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Table 1. Multiple linear regression model for the stroke severity index

Features Coefficient P-value
Intercept 5.06956 <.0001
Airway suctioning 5.14802 <.0001
Bacterial sensitivity test 0.81021 <.0001
Nasogastric Intubation 3.31327 <.0001
General ward stay -2.53088 <.0001
ICU stay 0.87582 <.0001
Urinary catheterization 3.84626 <.0001

R-square=0.3321, Adjusted R-square=0.3320
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Table 2. Independent and dependent variables of study

Type of

variable Level

Contents

sociodemographic

Health related

Individual
level

Medical care
utiliztion

Independent
variables

General
Regional
level

Stroke care
resource

Care process
Dependent
variables

Health outcomes

characteristics

Sex

Age

Household income
Charlson comorbidity index
Stroke severity index

Interhospital transfer

High—volume hospital visit
Intravenous thrombolysis

Endovascular thrombectomy

Stroke unit care

Population density

Islands and mountainous area
proportion

Medical aid beneficiaries
proportion

Presence of high—volume
hospital

Intravenous thrombolysis
Endovascular thrombectomy

Stroke unit care

Interhospital transfer
High—volume hospital visit

30—day death
1— year death
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Individual characteristics
. Age

Sex

*  Household income

Charlson Comorbidity Index
(CCn

»  Stroke severity index (SSI)

F

|

.

Regional characteristics

+ Population density

+ Island and mountainous area
proportion

* Medical aid beneficiary
proportion

+ Stroke care resources (presence
of high-volume hospital)

/

«  Null model

-

Multilevel analysis

*  Model 1: Null model + Individual characteristics

* Model 2: Model 1 + Regional general characteristics
*  Model 3: Model 4+ Presence of high-volume hospital
in hospital service area

Model : Model 4+ Medical care use

~

7

Stroke care processes

« IVT
« EVT
+ Stroke Unit care

/

Health outcomes
30 days case fatality
* 1year case fatality

Figure 2. Framework of multilevel analysis
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Table 3. General characteristics of study subjects

N % Mean S.D.
Sex
Men 53094 58.33
Women 37937 41.67
Age
19-44 3868 4.25
45-64 29028 31.89
65 and more 58135 63.86
Household income
Medical aid beneficiary 7058 7.75
Ist 16286 17.89
2nd 10818 11.88
3rd 13419 14.74
4th 17339 19.05
Sth 26111 28.68
Charlson Comorbidity Index 1.85 2.00
Stroke Severity Index 4.98 3.30
Year
2018 44310 48.68
2019 46721 51.32
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Table 4. Stroke care process and health outcomes

M

o)
DA

.

N %

IVT

Yes 82949 8.88

No 8082 91.12
EVT

Yes 6334 6.96

No 84697 93.04
Stroke Unit care

Yes 68562 75.32

No 22469 24.68
High volume hospital visit

Yes 67913 74.6

No 23118 25.4
Interhospital transfer

Yes 13345 14.66

No 77686 85.34
Case fatality-30 days

Yes 4770 5.24

No 86261 94.76
Case fatality-1 year

Yes 13792 15.15

No 77239 84.85
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Table 5. Stroke care process and health outcomes upon demographic characteristics

EVT

Stroke unit care

High volume
hospital visit

Interhospital
transfer

Case fatality-30
days

Case fatality-1
year

IvT
Sex
Men 9.64 [9.38-9.91]
Women 7.82[7.53-8.10]
Age
19-44 10.63 [9.60- 11.65]
45-64 9.73 [9.37-10.08]

65 and more 8.06 [7.83- 8.29]

Household income

ﬁi‘litfl:: :rl;i 7.08 [6.46-7.71]
Ist 9.29 [8.82-9.76]
2nd 9.20 [8.63-9.77]
3rd 8.85 [8.34-9.35]
4th 9.22 [8.76- 9.67]
5th 8.77 [8.41-9.13]

6.91[6.69-7.14]

7.02[6.76-7.29]

6.85 [6.03-7.68]
6.40[6.11-6.70]

7.24[7.02-7.46]

5.37[4.83-5.91]
6.96 [6.56-7.37]
6.84 [6.35-7.33]
6.89 [6.44-7.33]
7.22[6.82-7.62]

7.30[6.97-7.62]

25.69 [25.26- 26.12]

23.27 [22.78- 23.76]

30.04 [28.31-31.77]
26.38 [25.79-26.97]

23.48 [23.08-23.87]

17.07 [16.11- 18.04]
23.78 [23.03- 24.53]
25.25[24.31-26.20]
24.68 [23.84-25.52]
25.57 [24.82-26.33]

26.30 [25.67-26.92]

75.52 [74.78-76.25]

73.33[72.47-74.19]

81.02[78.19- 83.86]
77.12[76.10-78.13]

82.14 [81.54-82.74]

64.27 [62.40- 66.14]
73.57 [72.25-74.88]
73.95 [72.33-75.57]
75.25 [73.78-76.72]
75.69 [74.40- 76.99]

