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Objective: The purpose of this study was to compare the differences in the length of hospital stay between hemorrhage stroke survivors with health insurance and those with medical care after controlling all factors except for the type of medical insurance by using the propensity score matching (PSM) method.
Design: Retrospective cohort study.
Methods: Data from the Korean National Centers for Disease Control and Prevention’s In-Depth Discharge Injury Survey between the years 2006 and 2012 were used for analysis. A total of 4,538 cases were defined as persons with hemorrhagic stroke
(I60-I62) based on the block of categories in the International Classification of Diseases (10th). In order to analyze the inpatient
period differences depending on the type of health care, which reflects one’s socio-economic level, the chi-square and t-test was
conducted.
Results: Frequency and percentage were presented, and regression analysis was used to determine the factors affecting the inpatient period. Age, severity of disease, treatment outcome, and post-discharge status were no longer statistically significant after
matching. The inpatient period of the persons receiving medical aid benefits was found to be significantly longer than those with
national health insurance (p<0.05).
Conclusions: The factors influencing the inpatient period of hemorrhagic stroke survivors were treatment outcomes, severity of
disease, hospital admission process, and the type of health care. It is necessary for systematic and comprehensive governmental
management for persons with hemorrhagic stroke to be transferred to long-term care facilities.
Key Words: Delivery of health care, Inpatient, National health insurance, Stroke

Introduction
There is a high likelihood that long-term hospitalization
will increase sharply due to the rapid increase in the elderly
population, the fee-for-service system, and the absence of
primary care system to manage preventable hospitalizations
[1]. Those receiving medical aid benefits, which accounts
for 2.8% of the total population, are older and have greater
disease severity than those with national health insurance

[2]. Despite the surging medical costs of the patients receiving medical aid, the medical care budget is insufficient, thus
leading to prolonged financial losses [3].
According to the National Statistical Office, the common
causes of death in Korea is malignant neoplasm, heart disease, and cerebrovascular disease. Cerebrovascular disease
was the second most common cause of death in Korea, following malignant neoplasms (60.2 per 100,000 population)
in 2017 [4]. Stroke, the second leading cause of death, is a
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disease that increases the burden of medical expenses due to
the occurrence of severe disability and complications. Of the
medical expenses, the one-year expenditure from the date of
illness accounted for 59% of admission and 13% of outpatient services [3]. Even if the stroke does not lead to death,
it causes serious neurological disabilities and high cost of
treatment and rehabilitation. According to the OECD’s
‘Health at a Glance 2015’, the average length of hospital stay
in Korea is 16.5 days, more than twice the OECD average of
8.1 days [1]. The average duration of hospitalization for
hemorrhagic stroke survivors in Korea is reported to be between 28.9 to 37.85 days, which is much longer than that of
8.4 days in the US [5,6]. The mean duration of hospitalization for hemorrhagic stroke is 32-37 days, which is longer
than that of ischemic stroke (17-19 days) [7,8]. In addition,
the total annual socioeconomic cost of medical users due to
hemorrhagic stroke accounted for 35.4% of the total socioeconomic costs (I60-I69, G45), combining both the outpatient and inpatient medical users [9].
Due to the increasing length of hospital stay, the need for
studies on the use of medical facilities by the persons with
medical aid is emphasized, and a variety of studies have
been conducted [6,10,11]. However, existing studies have
limitations of not compensating for the differences in the
prevalence and severity of the patients with national health
insurance and medical aid [12,13].
Therefore, the purpose of this study was to compare the
inpatient periods of hemorrhagic stroke survivors with national health insurance and medical aid by using the propensity score matching (PSM) analysis. Unlike previous studies
that did not consider the patient and the disease characteristics, this study controlled all confounding factors other
than the type of health care and equalized the subject characteristics in the two groups by the PSM. The presence of differences in the general characteristics of the patients with
national health insurance and those receiving medical aid
were first examined. The characteristics of the two groups
were then analyzed after controlling the confounding factors.
Lastly, the factors affecting the inpatient period of hemorrhagic stroke survivors were analyzed.

