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Figure 7.5. Annual growth in per capita health expenditure (real terms), 2015-19 (or nearest year) and 2019-20

. 2015-19 = 2019-20
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Note: OECD average growth rate for 2019-20 is based on the p Y for22 1. OECD for 2020.
Source: OECD Health Statistics 2021.

Source: OECD, Health at a glance 2021
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7|8MM: HHEE O|Z0|2 oFH| 0 ¥ MY oRIES &850 | 9
= Tl L=
1.8t o| = Il'd 71 ¢l o] =H| 7d2|
- =1 L [ et I
» Stxmo|gIfE9| 7H°|9-|3-H| Ho|(E QIR T 2H| )
1. I_medicalexpl: =5 U (Y, 2l2h, S =H|) + Mok ZH(YH, 22, )
2. |_medicalexp2: T=EH =4 (Y ._-l, 2|2y, %§9|§H|)+X1'€’>*Qf (e, 2e,88)
+uSH[ (Y E, 22l S5)+ & & ZHEH|
e
. B HT0IAS BE Ha
- 2 AF0MeE MelesHE StnomTi e MUM HO (M4 Y: |medialepl) S
g2EolRen, Zt ¢2o| H P Ut Kok gfS Moo AETt
Aol A 2| o 7 THdaLs
- +HIH Yo 2H |+ e/2H+S Sl 2H])
el Belvaouiel B | in Trcia Huet g ool A3 s 2h B S HuCH )
Aol zH| e 2olRCto g H| I A 2o Aok AR Mo g
o|2}e| = H| Qe 2ALEH o ZH| HEY (2o &) + XLk Zhel MLk gh
g30lzy SIEoTRY | 4EBUSIOIRU) ML WSS HEA )
01 HE T2 H BN U2 AEw
+GROI R 0N B Z5H 71102 bl a0t 2 22T, e, Ul ol =]« K ] Tl B B AL} E(AE B2 2 2% L)

2. 9| 2 H| X| = 3=0[(2008-2020)

= 19T

o|=H| X| & -

HH| cH &=} 712

HH| 2= H| elefe| = H|
2008 21283 345,091 99,900 234,320 4226
2009 19153 359,387 94,661 254,603 4749
2010 17885 376,290 96,381 267,280 5,355
201 17035 397,912 101,857 279,630 4,304
2012 15872 418938 109,389 297,056 4854
2013 14839 433,872 110,158 307,011 4682
2014 19219 420,677 118,703 292,457 5,708
2015 18,130 430,190 113,413 303,681 5,745
2016 17424 478,381 127,083 334,141 5978
2017 1 7,1 84 485,745 124,809 344,464 6,566
2018 17,008 514,222 129,969 367,207 6327
I SIE(CAGR) : A4.0% A2T% A46% A4.1%
2019 14741 495,136 120,823 369,218 5,095
2020 13,443 567,339 133,160 429,537 4642
HEF S7HB(CAGR) - A14.6% A410.2% A16.3% v8.9%
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staolzy

500,000

2. 9| 2 H| X| = 3=0[(2008-2020)

« 191 2|5 H| X|E - TH| LY XL 7| F

1918 B o| 2 H| X|F F0| - HH| L%t 7| E

514,222

478,381

433,872
418,938

367,207

495,136,

369,2]

(Etel-8)

567,339

429,537

346,091

334,141

292,457
279,630
267,280

234,320

127,083 129,969 133,160
ws3m  snase 1870 angms VIOW AW w0823

94,661

96,381

101,857

4,226 4,749 5,355 4,304 4,854 4,682 5,708 5,745 5,978 6,566 6,327 5,095 4,642
’ 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
—=HH ozl -—-go=H| -—el2o|RH| ==gIFo|EH|
x x
2. 2| 2 H| X| = 2=0[(2008-2020)
-
1001 MY o2 H| 22
C} o) o
A= N B HE@  H1ARSIE ST B ARESE Mg
2008 21283 346,091 0 3,400 57,340 294,740 140,000,000
2009 19153 359,387 0 6,422 76,283 324,719 25,841,323
2010 17 885 376,290 0 7,655 85,645 347,760 30,125,419
201 17,035 397,912 0 8,181 89,173 365,418 85,774,475
2012 15872 418,938 0 11,637 99,043 407,007 24,015,294
2013 14839 433,872 0 13,082 106,501 411,608 30,702,457
2014 19219 429,677 0 14,089 108,809 404,664 36,765,118
2015 18130 430,190 0 14,740 111,913 414,141 26,471,824
2016 17 424 478,381 0 17,316 130,390 458,982 35,165,067
2017 17 184 485,745 0 21,402 137,856 | 483960 | 29,089,339
2018 17008 514,222 0 25,379 158,142 535,584 29,069,426
2019 14741 495,136 0 16,174 152,131 505,022 24,725,416
2020 13,443 567,339 0 24,755 177,861 589,768 31,377,743
7 010|l4~ o2 MAIE 3YAS, ¥ 512 BF 002 HEY
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2. 9| 2 H| X| = 3=0[(2008-2020)

- 12g e

|

9

|2 H| 222

£ Hi ARl S H3 AES

2008 21,283 99,900 0 0 0 0 140,000,000
2009 19,163 94,661 0 0 0 0 25,310,844
2010 17 885 96,381 0 0 0 0 29,692,713
2011 17,035 101,857 0 0 0 0 23,018,275
2012 15,872 109,389 0 0 0 0 21,700,836
2013 14839 110,158 0 0 0 0 30,218,201

2014 19219 118,703 0 0 0 0 36,366,246
2015 18,130 113,413 0 0 0 0 23,509,398
2016 17 424 127,083 0 0 0 0 35,007,082
2017 17,184 124,809 0 0 0 0 27,246,619
2018 17,008 129,969 0 0 0 0 27,381,339
2019 14,741 120,823 0 0 0 0 23,212,091

2020 13,443 133,160 0 0 0 0 31,263,763

2. 9| 2 H| X| = 3=0[(2008-2020)

« 190 2lelf o= H| Z X

2008 21,283 234,320 0 500 49,200 236,700 34,848,049
2009 19153 254,603 0 5,838 64,510 260,268 12,131,014
2010 17 885 267,280 0 6,899 72,671 275,562 14,177,363
20M 17,035 279,630 0 7,090 76,356 299,870 10,576,215
2012 15,872 297,056 0 10,046 85,531 320,218 12,105,104
2013 14839 307,011 0 11,677 93,187 335,703 12,546,989
2014 19219 292,457 0 12,311 91,729 325,827 18,158,812
2015 18,130 303,681 0 12,829 95,141 331,141 22,791,247
2016 17 424 334,141 0 14,672 110,634 361,160 15,811,703
2017 17,184 344,464 0 18,476 118,411 389,141 12,855,022
2018 17,008 367,207 0 21,918 134,394 432,814 14,438,837
2019 14,741 369,218 0 14,039 138,174 438,841 11,673,134
2020 13,443 429537 0 22,386 164,454 518411 15,877,823
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2. 9| 2 H| X| = 3=0[(2008-2020)

1S SEBH ZXE

=% Hi ARl S HB AES

2008 21,283 4,226 0 0 0 0 2,200,000
2009 19153 4,749 0 0 0 0 1,869,746
2010 17 885 5,355 0 0 0 0 4,725,000
2011 17,035 4,304 0 0 0 0 953,196

2012 15,872 4,854 0 0 0 0 2,865,798
2013 14,839 4,682 0 0 0 0 1,510,213
2014 19,219 5,708 0 0 0 0 1,223,935
2015 18,130 5,745 0 0 0 0 1,520,836
2016 17424 5,978 0 0 0 0 1,044,004
2017 17,184 6,566 0 0 0 0 1,962,803
2018 17,008 6,327 0 0 0 0 949,009

2019 14,741 5,095 0 0 0 0 2,295,747
2020 13,443 4,642 0 0 0 0 898,700

2. 9| 2 H| X| = 3=0[(2008-2020)

« 191 9|2 H| X|E - 2|2 0| Xt 7| &

HHe|=H]| el =H| 2lefiel = H| Sa2=H|
O| Xt 0| &%t 0| &%t 0| Xt
(%) (%) (%)

2008 21283 | 21250 | 998 | 346557 | 1,901 89 |1,171644] 16872 | 793 | 304,467 | 1554 73 60,799
2009 19153 | 19,127 | 998 | 359,800 | 1,843 96 |1,035643| 15679 @ 819 | 320534 | 1592 8.3 60,130
2010 17 885 17,872 999 376,543 1,883 10.5 980,996 14,912 83.4 330,860 1,542 8.6 65,435
2011 17035 | 17,028 | 1000 | 398041 | 1,797 105 [1,059,899| 14180 | 832 | 346,155 | 1338 79 58,608
2012 15872 | 15858 | 999 | 419221 | 1,786 113 |1,054233| 13373 | 843 | 361,780 | 1315 83 61,521
2013 14839 | 14,838 | 100.0 | 433,898 | 1,657 112 |1,086,898| 12,653 | 853 | 370,232 | 1,241 8.4 58,907
2014 19219 | 19218 | 100.0 | 429,704 | 2,248 1.7 |1142,965| 16451 | 856 | 350676 | 1675 8.7 67,683
2015 18130 18,129 100.0 430,204 2,246 12.4 1,072,024 15,588 86.0 364,793 1,616 89 69,248
2016 17424 | 17,424 | 1000 | 478381 | 2215 127 [1,157,806| 14974 | 859 | 401,425 | 1635 9.4 66,550
2017 17184 | 17,184 | 1000 | 485745 | 2,143 125 (1,167,418 14950 | 87.0 | 406,458 | 1554 9.0 78,829
2018 17,008 17,008 100.0 514,222 2,264 133 1,157,950 14,898 87.6 429,180 1,648 97 70,964
CAGR - A4.0% v0.1% A35% A1.6%

2019 14741 12661 | 859 | 607997 | 1,714 116 |1,355162| 12,603 | 855 | 455294 | 1,104 75 78,402
2020 13,443 | 11838 | 881 | 673641 | 1,587 118 [1,562,015| 11,791 | 877 |512170 | 897 6.7 82,952
CAGR - A10.8% A15.3% A12.5% A5.8%
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2. 2| 2 H| X| = 3£0]|(2008-2020)

