursing grade 0.001
Grade 1 9,185 (30.9) 8,172 (31.1) 1,013 (29.1)
Grade 2 9,993 (33.6) 8,824 (33.6) 1,169 (33.6)
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Variable Total (n = 29,742) Survivors (n = 26,263)  Non-survivors (n = 3,479) p value
Grade 3 3,142 (10.6) 2,776 (10.6) 366 (10.5)
Grade 4 1,167 (3.9) 1,054 (4.0) 113 (3.3)
Grade 5 1,632 (5.5) 1,449 (5.5) 183 (5.3)
Grade 6 1,917 (6.5) 1,649 (6.3) 268 (7.7)
Grade 7 1,130 (3.8) 963 (3.7) 167 (4.8)
Grade 8 912 (3.1) 792 (3.0) 120 (3.5)
Grade 9 664 (2.2) 584 (2.2) 80(2.3)

ICU specialists 0.008
No 16,459 (55.3) 14,607 (55.6) 1,852 (53.2)
Yes 13,283 (44.7) 11,656 (44.4) 1,627 (46.8)

ECMO 0.001
No 29,414 (98.9) 26,073 (99.3) 3,341 (96.0)
Yes 328(1.1) 190 (0.7) 138 (4.0)

High flow nasal xannula 0.001
No 24,613 (82.8) 22,111 (84.2) 2,502 (71.9)
Yes 5,129 (17.2) 4,152 (15.8) 977 (28.1)

Values are presented as number (%) for categorical variables.

ICU, intensive care unit; CCl, Charlson comorbidity index; CRRT, continuous renal replacement therapy; ECMO, extracorporeal

membrane oxygenation.

p value was computed by chi-square test or Fisher’s exact test for categorical variables as appropriate.

well the model discriminated between patients who lived
and patients who died. AUC (which can range from 0 to
1) greater than 0.7 are generally considered evidence of
good model identification. The Youden index was used to
determine whether death could be determined according
to a cut-off point, which is the optimal criterion. The cri-
teria for mortality were compared using the Youden index
to determine sensitivity, specificity, and accuracy using a 2
x 2 contingency table based on the cut-off point. Sensitiv-
ity predicts how well 1 predicts when the actual value is 1,
specificity predicts how well it predicts O when the actual
value is 0. Accuracy is a measure of how well it predicts 0
if the observed value is 0 and 1 if the observed value is 1.

Using the developed model, the regression coefficients
for each variable can be estimated, and the predicted mor-
tality value of a patient can be calculated. Furthermore, us-
ing the model, data on newly admitted patients to the ICU
could be used to calculate the predicted mortality through
the following steps.

1) Logit g (x) could be calculated.:

9x) =Py +Bxi+ -+ Bxy

https://doi.org/10.3904/kjim.2022.311

B, is the constant, Bx; is the estimated coefficient for the
i-th variable; i has a value from 1 to k, and k is a function
of the model. Since all variables used in the model are cate-
gorical variables, dummy variables were created, and 1 was
entered; if each variable was not applicable, 0 was entered.
We calculated the logit by multiplying the input value by the
corresponding coefficient.

2) The logit value was then converted into a probability
(death rate) according to the following equation.

Probability(mortality) = [e9% ]/ [1 + e9¥ ]

Calculation equations of g(x) for predicting mortality are
described in Supplementary Material.

Supplementary Table 1 describes the calculation method
for predicting mortality using the model (model 1 in Supple-
mentary Table 1). The information recorded in the Table is
based on one patient randomly selected from the health in-
surance claim data. The male patient was aged 70-79 years,
with a CCl score of > 3. He did not require ventilation, CRRT,
or dialysis during hospitalization. This patient’s g(x) was cal-
culated as -2.233 and the intra-ICU mortality was calculated
using model 1 as 0.097. Since Youden's index cutoff of ICU
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Table 2. Goodness-of-fit of model 1 and model 2 for predicting in-hospital mortality

i Model 1 Model 2
Variable - -
B(SE) Adjusted OR 95% Cl B(SE) Adjusted OR 95% Cl

Constant -4.258 (0.194) -4.644 (0.201)
Sex

Male 1 (ref) 1 (ref)

Female -0.142 (0.037) 0.87 0.81-0.93** -0.141 (0.037) 0.87 0.81-0.93**
Age group (yr)

18-29 1 (ref) 1 (ref)