77.26 [76.20- 78.33]

14.81 [14.48- 15.14]

14.45 [14.07- 14.83]

15.02 [13.80- 16.24]
14.51 [14.07- 14.95]

14.71 [14.40- 15.02]

10.65 [9.89- 11.42]
14.77 [14.18- 15.36]
14.52 [13.80- 15.24]
14.47 [13.83-15.12]
14.85 [14.28- 15.42]

15.70 [15.22- 16.18]

4.43 [4.25-4.61]

6.37[6.12- 6.63]

1.68 [1.27-2.09]
2.67 [2.48-2.86]

6.79 [6.58-7.01]

7.61[6.96-8.25]
5.33[4.98-5.68]
5.01[4.59-5.43]
4.43 [4.34-4.57)
4.84[4.52-5.17]

5.32[5.04- 5.60]

13.66 [13.34- 13.97]

17.24 [16.82- 17.66]

3.59 [3.00-4.19]
6.27 [5.99- 6.56]

20.35[19.99-20.72]

23.26 [22.14- 24.39]
14.66 [14.07- 15.25]
13.58 [12.88- 14.27]
13.27 [12.66- 13.89]
13.60 [13.05- 14.15]

15.91 [15.43-16.39]

Values are presented as percent [C.L]
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Table 6. Average CCI and SSI for stroke care process and health outcomes

Stroke unit High volume Interhospital Case fatality-  Case fatality-1

IVT EVT care hospital visit transfer 30 days year

Charlson Yes  1.639(1.808)  1.854(1.997)  1.671(1.888)  1.851(2.025)  2.014(2.202)  2.852(2.786)  2.851 (2.732)
Comorbidity Index N, 1866(2.016)  1.845(1.999)  1.902(2.031)  1.828(1.921)  1.816(1.961)  1.790 (1.931)  1.666(1.779)
Stroke Severity Yes  6.142(3.666)  7.821(3.920)  4.280 (2.686)  4.893 (3.266)  5.654(3.746)  9.661 (3.981)  8.133 (4.266)
Index No  4.865(3.237)  4.5766(3.145) 5207 (3.444)  5229(3.377)  4.862(3.200)  4.720 (3.053)  4.415(2.734)

Values are presented as mean (S.E.)
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Table 7. Stroke care process and 30-day and 1-year case fatality

Case fatality-30 days

Case fatality-1 year

No Yes P-value No Yes P-value
IVT
No 78686 (94.83) 4273 (5.15) <0.0001 70261 (84.70) 12688 (15.30) <0.0001
Yes 7585 (93.85) 497 (6.15) 6978 (86.34) 1104 (13.66)
EVT
No 80617 (95.18) 4080 (4.82) <0.0001 72415 (85.50) 12272 (14.50) <0.0001
Yes 5644 (89.11) 690 (10.89) 4824 (76.16) 1510 (23.84)
Stroke unit care
No 64291 (93.77) 4271 (4.82) <0.0001 56770 (82.80) 11792 (17.20) <0.0001
Yes 21970 (89.11) 499 (2.22) 20469 (91.10) 2000 (8.90)
High volume
hospital visit
No 21817 (94.37) 1301 (5.63) 0.0022 19087 (82.56) 4031 (17.44) <0.0001
Yes 64444 (94.89) 3469 (5.11) 58152 (85.63) 9761 (14.37)
Interhospital transfer
No 73740 (94.92) 3946 (5.08) <0.0001 66369 (85.43)  11317(14.57) <0.0001
Yes 12521 (93.83) 824 (6.17) 10870 (81.45) 2475 (18.55)
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Table 8. Interhospital transfer, high volume hospital visit and case fatality

Medical care utilization

Case fatality-30 days

Case fatality-1 year

Interhospital transfer: No,

High volume hospital visit: No

Interhospital transfer: Yes,

High volume hospital visit: No

Interhospital transfer: No,

High volume hospital visit: Yes

Interhospital transfer: Yes,

High volume hospital visit: Yes

5.539%

6.357%

4.913%

6.132%

17.068%

20.472%

13.664%

18.102%
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Table 9. Characteristics of independent variables of regions

Quartile
Mean S.E. Median N %
range

Population density
38.95 58.65 6.08 58.20
(person/10°km?)

Medical aid beneficiary proportion
6.62 244 6.73 3.15
(%)

Islands and mountainous area
19.6 28 4.88 33.33
proportion (%)

Presence of high volume
37 14.80%
hospital
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Population density (unit: person/100°6 km"2)
SIG

[Jo.19-05
[Jo5-079
o73-13
EB1.3-231

B 2.31-608
B 6.08- 1576
W 15.76 - 43.49
W 43.49 - 77.49
W 77.49 - 142,15
I 142,15 - 260.98

Figure 3. Map of population density of 250 districts (Decile)

Medical aid beneficiary proportion (unit: %)
SIG

[J0.86 - 3.49
[J349-44
[D44-522
[s22-6.1
6.1-6.74
[ 6.74 - 7.31
M3 -77
Wl 7.7-839
W 829-977
W 9.7 - 1579