Methods
Subjects
This study used data from the Korean National Hospital
Discharge In-depth Injury Survey conducted from 2006 to
2012 by the National Centers for Disease Control and
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Prevention. Soonchunhyang Institutional Review Board
certified center approved the this research (SCH IRB No.
2016-BM-036-02). Included subjects were defined as persons with hemorrhagic stroke (coded I60-I62) with the final
diagnosis at discharge according to the categorical blocks of
the ICD-10, which is based on the detailed criteria and evaluation index of the acute stroke evaluation of the Health
Insurance Evaluation and Assessment Agency [14,15]. The
size of the medical institutions was limited to 500 to 999
beds because duration of hospitalization can differ according to the size of medical institutions [14]. Out of the 4,904
selected cases, a total of 4,538 cases were analyzed excluding those under 18 years of age, with workers’ compensation
or automobile insurance, with unknown admission route,
and with an inpatient period exceeding 365 days.
Data collection
In this study, the length of hospital stay (inpatient period)
was defined as use of medical service among those affected
by hemorrhagic stroke. It was simply calculated by subtracting the discharge date from the admission date. Only those
with less than 365 days of hospitalization were included for
analysis.
Patient characteristics were classified into sex, age, place
of residency, severity of disease, hospital admission process,
treatment outcome, and post-discharge status. Age refers to
the age at the time of admission, and when the patient and
medical institution were from the same administrative district, they were marked as ‘congruent’. Severity of disease
was calculated by using the Charlson Comorbidity Index
(CCI). The CCI is the most widely used method for severity
correction; it determines any comorbidity that affects treatment outcomes and corrects the severity by using the weight
of comorbidity or the presence of disease [16-18]. Hospital
admission process was classified into emergency and outpatient, and the treatment results were classified as improved and not improved. Post-discharge status was classified into returned home, transferred, and deceased. The characteristics of the medical institutions were selected based
on the place of location; capital city, metropolitan city, and
provincial area.
Data analysis
Propensity score matching is a method of matching up
similar subjects based on the propensity score in situations
in which covariates are controlled in the laboratory and in
the control of the covariates of the control group. Therefore,
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because the selection bias is reduced and the subjects are reconstructed and compared, there is an advantage in controlling the confounding by comparing the differences between
comparison groups more accurately. The logistic regression
analysis of variables, such as sex, age, residence, Charlsonindex, hospital assay, treatment exit, post-discahridge, and
hospital area found to affect the number of days of funding
were estimated. The next estimated values were compared
to match a group with a similar propensity score as the
control. This was considered as near-neighbor matching, in
which 296 people were matched according to health insurance and medical benefits. Finally, it was verified that the
covariates represent the end distribution of covariates in the
experimental group (national health insurance) and the control group (medical benefits). To investigate the distribution
of the general characteristics of the study subjects, which
were those with national health insurance and medical aid,
the frequency and percentage were indicated by descriptive

statistics. The chi-square and t-test were used to determine
whether there was a statistically significant difference between patient characteristics and medical institution characteristics. Next, the PSM was used to effectively control the
factors that could affect the inpatient period other than the
type of health care.
Regression analysis was conducted to reveal the factors
affecting the inpatient period after matching the characteristics of patients with national health insurance and medical
aid by using the PSM. Data collected in this study were analyzed by STATA 12.0, and the significance level was set at
5% (p<0.05).

Results
General characteristics
Among the patient characteristics, age, Charlson severity
level, treatment outcome, and post-discharge status showed

Table 1. General characteristics before matching
Characteristic

(N=4,538)

National health insurance (n=4,242)

Medical aid (n=296)

χ2/t (p)

2,036 (48.0)
2,206 (52.0)
59.17 (14.19)

127 (42.9)
169 (57.1)
63.03 (14.81)

2.870 (0.090)

3,163 (74.6)
1,079 (25.4)

210 (71.0)
86 (29.1)

1.900 (0.168)

2,287 (53.9)
1,224 (28.9)
393 (9.3)
338 (8.0)

128 (43.2)
99 (33.5)
31 (10.5)
38 (12.8)

16.270 (0.001)

3,637 (85.7)
605 (14.3)

262 (88.5)
34 (11.5)

1.760 (0.184)

3,343 (78.8)
899 (21.2)

214 (72.3)
82 (27.7)

6.920 (0.009)

2,895 (68.0)
727 (17.1)
620 (14.6)

160 (54.1)
75 (25.3)
61 (20.6)

25.430 (<0.001)

863 (20.3)
1,490 (35.1)
1,889 (44.5)
32.55 (44.37)

52 (17.6)
104 (35.1)
140 (47.3)
42.65 (53.21)

1.530 (0.465)

Sex
Male
Female
Age (y)
Residence
Consistency
Inconsistency
Charlson Index
CCI 0
CCI 1
CCI 2
CCI 3+
Hospital admission
Emergency
Outpatient
Treatment outcome
Improved
Not improved
Post-discharge
Home
Transfer
Decease
Hospital area
Capital city
Metropolitan-city
Provincial area
Inpatient period
Values are presented as n (%) or mean (SD).
CCI: Charlson Comorbidity Index.