30-39 0.012 (0.231) 1.01 0.64-1.59 -0.022 (0.233) 0.98 0.62-1.55

40-49 0.259 (0.204) 1.30 0.87-1.93 0.214 (0.206) 1.24 0.83-1.86

50-59 0.438 (0.193) 1.55 1.06-2.26* 0.391 (0.195) 1.48 1.01-2.17*

60-69 0.490 (0.191) 1.63 1.12-2.37* 0.436 (0.193) 1.55 1.06-2.26*

70-79 0.878(0.189) 2.41 1.66-3.48** 0.799 (0.191) 2.22 1.53-3.23**

80-89 1.327 (0.189) 3.77 2.60-5.46** 1.163 (0.191) 3.20 2.20-4.66**

90-99 1.948 (0.200) 7.01 4.74-10.37** 1.689 (0.202) 5.41 3.64-8.04**
ca

cao 1 (ref) 1 (ref)

Cal 0.065 (0.070) 1.07 0.93-1.22 0.087 (0.070) 1.09 0.95-1.25

CCl2 0.260 (0.068) 1.30 1.14-1.48** 0.287 (0.069) 1.33 1.16-1.52**

CCl 3+ 0.464 (0.062) 1.59 1.41-1.80** 0.459 (0.062) 1.58 1.40-1.79**
Respirator

No 1 (ref) 1 (ref)

Yes 1.081 (0.039) 2.95 2.73-3.18** 1.282 (0.042) 3.60 3.32-3.91**
CRRT, dialysis

No 1 (ref) 1.00

Yes 0.982 (0.044) 2.67 2.45-2.91** 1.088 (0.045) 2.97 2.72-3.25**
Vasopressor

No 1 (ref) 1 (ref)

Yes 1.335(0.042) 3.80 3.50-4.13** 1.453 (0.044) 4.28 3.93-4.66**
Nurse grade

Grade 1 1 (ref)

Grade 2 0.154 (0.045) 1.17 1.07-1.27*

Grade 3 0.422 (0.071) 1.52 1.33-1.75%*

Grade 4 0.955 (0.102) 2.60 2.13-3.17**

Grade 5 0.506 (0.094) 1.66 1.38-1.99**

Grade 6 1.111 (0.083) 3.04 2.58-3.57**

Grade 7 1.111 (0.098) 3.04 2.51-3.68**

Grade 8 0.970 (0.113) 2.64 2.11-3.29**

Grade 9 0.944 (0.129) 2.57 2.00-3.31**
ICU specialists®

No 1 (ref)

Yes -0.098 (0.045) 0.91 0.83-0.99*
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Variable Model 1 Model 2
B(SE) Adjusted OR 95% Cl B(SE) Adjusted OR 95% Cl
Cutoff 0.151 0.144
Sensitivity 0.761 0.780
Specificity 0.713 0.713
Accuracy 0.720 0.723
AUC (Cl) 0.802 (0.802-0.812) 0.811 (0.811-0.821)
H-L (p value) 20.572 (0.008) 11.353 (0.183)

OR, odds ratio; Cl, confidence interval; CCl, Charlson comorbidity index; CRRT, continuous renal replacement therapy; ICU, inten-
sive care unit; Cutoff, Youden index; AUC, area under receiver operating characteristic curve; H-L, Hosmer—Lemeshow.

dpresence of absence of ICU specialists.

The p values were obtained by multivariate logistic analysis. *p < 0.05, **p < 0.01.

model 1 was 0.117, the patient was predicted to be survi-
vor; the actual claim data confirmed the prediction.

To compare the discriminatory power of the developed
model with APACHE, SAPS, and SOFA, the tools currently
in use, the AUCs were compared using the Delong'’s test.

Al statistical analyses were conducted using the SAS En-
terprise Guide 7.1 and R version 3.5.1. Two-sided p values
< 0.05 were considered statistically significant.

RESULTS

Construction of data for the development of a
severity adjustment model

Data from 42,489 cases were randomly divided into the
derivation and validation cohorts (7:3). Of the 29,742 pa-
tients in the derivation cohort, 3,479 patients had died in
the ICU. The baseline demographics of ICU survivors and
non-survivors in the derivation cohort are shown in Table 1.
The proportion of male, age more than 70 years, and CCl
3 or above was significantly higher in non-survivors than
were in survivors. Ventilator use, CRRT or dialysis, and use
of vasopressor drugs were significantly more common in the
non-survivor group. In the non-survivor group, the propor-
tion of high bed-to-nurse grade was significantly higher and
the proportion of the presence of ICU specialists was lower
than in the survivor group. Extracorporeal membrane oxy-
genation and high-flow nasal cannula use were more com-
mon in the non-survivor group; however, these parameters
were not included in the model because their application

https://doi.org/10.3904/kjim.2022.311

frequency was relatively low, and the data was not available
for all ICUs.

