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<Abstract>

Objectives : This study analyzed the differences in length of stay(LoS), total hospital charges(THC),
and cost of rehabilitation(CoR) between two types of stroke patients, intracerebral hemorrhage(ICH) and
cerebral infarction(CI). Factors associated with these differences were also assessed. Methods : Data
were obtained from the 2011 National Inpatient Sample data of Health Insurance Review and
Assessment Service. We used propensity score matching to match the characteristics of the two types of
stroke patients, and conducted a regression analysis to analyze their associations. Results : The
differences between THC, LoS, and CoR by stroke and hospital types were shown. Each type of
hospital showed different results. Conclusions : A rapidly aging population will accelerate the number
of stroke patients requiring effective management. Studies evaluating healthcare utilization of stroke

patients will provide evidence for both healthcare resources allocation and healthcare policy decisions.

Key Words : Propensity Score Matching, Stroke, Total Hospital Charges, Length of Stay, Cost of
Rehabilitation

* 2011 National Inpatient Sample data of Health Insurance Review and Assessment Service
(HIRA-NIS-2011-0065) was used, and the result of the study is not related to Health Insurance Review and
Assessment Service or Ministry of Health and Welfare.

T Corresponding author : Kwang-Soo(planters@yonsei.ac.kr) Department of Health Administration, Yonsei

University College of Health Sciences
* Received : Feb 1, 2017 * Revised : Mar 15, 2017 « Accepted : Mar 20, 2017



The Korean Journal of Health Service Management Vol.11 No.1 (March 2017)

I. A&

HEFS A AAHCE 71 T3 A9l
olm LU M=E 20159 HEHAso g 23
Abel 3915 ARA|SITHL. HERARS I
sl Al7ehA 2 Q1A AollE 2T s
o] Eo} 3| Ho] ojf1 A& HAHo] 7|5t 2
7Fs/dol At wetA ARloA AHE Yodle
A 283 ddold]. 3 HEFS oguE

ZI AR A TS THSATIE, 2AE
&* & A& Mg Ze=
A AAH R HEFH
o 9 XNF3E Y3 gAA
%%19} Eﬂ%oi, HET #A9] o5AdY E&F
Fo|g A7t Edke] P gl
T;}[6][7][8][9][10][1 I
53] =je] d+E Sl
A HEd FPEE X5,
o]-go] EUﬂ Aol7t ke HE ¢ Atk ol
ute} T B 95ol&E HEEH HA
Aog -filo}@ AT ool AANHUT
oA HAM o] HEd FRiEY B &
e Bol1[3], 53] 2gH ZH s HEES
A7 H7AA Satel s o
o2 HuHoH[d], AMUdLsF =
g A7 HAA A wlE
ZHe Aoz 39y ‘}ifi}
=9 AllME HlaF ¥
olgol et A7t %}%73‘} s
#AE goes 3 5ol #d dATe A=
A APE AFEol Hskq A
FAQ = d7ES AMEY, HEF A4S
Agn] 2489l 9 oRol gl oisf Uop
AF6][71[8][9], 20005H 20108744 HEF
Se] YA FFS Lot A75], HIEFA
ATH10], AFEFAATI] SOl Ak

B AEo]

(o
11 40

2

rlo

ﬂ

o

=

n

F

>
i
jus)
=
—E
)

as2 UA A 42 AR dEl
ool et WA 5 g NEHFL Fol: 7
o WFHIAAY 0|8 AFIHA 2 Y= AT

FEoI. ol o] & & e WHESR
4% 4 (Propensity Score Matching, PSM)©]
ANEL glon, ATt dzde o =
< A4 d3A= WAt HolBHE AF Y
A FARA AL dEHe RS Te 7 A
t12]. el 71E d+E °ﬂ e 322 29
Kl

N
Q_{i

I B4 YL BAHA g o)l 1
8 Q) RRoldlT. B3 ¥EF IAse F
A1 ZHAsE 54 ol s BodlAE 9

BS 9g AN B} ARol4Y HRES X
Slo T BFsta o]gf g T 3k BAS 3 o
= §lof o]} %ﬂr%?& d7+= 2

B ATE AZRFAAE A 20119 QLE
A EEARS olgstith A7 ddE ICD10



(International Statistical Classification of Diseases
and Related Health Problems 10th Revision) ‘38
AES o] &dte] Hostgl,
162, 283 =AML [63] Gl AoZ A9
Stith AL, AEH], oltaRE, AUA R
A 2SI REIAHEIARY)E

Before
Matching

After
Matching

Analysis of Total Hospital Charges, Length of Stay, and Cost of Rehabilitation by Hospital and Stroke Type