» 191G o2 H| X|E-2|20| 8%} 7|&E
1915 B o/ XIF 50| 2|2 0|87 7IZ

1,600,000 1,562,015

1,355,

Lo ATHEM 1142968 1,157,806 1,167,418 1,157,950
1,059,899 1,054,233 1,858 1,072,0:
980,396

673,641
607,997
600,000

4
arg e asspes 14

sopoar 419221 9338 420704 430204

—"—5:,171:

w00 Mess7 35900 376543

455,208
w5 dosass 429180
soasey 320534 330860 361 361,780 370,232 350675 364,793
200,000 2
60799 60,130 65435 58608 61521 58907 67,683 69248 66550 78829 70,964 78402 82,952
pus——
0
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

~—HNoRH| YU EH| -—2l2o|TH| -==FTo|EH|

3.191¢ o| 2 H| ¥ 2}(2008-2018)

« GIEE 10T o| 2 H| Hokee. g

Sy 11T o\ B H3L

00

osH 10194 20294 30-394 40-a94 50-594 60-69H] 70-734 S04 0144

~2008 —2009 2010 2011 —2012 —2013 —2014 —2015 —2016 —2017 —2018

HEo|RH|: 28| X2 71| (2020-100)8 HHASH A Bl A|H 2 2008 H 2 2 B
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3.191¢ o| 2 H| ¥ 2}(2008-2018)

« GIEE 10T o| 2 H| Hokee. g

Y HEE 0l ol Het

-

e 2017
2015

st 2013
2011
2009

600,000

oo

-

o094 10194 202081 30-304 40294 50-59H 60-59M 70-794 80K 0[4

—2009 —2011 —2013 2015 —2017

3.191¢ o| 2 H| ¥ 2}(2008-2018)

« GIEE 10T o| 2 H| Hokee. g

HYY A 1015 o| 2 H| B}

13200000

1,000,000
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00,000
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600,000

200,000

200,000

0

osdl 10-194 20254 30394 ao-ashl s0-59M s0-6941 70-73M s0M 014

~2008 =2018
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3.1Q21%t o| R H| H5}(2008-2018) - AF2XL H| 2]

b [ =

» e j0Ich O| 2 H| S} ae. g

APE A 10T o 2H| HIHALY X} H[2)

1,200,000
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600,000

400,000

200,000

0-9M| 10-134 20-294 30-39 M 40-49 A 50-59 M 60-69 A 70-79 M 804 014

—2008 -2009 -2010 2011 -2012 -2013 -2014 -2015 —2016 -2017 -2018

3.1Q21%t o| R H| H5}(2008-2018) - AF2XL H| 2]

HEE A 19T o| 2 H| HEH ALY} H L)

2017
2015

800,000
2013
2011

2009
600,000

400,000

0-94 10-194 20-294| 30-394] 40-49 4] 50-59 4 60-69M] 70-794] 804l 014
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3.121T 2| 2 H| $42}2008-2018) - At A} H| 2
» HYE 10T o 2 H| HBkwe. v
o A 1Y ol 2| HSHALY XL H Q)
2018
== 2008
400,000
200,000
! 0-94 10-194] 20-294] 30-394 a0-a9 M 50-594 60-694] 70-794| 80A| o] &
2008 -2018
4.191e o| 2 H| H3}2008-2018)
=3 — =] S
» 2S5 E/E 1Y 2|2 H| Hkeg a)
25292 AEE 10T o| 2| H3}
700,000 -
600,000 596,454
— 492739 507,073 508,814 511,238
’ 456,039 462,356 . 457,785
430,920%39:9% mes 428,962 435,281 437,388
400,000 392845 3g5 457395479
’ 2010 2011 2012 2013 2014 2015 2016 2017 2018
19 w2E9 w3EY w49 msEQ




HECERNENECETIE

ol x{of:

=

o

ozmEs

289 £ sES
20083 20183 2008 201843 20083 20184 2008'A 2018'd 2008 201844
n (%) n (%) n (%) n (%) n (%) n(%) n (%) n (%) n(%) n (%}
o|ZH|(Thel: &)
Ay | S0, | B | mer [ B | Bt | S0 | 30 | BUE. | 2N | NS
k-]
oA 1,082(42.9) 869(38.3) 1,896(47.1) 1,567(45.5} 2,441(49.8) 1,776(48.7} 2,459(50.7) 2,047(51.0) 2,451(50.8) 1,868(51.2)
of4 | 1,440(57.1) | 1,400(61.7) | 2,129(52.9) | L871(545) | 2460(50.2) | 1,869(51.3) | 2,394(49.3) | 1,965(49.0) | 2,370(49.2) | 1,782(48.8)
AT M)
Mean+SD | 54.1+23.3 I 67.9120.1 ‘ 41.5+38.6 50.4+24.2 ‘ 36.2+20.9 ‘ 42.61+223 [ 34.5%19.2 ‘ 40.5+20.2 l 35.1+18.2 41.3+19.0
FES T
23 | 722(28.6) 624(27.5) 1,483(36.8) | 1,125(32.8) | 2,208(45.0) | 1,439(39.5) | 2,317(47.7) | 1,600{39.9) | 2,734(56.7) | 1,621(44.4)
7|EFRGAl | 588(23.3) 504(22.2) 965(24.0) 782(22.8) | 1,106(22.6) | 807(22.1) | 1,084(22.3) | 957(23.8) | 1,128(23.4) | 949(26.0)
Z\EFRIE | 1,212(48.1) | 1,141(50.3) | 1,577(39.2) | 1,525(4d.4} | 1587(32.4) | 1,399(38.4) | 1,452(30.0) | 1,455(36.3) | 959{19.9) | 1,080(29.6)
BRFE
ot EY o} 1,807(71.7) 1,693(74.6) 2,367(58.8) 1,780(51.9} 2,400(49.0) 1,421(39.0} 2,050(42.2) 1,205{30.0} 1,590(33.0) 820(22.5)
NS EH 0I5t | 434(17.2) 337(14.9) 990(24.6) 886(25.8) | 1,378(28.1) | 1,004(27.5) | 1,246(25.7) | 1,063(26.5) | 975(20.2) 824(22.6)
Cht XSt o4 | 281(11.1) 239(10.5) 668(16.6) 766(22.3) | 1,123(22.9) | 1,220(33.5) | 1,557(32.1) | 1,744(43.5) | 2,256(46.8) | 2,006(54.9)

229
20084 20184 2008 20183 2008'd 20184 20084 20184 2008 201843
n{%) ni(%) n (%} n (%} n (%) n (%) n (%) n (%) n (%) n (%}
Axgsoe
BHES SIX| %S | 1,686(66.8) | 1,641(72.3) | 2,330(57.9) | 1,869(54.5) | 2,794(57.0) | 1,817(49.8) | 2,596(54.5) | 1,835(45.7) | 2,424(50.3) | 1,482(40.6)
AHES 3 | 836(332) 628(27.7) 1,695(42.1) | 1,563(45.5) | 2,107(43.0) | 1,828(50.2) | 2,257(46.5) | 2,177(54.3) | 2,397(49.7) | 2,168(59.4)
258 717 A 5(E9: o g
jf:r'i%/‘fm(meantsd) | 443+ 163 | 840+224 ‘ 929+ 147 ‘ 1,675+254 ‘ 1,439+ 164 ‘ 2,497+262 ‘ 2,071+ 215 ‘ 3,480+362 ‘ 3,627+1,443 ‘ 5,768+2,010
Bizbad Jheloj
Izt gl | 1,713(67.9) 1,385(61.0) 1,846(45.9) 1,045(30.5} 1,550(31.6) 674(18.5) 1,127(23.2) 502(12.5) 980(20.3) 392(10.7)
pizig e Q1S | 809(32.1) | 884(39.0) | 2,179(54.1) | 2,387(69.5) | 3351(68.4) | 2,971(815) | 3,726(76.8) | 3,510(87.5) | 3,841(79.7) | 3,258(89.3)
ahbdEs s
ot Ee els 935(37.1) 322(14.2) 2,292(56.9) 1,294(37.7} 3,191(65.1) 1,822(50.0) 3,273(67.4) 2,123(52.9) 3,308(68.6) 1,995(54.7)
phdFst 17l | sos(20.1) 238(10.5) 775(19.3) 589(17.2) 935(19.1) 714(19.6} 937(19.3) 840(20.9) 951(19.7) 764(20.9)
DHAES O | 394(15.6) | 279(12.3) | 434(10.8) | 393(114) 410(8.4) 386(10.6) 371(7.7) 431(10.8) 331(6.9) 388(10.6)
BHd RIS 3T) O4F | 687(27.2) | 1430(63.0) | 524(13.0) | 1,156(33.7} | 365(7.4) 723(19.8) 272(5.6) 618(15.4) 231(4.8) 503(13.8)
Fojojs
EOf 81 | 2,209(87.6) | 1,867(82.3) | 3,795(94.3) | 3,164(92.2) | 4,737(96.6) | 3,492(95.8) | 4,752(97.9) | 3,899(97.2) | 4,748(98.5) | 3,561(97.6)
Hoj AS | 313129 402(17.7) 230(5.7) 268(7.8) 164(3.4) 153(4.2) 101(2.1) 113(2.8) 73(L5) 89(2.4)
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4,121t | 2 H| H 3} (2008-2018)

» AC-HO|RH| EXE msoy

et o|gH PIHE B

B - - .
20.0 - . . . . . . .

| l I l I ’: |
* 2011 2013 2017
=52+l 0|2k w5152k 0|2k = 15-302+gl Ojgk ©30-1002H3 O|2F = 100-1502HE O =1502H3l 0|4
5. X1 2 Y= 9l YT T2 H| 320](2008-2020)
= A0
» QIR E Y A 22 Y T ZHme. 2,2
YR Y QAT T=H|
B 174 176 -
—— 30,000 28,768