Derivation and validation of the severity
correction model for prediction of in-hospital
and ICU mortality

As described in the methods, age, sex, CCl, ventilator use,
hemodialysis or CRRT, vasopressor use were selected to cre-
ate model 1. Furthermore, the presence or absence of ICU
specialists and bed-to-nurse grades were added as variables
to create model 2 for predicting in-hospital and ICU mortal-
ity more accurately using the billing code.

Multivariate logistic regression analysis was performed on
the derivation cohort to determine if these variables were
related to the mortality rate. The variables selected for the
multivariate analysis were audited by a committee consist-
ing of intensivists comprising nine physicians specializing in
critical care medicine.

Finally, two severity correction models were developed in
the derivation cohort (models 1 and 2) by applying variables
selected after multiple logistic regression analysis and clinical
consideration.

Model 1 included six patient-related categorical variables
(age, sex, CCl, ventilator use, hemodialysis or CRRT, and va-
sopressor use). Model 2 included the presence or absence
of ICU specialists and nursing grades as correction vari-
ables, aiming to improve accuracy when predicting ICU and
in-hospital mortality.

The criteria for evaluating whether a model composed of
selected variables explains the observed outcome well are
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Table 3. Goodness-of-fit of model 1 and model 2 for predicting ICU mortality

i Model 1 Model 2
Variable - -
B(SE) Adjusted OR 95% Cl B(SE) Adjusted OR 95% Cl

Constant -4.336 (0.196) -4.800 (0.205)
Sex

Male 1 (ref) 1 (ref)

Female -0.085 (0.041) 0.92 0.85-1.00* -0.080 (0.041) 0.92 0.85-1.00
Age group (yr)

18-29 1 (ref) 1(ref)

30-39 -0.224(0.239) 0.80 0.50-1.28 -0.265 (0.243) 0.77 0.48-1.24

40-49 0.101 (0.207) 1.1 0.74-1.66 0.043(0.210) 1.04 0.69-1.57

50-59 0.251(0.194) 1.29 0.88-1.88 0.194 (0.197) 1.21 0.83-1.79

60—69 0.275(0.192) 1.32 0.90-1.92 0.208 (0.195) 1.23 0.84-1.80

70-79 0.514 (0.190) 1.67 1.15-2.43* 0.412 (0.193) 1.51 1.03-2.20*

80-89 0.948 (0.190) 2.58 1.78-3.74** 0.746 (0.193) 2.1 1.45-3.08**

90-99 1.449 (0.204) 4.26 2.85-6.35%* 1.140 (0.207) 3.13 2.08-4.69**
cal

CClo 1 (ref) 1 (ref)

ca 0.029 (0.076) 1.03 0.89-1.19 0.051 (0.077) 1.05 0.90-1.22

CCl2 0.190 (0.074) 1.21 1.05-1.40* 0.215(0.075) 1.24 1.07-1.44*

CCl 3+ 0.221 (0.068) 1.25 1.09-1.43* 0.201 (0.069) 1.22 1.07-1.44*
Respirator

No 1 (ref) 1 (ref)

Yes 1.220 (0.045) 3.39 3.10-3.70** 1.471 (0.048) 4.35 3.96-4.78**
CRRT, dialysis

No 1 (ref) 1 (ref)

Yes 1.000 (0.047) 2.72 2.48-2.98** 1.132 (0.049) 3.10 2.82-3.41**
Vasopressor

No 1 (ref) 1 (ref)

Yes 1.368 (0.050) 3.93 3.56-4.33** 1.510 (0.051) 4.53 4.09-5.01**
Nurse grade

Grade 1 1 (ref)

Grade 2 0.263 (0.050) 1.30 1.18-1.43*%*

Grade 3 0.554 (0.079) 1.74 1.49-2.03**

Grade 4 0.988 (0.119) 2.69 2.13-3.39**

Grade 5 0.634 (0.105) 1.88 1.53-2.31**

Grade 6 1.265 (0.093) 3.54 2.95-4.25%*

Grade 7 1.299 (0.109) 3.67 2.96-4.54**

Grade 8 1.228 (0.125) 3.41 2.67-4.36**

Grade 9 1.080 (0.146) 294 2.21-3.92**
ICU doctor?