Figure 4. Map of medical aid beneficiary proportion of 250 districts (Decile)
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Figure 5. Map of islands and mountainous area proportion of 250 districts (Equal

interval)
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Table 10. Variation statistics of stroke care process and 30 days and 1 year case fatality

Variables Mean C.v. Median Min Max P90/P10

Case fatality -30 days 5.50% 0.3436 5.31% 0 13.64% 2.51

Case fatality -1 year 16.02% 0.2342 15.48% 2.13% 31.82% 1.76

Intravenous thrombolysis 8.68% 0.3106 8.85% 1.47% 15.83% 2.40

Endovascular

6.94% 0.3802 6.65% 0 13.66% 2.76

thrombectomy

Stroke unit care 22.42% 0.6452 20.95% 0 66.40% 9.42
High volume hospital visit 89.83% 0.1050 92.98% 52.76% 100% 1.27
Interhospital transfer 41.78% 0.2051 40.57% 25.43% 65.52% 1.70
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IVT rate (Unit: %)
sSIG

147 -5.21
1521 -6.48
Cls848-7.12
Em7.i2-8.
8.1 - 8.85
[ 8.85 - 9.37
B 537 - 9.87
Bl 5.87 - 10.76
Bl 1076 - 124
Wl 24-1583

Figure 6. Map of IVT rate of 250 districts (Decile)

EVT rate (unit: %)
sIG

[Jo-384
[J3.84-478
[CJ479-545
35.45-5.97
5.97 - 6.65
B 6.65-7.34
B 7.34 - 8.27
Bl 5.27 - 9.26
[l 9.26 - 10.51
Bl 1051 - 13.66

Figure 7. Map of EVT rate of 250 districts (Decile)
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SIG
[Jo-45
[J45-75
7.5-121
120 - 159
| 159 - 21
B 21 -253
B 25.3- 30.4
B 30.4-355
B 355 - 42,4
Bl 224 -66.4

Figure 8. Map of stroke unit care rate of 250 districts (Decile)

Interhospital transfer rate (Unit: %)
8IG
[1254-285
[]28.5-325
[a2s5-362
[ 36.2 - 20
[ 40 - 42.9
[ 42.9 - 25.2
B 45.2 - 50
B 50 - 55.9
B 559 -61.5
MlGi5-655

Figure 9. Map of interhospital rate of 250 districts (Decile)
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TCH admission rate (Unit: %)
sIG

[ s2.76 - 77.37
[77.37 -83.19
[183.19-8828
[0 88.28 - 90.91
B 90.91 - 92.98
I 0298 - 94.58
B 94.58 - 96.24
W 96.24 - 97.31
W 97.31-98.18
. 9516 - 100

Figure 10. Map of high-volume hospital visit rate of 250 districts (Decile)

S

Case fatality-30 days (Unit: %)
sIG

[Jo-3a.18
[]3.18-4.07
[ 4.07 - 4.43
[ 4.43 - 4.97
[ 4.97 - 5.31
B 531 -5.75
B 575-6.19
HlG19-69
G- 7.91
Bl 7.9 - 1364

Figure 11. Map of 30 days case fatality of 250 districts (Decile)
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Case fatality-1 Year (unit: %)

8IG

[J213-11.94
[ 11.84-13.08
[113.08 - 14.03
[ 14.03 - 14.95
[ 14.95 - 15.48
Bl 15.48 - 16.12
Bl 15.12 - 17.49
Bl 17.49 - 18.99
I 18.99 - 20.97
Ml 20.57 - 31.82

Figure 12. Map of 1 year case fatality of 250 districts (Decile)
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Table 11. Correlation coefficient of regional independent variables and regional care process rates and health outcome rates

CFR-30 CFR-1 IVTR EVTR SUCR PD MAP MABP HVHR IHTR
days years
CFR-30 days 1
CFR-1 years 0.69551 1
(<.0001)
IVTR 0.0570 0.0557 1
(.370) (0.381)
EVTR 0.0960 0.102 0.4934 1
(.130) (0.108) (<.0001)
SUCR -0.005 -0.005 0.2142 0.3410 1
(.935) (0.939) (0.001) (<.0001)
PD -0.1768 -0.1765 0.1459 -0.006 0.1069 1
(.005) (0.005) (0.021) (0.931) (0.092)
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MAP 0.1947 0.2907 0.008 0.1302 0.0684 -0.4504 1

(.002) (<.0001) (0.896) (0.040) (0.281) (<.0001)
MABP 0.1818 0.2563 0.0568 0.0412 0.0847 -0.2191 0.2597 1
(0.004) (<.0001) (0.371) (0.517) (0.182) (0.001) (<.0001)
HVHR -0.0932 -0.2070 -0.0107 0.0379 -0.063 0.082 -0.114 -0.099 1
(0.142) (0.001) (0.866) (0.5510) (0.324) (0.198) (0.071) (0.117)
IHTR 0.19402 0.28928 -0.09409 0.02769 -0.02788 -0.27073 0.2801 0.1741 -0.14678 1
(0.002) (<.0001) (0.138) (0.663) (0.661) (<.0001) (<.0001) (0.006) (0.020)