27,788

22,491 22768 22571

z 26021 2588
’ 25000 2438 P
o 2230 2,023 21,752
120 X
200
15000
80
10000
40
o

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 ZKE, N9 210 2011 2007 2NN {2014 205 2008 WL 2018 2019 020
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5. 24 5 AT TIF H| 30| (2008-2020)
o12| ol A Ol o]2|olL o
« U Y L UEYS TUEH| @2 0
daYs YAy Tay|
& 23 0.0
"‘2;2 169,176
0 P 150153 4s008 g 151538
130308 13553 L28100 138299 140983 136,055
| : ‘ ‘ m’m | ‘ ‘ ‘ ‘ ‘
00 o ‘
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2018 2020
Hi=2 ol A O] Olg|ol A
6. 22 2rE o 3 A # Y(2008-2018)
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ol 2 YH(ABE)
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50-594)
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>
=
Ton

7.2l2 WEYs U 2 Y(2008-2018)

+

o YRS PY)

150 / - 2018

o094 10-194 20294 30-394 40294 50-594] 60-694 70794 804 0| &

—2008 —2018

6. 22 WEYr U &2 YU(2008-2018)

+

o UAYy)

00

a4 10-194] 20284 30-39M a0-49M 50594 60634 70734 s0M 014

—2008 —2009 —2010 2011 —2012 —2013 —2014 —2015 —2016 —2017 —2018




6. 22 WEU U A U(2008-2018)

YA (AYY)

094 10-194] 20294 30394 4a0-a9H 50-534] 60694 70-734| soMl 0%

—2008 —2018

6. 22 WEU U A U(2008-2018)

Qi HE YT ASEHY)

334
30.3
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321 319
296 301 304
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5 2.8
|‘ 111 e s . 16 2.0
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.
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6. 22 WEU U & U(2008-2020)

6.0

52
5.1
a8
42 a
a1 i
38
35
X
20
15
13 12 25
10 11 1.0 L1 1.0 B
m III II I II II II I II i I
2008

00
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

=129 maEP| =3RS maEY wsEY

48

7.29F
= 2008-20183 &2t 191 |2 H|7F HEA 6.1%(HE 4.0%) 57t
» AYHO| BItS+E 10 O/ H| B, AEHE SHEFO| o2 H|
S7I=0| 8 A2 = LIEY

1
2 20 1222 55292 12T 2 2H|7I 5o, 2222
f

» AEHOIH
L= Tl =
255 1299l e|&H| 5717t FEHE
» 1290 ¥t E2 AS HE
= QI7F Q1Y o|2H| X|E0| 1002+ 0|2l 7HQIe| H|FO0| 7t
= QU E e A YELeIt AEER BIMSE FHE 200, 53| &5
1299 0|8 &717t FE=E
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03

o|zH| 3710 &= O/X|= 2¢

1.4
. X129
- AL ShRo| 21 Y 17| HZHE| 0| E(2008-2018')
- EMEig) Q77 Y) T
= MUY
- B2 Two-part model: ©| 20| & 0159} 0|2 0| 20| @22 HHsl= R010| CHE 4 Yrts
7Pdoj w2t 1) 2| 20|8 0{52t2) 2|7 0| &20f| O|X|= F&¥S QIS At o' FotE
DHEE 850 EAME
B og(- LY >0y p kX b pCOVE, + i+
1tpart: log (> 0) it =Byt B Xy +B,COVs; +p;t e

2" part: log(y,/yl- =* 0),-, = By + 8, X, +B,COVs,, +p, ¢,

- O|20|2 6jEL= $HH 0|AH O|ZAMH|AZ 0|23 AR 0| 20|28 3t Ho = £X|%ion,
°| 20| 2L o|RH|(21 HEHE 0|25 X T
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HFEH
1.4
I
AXO
L ﬁ'r o—|
HE &2
7iel o 2 H]| il ol BHI(SE, 22l U, AP akghE = Bststo] AE
B4t e oz Qg o|ZH|E 21 HEtsto] At
Q|2j o| 2H] Q|2 o|2H|E 21 Bigtslof ArE
Az Har 4 1770 A2 Q17 1,000 2 | B7| 2 HA ()8 2 Bletsio] A4E
A= QAL 4= 1770 Al= 21 1,000% = QAL £=(H)E 21 Higtslo] AE
= 1= =4, 2= 01y
o 1= 0-19A, 2= 20~-29A, 3= 30-39M, 4= 40-49A, 5= 50-59M, 6= 60-69 M|, 7= 70-79A, 8=80A| O| 4
HZ=x| S 1= EHME, A7|, AH), 2= 7|EF FAA (A BFE T1H, 24
A 3= XYMT, 28, 55, 54, TS, 1, 75‘-3'1- A, HIZF)
oY Ag4E 1= 58 @ S 0|6, 2= 158k EQ 0|t 3= CEm F& 0|4
Axgsols 0=AMES oIX| %S, 1=dMEE 5
RESINTAS | nOIRAEATRE )
AZtEY 7tRoiE | 0= CIZIEE QIS 1= ATEY S
e B 0= PrA At 12, 1= PR R 17}, 2= THY E st 27), 3= 2 El st 371 0] A
ofols 0= B0 818, 1= B0 AT

« ACHAXLO| YUHEH E/d (2008, 2011, 2014, 2018')

(e B

2008 2011 2014 2018
(N=21,283) (N=17,035) (N=19,219) (N=17,008)
n (%) n (%} n (%) n (%)
o= H|(THel: /)
346,091 437,747 495,591 624,055
K| o 2 H + i i : )
B 2 &8l (meantsd) + 66,439,931 + 67,071,816 +61,241,804 +74,422,120
Median(1Q/3Q) | 57,340(3,400/294,740) | 98,100(9,000 /402,000) | 125,500(16,250 /466,740) | 191,920(30,800 /649,980)
99,900 112,054 136,912 157,730
o120 o) =1 " , i , ;
e 2| Z | meantsd) +57,124,671 37,075,605 +44,177,224 +49,720,256
Median(10./3Q) 0(0,0) 0(0,0) 0(0,0) 0(0,0)
o2} o =Zb{(meanted) 234,320 307,624 337,320 445,639
= = + 29,185,507 35,234,271 34,733,207 +45,320,611

Median(1Q / 3Q)

49,200(500 / 236,700}

84,000(7,800 / 329,890)

105,800(14,200 / 375,810)

163,100(26,600 / 525,260)

AME g7 HEY)

Mean+SD 98+ 24 11.6 + 32 13.7 + 4.2 145+ 5.1
Median(1Q / 3Q) 9.4(7.8/11.8) 11.4 (9.0/15.4) 12.8(10.2/16.9) 13.4(10.2/ 19/1)
Al ofA (21T HE /)
Mean£5D 22405 24406 25406 28407
Median(1Q./ 3Q) 1.9(1.8/26) 20(1.9/2.7) 2.2(2.1/3.0) 2.4(23/33)




T8N BERY, oR0ig oBH| o5 U HY: o2

mjo
Mk
oo
_O'E
2
N
o1

2008 2011 2014 2018
(N=21,283) (N=17,035) (N=19,219) (N=17,008)
n (%) n (%) n (%) n (%)
k|
= 10,416 (48.9) 8,301 (48.7) 9,286 (48.3) 8,121 (47.7)
od 10,867 (51.1) 8,734 (51.3) 9,933 (51.7) 8,887 (52.3)
QAB(ES: M) \
Mean+5D 387+ 254 415+222 439+ 227 46.7 £23.1
Median(1Q / 3Q) 39(20/55) 42(22/59) 45(23/62) 48(26/65)
HEX| S \
+EH ‘ 9,540 (44.8) 7,202 (42.3) 7,386 (38.4) 6,409 (37.7)
ZIEFE YA 4,913 (23.1) 3,943 (23.1) 4,635 (24.1) 3,999 (23.5)
7IEF XK1Y ‘ 6,830 (32.1) 5,890 (34.6) 7,198 (37.5) 6,600 (38.8)
ng+F
F&u £ 0|9 10,277 (48.3) 8,097 (47.5) 8,641 (45.0) 6,919 (40.7)
nsstm EY o3t 5,064 (23.8) 3,968 (23.3) 4,599 (23.9) 4,114 (24.2)
Ciet e o] & 5,942 (27.9) 4,970 (29.2) 5,979 (31.1) 5,975 (35.1)
2. 41
» HRCHAXES| LHHE £ cont)
2011 2014 2018
(N=17,035) (N=19,219) (N=17,008)
n (%) n (%) n (%) n (%)
ZHEsHR
ANEE 5K %S 11,902 (55.9) 9,355 (54.9) 10,198 (53.1) 8,644 (50.8)
AHEEsF 9,381 (44.1) 7,680 (45.1) 9,021 (46.9) 8,364 (49.2)
FEL IR AS(ESL T ) \
Tt P2 S IR S (meantsd) 1,853 + 1,297 2,202 + 1,353 2,487 + 1,622 3,044 + 1,913
Median(1Q / 3Q) ‘ 1,610 (1,018/2,400) 1,968 (1,272/2,800) 2,189 (1,396/3,168) 2,725 (1,754 /3,896)
Bizbmd 7hjols \
alzte e g2 ‘ 7,265 (34.1) 4,955 (29.1) 5,685 (29.6) 3,998 (23.5)
o P K- = 14,018 (65.9) 12,080 (70.9) 13,534 (70.4) 13,010 (76.5)
R4 \
CHEESHGS ‘ 13,092 (61.5) 7,963 (46.7) 8,648 (45.0) 7,556 (44.4)
SHEABH 7Y 4,139 (19.5) 3,435 (20.2) 3,897 (20.3) 3,145 (18.5)
=kt bl 1,954 (9.2) 2,006 (11.8) 2,153 (11.2) 1,877 (11.0)
Dt A2k 37} O] 4 2,098 (9.8) 3,631 (21.3) 4,521 (23.5) 4,430 (26.1)
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= i Axtel URFY S Hicont)

« A 2l=H| F7t0f| S 0|X= 2

2008 2011 2014 2018
(N=21,283) (N=17,035) (N=18,219) (N=17,008)
n (%) n (%) n (%) n (%)
ol o
Eof gl 20,387 (95.8) 16,046 (94.2) 18,172 (94.5) 15,983 (94.0)
HohAS 896 (4.2) 989 (5.8) 1,047 (5.5) 1,025 (6.0)
Z4
2. = :|1_|'