No 1 (ref)

Yes -0.186 (0.050) 0.83 0.75-0.92**
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Variable Model 1 Model 2
B(SE) Adjusted OR 95% Cl B(SE) Adjusted OR 95% Cl
Cutoff 0.117 0.096
Sensitivity 0.774 0.818
Specificity 0.725 0.704
Accuracy 0.731 0.717
AUC (Cl) 0.812 (0.812-0.823) 0.825 (0.825-0.836)
H-L (p value) 34.423 (< 0.01) 18.234 (0.020)

ICU, intensive care unit; OR, odds ratio; Cl, confidence interval; CCl, Charlson comorbidity index; CRRT, continuous renal replace-
ment therapy; Cutoff, Youden index; AUC, area under receiver operating characteristic curve; H-L, Hosmer—Lemeshow.

dpresence of absence of ICU specialists.

The p values were obtained by multivariate logistic analysis. *p < 0.05, **p < 0.01.

Model 1

0.8

0.6

Observed values

0.4

0.2

- T T T T T T
0 0.2 0.4 0.6 0.8 1.0

m Predicted values

Model 2
1.0 -
0.8
$ 0.6
=]
= o,
> ,'
=]
v
s
2
S 04 -
/g/
o’
0.2
o
o
o
&
0 /,‘?a
T T T T T T
0 0.2 0.4 0.6 08 1.0

E Predicted values

Figure 2. Calibration plots for (A) model 1 and (B) model 2 for predicting in-hospital mortality. The 12,747 patients in the validation co-
hort were divided into 10 groups according to the value of predicted mortality, to compare the predicted and actual probabilities. The
diagonal dotted line represents a perfect agreement between observed and expected mortality estimates.

discrimination, calibration, and overall model performance.

Tables 2 and 3 show the goodness-of-fit evaluations
of the models based on 12,747 patients in the validation
cohort, demonstrating the degree of agreement between
the observed and predicted mortality based on the model
probability. For model 1, the goodness-of-fit for in-hospi-
tal and ICU mortality was 20.572 and 34.423, respective-
ly, and the Hosmer-Lemeshow statistic p value was 0.008
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and < 0.01, respectively. The goodness-of-fit for in-hospital
and ICU mortality for model 2 was 11.353 and 18.234, re-
spectively, and the Hosmer—Lemeshow statistic p value was
0.183 and 0.020, respectively (Table 2, 3). The performance
of the models was evaluated using AUCs. For models 1 and
2, the AUCs for the in-hospital mortality rate were 0.802
and 0.811, respectively, confirming that both models had
excellent discrimination power of > 0.8. In addition, it was
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Figure 3. Calibration plots for (A) model 1 and (B) model 2 for predicting ICU mortality. The 12,747 patients in the validation cohort were
divided into 10 groups according to the value of predicted mortality, to compare the predicted and actual probabilities. The diagonal dot-
ted line represents a perfect agreement between observed and expected mortality estimates. ICU, intensive care unit.

confirmed that the AUCs of models 1 and 2 for ICU mortal-
ity were 0.812 and 0.825, respectively, again demonstrat-
ing excellent discrimination. Both severity correction models
performed better for ICU mortality than for in-hospital mor-
tality. The cutoff value is the result of calculating the optimal
decision reference point using the Youden index, and sen-
sitivity, specificity, and accuracy were calculated using the
cutoff value. The cutoff values for models 1 and 2, for both
in-hospital and ICU mortality, were > 0.7, which indicates
the models are suitable.

Using the developed severity correction models, the re-
gression coefficients for each variable can be estimated, and
the predicted mortality value for an individual patient can
be calculated. Using model 1 coefficients in Table 4, data on
newly admitted patients to the ICU could be used to calcu-
late the predicted mortality.

Calibration plots of the validation cohort for model 1 and
model 2, for predicting in-hospital mortality and ICU mor-
tality, are presented in Figures 2 and 3. The 12,747 patients
in the validation cohort were divided into 10 equal sized
groups by using the deciles of the predicted mortality. The
calibration curve represents the relationship between the
predicted mortality and the observed mortality. The diago-
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nal dotted lines represents a good agreement between ob-
served and expected mortality estimates.