CFR-30 days, 30 days case fatality rate; CFR-1 year, 1 year case fatality rate; IVTR, IVT rate; EVTR, EVT rate; SUCR, Stroke unit care rate; PD,
population density; MAP, Islands and mountainous area proportion; MABP, Medical aid beneficiary rate; HVHR, High volume hospital visit rate;
IHTR, Interhospital transfer rate
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Table 12. Multilevel model of fixed effects for intravenous
thrombolysis
Model 1 Model 2 Model 3 Model 4
Individual variables

0.809 0.812 0.807 0.816

Sex (Ref. Men) [0.77-0.85] [0.773-0.852]  [0.768-0.847]  [0.777-0.857]
Age (Ref: 19-44)

45-64 0.936 0.937 0.936 0.959
[0.838-1.046]  [0.839-1.047]  [0.838-1.046]  [0.858-1.072]

65 and more 0.788 0.792 0.793 0.830
[0.707-0.88] [0.71-0.884] [0.711-0.885]  [0.744-0.927]

Household income (Ref: 5th)

Ath 1.021 1.025 1.019 1.037
[0.954-1.093]  [0.957-1.097]  [0.952-1.091] [0.968-1.11]

3rd 0.957 0.960 0.959 0.974
[0.888-1.032] [0.89-1.035] [0.890-1.034] [0.903-1.05]

ond 0.985 0.985 0.986 1.008
[0.909-1.067] [0.91-1.067] [0.91-1.068] [0.93-1.092]

Ist 1.011 1.014 1.010 1.039
[0.943-1.084] [0.946-1.087] [0.942-1.083] [0.969-1.114]

MAB 0.730 0.728 0.728 0.787
[0.659-0.809]  [0.657-0.807]  [0.657-0.807]  [0.709-0.872]

ccl 0.939 0.939 0.939 0.935
[0.927-0.951] [0.927-0.951]  [0.927-0.951]  [0.923-0.947]

SSI 1.114 1.114 1.114 1.114
[1.108-1.121]  [1.107-1.121]  [1.108-1.121] [1.107-1.12]

Regional variables

PD 1.000 1.000 1.000
[1-1.001] [0.999-1.001]  [0.999-1.001]

0.784 0.817 0.791
IMAP [0.646-0.95] [0.675-0.99] [0.651-0.96]

1.015 1.012
MABP [0.998-1.032] OV I-L034T 1 9951 0001

1.202 1.166
HVHR [1.06-1.364] [1.025-1.325]

Medical use variables

IHT (Ref: No)

HVH (Ref: No)

1.221
[1.147-1.299]
1.701
[1.597-1.813]

Values are presented as adjusted odds ratio [Confidence interval]

MAB, Medical aid beneficiary;
population density;

Severity Index; PD,

ccI,

Charlson Comorbidity Index;
Islands and mountainous area

IMAP,

SSI, Stroke

proportion; MABP, Medical aid beneficiary rate; HVHR, High volume hospital area;
IHT, Interhospital transfer; HVH, High-volume hospital;
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Table 13. Multilevel model of random effects for intravenous
thrombolysis

Null model Model 1 Model 2 Model 3 Model 4

ESTIMATE 0.05535 0.05924 0.05501 0.05385 0.05687
SE 0.009181 0.009605 0.009217 0.008961 0.009311

P-value <.0001 <.0001 <.0001 <.0001 <.0001
ICC (%) 1.655% 1.769% 1.646% 1.610% 1.699%
PCV (%) -7.028% 7.140% 2.109% -5.608%
2LL 54423.04 53073.2 53067.93 53059.12 52709.18
AIC 54427.04 53097.2 53097.93 53091.12 52745.18
BIC 54434.09 53139.5 53150.75 53147.46 52808.56
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Table 14. Multilevel model

thrombectomy

of fixed effects for endovascular

Model 1

Model 2

Model 3

Model 4

Individual variables

Sex (Ref: Men)

Age (Ref: 19-44)
45-64

65 and more

0.969
[0.917-1.024]

0.982
[0.855-1.128]
0.936
[0.817-1.072]

Household income (Ref: 5th)

4th
3rd
2nd
Ist
MAB
CCI
SSI

Regional variables

PD
IMAP
MABP

HVHR
Medical use variables

IHT (Ref: No)

HVH (Ref: No)

0.995
[0.92-1.075]
0.940
[0.862-1.024]
0.924
[0.842-1.014]
0.935
[0.863-1.013]
0.568
[0.504-0.64]
0.974
[0.961-0.987]
1.236
[1.228-1.244]

0.968
[0.916-1.023]

0.986
[0.859-1.133]
0.942
[0.822-1.079]

0.995
[0.921-1.076]
0.940
[0.863-1.025]
0.923
[0.841-1.013]
0.936
[0.864-1.014]
0.575
[0.51-0.647]
0.974
[0.96-0.987]
1.236
[1.228-1.244]