G-l o/g0/8 o In{i’in;pﬂl;'}/ ]
E==(Ref.) Model1l Model2 Model3 Model4 Model5 Model6
In(A £ Hat ) - 0.647"" - 0.208" - 0.584™"
In(ALE 2] AL ) - 0.562"" - 0.134 - 0.438""
=: ]
l§»§» i ) ) ) ) ) .
20294 -0.555"" -0.663"" -0.286" -0.313" 0131 0.038
30-39M| 0.000 -0.268 -0.088 -0.161 03327 0.104
oy 40-49M 0.777" 0.353° 0355 0.235 0.596"" 0.236"
(0-194) 50-59A] 1.661"" 1.080"" 0.802"" 0637 1.073"" 0.581""
60-69A] 23947 1646 1.489"" 127477 1.480"" 0.845""
70-79M 2.985"" 2.064"" 2145 1.881"" 1.860"" 1.079""
80A| 0|4 2.985™" 2.343" 23707 2057 2.238™" 1.313""
Hex|od EXR| -0.495"" -0.883"" -0.344" -0.459" -0.130" 0.472""
(+=F) ae 0.620 a7 0439 0.487"" 0.161" 03227
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2. 41

= A 2l=H] S7t0f| S O|X|= 2 %icont)

1t part 2% part
A A CHAR
HA o e o/z0/2 o5 In(SlEH] 72)
Modell Model2 Model3 Model4 Model5 Model6
FEPE aF ofst -0.419” -0.447" 0459 0470 0.061 0.041
(BEOI®H | st w04 0.775™ 0.843" -0.666™" 0690 0.111 0.056
253 LS 0167 0115 0.053" 0.039 0130 0.086""
B o ZANgEF 0.064" 0.063" 0.113" 0.106™ 0.035 -0.029
(3|'I| 0 %) =] =20 & # .| ¥ s -U. a
aznus 7t 0.064"" 0370 0.297°" 0.285"" 0.076"" 0.049"
(0l7he) : - . ; ; i
oy 174 1.025"" 0.997""" 0.657"" 0650 0.270"" 0.2477"
ZHe 274 1.408"" 1.355"" 1.049""" 1.033" 0.474"" 0.430""
<
(&8) 374 0|4 1.648"" 1.553""" 1.609"" 1.584""" 0.646"" 0.565""
Zojor ol A -0.073 -0.107 0.022 0.018 -0.099° 01317
(EoHgiS) : : : : - :
Intercept(Beta) 7.485™ 6.440™" - - 10.094™ 9.184""
R-square 0.168 0.182 - . 0171 0.1792
log likelihood - - -29667.021 -29662.305 - -

#kp<0.001, **p<0.01, *p<0.05

1% part 2 part
K CHAFX]
bl o/20/8 of 2 (/28 2
E==(Ref.) Model1l Model2 Model3 Model4 Model5 Model6
In(A £ Hat ) - 0.771"" - 0.585™" - 0.599™"
In(ALE 2] AL ) - 0.335 - 0.267" - 0.340°
ge i
() i ) ) ) ) ) .
20294 -0.253 0.356 " -0.292 -0.383" -0.176 -0.259
30-39M -0.100 0357 -0.140 -0.355 -0.048 -0.267
oy 40-49M -0.157 -0.565" -0.227 -0.556" 0.229 -0.116
(0-194]) 50-594] 0.113 -0.445° 0.037 -0.407 0.610 0.128
60-69A] 0.6217" -0.098 0.390 -0.174 0.696" 0.085
70-79M 1.339" 0.455 0.784™" 0.092 0.8817" 0.126
80A| 0|4 221177 1166 1.167"" 0.355 1.026™ 0.140
71j‘-xl o F9A -0.192 -0.601 -0.188 -0.521 0.135 -0.272
(+=F) ae -0.127 0.367" -0.116 0.314° 0.238 0.001
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2. E.T'.I'
olgjo = 2 =
" H "LJ—IEI:” =] 7|'0ﬂ %%‘ = U|x| e B-?J(cont-)
1% part 27 part
A A CHAR
HA o e o/z0/2 o5 In(SlEH] 72)
Modell Model2 Model3 Model4 Model5 Model6
2182E 1E 0|8} 0.187 0.162 0.144 0.129 0.103 0.100
(BEOI®H | st w04 0.276 0.211 0.331° 0.287 0.419 0.345
253 LS 01317 0.081"" 0.112"" 0.076™ 0.053 0.020
=]
(E}% f‘;) AHEs 3 -0.192™" -0.192™" -0.129™" 0.116™" 0.023 0.044
aznus 7t 0.105° 0.071 0.113" 0.095° 0.126 0.135
(0l7he) i ; : i o =
ahgE S 174 0.137 0.110" 01377 0.116 0.015 -0.003
ZHe 274 0.296"" 0.244™" 0.265""" 0.225"" -0.037 -0.068
<
(&8) 374 0|4 0.532"" 0.439"" 0.388"" 0312 -0.113 -0.180°
ojois S G
(Eoigtg) 2o 8 -0.479 -0.512 -0.269 -0.299 -0.130 -0.164
Intercept(Beta) -0.002 -1.153™ - - 12394 11.553™
R-square 0.033 0.023 - - 0.027 0.0020
log likelihood & & -30654.955 -30621.436

#kp<0.001, **p<0.01, *p<0.05

2. 41

= 2o =H] Z7H0| Y-S 0[X= 22l

M AT 4t oz0/% o1 R
E==(Ref.) Model1l Model2 Model3 Model4 Model5 Model6
In(A £ Hat ) - 0.499™" - 0.154 - 0.465™"
In(ALE 2] AL ) - 0.455"" - 0.049 - 0.416™"
=: ]
l§»§» i ) ) ) ) ) .
20294 -0.573"" -0.658™" -0.283" -0.300™ 0.113" 0.033

30-39M| 0.037 -0.174 -0.061 -0.106 0.355"" 0.161"

oy 40-49M 0.821"" 0.488"" 0.388"" 0314 0.633"" 0.327""
(0-194) 50-59A] 1.677"" 1.220" 0.825™" 0723 1.086"" 0.669""
60-69A] 2403 18157 15237 1390 147277 0.934"

70-79M 2.917" 2193 2,070 1.907"" 1.806"" 1143

80A| 0|4 3.176™" 2319 2.032™ 1.839" 2.089"" 1.303""
Hex|od EXR| -0.455" -0.757"" -0.344" -0.422" -0.096 0379
(+=F) ae -0.575"" -0.689"" -0.394” 0.401" -0.161"" 0278




sl
o
=
%
la}
0F
n

gct
=3

o
1o
Hu
o
fo
1o
Hu
=
=2
I
P
>
1=}
10
Hu
i=]
e
mjo
ot
oo
_O'E
2
N
~O

2. 21

« 2|22 =H| Z7H0 S 01X = 22 con)

1t part 2% part
A A CHAR
ST o508 o2 OLITEE
Modell Model2 Model3 Model4 Model5 Model6
2182E 2E 03} 04927 05147 049" 0503 0.021 0.004
(BEOI®H | st w04 -0.787" -0.840"" -0.668"" 0682 0.090 0.043
253 LS 01347 0.094™" 0.036 0.027 0115 0077
3oy ZANgEF 0.100” 0.100" 0.128"" 0.124™" 0.012 0.007
(al_xln%) =] =20 & . 5 = . 0. -U.d
aznus 7t 0417 0.389"" 0.314"" 0.306"" 0.075"" 0.051"
(0l7he) : - ; ; ; i
oy 174 1.030°" 1.009™" 0.662"" 0657 0.269"" 0.250""
ZHe 274 1.419"" 1.378"" 1.067"" 1.057"" 0.474"" 04377
<
(&8) 374 0|4 1.630"" 1.555""" 1.515"" 1.499"" 0.643"" 0.574""
m"qf ol AS -0.040 -0.067 -0.027 -0.031 -0.042 -0.069
(EoHgiS) : : : : i i
Intercept(Beta) 7.477" 6.664"" - - 10.023™ 9.282""
R-square 0.168 0.180 - - 0.178 0.189
log likelihood & & -30157.118 -30155.206

#kp<0.001, **p<0.01, *p<0.05

= ot Q|2 If d 17](2008-2018H) LIO|E{-S O|&3}0] 121E 2| 2H| S7t0]
Fefs OAl= 2202 12 1¥2 2 F43t
=

» AFO| ST, 50| SHESF, g+ 50| SrE+F 128
o|=H| S7I0| &= oY

» ASEHEME2 Model 2 7|ELE 0.081~0.1152 =X F22 & = US

= Two-part modelS Soff 2| 20|& O{Fet 2| 20|&F0 &S O|X|=
gols 2510 24 21,

» HY 27 EHESS UH 0|8=E 8 0|§EY0| BF BI5te
HHH(Model 4 & 6), 2/2ff 0|8=&0l= &2 D|AIX| &1 (Model 4)
Q|2 0| 80| St (Model 6)

v QA = BUtE wAlSH dYE Y
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= 0| 2¢ct Hal| o|=H| =4
O] A 2o A& B & (Micro-simulation) & &5
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DAl 2ol 2ol Ao

Macro-level models
Population of interest o
(as a whole) =
‘.15‘ - ~
- b5, R
@ L
-] "y = >
= - «‘
g Groups of individuals . >
§ o Cohort-based models
H R
B 1
e 4
.. -
R e
Indvdcuste Micro-simulation models
Section of health expenditure Total health expenditure

Source: Roberto Astolfi, Luca Lorenzoni and Jillian Oderkirk for the OECD.
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2. A
» ShRoRIjES ST O[A RO UE R A L (GA)

- XY Y7
SN ENE

=
20653 HAHE
_‘

o
d =H & FA

ZH 00| E(2012H-2018 )| M =HSE 245

[ |

- sh=o|rifd A7 00| E(2012H-2014H) 0| M =Mt R Fo|H
M 40| I42 22310] 2015-2018F AL EH FEH|E =g