HEde 160, 161,

A F

s

A7e| &

18,67671-& Al
46457, %
dolElE #HF B4 o] &3l 957
2 HEE AR &4 el A, %
ot Tl Aol7t Ue

£ <Figure 1>3 2o

AE &)

» Missing data

Study Subject Selection

+ Limited to Stroke patients (C, ICH)
+ Health Insurance Type: Veteran Insured were excluded
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Propensity Score Matching (PSM)

+ Selection: Selected covariates based on literature review (age, sex, Health Insurance Type, Admission type,
Surgical Procedure, Elixhauser Comaorbidity Index(ECI))

» Estimation: Estimated propensity score using logistic regression

+» Conditioning: Matched with 1:1 nearest neighbor (Replacement was permitted)

» Model checks: Checked distribution of covariates using histogram & t-test, x?

|

b

Tertiary Hospital

General Hospital

Hospital

a
1490

» Dependent Variable: LoS, THC, CoR

Regression by Types of Hospital

» Independent Variable: Age, Health Insurance Type, Admission Type, Surgical Procedure, ECI, Type of Stroke

<Figure 1> Study Design
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<Table 1> Differences Before and After PSM in Tertiary Hospital
Before matching After matching
Variables Cl ICH ihe p- cl ICH the p—
(n= 2 ,991) (n=1,654) value (n—952) (n=1,654) value
<50 16(10.6)  457(27.6) 79(18.8) 457(27.6)
Age 50-59 476(15 9)  419(25.3) 216(22 7) 419(25.3)
(years)  60-69 805(26.9)  326(19.7) 35771 0.00 224(23.5) 326(19.2) 3695 0.00
>70(Ref.) 1394(46.6) 452(27 3) 333(35.0) 452(27.3)
Insurance Health Insurance(Ref.)  2781(93.0)  1548(93.6) 898(94.3) 54(5.7)
type Medical Aid 210(7.0) 106(6.4) 063 043 1548(93.6) 106(6.4) 6.57 0.5
Female(Ref.) 1276(42.7)  813(49.2) 439(46.1) 813(49.2)
Sex Male 1715(57.3)  841(50.8) 18.14 - 0.00 513(53 9) 841(50.8) 2.4 0.14
Admission Outpatient(Ref.) 692(23.1)  394(23.8) 41(25.3) 394(74.7)
type Emergency 2299(76 9) 1260(76.2) 028 0.0 71 1(74.7) 1260(76.2) 673 0.39
Surgical  No(Ref.) 2601(87.0)  876(53.0) 692(72.7) 876(53.0)
procedure Yes 390(13.0)  778(47.0) 654.04  0.00 260(27.3) 778(47.0) .11 000
ECI 2.4(1.8) 222(1.9) -297 0.00 2.26(1.8) 2.22(1.9) -0.44 0.66
3,388,122.3 6,818,566.0 4,029,251.0 6,818,566.0
THe (3,238,697.7) (6602244.0) 19.85 0.0 (3,808,691.6) (6,602,244.1) 13.68 0.00
LoS 11.7(10.2)  17.1(13.7) 14.06  0.00 12.0(10.2) 17.1(13.7) 10.82 0.00
124,791.1  180,255.8 110,259.6 180,255.8
CoR (385,001.0) (484,663.9) 219 0.00 (373,725.7)  (484,663.9) 412 0.00
*P<0.05 **P<0.01, Abbreviations: Cl. Cerebral Infarction, CoR: Cost of Rehabilitation, ECI: Elixhauser

Comorbidity Index, ICH: Intracerebral Hemorrhage, LOS: Length of stay, THC: Total Healthcare charge
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<Figure 2> Distribution of Propensity Scores Before and After Matching by Types of Hospital
Treated: ICH, Control: Cl
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<Table 2> Differences Before and After PSM in General Hospital