Comparison of the developed model and
existing mortality prediction models

The external validity of models 1 and 2 was examined, by
evaluating their performance when applied to other pa-
tient populations. In addition, we confirmed whether the
performance of the models using data collected from three
hospitals was comparable to the two measurement tools
currently in use (APACHE Il and SAPS Ill) (Table 4, Fig. 4).
AUCs were compared using DeLong’s test. Using data from
1,000 and 404 ICU patients from tertiary hospitals 1 and 2,
the degree of prediction of in-hospital and ICU mortality
was determined for models 1 and 2. In the comparison of
predictive power for in-hospital and ICU mortality, the per-
formance of models 1 and 2 was not inferior to the exist-
ing models (APACHE Il and SAPS Ill). When comparing the
predictive power for ICU mortality in tertiary hospital 1, the
AUCs of models 1 and 2 were significantly higher than that
of APACHE Il (model 1, p =0.007; model 2, p <0.001; Table
4, Fig. 4). When models 1 and 2 were used for data from
897 patients in a general hospital, there was no significant
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Figure 4. ROC curves of (A) models 1 and (B) 2 and APACHE Il for prediction of ICU mortality in tertiary hospital 1. AUC, area under ROC
curve; APACHE, Acute Physiology and Chronic Health Evaluation; ICU, intensive care unit; ROC, receiver operating characteristic.

difference in predicting in-hospital and ICU mortality com-
pared to the APACHE Il score based on health insurance
claims, and the predicted AUC was > 0.8 (Table 4, Fig. 4).
Calibration plots of external validation data for model 1 and
model 2, for predicting in-hospital mortality and ICU mor-
tality, are presented in Supplementary Figures 1-5. The di-
agonal dotted lines represents a good agreement between
observed and expected mortality estimates.

DISCUSSION

In this study, we developed models that could predict
in-hospital and ICU mortality based on the HIRA claims data.
Model 1 included six patient-related categorical variables
(age, sex, CCl, ventilator use, hemodialysis or CRRT, and
vasopressor use). In addition, the presence or absence of
ICU specialists and nursing grades were added as correction
variables in model 2. Both models 1 and 2 showed results in
predicting in-hospital and ICU mortality comparable to the
existing scoring systems in the fitness verification of the vali-
dation cohort, and in external validity assessment using data
from two tertiary hospitals, and one general hospital. This
study is significant in that it developed a more convenient
model for predicting ICU mortality than existing mortality

636  www.kjim.org

prediction models through the analysis of data from the en-
tire ICU patients in Korea.

Researchers have previously studied and developed prog-
nostic scoring systems to predict the mortality rate of criti-
cally ill patients. APACHE is the most commonly used scor-
ing system. In 1985, Knaus et al. [3] revised 34 items of the
original APACHE to 12 items and published the results of
validation of 5,815 ICU admission patients in 13 hospitals
in the USA. The analysis showed that an increase in score
was closely related to an increase in hospital death [3]. Ac-
cording to Zimmerman et al. [11], among 110,558 critically
ill patients admitted to 104 ICUs in 45 hospitals in the USA,
the new scoring system (APACHE V) predicted in-hospital
mortality with good calibration and discrimination (AUC:
0.880) . In contrast, Le Gall et al. [6] proposed the SAPS II
model in a study of 13,152 patients admitted to 137 med-
ical and/or surgical ICUs in 12 countries between Septem-
ber 1991 and February 1992. The SAPS Il model predicted
in-hospital mortality with AUCs of 0.88 and 0.86 in the de-
velopmental and validation samples, respectively [6]. More-
no et al. [7] presented SAPS Ill, a new model for predicting
in-hospital mortality, through a multicenter, multinational
cohort study of patients admitted to 303 ICUs from October
to December 2002 (AUC: 0.848).

Studies predicting mortality using the SOFA score have
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also been reported [14]. Furthermore, Moreno et al. [14]
suggested the usefulness of the total maximum SOFA score
in predicting ICU mortality based on a multicenter-multina-
tional cohort study among 1,449 patients admitted to 75
ICUs in 16 countries in March 1995 (AUC 0.772).