- Ol & 7|ZtE¢et st=o|2af 40| A K| £t} H| wSH= validation test o=

= HAHO|

- SEHS HAEY FZH|

- SEHE |00 QA SHE EM(EYE, dE, 7t ASES, HIRA R F,
ZHEgs o8, usaF HAEY 9, MRS 7Y o8, B8 &
Q1o AL ArEl(ccr)

2. HpuiH
» OAIROMEDY A B FE(0A])

o OJAZOIAMHDH 2 EMCEQZ)Q L= 70 L MO £+ At S =X - o2
DHztstn, 24 Che|7F o7& #Eof et 2 22 X|LHH, o 2|0 MK 2E2
EAHOZ A= AZYO|HE 7|22 E B

r ZtRE2 HEfUEHA =2 HO|HES Ef YHO|E F

t+17]
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» OA|Z2UHRH HF BE(0A)
- HEjWEA =2 Moy
2 HgHe gy
4 A, AAF, O HSHEISIO R, FHES 0, A+ 2RIAE S EY
CharIst ofs 4, 91, 7172 4529 RAAE BN
EH =] oo "
A S o dE, iSRSt o4, BiRAH R, A FR(20-494 o4, ol o7, 2R AE 3|5 A

7| BHES o7

N7 £5ES
DIZHIE JtRl0j=
U2 22 Holg REDEEE ]
0|z g0l +301%

A Mol EAY Mym 7|12
HzuE o, A, tielrIst ol iRt 7, 717 2SR, ZAHES 6E, =2 2AAE| 2
-ee HLEE 3, Zof 01 , A ”%JMEH (ordered logistic regression)

d, A, ThEkIEH o017, HH-|—7~f 771 A5ES|, BHES F, GLM(gamma)
UTEY FY, UHEF 71017, 20K o, HTHEY + log link

-NM““E%E?EHMW)
» HAZEY FEH| FH ADtE OB o, B 2o HAD 242 9| Y S utAst
Z0E FAE = ‘BAEFE HollA ZEOo| A2
otH &F T 2H|= 20193 26520 M 2046 2 89X 0f| 20| 2 AT
» BEFGALE[2E EVMES HES o|7H| 0|5 Z1t 2040 A0 S E 2050
Zetx| o] FI=H| 7} 7HE =4 LIEHE

t

-—

2= 27+ XI2H = ES
S aZEE TRy H3E S7HE 1Y ol =H| 012(2019-2065)
1000000
- 120,000,000,000,000
od
ar 800000 110,000,000,000,000
I 700000
% 600000 100,000,000,000,000
B0 500000
M 400000 90,000,000,000,000
0 sase0
T 300000
b 80,000,000,000,000
R 200000 e T
Bl
agnon; 70,000,000,000,000
0
NS L®ONTLRONSE®BONTORONT LR NI
8888888888888 833853c88888888 60,000,000,000,000.
SRRSRRERSRRRRRRRNSRENRRARISIRASR g MMM L HONS AT OS2 AR RAER Y
8385883383 555288888888
—.—i% ——h —— 200 0[5t SRRRRRRSRRRSERRRRRRRARKRRSR
2 0~38 M| e (0~64 K| 55 4] O] 25 - 71 2t 7 ] ens) 3 s4

S1= trend U} WS 7}, &0 57 & 80%, S2-trend O) U7}, 2Tk B70%,
S3=trend 1540] T84 2| B4 STHEEN, HTIRHE 0%, S4-trend 1590 BN ATA F7EH), HURHE 0%
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Microsimulation®] 333 &

B ROk FHOE

AR SRR AT

W KIHASA
/f Bauununiy

2022.12.02.
o| 2 2ot=rl3|
SEEAMSARE FHE

Microsimulation?| ™M*ix™ =2
AR EEEOLE S 2-
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01 MicrosimulationO|&t?

Microsimulation2| S%
- Orcutt(1957)0] 2| M7 L&Dt EFEEE A Al
- A SYSIE HA 2ol A S22 Tt M=
- OJAIE QA BEF M ore 4%, 2ea 2z 2F 4

2 oHo| oMl $HE He

“The most distinctive feature of this new type of model is the key role
played by actual decision making units of the real world such as
the individual, the household and the firm. ..

.. This new type of model consists of various sorts of interacting units
which receive inputs and generate outputs.

\// gausseny T

Guy Orcutt(1917-2006)
American Economist
Prof. at Harvard, Wisconsin and Yale.
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01 MicrosimulationO|&t?

Microsimulation2] &H

- 1990} =EIEH 240 = UH
Micro datal] ==

- AFEHO i

- Hun B3It

_tiaH Yooz
» 20053 108 =H5t2|(1IMA) B4, 20073 R El= St2|X|(International Journal of Microsimulation) ‘&&4
-HE|S FE B F

« DYNACAN(CAN), LIFEPATHS(CAN), MOSART(NOR), SESIM(SWE), PenSim(UK), Destinie(UK), MINT(US), MIDAS(DEU),
DOSA(KOR)

DZ|E R 2y

+ SAGE(UK), APPSIM(AUS), SVERIGE(SWE), SMILE(IRL)

KIHASA __
bbb

01 MicrosimulationO|&t?

SimulationO| 2F?

- Imitation of the operation of a real-world process or system over time(Banks et al, 1984)
- Bringing a Microscope into Economics (Morgan, 2012)

Micro-simulationO| 2?2
- Based on actual or synthetic micro-fevel datasets
+ Units can be individuals, households, firms, bacteria, viruses, etc.
- Evaluate the effects of proposed interventions before they are implemented in the real world (O'Donoghue, 2015)

- Evaluate the effects of changes (policy , socio-demographics, economic, ...) at the level of the decision
making units rather than focusing on the aggregate information

- Focus is on the distribution of the target values, rather than on the means or the aggregates

- Estimates of aggregate outcomes can however still be derived by summing up individual predictions

www.khp.re.kr
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01 MicrosimulationO|&t?

Advantages

- Modelling complexity
* Population complexity, Behavioural complexity, Policy complexity, Temporal complexity, Spatial complexity
- Full heterogeneity of population (< macro / representative agent models)
- Decomposition of effects and identification of driving factors
- Interactions between policies + interactions between individuala
- Not only average effect, but complete distribution of effect

- Both ex-ante and ex-post evaluations are possible (causes of effects and effects of causes)

Inter-temporal Microsimulation Models Spatial Microsimulation Models

N\

[ Popuistion \

Source: O'Denoghue(2015)

S gRedMmEIy T

KIHASA

01 MicrosimulationO|&t?

Limitations

- Data quality
* measurement errof, missing variables, representativeness...
» Mismatch with existing administrative aggregate data

- Imputation error

- Misspecification error

- Lack of data

- Variability of simulation results

- Updating cost

S gRedMmEIy T
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Microsimulation0| 2?
Microsimulation2| %
Basic elements
- Base set
- Parameter set
+ Transition probability
- Ageing process
» Economic behavior model / Random assignment schemes / Statistical matching
- Module
- Alignment method
8
 KIHASA __
BauninEie

MicrosimulationO| £t?
Microsimulation2] £%

- =ThT7)0) o
. TAELE A Aol =
. Jj9lo] EHo| 2 & HHES imputation — T7]0] 20| H2|= AS M
- T7(0f 2ol Z2l AQ] X|ZH|Q T+17| AL E
. (@FEE O FE) 20 2T AL AISHE 192 AT TH17]0f At
. (IS O[3 ) 20| HA ATt a%o| HEZ A ZH| 1942 K=o,

T+17|0 %2l =tE= AR
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02

Ct5E Microsimulation
Classification of microsimulation models

Behavioural Dynamic ageing

]

Arithmetic Static ageing

Behaviour

Include a notion of time

\KIHA

Ay B

02

Ct5E Microsimulation
Classification of microsimulation models

Simulation
Models

Agent Based Microsimulation

Modal ‘ ‘ Cohort Model ‘ Modsl ‘ ‘ CGE Model ‘
‘ Static ‘ ‘ Dynamic ‘
I
I 1
‘ Static Ageing ‘ ‘ Dynamic Ageing ‘
Cross-sectional Longitudinal
ageing Ageing
Base-data: Base-data:
population cohort
‘ Open }——‘ Closed ‘
‘ Continuous ’——{ Discrete ‘

\KIHA

Ay B
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02 cH¥e Microsimulation
Classification of microsimulation models

Static vs. Dynamics
Ageing Process

- Static Ageing vs. Dynamic Ageing
Behavioral modelling

- Econometric methods

- Statistical matching
- Deterministic simulation, Cloning, Alignment through sorting

Ageing order

- Cross-sectional vs. Longitudinal
Discrete vs. continuous
Population vs. Cohort

Open vs. Close

KIHASA __
BIuRiNEIY
. . . ol
03 Microsimulation2| &
p=TE> ] 9y 8 o
FU;;"E £U Euromod ']
WSy
0j=a0} MIDA 4012
(wE)
w2gp|
A9
oga tinie
Microsimulation Model2| 2& o DMITE
CAPP_DYN
- Ctst 20| Microsimulation Model& &
- TN, SHdg, BUog W 245 S o
- 822 E87|3 =
- Dynamic modelO| C== o
)
M2 Mirustry of Labour and Social Attairs
o3
HRZAYATH KIPFSIM Stat £
13
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Microsimulation2| &8
1) SESIM: Swedish Dynamic Micro-Simulation Model