0.999
[0.998-1.000]
0.795
[0.617-1.024]
1.009
[0.986-1.033]

0.968
[0.916-1.023]

0.989
[0.86-1.136]
0.944
[0.824-1.082]

0.993
[0.919-1.074]
0.939
[0.861-1.023]
0.924
[0.842-1.014]
0.934
[0.862-1.012]
0.576
[0.511-0.648]
0.974
[0.96-0.987]
1.236
[1.228-1.244]

0.999
[0.998-1]
0.754
[0.595-0.957]
0.997
[0.976-1.019]
1.262
[1.066-1.494]

0.986
[0.933-1.042]

1.022
[0.889-1.175]
1.032
[0.9-1.183]

1.020
[0.943-1.103]
0.966
[0.885-1.053]
0.968
[0.882-1.063]
0.985
[0.908-1.068]
0.658
[0.584-0.742]
0.967
[0.954-0.98]
1.239
[1.231-1.247]

0.999
[0.998-1]
0.864
[0.681-1.097]
0.995
[0.973-1.018]
1.147
[0.979-1.343]

1.243
[1.16-1.332]
3.481
[3.188-3.801]

Values are presented as adjusted odds ratio [Confidence interval]

MAB, Medical aid beneficiary;

Severity Index; PD,

population density;

Charlson Comorbidity Index;
Islands and mountainous area

IMAP,

SSI, Stroke

proportion; MABP, Medical aid beneficiary rate; HVHR, High volume hospital area;
IHT, Interhospital transfer; HVH, High-volume hospital;
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Table 15. Multilevel model of random effects for endovascular

thrombectomy
Null model Model 1 Model 2 Model 3 Model 4
ESTIMATE 0.1045 0.1328 0.1032 0.1271 0.1014
SE 0.01408 0.01728 0.01461 0.01691 0.01441
P-value <.0001 <.0001 <.0001 <.0001 <.0001
ICC (%) 3.082% 3.884% 3.044% 3.720% 2.990%
PCV (%) -27.081% 22.289% -23.159% 20.220%
2LL 45642.65 41510.38 41474.83 41500.03 40467.38
AIC 45646.65 41534.38 41508.83 41532.03 40503.38
BIC 45653.7 41576.69 41568.69 41588.38 40566.76
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Table 16. Multilevel model of fixed effects for stroke unit care

Model 1 Model 2 Model 3 Model 4
Individual variables
Sex (Ref: Men) 0.926 0.926 0.927 0.929
’ [0.895-0.958] [0.895-0.958] [0.896-0.958] [0.897-0.962]
Age (Ref: 19-44)
45-64 0.847 0.840 0.847 0.895
[0.782-0.917] [0.783-0.918] [0.782-0.917] [0.825-0.972]
65 and more 0.835 0.837 0.835 0.936
[0.772-0.903] [0.774-0.905] [0.772-0.903] [0.863-1.014]
Household income (Ref: 5th)
4th 0.989 0.989 0.990 1.016
[0.943-1.036] [0.943-1.037] [0.944-1.038] [0.967-1.067]
3rd 0.937 0.937 0.940 0.9760
[0.889-0.987] [0.889-0.987] [0.892-0.99] [0.925-1.03]
ond 0.928 0.928 0.925 0.981
[0.878-0.982] [0.878-0.982] [0.875-0.979] [0.926-1.04]
Ist 0.895 0.896 0.893 0.943
[0.852-0.94] [0.853-0.941] [0.85-0.938] [0.896-0.992]
MAB 0.647 0.647 0.646 0.773
[0.602-0.696] [0.602-0.695] [0.6-0.694] [0.717-0.834]
0.964 0.964 0.952
ccl 0.964
[0.956-0.972] [0.956-0.972] [0.956-0.972] [0.944-0.961]
0.902 0.902 0.899
SSI 0.902

Regional variables

PD

IMAP

MABP

HVHR

Medical use variables

IHT (Ref: No)

HVH (Ref: No)

[0.896-0.907]

[0.896-0.907]

1.003
[1.001-1.006]
1.059
[0.643-1.745]
0.900
[0.855-0.948]

[0.896-0.907]

1.003
[1.001-1.005]
1.028
[0.624-1.692]
0.894
[0.849-0.942]
1.229
[0.865-1.747]

[0.894-0.905]

1.003
[1.001-1.006]
0.932
[0.555-1.564]
0.884
[0.838-0.933]
1.097
0.761-1.581]

1.459
[1.393-1.529]
6.490
[6.132-6.868]

Values are presented as adjusted odds ratio [Confidence interval]

MAB,

Medical aid beneficiary;
Severity Index;

Charlson Comorbidity Index;
Islands and mountainous area

population density; IMAP,
proportion; MABP, Medical aid beneficiary rate; HVHR, High volume hospital area;
IHT, Interhospital transfer; HVH, High-volume hospital;
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Table 17. Multilevel model of random effects for stroke unit care