Before matching After matching
Variables cl ICH ihe p- cl ICH ihe p-
(n=5,248) (n=2,344) value  (n=1,490) (n=2,344) valug
< 50 393(7.5) 491(21 .0) 277(15.2) 491(20.9)
Age 50-59 737(14.0) 31(26.9) 57531 0.00 339(22.8) 631(26.9) 40,00 0.00
(vears)  60-69 1249(23.8) 448( A ' 312(20.9)  448(19.1) '
>70(Ref.) 2869(54.7) 774(33.0) 612(41.1) 774(33.3)
Insurance Health Insurance(Ref.)  4530(86.3)  2073(88.4) 643 0.01 1318(88.5)  2073(88.4) 0.00 1.00
type Medical Aid 718(13.7)  271(116) ' 172(11.5)  271(11.6) '
Female(Ref.) 2388(45.5) 039(44.3) 657(44.1)  1639(44.3)
Se 091 034 0.02 0.89
X . . .
Male 2860(54.5) 1305(55 7) 833(55.9)  1305(55.7)
Admission Outpatient(Ref.) 3023(57.6) 903(38 5) 296,20 0.00 645(43.3)  903(38.5) 859 0.04
type Emergency 2225(42.4) 441(61.5) ' ' 845(56.7)  1441(61.5) ’
Surgical  No(Ref.) 4787(91.2) 1522(64 9) 79708 0.00 1192(80.0)  1552(64.9) 100.02 0.00
procedure Yes 461(8.8) 822(35.1) ’ ’ 298(20.0) 822(35.1) ’
ECI 2.7(1.8) 2.86(1.9) -3.90 0.00 2.84(1.8)  2.86(1.91) 0.40 0.69
2,781,877.9 5,108,840.5 3,409,956.4 5,108,840.5
THC (2,570,007.8) (5,112,405.1) 2089 0.00 (3,318,326.5) (5,112,405.1) f2.48 0.00
LoS 15.1(12.7)  20.36(15.7) -14.40 0.00 15.75(13.1) 20.36(15.7) 9.79 0.00
CoR 106,486.6 194,884.6 763 0.00 126,979.1 194,884.6 448 0.00

(371,709.3)  (502,833.9) (425,790.8)  (502,833.9)

*P<0.05 **P<0.01, Abbreviations: Cl: Cerebral Infarction, CoR: Cost of Rehabilitation, ECI: Elixhauser
Comorbidity Index, ICH: Intracerebral Hemorrhage, LOS: Length of stay, THC: Total Healthcare charge
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<Table 3> Differences Before and After PSM in Hospital

Before matching After matching
Variables al ICH e p- al ICH e p-
(n=4,457) (n=1,982) value (n=1,313) (n=1,982) value
<50 378(8.5) 466(23.5) 228(17.4)  466(23.5)
Age 50-59 734(16.5) 602(30.4) 64790 000 365(27.8)  602(30.4) 845 0.00
(vears)  60-69 977(21.9) 457(23.1) ’ ’ 319(24.3) 457(23.1) '
>70(Ref ) 2368(36.8) 457(23.1) 401(30.5)  457(23.1)
Insurance Health Insurance(Ref.)  3287(73.8)  1559(78.7) 77 000 1040(79.2) 599(78.7) 014 073
type Medical Aid 1170(26.3)  423(21.3) ' 273(20.8)  423(21.3) '
Female(Ref.) 2297(51.5) 955(14.8) 628(47.8) 955(48 2)
S 6.17 0.01 0.04 0.86
eX . . . .
Male 2160(48.5)  1027(51.8) 685(52 2 1027(51.8)
Admission Outpatient(Ref ) 3997(89.7)  1767(89.2) od 05 7(8 6) 7(89 2) 020 0.69
type Emergency 460(10.3) 215(1.9) ' 36(10.4) 15(10.8) '
Surgical  No(Ref.) 4346(97.5)  1859(93.8) 5408 000 1263(96 2)  1859(93.8) 013 0.00
procedure Yeg 111(2.5) 123(6.21) ’ ’ 50(3.8) 123(6.2) '
ECI 2.8(1.7)  2.93(1.64) -2.87 0.00 2.84(1.6) 2.93(1.6) 150 0.13
18445422 24137794 1,987,296.5 2,413,779.4
THC (1,275,747.1) (1,688,269.2) 1341 0.00 (1305832.6) (1,688,269.3) 8.15 000
LoS 20.1(12.3)  22.9(11.0) -9.06 0.00 20.79(11.5)  22.9(11.0) 520  0.00
CoR 163,395.47  307.426.63 .0 o) 1640574 30742668 ... o

(476,017.6)  (612,258.2) (455,190.9)  (612,258.3)

*P<0.05 **P<0.01, Abbreviations: Cl: Cerebral Infarction, CoR: Cost of Rehabilitation, ECI: Elixhauser
Comorbidity Index, ICH: Intracerebral Hemorrhage, LOS: Length of stay, THC: Total Healthcare charge
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<Table 4> Regression Analysis of Total Healthcare Charge with Matched Data by Hospital Type and Stroke