SESIM : Swedish Dynamic Micro-Simulation Model

1997 29E TR

off 23 7H

- epRx =IEE,

- g 7|0l 1S KR Mzl ®IV S5
- Sl =

- AQYE Q9] 35%7F ZEHE[0] Q= DBS! LINDAXIAM =
- ZHOlelel oY |of 2 HIhng, =0, B 22

%OE E?‘M

FRRTR, R, T L FOY, THAF

HASTMH 2 =0 SHATO XE7tsd E710) T2 28
Qo

Mz 8o Ardg Alggold

=
FED A1

= AR 7|

HASA __
J paRMunmIe

14
VKIHASA __
- . . ol are ;) 3uusaazy
Microsimulation2| &£
1) SESIM: Swedish Dynamic Micro-Simulation Model
SESIMS| =
2174Demography) 8{Education)
- A, QI 0[01, BM, HUART}, SH, O/Z, Hoh, e, HZX| | —» | - SRR N FE|, SELK-I8, (e} 5
ol - CEAR-T8, CESAN-MOIRS, MRS -T8)
! l
1712] 217(Model population at time t)
1 L EAIE XI9H(Labor Market/status)
- 4%, DR, WA %, 251 2y
t+17I(Next year) - EAI MEL, AL KI9) 501, BAL K20l MR AS
! !
tH17[e] el
(Model population at time t+1) XH:t & FH(Wealth & Housing)
T - 71 SE, SLEA OfoH, FAHIE, BRXM, PSS IE), 93 HE
2424 % Z7122HHealth & care of elderly) - S5, ORG-HE, BHOY, YEAS, KIHAS
- AR DHE 220 X|E, QB4 l
- BOUANEY S, £ BE
1 ZM| & 0|45 (Texes & Transfers)
&8 204(Noncash benefits) -grg ey 2%*%! SM, SN, KERASAH, Tt
-5 9P 3% S5 0%, GB12R AU IR LEAR |« | ~¥RY0S5Y FAeY 3372 L39S, IS,
o5 Lol)Z H7io)E Mot M2 25
15
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1) SESIM: Swedish Dynamic Micro-Simulation Model
SESIM2| Al Ez|o]4d Zut Of|A|
SESIM2| HofF7|E 77, =SAE X9l H 2598 A[EY0]44(H Q)
15 r 350 000
14 }
13 + 300 000
12 1
+ 250 000
-: 150 (00
0 s |;\ 1.\ 20 2% xln 14 |Iu 1.\ W0 \I\ ,;. n-~ .':- "k \.n \.-\ -:.
Age
S— S tatus Houschold size Income (right hand axis)
A5 : Flood et al.(2012), p.8
16
 KIHASA __
- . . =) (RIS
Microsimulation2| &2
2) DOSA: KIHASA model
DOSA: Dynamic microsimulation Outlook model for Social policy Analysis
- Starting dataset
* 1% sample drawn from the Population and Housing Census (2005)
+ 477,852 individuals, grouped in households
- Software
+ STATA 14 MP, Windows-64bit
- Individuals pass through all stages of life
* birth, marriage, divorce, having children, widowhood, death
+ Individuals find a job, lose it, enroll in public pension
¢+ Individuals enter into retirement and receive a pension benefit based on their previous career
17
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\KIHA

Microsimulation2| &
2) DOSA: KIHASA model

A technical classification of DOSA

Simulation
Models

I
Agent Based

1
Micro Simulation
Model ‘ ‘ Cohort Model ‘ Models ‘ ‘ CGE Model ‘
‘ Static ‘ ‘ Dynamic ‘
I . 1
‘ Static Ageing ‘ ‘ Dynamic Ageing ‘

Cross-sectional Longitudinal
. agein Ageing
Base-data: Base-data:
DOSA "r population cohort

|
‘ Open4,— —— _ Closed

Continuous '—

i

(¢ \ S A —
i) BnEramTas

18
A\ KIHA ey
St /) BaunhuEIe
- . . oI <
Microsimulation2| &3
2) DOSA: KIHASA model
Flowchart of the DOSA The basic structure of modules
Base Set
Module 9 --A Module 1
,“ Input Data
Module 2 = 7 =
7t 24 [ ‘
Alignment Set ~————————————— External Data
‘ -v delling transiti ] [ Internal/External
] PorameterSet 1 s | Data
Qutput Data
Source: Ko et.al.(2016)
A ]
Sub Module ’
'
Source: Ko et.al.(2016)
19




N
o
=
X%
la}
0%
n

2, A20|8 2H| F ¥ MY: ozumES 35t | 45

0

KIHASA

g BIuBMHEIN
Microsimulation2]| &
2) DOSA: KIHASA model

DOSA2| 11F OA|

20

KIHASA

g BIuBMHEIN
Microsimulation2]| &
2) DOSA: KIHASA model

DOSAZ2| AlZz{|0]d Zx} 0 Al

L

IOAF(-TAD) $TE TY: 202320880 ELISEL AR LIS A ARIIU ZE agsgy AlLz|ed SRS 713 20|

21
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Microsimulation2| &
3) POHEM

M

)
w O
ox T

m

= 2d A el BHH[E, Od|a UYL} #HHE 40| H S8 FTH2E 5= 2™
- Crst Ao Ardho] BHAOf 7|25 S3 HYo) tiet HAEMo| 25 24

- 58 &Y Iz E TTO| thet 7hae| FHE A= AR

- HEE AE JPEE e EM ME CHE 2010 AHY0 O/X = ST Hlu g
+ex. SY, VEY HEY XM, g 28 5

- FOT G/FEE MEE SO HRlel S0 mat AE=EC| HE

- NREdEZ 2¥ e 23
» POHEM cardiovascular disease model
+ POHEM cancer models
+ POHEM osteoarthritis model
* POHEM physical activity model
* POHEM neurological model

= = = = Q) tash —
Microsimulation2| &

3) POHEM
POHEMS| #+ =

Z1&%, ety M X7} 24 Y

D% Fx ol A470) Cist 91y 24, HLAHA Yol

b HIO[E] AA @AY

EHAE AP 9 AHE ZHs M0 ME 7Ry AlU2| 2(counterfactual scenarios) OHA

Step 1: Model
Specification

POHEME 7H212] A8 2 21, HFX|. 1%, 0|2] 042, BR £, ASES, BMI, Sa'd
SO, B0l 0%, oo, B3 MU, 4o NI HRE HUNE S8 ZUSiT s A
Stz It GIO|E{(CCHS 1.1)& 7| MO2 501 25 AIXt
XA BUANER 2IEC2 5101 2SS ME, AIRAOIME S FH (£7]) AREC Op1

CIAREIY H40| YO|0|E: £7| QIPFCTIOM EHFHO S48 U MUEE 7|2 34
Al HCI0|E, 0|2/0|FHEE 7HLCt O|2A(CIC)S| X2 & RESIH ACI0|E, ASIZXIH
Step8: Dimemic AEHE= LifePaths(B1%, 2012) S 2 life transition model & BE5101 2CI0IE 8t
updates and risk FEHOR U ABILIE O|E0] 2HE MRV F T risk transion model & BWESHH =73,
transitions risk transion2 S X7} HISALR, 2EICI0] P SRR IR 210} 0] 7HRl0] 2HEO]
1 = Qs g Ure >

N

S ALY, 0121 9! 0|3 &3 A= AN 2SE XF 9 H|IR

o Eeo fE U YWY, AU AE0H S FYAVS AV ZAF X WHC|O|EL} Bl

Step 4: Validation Qref SEAYT| WX BRE CI0IEIR} |51 X0|E HO|Y, ARH| H2lE calibration
and calibration approach® 7|22 DWo| ZHX|E =4

FHQIO| ZIZIALEN U PIBQ AN CHEF Ol & (0ll: ~2020L174X])
i Ol 5S ZIZHAIENO} IR AEO| Wi, WHPITOI BB OIXl= 7|6 ALSIX RAEO| 72N
SHpiDEb e tn (baseline) EMES HioIgt

QITEErS| ZAZIZATION THS! JHRD| STHE WIISH7| FIB 7H AlLt2I20| OIS 4
oll: QITATIS] BANY WS MY 7= Wikbaseline) X JHASE IS WHE MY KA

Step 6:
Counterfactual
analysis
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Microsimulation2| &

3) POHEM
POHEMS| A|Z2{0|41 Z 1} of| A

POHEMS| SZEY HE M Za@WHS 49 thah
24ik : Deindre A. Hennessy et al.(2015), p. 7
24
gi‘!gki‘:l{???! =

03 Microsimulation?| &8
4) Health Microsimulation Model

Health Models(schofield et. al, 2014)

- Relatively new application of microsimulation
- Four main applications
* Health expenditure

+ Spatial analysis: Spatial models of health and disease
« Mortality

« Health workforce

25
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N . N = () Etumesy —
Microsimulation2| &£
4-1) Health expenditure
=%
- HA 20 2 E F0|M Ch=E AR
- MCHE HRE 02T AEY HYo| RE
- 700l TRl RAIKIE O SR (AFEXNEE OfE
QIR EMEHAY EAH0| F5HQl Dynamic D0 StLS| RE2M EEtE ALt ER
- A Som Qg BN, W +E 5
e 29
- POHEM(CAN), COMPARE(US), HealthMOD(AUS), SESIM(SWE), DYNAMOD(AUS), SAGE(UK)
26
(/Y KIHASA

/) BRszsuery T

Microsimulation?| ZH&
4-1) Health expenditure
Health expenditure Projection Model

- Macro-level model, Components-based model, Microsimulation model

e
ol
Y o A
=4y
EL

el el ofo|3E Alg2o|M

FEE Ry Y oj=b|

24 o
EILL

AFR: Astolfi, Lorenzoni, Oderkirk(2012), p.19, 744

27
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4-2) Spatial analysis

Icrosimu

o3 M

Jél

T
b

- MoSes(UK): &
- CareMod(AUS):
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]

lation2| &

Icrosimu

o3 M

4-3) Mortality

Algg ol
N =5 At=o| 017540 9

=
=

- ALY AR 2] 4o B2

=
[
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(=]
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KIHASA

=t

=2
=O

3 Microsimulation?2]
4-3) Mortality

e 2
- LifeLossMOD(AUS)
+ 20039 APUAE ARRO| 7|E(H A, A=l HHA S48, At
- B U AHHEE the National Population Health Survey (NPHS)0IA ==
< Z7IMEO] OjXE ZH =3 24
o ZZ|AYo 2 QB ThAtol AXH

- A% Y| 24 22 2T

Hel )

- Canadian dynamic physical activity model

. Chel JHol 43t WS B8 ANES0| A oK g% &

e 2E 4 2

-1

- POHEM(CAN), HealthAgeingMOD, DYNOPTASIM, CDP model

S gRedMmEIy T

30

KIHASA

Microsimulation2| &
4-4) Health workforce

Ho|z0f tiet =7} Oj2fel 2

E 28
- Care Span Model(D|=), PSSRU and CARESIM(Z =), PACASO(F

o2

S gRedMmEIy T

ol

220 0/X|=

XIS =

=
EI_—)B

31
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KIHASA __
BauninEie
HI H}S
04 L Hst
Microsimulation Modelling
- Link between Micro and Macro Models
- Links and Integrations with Agent Based Models
CGE MODEL
Aggregate linkage variables
Microsimulation model
32
KIHASA __
BauninEie

i — 7hele] dHH HEFES, 45 X5 5)2 52 M+ 8 SXX=0| ojXe g

v '

- BZSEQ| Bot7t AAZH O O|X= S
E
4

- g0l 0 MY
. HY o 2 28 - FHY 0 Gt

H|-8 Z1Hd(cost effectiveness) 24
+ A& HB(clinical trial) 2 SO HEE A HEE B2 + AUCHH MEZ FXO| thgt 240 €77t 7h=

33
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nEst I 2y dety 52 g o 37| A
Figure 3 Families of heaith forecasting models
= TS Sl ¥= S 27 ot T

Macro-levelmodels

| —
F7[HIBA|0f 4T S oS7|200 THet HA| |
D8 (macro-level), A% (component-based) %«»«m., T
D|A| & 2|4 819 & (micro-simulation model) & *

ﬁ.,__‘_
.