Null model Model 1 Model 2 Model 3 Model 4

ESTIMATE 1.0091 1.0198 0.8963 0.8897 0.9639
SE 0.09746 0.09845 0.08697 0.08629 0.09356

P-value <.0001 <.0001 <.0001 <.0001 <.0001
ICC (%) 23.491% 23.681% 21.428% 21.286% 22.659%
PCV (%) -1.060% 12.110% 0.736% -8.340%
2LL 91946.79 90065.89 90031.13 90029.87 84045.36
AIC 91950.79 90089.89 90061.13 90061.87 84081.36
BIC 91957.84 90132.2 90113.96 90118.21 84144.74
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Table 18. Multilevel model of fixed effects for 30-day case fatality

Model 1

Model 2

Model 3

Model 4

Individual variables
Sex (Ref: Men)
Age (Ref: 19-44)

1.224
[1.147-1.305]

1.223
[1.146-1.305]

1.223
[1.147-1.305]

1.211
[1.134-1.292]

45-64 1.559 1.548 1.548 1.548
[1.194-2.037] [1.185-2.022] [1.185-2.022] [1.184-2.024]
3.025 2.974 2.974 2.998
65 and more

[2.335-3.921]

Household income (Ref: 5th)

[2.295-3.853]

[2.295-3.854]

[2.311-3.888]

ath 1.019 1.018 1.019 1.018
[0.926-1.122] [0.924-1.12]  [0.926-1.122]  [0.924-1.121]

3 0.968 0.964 0.966 0.964
[0.869-1.079]  [0.866-1.074]  [0.867-1.076]  [0.865-1.074]

ond 1.133 1.131 1.132 1.129
[1.012-1.268]  [1.011-1.266]  [1.011-1.267]  [1.008-1.264]

st 1.131 1.127 1.128 1.119
[1.027-1.245]  [1.023-1.241]  [1.024-1.242]  [1.016-1.233]

MAB 1.084 1.087 1.087 1.068
[0.967-1.216]  [0.969-1.219]  [0.969-1.22]  [0.952-1.199]

ccl 1.176 1.176 1.176 1.173
[1.161-1.191]  [1.161-1.191]  [L.161-1.191]  [1.158-1.188]

- 1.351 1.351 1.351 1.342

Regional variables

[1.341-1.361]

[1.341-1.361]

[1.341-1.361]

[1.332-1.353]

PD 1.000 0.999 1.000
[0.999-1.000]  [0.999-1.000]  [0.999-1.000]
1.351 1.377 1.392
IMAP [1.091-1.673]  [1.113-1.705]  [1.122-1.726]
1.013 1.013 1.006
MABP [0.993-1.032]  [0.994-1.032]  [0.987-1.026]
HVHR 1.147 1.144

Medical use variables
IHT (Ref: No)

HVH (Ref: No)
IVT (Ref: No)

EVT (Ref: No)

[0.996-1.321]

[0.991-1.320]

0.888
[0.814-0.970]
1.098
[1.016-1.187]
0.859
[0.767-0.961]
1.144
[1.031-1.269]
0.511

SUC (Ref: No) [0.461-0.566]

Values are presented as adjusted odds ratio [Confidence interval]

MAB, Medical aid beneficiary; CCI, Charlson Comorbidity Index; SSI, Stroke
Severity Index; PD, population density; IMAP, Islands and mountainous area
proportion; MABP, Medical aid beneficiary rate; HVHR, High volume hospital area;
IHT, Interhospital transfer; HVH, High-volume hospital; 1IVT, Intravenous
thrombolysis; EVT, endovascular thrombectomy; SUC, Stroke Unit Care
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Table 19. Multilevel model of random effects for 30-day case fatality

Null model Model 1 Model 2 Model 3 Model 4
ESTIMATE 0.03216 0.06498 0.05342 0.05155 0.0547
SE 0.008276 0.01242 0.01112 0.0109 0.0115
P-value <.0001 <.0001 <.0001 <.0001 <.0001
ICC (%) 0.969% 1.939% 1.599% 1.543% 1.635%
PCV (%) -102.052% 17.790% 3.501% -6.111%
2LL 37385.7 29000.63 28983.27 28979.71 28774.37
AIC 37389.7 29024.63 29013.27 29011.71 28816.37
BIC 37396.75 29066.93 29066.1 29068.06 28890.32
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Table 20. Multilevel model of fixed effects for 1-year case fatality

Model 1

Model 2

Model 3

Model 4

Individual variables

Sex (Ref: Men) 1005

[0.964-1.049]

1.005
[0.964-1.049]

1.005
[0.963-1.048]

0.99
[0.949-1.033]