−4.360 (<0.001)

−3.190 (0.002)
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significant differences. Patients receiving medical aid were
older than the ones with national health insurance, and there
was higher proportion of patients with a severity level of 1 or
higher. In the treatment outcome, the not-improved, transferred, and deceased cases after discharge were higher, but
there was no statistically significant difference in the loca-

tion of the medical facilities. The inpatient period for the patients receiving medical aid was 42.65 days, which was significantly longer than that of the patients with national
health insurance (32.55 days) (Table 1).

Figure 1. Comparison of propensity score distribution. X-axis: propensity score, y-axis: density.

Table 2. General characteristics after matching
Characteristic

(N=592)

National health insurance (n=296)

Medical Aid (n=296)

χ2/t (p)

127 (42.9)
169 (57.1)
63.58 (13.10)

127 (42.9)
169 (57.1)
63.03 (14.80)

1.000 (1.000)

211 (71.3)
85 (28.7)

210 (71.0)
86 (29.1)

0.010 (0.928)

133 (44.9)
100 (33.8)
34 (11.5)
29 (9.8)

128 (43.2)
99 (33.5)
31 (10.5)
38 (12.8)

1.450 (0.694)

274 (92.6)
22 (7.4)

262 (88.5)
34 (11.5)

2.840 (0.092)

211 (71.3)
85 (28.7)

214 (72.3)
82 (27.7)

0.080 (0.784)

157 (53.0)
76 (25.7)
63 (21.3)

160 (54.1)
75 (25.3)
61 (20.6)

0.070 (0.967)

46 (15.5)
110 (37.2)
140 (47.3)
30.27 (38.75)

52 (17.6)
104 (35.1)
140 (47.3)
42.65 (53.21)

0.540 (0.765)

Sex
Male
Female
Age (y)
Residence
Consistency
Inconsistency
Charlson Index
CCI 0
CCI 1
CCI 2
CCI 3+
Hospital admission
Emergency
Outpatient
Treatment outcome
Improved
Not improved
Post-discharge
Home
Transfer
Decease
Hospital area
Capital city
Metropolitan-city
Provincial area
Inpatient period
Values are presented as n (%) or mean (SD).
CCI: Charlson Comorbidity Index.

0.470 (0.637)

−3.240 (0.006)
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cal aid was 42.65 days, which was significantly longer than
30.27 days of the patients with national health insurance.

Propensity score matching of medical aid patients and
national health insurance patients

Factors affecting the inpatient period for hemorrhagic
stroke patients

Figure 1 shows the analysis of pre-post matching scores
of patients with medical aid patients and those with national
health insurance. The score distribution showed to be similar after matching. It was confirmed that the variables of the
two groups were similarly matched.

Table 3 shows the results of regression analysis on the inpatient period before and after PSM as dependent variables.
The variables that were statistically significant both before
and after PSM were age, health insurance, severity level,
hospital admission process, and treatment outcome. However,
post-discharge status and place of location were not significant after PSM.
Factors affecting the inpatient period were older age, admission to outpatient clinics, no improvement in treatment
outcome, and the decease state, which shortened the in-

Characteristic analysis after PSM matching
Table 2 shows 100% matching of 296 patients with medical aid as a result of 1:1 matching by the PSM. The variables
that showed significant differences before matching showed
no statistically significant difference after matching. After
PSM, the duration of hospitalization for patients with medi-

Table 3. Regression analysis on the factors affecting inpatient period
Pre-PSM
Characterstic
Sex
Male
Female
Age (y)
Health care
National health insurance
Medical aid
Residence
Consistency
Inconsistency
Charlson Index
CCI 0
CCI 1
CCI 2
CCI 3+
Hospital admission
Emergency
Outpatient
Treatment outcome
Improved
Not improved
Post-discharge
Home
Transfer
Decease
Hospital area
Capital city
Metropolitan-city
Provincial area
PSM: propensity score matching.