== N S —. g

® 55| 37| 0= iyt Hag ek 241t
7

T Secton ofbeath eqerdtee  Yom heath expendure

g' I:| AI E‘ 9[ }é '5; 'E' % OI _-! :65" I:I (AStolh Source: Roberto Astolf, Luca Lorenzan and Jilian Odedkirk for the OECD.
Lorenzoni, & Oderkirk, 2012)

[=]
-

a
22
1. 7 A U 2
AIZHO| Wt $iste AZAE S 240l S40| AZEY A=k|o 22 FHR0I0 HE DAY
T} | AL ER2HO| AYLH AL B7| A0l 7Y HEE £ AU
0l YT Z37| UARE 2R 220 HBHE 0ANESHS 125D THE U 2
22 B4 25 S8 T24d 2= 2712 2HE(0[EZ 2, 2022)
o S70|2 2O UAMNEDE HE AR, 22 WHE A=Y S UE
o DIAMEDY U 2|2 DE 2 S HBAT HaH 32
o SN USHHM S AU UHo| HH 20 2R YAY =5
5

OlEfE, W eI, O] &3, YR Lhz022). A2 UHRHEE OB T F7| Y EY Tad 24 G20 O 7 B2 WS H.
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4
0%

N

ZAEE 2H| 2A2E e
722 25 U Y2y
Validation test

SALYSHH Y R MH|A 1S

& B N

1. UZEE 28 A2 R

OJALEEES 22
Dynarmic, Dynamic ageing, Econometric modeling/statistical matching, Cross-sectional ageing,
Population model, Closed model, Discrete time model

®  SESIMI(Swedish Dynamic Micro-Simulation Model) 2|8t
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1. 4229 2=l A2l

OIAZE 2SS 0|88 HZEE 2=H| A 2HY

AR U 2 Uy HY - S=o2nd, AYEd 2=H|

=
o
>
0%
o
ogt
t
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K
un
K
o
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o
1
[
=
]
Ho
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o]
rx
o
[o)ad
i
™
tu
=
oln

Saezd A R0 24 7|2 44, validation test &3
D2 A7) Q|2 MH|A 7t 45 U B2 23R g trg gor 4

FHED =2 (AEq01H +8) U 2712

8
742k A | i):" o 71
1, 42428 R8H 2A2¥H 2
2E 2tz U FACE
SroRIE A7t AE & (2012~2018)
UYEY SAHE SUe HZEE U= =2 - 712l Hele| 2L HY2ARH S (Y
2, 22, 32, 2%F) gt
Atz & 2| 22 o|FH| 2 E HIE S 2 Multiple Imputation (MI1)?['2 0|83l CHx|&
MIZIHE 83| =£3 10T ZZEH 2zb(el A HUEEH EAHEY HH3|E Bludto] 28
Y A=ol M2|=S QI8
190 T =H| (THe: #)

1,500,000

1,200,000

300,000

600,000

300,000

9
0
20101 20114 2012 20139 20149 20154 2016 2017
—o—1 DI E S H| (B2 2T &) —— 1 QB HRH|(HY LY EAXE)
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1. 4229 2=l A2 Il

0

DAINEEY 38t 28
DE 7410 MOHF7|H B WE & 10/40] 2SS 2apy o AY
(Of 7i0ich) 24, 28, FNES, 45, 7Y, B, ALY, Hof, A, AZAE(CC), A2
28 2y 50| 252 ext2e2 HY

2FHo2 o 7| HZEE UREPYL 2 oM =25 = U HE] S0l e 23s]= el

10
HZ2IHS 2 | A28 7|2
1. 74ZEd 2 gH| 2A2H 7|2
[ ) | - 17]9] i3
1 |
au
- UL HAL (22
t+17]
- 20-49M R} 04
-S40 AH4SS, Aok U U0 R FE YHolS
1 L
cheraigtoig
== - HERL A (2R L
- HEE 2 i =
- 19M i
| L
o LS
- BEfAA (22l 2225
: - HEh L HAl (22
- COPESHAAIL) As ojo/=
- 20-75M T4
I l
A 25
- EAH HASHE - Holwa
] |
i 23 79
- Hojya
- o i
- 20M 0
204 0 11
I L
UelEe Y o= 0| 4300%
- Holyy - Zolga
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2E, AR08 2=H| 6F H WY: o=

mjo
Mk
oo
_0'2
2
(83
~O

e S
o HHE{YHA E= MO0 met 2t 25 HEf 2F
o HOIFH(t=)>t+17|2 HY ©ff J{AE HJE 3} oHE WEHL0] 3T )2 T=A=21)
AROM AL 2| F YAUC: ALHE) 28
EE gy e
Ex o121, PIEAB, O CHEFISioNs, 2SS O3, A% SAIAE| DA
Cferzist ol 9,913,717 2559 2AAE B
9%, FRIBt O], BERAL 95, 214 7720494 opgen, Hof ,
1 = =1
e o e 22|25 o

77 £5ES)

nItstg 71joyes

el i T oz S| =nd 22

o2 30| 30

2o ofs?

A HoptE EAH WHE 7|F

H2bAkEY o, 9, tiElRiE O R, BiR A R F, 7 ASES, FAES o, | =% 2R AE 2

= AU 3, 20l o8, HAZ HZHE] {ordered logistic regression) 12
£ 2120 A, %, CHEZISt Of, ER2} 92, 717 2522, ZHEHs Oi, | GLM(gamma)

s AR R, DIZIEE D1R04F, Aof ofF, HZHAiek +log link

B4 (parameters) &4
o Of A|Z7| 74Ol D EH AtEl A0 HEE|= HEfHIH A A4 A O|H &2
e 3SI=o|Znjdol o|=H| Hao A& U A7t HZEH 2=H| F7t 2ME 2HES

7| 9J5 2012~20184 ZARE 0|5 245 A

2
o=}
i1
rlo
).
S
ojm
-
Qhk
o
2]

EES

0=
o
=i
4>
.E.l
a3
oo

dgRY U=t =8 =8 HYHATDEAA) A | mzes
_ _ - - (T2 A 1459117 ++x | 0139151
o CiYE 28 17  Log link B4 Zg | Soole s = sl
ol 0195131+ | 000469
= QHISIMB| D & 2= & =
ot ZESIYLTY(GLM) & d=H = CHERISHOR (7 |Z: 0|21Y) | -0932799=#x | 0155459
7t gamma BEE T2 GLM 28 S | d4Es M6 (71Z:0/go)) | -1357243=++ | 0134962
o|8sf 2EH|= 21Y 25t U2 7FEIE IS 1192358=+x | 0161832
O R R 17 ot BiS 2067425%+= | 030695
¢ OLS 280N 275 /e 28 & M2 | Aazseicayoiz:o)
Zto 2 2 BiBH A| HHAISLS DlAZ AO| 2 |13 5247466+ | 0179975
23 BAG162+#+ | 0362266
A s H2 7ts -
34 oAt 1.226750%#+ | 0625115

F1%1p<0.1, **:p<0.05, ***p<0.01
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3. Validation test

W7ol 2

[ Ry

0x

2012 23l A|280|M ZItE 5 7|7 A
2012~2014H AtRO|M F78F B9 2014H XI2E

A
24| U QR4S TS0 5 JI%t

Fen g ke,

0|23l 2015~2018H ZHZEE Z
ot=o|gifd Xt 9| AX Ziat 5| uEt

Zt ZEE 20 225 ShRozifd Atzo| HA ==t H|ug

14

3 Y o|2AH|A 7}

A%

2012~20184 &=2|Z2Id A2 A LIS Al=S 018

(HBEESAH S 493 U2 EZE JE E8)

8 BYE-228| SRS 233

oo

=

Lntmedical expenditure) = o+ By *age + f, *edu+ B3 xeco + Py *cci + fs = dis +

Be * phi + B + sex + fg * wicm + fB * year + B4 * coverage + ¢
SHE 1% 571 Y A28(7H1.96% SIste Ao 23S

2065971A| Of2ff | 72| H¥E 3} ALt2|2E 71510 2l=H| 2 Ao 2ry &

= ZH| 2t 238
AlLtaf OjHS 7} 80%
AL 22 OjA37t 70%
AlLf| 23 1501 sHAR A|ta] 37t 80%
AlLf2|24 156301 B k| 7t 70%

15
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4. B 2B Y o BMHIA T4 AR )