Age (Ref: 19-
44)
45-64 1.772 1.745 1.744 1.743
[1.468-2.139] [1.446-2.104] [1.446-2.104] [1.444-2.105]
65 and more 5.688 5.559 5.559 5.556
[4.737-6.83] [4.633-6.67] [4.633-6.671] [4.625-6.673]
Household income (Ref: 5th)
4th 0.951 0.952 0.951 0.950
[0.894-1.013] [0.894-1.013] [0.893-1.012] [0.893-1.012]
3rd 1.010 1.011 1.010 1.001
[0.943-1.082] [0.943-1.083] [0.942-1.081] [0.935-1.073]
ond 1.080 1.083 1.082 1.075
[1.003-1.163] [1.006-1.167] [1.005-1.166] [0.998-1.158]
Ist 1.103 1.103 1.102 1.089
[1.036-1.175] [1.036-1.175] [1.034-1.173] [1.022-1.16]
MAB 1.351 1.35 1.349 1.307
[1.253-1.455] [1.253-1.455] [1.252-1.454] [1.212-1.409]
ccl 1.242 1.242 1.242 1.238
[1.231-1.254] [1.23-1.253] [1.231-1.253] [1.226-1.249]
SSI 1.32 1.32 1.32 1.319

[1.313-1.327]
Regional variables

[1.313-1.327]

[1.313-1.327]

[1.311-1.326]

°D 1.000 1.000 1.000

[0.999-1.000]  [0.999-1.000]  [0.999-1.000]
1.344 1.345 1.338

IMAP [1.173-1.541]  [1.173-1.542]  [1.165-1.537]
1.009 1.009 1.007

MABP [0.996-1.021]  [0.997-1.021] [0.995-1.02]
HVHR 1.013 1.038

Medical use variables
IHT (Ref: No)

HVH (Ref: No)
IVT (Ref: No)
EVT (Ref: No)

SUC (Ref: No)

[0.927-1.108]

[0.948-1.137]

1.089
[1.028-1.153]
0.941
[0.895-0.99]
0.627

[0.578-0.68]
1.025
[0.949-1.108]
0.666
[0.628-0.706]

Values are presented as adjusted odds ratio [Confidence interval]

MAB, Medical aid beneficiary; CCI, Charlson Comorbidity Index; SSI, Stroke
Severity Index; PD, population density; IMAP, Islands and mountainous area
proportion; MABP, Medical aid beneficiary rate; HVHR, High volume hospital area;
IHT, Interhospital transfer; HVH, High-volume hospital; 1IVT, Intravenous
thrombolysis; EVT, endovascular thrombectomy; SUC, Stroke Unit Care
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Table 21. Multilevel model of random effects for 1-year case fatality

Null model Model 1 Model 2 Model 3 Model 4
ESTIMATE 0.03416 0.02846 0.01981 0.01966 0.02116
SE 0.005492 0.005337 0.004419 0.00439 0.004655
P-value <.0001 <.0001 <.0001 <.0001 <.0001
ICC (%) 1.029 1.771 0.599% 0.594% 0.639%
PCV (%) 16.686% 30.394% 0.757% -7.630%
2LL 77293.16 59767.48 59728.79 59728.71 59319.27
AIC 77297.16 59791.48 59758.79 59760.71 59361.27
BIC 77304.21 59833.79 59811.61 59817.06 59435.22
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Appendix table 1. Charlson Comorbidity Index

Comorbidities

International Classification of Disease, 10th
revision code

Weight

Myocardial infarction
Congestive heart failure
Peripheral vascular disease
Cerebrovascular disease
Dementia

Chronic pulmonary disease
Rheumatologic disease
Peptic ulcer disease

Mild liver disease

Diabetes without chronic
complication

Diabetes with chronic
complication

Hemiplegia or paraplegia
Renal disease

Any malignancy including
leukemia and lymphoma

Moderate or severe liver disease

Metastatic solid tumor

Acquired immune deficiency
syndrome/human
immunodeficiency virus

21.x, 22.x,125.2

109.9, 11100, 113.0, 113.2, 125.5, 142.0, 142.5-142.9,
143 .x, 150.x, P29.0

170.x, I71.x, 173.8, 173.9, 177.1, 179.0, 179.3, K55.1,
L66.8, K55.9, 795.8, 7295.8, 295.9

G45.x, G46.x, H34.0, 160.x-169.x

F00.x-F03.x, F05.1, G30.x, G31.1

127.8, 127.9, J40.x-J47 %, J60.x-J67 .x, J68.4, J70.1,
J70.3

MO05.x, M06.x, M31.5, M32.x-M34.x, M35.1, M35.3,
M36.0

K25.x-K28.x

B18.x, 185.x, I186.x, 198.2, K70.x, K71.1, K71.3-
K71.5,K71.8,K72.x,K76.0,K76.2-K76.9,7294.4
E10.0, E10.1, E10.6, E10.8, E10.9, E11.0, E11.1,
El11.6,E11.8, E11.9, E12.0, E12.1, E12.6, E12.8.
E12.9,E13.0, E13.1, E13.6, E13.8, E13.9, E14.0,
El14.1,E14.6, E14.8, E14.9