Type
THC
Cl
Variables Tertiary General ) Tertiary General .
Hospital Hospital Hospital Hospital Hospital Hospital
B B § B B
A < 50 -0.02 0.06+** 0.05 -0.04 0.02 -0.02
(S;,>m) 50-59 -0.02 0.06 -0.02 -0.01 0.02 ~0.05
- 60-69 0.04 0.06+** -0.02 -0.03 -0.02 0.01
Insurance type Medical Aid 0.04 -0.00 0.02 -0.01 -0.022 -0.00
(Ref:Health Insurance)
Sex
(Ref-Female) Male 0.02 0.03 0.10 0.02 0.02 0.12
Admission Type B . 0 (7ex . . B
(Ref:Outpatient) Emergency 0.00 0.06 0.07 0.08 0.11 0.03
Surgical Procedure Yes -0.05+ -0.03 0.05+ 0.14%% 0.15%% 0.07x
(Ref:No)
ECI 0.31%x 0.29** 0.21%x 0.29%* 0.29*x 0.26%*
Adj.R2 0.10 0.08 0.06 0.13 0.13 0.08
F(P-value) 23.62 27.87 15.53 18.85 28.53 51.00
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
*P<0.05 **P<0.01, Abbreviations: Cl: Cerebral Infarction, CoR: Cost of Rehabilitation, Elixhauser

Comorbidity Index, ICH: Intracerebral Hemorrhage, LOS: Length of stay, THC: Total Healthcare charge
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<Table 5> Regression Analysis of Length of Stay with Matched Data by Hospital Type and Stroke Type

LOS
ICH Cl
Variables Tertiary General . Tertiary General .
Hospital Hospital Hospital Hospital Hospital Hospital
B B B B B B
A < 50 -0.01 0.02 0.14%x* 0.03 0.03 0.03
(F?;">70) 50-59 0.02 0.03 0.11%% -0.01 0.00 0.05%*
- 60-69 0.04 0.05+* 0.08*x* 0.01 0.02 0.07++
Insurance type Medical Aid 0.00 0.05% 0.05%+ 0.03 0.05+ 0.06%*
(Ref:Health Insurance)
Sex
(Ref:Female) Male 0.01 0.01 0.04 0.07+ 0.01 0.01
Admission Type N _ _
(Ref:Outpatient) Emergency 0.09%* 0.00 0.05* 0.07~* 0.06+* 0.10%*
Surgical Procedure Yes 0.23%+ 0.10%% 0.01 0.23% 0.18%% 0.03%+
(Ref:No)
ECI 0.26%* 0.34+x 0.24+x 0.33#x 0.35%* 0.24xx
Adj.R? 0.15 0.13 0.07 0.21 0.18 0.08
F(P-value) 37.06 45.53 20.49 31.97 40.87 47.48
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)

*P<0.05 **P<0.01, Abbreviations: Cl: Cerebral Infarction, CoR: Cost of Rehabilitation, ECI: Elixhauser
Comorbidity Index, ICH: Intracerebral Hemorrhage, LOS: Length of stay, THC: Total Healthcare charge

<Table 6> Regression Analysis of Cost of Rehabilitation with Matched Data by Hospital Type and Stroke Type

COR
ICH cl
Variables Tertiary General . Tertiary General :
Hospital Hospital Hospital Hospital Hospital Hospital
B B B B8 B B
. < 50 0.02 0.06%% 0.14%% 0.00 0.06% 0.02
ge |— | * * % * %
(Ret=70) 50-59 0.03 0.04 0.10 0.01 0.01 0.04
60-69 0.04 0.04% 0.06%+ -0.02 -0.00 0.09%
Insurance type Medical Aid 0.02 -0.02 —0.12%+ 0.01 -0.03 ~0.09%
(Ref:Health Insurance)
Sex Male 003 005+ -0.06% 003 0.02 0.01
(Ref:Female)
Admission Type B
(Ret-Outpationt) Emergency 0.09%% 0.11%% 0.01 0.13%% 0,12+ 0.02
Surgical Procedure Yes 0.60%+ 0,54+ 0.24%%  060%x  0.4dwx 0.09%*
(Ref:No)
EC 0.19%% 0.27%% 0.26%% 0.20%%  0.29%x 0.29%%
Adi.Re 0.44 0.40 0.14 0.78 0.34 0.11
F(Pvalue) 164.02 199.59 40.79 108.52 96.98 69.64
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)

*P<0.05 **P<0.01, Abbreviations: Cl: Cerebral Infarction, CoR: Cost of Rehabilitation, ECI: Elixhauser
Comorbidity Index, ICH: Intracerebral Hemorrhage, LOS: Length of stay, THC: Total Healthcare charge
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