β
1.000
0.047
−0.003
1.000
0.220
1.000
−0.056

Post-PSM
t (p)

1.850 (0.065)
−3.270 (0.001)

4.310 (<0.001)

−1.870 (0.061)

β
1.000
0.010
−0.007
1.000
0.264
1.000
−0.168

t (p)

0.120 (0.902)
−2.440 (0.015)

3.510 (<0.001)

−1.900 (0.058)

1.000
0.127
0.432
0.716

4.350 (<0.001)
9.660 (<0.001)
15.190 (<0.001)

1.000
0.214
0.350
0.642

1.000
−0.483

−13.130 (<0.001)

1.000
−0.359

−2.710 (0.007)

1.000
−0.967

−19.070 (<0.001)

1.000
−0.727

−5.250 (<0.001)

1.000
0.228
0.064

6.260 (<0.001)
1.080 (0.280)

1.000
0.144
0.033

1.490 (0.137)
0.200 (0.838)

1.000
−0.122
−0.148

−3.420 (0.001)
−4.320 (<0.001)

1.000
−0.062
−0.177

−0.530 (0.595)
−1.600 (0.111)

2.450 (0.014)
2.760 (0.006)
5.050 (<0.001)
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patient period. Inpatient period was found to be longer in the
patients with medical aid and higher severity level.

Discussion
The purpose of this study was to compare the inpatient periods of hemorrhagic stroke suvivors with national health insurance and medical aid by using the PSM analysis. In this
study, we proposed a methodology to calculate medical
costs and assess hospital performance [19]. Furthermore, the
resource utilization measurement variable that indirectly diagnoses medical service outcome and qualitative variation is
the index that should be managed because of the importance
for hospital administration and medical policy with high
forecasting power.
The results of this study showed that post-stroke survivors
with medical aid were older, more severe, had less improvement, and were more likely to be transferred, depleted, or deceased than the persons with national health insurance. The
inpatient period of patients with medical aid was significantly longer than that of those with national health insurance, and the difference between the two groups after the
PSM was increased by 2.28 days.
The length of stay in hospital of hemorrhagic stroke survivors in this research is longer than survivors in the Netherlands, which is 25.8 days [15], 6-8 days in the USA [20], and
10.6 days in Germany [21]. As such, the variations in the
length of hospital of each country is different depending on
the time of the stroke attack, the medical system, method of
payment to medical insurance and effects of medical service
payments system on subjects. The study that matched the
type of health care by PSM reported similar results to this
study in which the patients with medical aid used medical
services more often than the ones with national health insurance.
Patients with medical aid have a relatively higher incidence of improper hospital stay and re-admissions compared to the ones with national health insurance. Patients
with national health insurance had longer re-admission periods and higher total medical expenses, but their daily medical costs were lower [20,22]. The incidence of stroke is
higher in males than in females, but the life expectancy of females is higher, resulting in a higher rate of post-stroke complications, and comorbidities, such as hypertension and cardiovascular diseases increases the difficulties in the management and treatment process of stroke [23]. The type of
health care is a factor affecting the length of hospital stay for
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hemorrhagic stroke survivors. Systematic and comprehensive governmental management for the transfer of patients
with medical aid to long-term care facilities under the
National Health Insurance System and the Long-term Care
Insurance System for the Elderly can reduce unnecessary
hospitalization and re-admissions to acute care medical institutions.
The limitation of this study was that it did not fully include
various factors affecting the inpatient period, especially limiting the supplier factors only to hospitals. A comprehensive
comparative study that reflects the patient’s personal characteristics, family support, and other alternative services in the
community in future studies may provide a clearer picture of
the differences in the inpatient period. However, this study
differs from the existing papers in that it analyzed the differences of the inpatient period according to the type of health
care in hemorrhagic stroke survivors only, not the overall patient population. It is significant that the PSM is used to clarify the differences in inpatient periods by controlling the influence factors other than the type of health care. The results
of this study may be used to provide guidelines in the decision making process for efficient utilization of medical resources.
In conclusion, this study compared the inpatient periods
of hemorrhagic stroke survivors with national health insurance and medical aid benefits by using the PSM analysis.
After matching, the factors influencing the inpatient period
were found to be treatment outcome, severity of disease,
hospital admission process, and type of health care. The inpatient period was found to be longer in the patients receiving medical aid and with higher severity level of disease.
The findings of this study can be used in developing a systematic and efficient care system for patients who use longterm care facilities.
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