E10.2-E10.5, E10.7, E11.2-E11.5, E11.7, E12.2-
E12.5,E12.7, E13.2-E13.5, E13.7, E14.2-E14.5,
E14.7

G04.1, G11.4, G80.1, G80.2, G81.x, G&2.x, G83.0-
G83.4, G83.9

112.0, 113.1, N03.2-N03.7,N05.2-
NO05.7,N18.x,N19.x,N25.0,249.0-249.2,794.0,799.2
C00.x-C26.x, C30.x-C34.x, C37.x-C41.x,
C43.x,C45.x-C58.x,C60.x-C76.x,C81.x-
C85.x,C88.x,C90.x-C97 x
185.0,185.9,186.4,198.2,K70.4,K71.1,K72.1,K72.9,K7
6.5,K76.6,K76.7

C77.x-C80.x

B20.x-B22.x,B24.x
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Appendix table 2. Correlation coefficient of regional independent variables

Population Elderly Financial Medical aid Mountainous area
density population independence beneficiaries proportion
proportion
Population density 1
Elderly population -0.38958 1
roportion
prop <.0001
Financial 0.28121 -0.73732 1
independence
<.0001 <.0001
Medical aid -0.21905 0.58806 -0.64468 1
beneficiaries
0.0005 <.0001 <.0001
Mountainous area -0.45038 0.63168 -0.50687 0.25966 1
proportion
<.0001 <.0001 <.0001 <.0001
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Abstract

The Association of the Regional Medical Care
System and Characteristics on the Treatment
Process and Health Outcomes of Acute Ischemic

Stroke Patients

Jeehye Lee
Department of Health Policy and Management

Seoul National University College of Medicine

Acute ischemic stroke is a time-sensitive, severe emergency disease, and
rapid diagnosis and prompt transfer to a treatable hospital are very important
for the prognosis of the patient. Due to these characteristics, regionalization
for acute ischemic stroke care is particularly crucial compared to other diseases.
The purpose of this study was to investigate the regional variations in the
treatment process and health outcomes of patients with acute ischemic stroke,
the regional medical supply structure, and the relationship between the
treatment process and health outcomes.

The treatment process and health outcomes of ischemic stroke patients

were used by the National Health Insurance Service's 2017 and 2019 medical
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use claim data. The subject of the study was the incidence patients of
operationally defined acute ischemic stroke in 2018-2019. The study was
conducted in three stages. First, the relationship between individual
characteristics and ischemic stroke treatment process and health outcomes was
identified. Second, the ischemic stroke treatment process and health outcomes
were calculated at the 250 districts level, and the regional characteristics and
correlation were analyzed. Third, the association between individual-level and
regional-level factors on the treatment process and health outcomes of
ischemic stroke patients was analyzed using a multilevel logistic regression
analysis method.

The regional analysis units are 250 districts. The stroke treatment process
was defined as intravenous thrombolysis, endovascular thrombectomy, stroke
intensive care unit care, and health outcomes were defined as 30 days/1-year
case fatality. As for the characteristics of individuals, age, sex, income level,
Charlson's Comorbidity Index, and Stroke Severity Index were used, and
interhospital transfer and high-volume hospital visit were used as medical use
variables. In the health outcome model, intravenous thrombolysis and
endovascular thrombectomy and stroke intensive unit care were added as
medical use variables. As for the general characteristics of the region, the
population density, islands and mountainous area proportion, and medical aid
beneficiary proportion were used. Regarding the medical supply structure, the
areas were classified into whether there was a high-volume hospital within the
hospital service area.

Descriptive statistics were presented for individual and regional

characteristics, and correlation analysis was conducted for each characteristic
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of the region. In addition, through a multilevel logistic analysis considering
both individual and regional characteristics, adjusted odds ratios and
confidence intervals for individual and regional characteristics were presented
with intra-class correlation coefficients and proportional changes in variance.

The general characteristics of the region were statistically significant
correlated with the mortality rate within 30 days/1-year case fatality, and the
population density was statistically significant with intravenous thrombolysis
and the ratio of islands and mountains. In addition, a negative correlation was
observed between the rate of high-volume hospital visiting and the one-year
fatality rate. Among the stroke treatment process and health outcome variables,
the regional variation in stroke intensive care unit care was the largest.

As a result of multilevel analysis, the variance among regions was
statistically significant in all treatment process and health outcomes. All of the
individual factors were associated with treatment process and health outcomes.
Women, older age and medical aid beneficiaries were associated with lower
intravenous thrombolysis and lower stroke unit care. Women, older age were
associated with higher risk of 30-day death. Among regional factors, islands
and mountainous area proportion was associated with lower odds of
intravascular thrombolysis and endovascular thrombectomy and higher odds
of 30-day case fatality. The main interest variable, the regional classification
based on high-volume hospital was associated with higher odds of intravenous
thrombolysis and endovascular thrombectomy. When adjusting general
characteristic variables of regions, the variance of regional level decreased the
most.

In order to reduce the regional disparities between the stroke treatment
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process and health outcomes, stroke systems of care should be established to
enable regionalization for stroke care in the hospital service area and policies

are needed to ensure accessibility to medical vulnerable areas.

Keywords: Acute ischemic stroke, Stroke systems of care,
Geographic variation, Health care delivery system

Student Number: 2016-32162
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