Several countries have also reported studies on mortality
prediction models based on public databases. In the USA,
the Mortality Probability Admission Model (MPMO)-IIl and
APACHE-IV prognostic scoring systems are commonly used
in ICUs. Efforts have been made at the California Healthcare
Foundation and the National Quality Forum (NQF) to develop
prosaic scoring systems for quality measurement; therefore,
the ICU Outcomes Model (modified and recalibrated ver-
sion of the MPMO-IIl model) was developed [15]. Data from
55,304 patients aged > 18 admitted to 55 ICUs at USA hos-
pitals from January 2008 to December 2012 showed that
APACHE IV was the most accurate when compared with the
ICU Outcomes Model/NQF, and the MPMO-IIl for predicting
in-hospital mortality [15]. In the UK, Harrison et al. [16] de-
veloped and announced their own Intensive Care National
Audit & Research Centre (ICNARC) model, based on the da-
tabase of the Case Mix Program. The ICNARC model was
developed based on the data of 216,626 patients admitted
to 163 critical care units in England, Wales, and Northern
Ireland from 1995 to 2003, and showed better discrimina-
tion and overall fit than pre-existing risk-prediction models
for in-hospital mortality [16].

Several studies conducted in the ICUs in Korea to predict
mortality have been reported. In a study which retrospec-
tively reviewed 1,314 patients admitted to the surgical ICU
from March 2011 to February 2012 in a university hospi-
tal, the overall discrimination and calibration of APACHE IV
were similar to those of APACHE II, SAPS 3, and Korean
SAPS 3 [17]. Another Korean study investigated the pre-
dictive power of APACHE Il for in-hospital mortality in ICU
patients [18]. In this study, data from the Fever and Anti-
pyretics in Critical lliness Evaluation cohort were collected
prospectively between September 1 to November 30, 2019,
from adult patients aged > 18 years who were admitted
to ICUs in 25 hospitals (15 in Japan and 10 in Korea). The
analyses showed that APACHE Il predicted in-hospital mor-
tality with poor calibration and modest discrimination. In
the study of Lim et al. [19], mortality rates predicted using
the general SAPS 3 and its customized equation (Australasia
SAPS 3) exhibited good calibration and modest discrimina-
tion. However, the Australasia SAPS 3 did not improve the
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mortality prediction. A prospective multicenter cohort study
involving 22 ICUs from 15 centers throughout Korea inves-
tigated the validation of the SAPS 3, and customized it, for
Korean ICUs [20]. The new equation for Korean ICU pa-
tients was tested in a validation cohort, and demonstrated
both good discrimination and good calibration. In particular,
this study has clinical significance in that in presented a new
equation that can be applied to Korean ICUs.

However, all of these previous studies have difficulties in
measuring many variables to predict mortality. Furthermore,
comparison between hospitals is difficult because not all
ICUs use the same scoring system. Therefore, we aimed to
develop and validate a novel prognostic model for predict-
ing mortality, using national insurance claims data.

This study is meaningful in that it is the first study in Asia
to develop and apply a model to predict in-hospital and ICU
mortality using a large-scale national-level database that in-
cluded data from all ICUs in Korea. This study’s data were
based on the HIRA of South Korea, the sole nationwide gov-
ernmental agency that operates a fee-for-service reimburse-
ment system. Therefore, the database is very systematic and
contains a lot of information. Moreover, this study distin-
guishes itself by offering a model for predicting in-hospital
and ICU mortality rates more conveniently than the existing
scoring systems.

This study has several limitations. First, while the study
was based on a large database released by the South Ko-
rean government, our findings may not be generalizable to
other countries, which may have different patterns of ICU
use. Second, because of data limitations, in-hospital mor-
tality could not be analyzed for one of the tertiary hospitals;
this limited our testing of external validity. Third, the period
of study was spring and summer, and as hospital admis-
sions are affected by the season, our findings may not be
applicable to other times of the year. Finally, because of the
limited information available, it was difficult to compare and
validate the newly developed scoring system with SAPS Il
and SOFA scores. Therefore, a large-scale systematic study
is needed.

In this study, we developed a model that can predict
in-hospital and ICU mortality based on the HIRA claims data
released by the South Korean government. The novel and
simple models were not inferior in predicting in-hospital and
ICU mortality compared to the pre-existing scoring systems.
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KEY MESSAGE

1. In this study, we developed models that could
predict in-hospital and ICU mortality based on the
HIRA claims data released by the South Korean
government.

2. Model 1 included six patient-related categorical
variables (age, sex, CCl, ventilator use, hemodialy-
sis or CRRT, and vasopressor use). In addition, the
presence or absence of ICU specialists and nursing
grades were added as correction variables in mod-
el 2.

3. Both models 1 and 2 showed consistent results in
predicting in-hospital and ICU mortality, and were
comparable to the existing scoring systems when
tested in a validation cohort, and with external
data from one general, and two tertiary hospitals.
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