EMB|L 7HE &5 S

2019~20651 HA2E 22H| 24 ANE HARH 7t S/ 0|86( 0/2f A|HS] el AMH|A

It Y& e

i

UYRFSAALOIM St H=E 27t 74 S5 S8 A=E 71 57182 &2
2019~2021H8] AJ2210|4 B0l & 7
8

2022~2065H2] A|E2{0]H HIl0f 2012~2018HE Sl SR |4 2THE01 2 26% 2 A8

16

., A 21t

—

Validation test 2z}
HZMEN(CCN) Al280|d A2t
HAEE RI=H| A Az

L

17
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1. Validation test A1} - Ql1
= —
2015~20184 Qe 2 2 SAY AF5A Ao} Hlug
o ZCHIER|, dOHSE AILE, A7 Mot~ SS 28
5o grs Aol
- AlE01d AL EAF) AlZo|d HAHHLEAE)
2015 50238720 51529338 440,402 438420
2016 50,291 244 51696216 426871 406243
2017 50336552 51778544 384811 357771
2018 50,286.824 51826059 347288 326822
g g Lo
= AlgEojd 2l (S A H) Al22{0|E EHAEAH )
2015 25114286 25588336 222505 224877
2016 25,111,146 2566929 206,007 221,155
2017 25139646 25758186 189326 214,574
2018 25,068,004 25827594 155381 208064
- REPS Algops
= Algzlo|d 2 2A(E A H) Algzo|4 RN EA )
2015 25124436 25553127 217896 2138928
2016 25,180,100 25658620 220865 210580
2017 25,196,904 25,771,152 195,484 203426
2018 25218820 25868627 191,807 198179 18
- L]
L _ = b ol
1. Validation test 21} - 28 2x (AL
| o | = :1_; D
2t R A|220|H4 ANE ASSHY| Sl d=d B A8 0|M X M AROM
5 = = =
LIEPC BRI (A, d)E U2 L HEfZ 3 AHAE %g dr=23t
year
2015 2016 2017 2018 Tatal
Q 12,346 11,700 11.345 11.033 46 424
68.10 67.15 66.02 64.87 66.56
A
ézﬂ El]o] EI 1 5,784 5,724 5.839 5,975 23,322
3190 32.85 33.98 33.13 33.44
Total 18,130 17,424 17.184 17.008 69,746
100.00 100.00 100.00 100.00 100.00
year
2015 2006 2017 2018 | o
[i] 13,023 12,785 12529 12,280 50,617
i ; 67.84 66.68 65.59 64.55 66.17
A]gﬂ]olf‘d 1 8,174 5,388 5,573 6,744 25,879
32.16 33.32 3441 35.45 33.83
Total 19,197 19,173 19,102 19,024 76,496
100.00 100.00 100.00 100.00 100.00
19
SIEHZAAS[AHRY - VAL EAHIZ T
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1. Validation test A2} -

HEEY 2R

GLM with log link, OLS £ Ctst 9|2H| 23 2HS
22 GLM RS &8

® 2

5t0] AP LY 2=HIE
289l AlZ201d 2ot SR =TS A

o BIYASHY Yo oj=uy} 27| SII5 2016, 20184 2 2H|9 AH| g 4F
U M7 AR

I-_J

UL

=35t

o3 Hlwg

o & 71y gt

|
e

oot

oie EE)iIf = GLM(gafnma) GLM(Po‘s_sson) + 5
A2z +log link log link

2015 589,577 552,228 551,602 108,743

2016 706,282 557,431 555,752 111,654

2017 704,245 565,620 562,907 112,922

2018 811,693 571,568 566,624 114,559

zA0=2

20

2

.

ZEEf(CCl) Al=2o] M

24

100%
90%
80
T0%
60%
50%
40%
0%
205
10%

0%

‘Healthy ageing’ 0|2 &

o A AY L 65M O|L0lM 2065 7t2] CCI=02| B|S

ol 27t

X HE A= dddEl(ca) ==
100%
90%
80%
70%
60%
50%
aos
30
20%
10%

0%
2019 2023 2027 2031 2035 2039 2043 2047 2051 2055 2059 2063

E0 ml m2 m3

el

65A| O| & A8 AL 4 El(ca) =

2019 2023 2027 2031 2035 2039 2043 2047 2051 2055 2059 2063

E0 ml =2 m3 2

www.khp.re.kr



64

H143| stzoj2Ig

HZIHS 2 | &4 Za} - 20k
3. I_OEQ |_I-EI:| - 24+ TN
8 WY £ =8| 100 AZY|, o3t 24 2= 030 22
RIZH| 24 20| A7 2 26%2| SIHEES HKst Fnr
65M] O] & ct x 654 O] & x 65M| O] 4 Q1
2019 666,064 238,325 1,298,341 2,846,860 51,301,170 8,371,507
2025 801,408 362,230 1,600,515 3,314,390 50,071,872 10,929,022
2030 924,694 466,920 1,891,178 3,711,119 48,895,151 12,581,662
2035 1,039,926 579,036 2,192,439 4,109,492 47,432,381 14,090,204
2040 1,181,054 719,398 2,584,576 4,771,363 45,696,217 15,077,402
2045 1,303,193 828,224 3,002,301 5,421,717 43,406,482 15,276,039
2050 1,390,342 917,774 3,427,958 6,111,913 40,558,916 15,016,150
2055 1,428,868 949,601 3,829,402 6,793,805 37,313,092 13,977,452
2060 1,451,623 981,590 4,246,705 7,308,971 34,182,343 13,429,929
2065 1,494,264 1,032,243 4,728,130 8,014,680 31,603,691 12,879,401
22
23 2 | 24 Ax}- ol
3.doE= JEH T =24 " U717
M| QI+ = 201949 2k 5 1308HHO| A 20653 2F 3,1600HH7IZ| 25| LA
65M 0|4 HTe] Qg7 20199 7|&E 840QHHOIM 2047'A 11,5500 F7HA] S76HACHF 2065
E 71& 1,2900 37| Ztasti T @) HCtoM RES| 2hAg
AL
el
60000000
50000000
40000000
30000000
20000000
10000000
4]
2018 2022 2025 2028 2031 2034 2037 2040 2043 2046 2049 2052 2055 2058 2061 2064 23
e 71 1| e ] et O] 4] e 20 M| O] O e 20~30 K| sl 1 0~61 | @55 | O] 44
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3. 4TEY 2=l 27 23} - & 2=Y|

2019~2065H & AZEE =4

® 2012~20189 HLYEHEA U st=o|=mid HAHR|E AAIE

I'

o 20199 F 6720|A 20654 2F 149F7t2| 71510 205040 8t 0|& 712271 244510 0=
65M 0|4 ele| ZtAo| IE A8 & 5 AUS
5 HAEE FIZH|
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| 2 EEHE
HZ2H&H 2 |.='L7:"7=I'l|._.="=z I( E=II:I=|)
3.do£= JEH T =24 T T u_IEH ﬁoa
2019~206549 & AZEE 2A=H|(AHE)
® 650 Ojafe| RlZH| H|IF0| 7+ = W2AH Ste
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« HI& QINAEE 7|22 = 50 ZIEXIE HE, AMEH 0 fIe FF (=) 2IEE OFA

Sgg?j Dynamic updates and risk transitions
+ QIZALSIY 2 YHO|E: 27| 2IFEIHOM B4S QU AUES 7|Z2 24 MY BHOIE &
* FEOIE S A{EUR0: 0|20 2HE 0llE RIS risk transition modelE HE50] 2

Srae-h | Validation and calibration
T 3D A, ES) 94, ERASo| SNAME MK BEX| 2 TA SHUR Bl
e Ue 4| BSE GOE Zro| FoIpt XO|J} UL, B9 FHX G =W

3t | Projection
T e giele] HAME U AYMRASO) oS (0):~2030AMK])
*OIEE TZYES AHRASY WY, A 98 2459 7|25 EdE Uy

Stepb Counterfactual analysis
S« iR EEHe ) didt WYL SHE FII6H7] fiE 7hY ALEIL9 oIE 3 14

02. SLUH: (1) POHEM-BMI 289l %8 |

@® POHEM-BMI 2%
= POHEM-BMI LHOIA{ BMIS 212472 0|F0| BMI¥, £ 0! AKEE 0f=0) ofsf =S

Adult body mass index {(BMI) predictors, outcomes and other risk factors with BMI as a predictor in POpulation HEalth Model
(POHEM) framework

_ Predictors of fid Outcomes
The main ;- A
explanatory ki ;
variable J Death | Health Utilities Index
\ Age Group R S

7 e Diabetes, osteoarthritis,
Previous BMI & Heart disease, hypertension, cancer

Other
covariates

Smoking

Physical
activity

-
Sourga: MOpulalion HEsith M.

* 7 =2l P eHAutoregressivemadel = T8I0 BMIS ISR AR (ESH7 HHARR (S S840 B2fs = 7Y

=M Kopeg J. A, et al. "Developtment of a population-based ricrosimulation model of osteparthritis in Canada." Ostecarthritis and Cartilage 183 (201G 302-211. 15
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A

= Step 0. HIZH &Y GISYTL =&

2. ﬂ-‘;lfl_!ﬂ: (2) POHEM-BMI SHA| A1y R X2

= JHQI2] HIEH S SIS (FI0|215) AHERW ek 2XAE SR E M (Rt2¥: =2 211 2012)

Pr(Obesity,) = dg + &-Age group, + G,Sex; + dzSmokingi + &4Physical Activity; + dsPre_Obesity,

Adult body mass index (BMI) predictors, outcomes and other risk factors with BMI as a predictor in POpulation HEalth Model
(POHEM) framework

- — ettt e b 3
Predictors of / Outcomes
adult of BMI

1]

1]

]

1]

1]

Death Health Utilities Index] s
L]

Age Group '
1]

1]

L]

L]

L]

1]

L]

[}

1]

v Diabetes. osteoarthritis,
Previous BMI e Heart disease, hypertension, cancer

Smoking

Physical
activity

Source: FOpulation HEalth Moded.

16

= Step 1. Modal specification: PE2E % 2! data source dH

= Step 2. Initialization: £7| QI &SH(1=2012H) 44

Yearof
entry
= 2012

{Initial

2. ﬂ-‘;lfl_!ﬂ: (2) POHEM-BMI SHA| A1y R X2

=0
= 710 QIS HE5I0 T MUTTIER 2 ¢g J ARIEHE HEUM2 AdS AZ201¢

- 89| 7|27}

HIZtO] 2|2 = 5122 918, X, HIZHBMI 250|4) AEIZ SR, HIBte] K| = AYO| event?t i
i MES RUANTE EUT EMS KW Q1T SYUEI= HOT JH: Q0! I HIF SEAE

KA1 ME(EAZ/7|H4S/ZR0|S)2 ZARAE 71202 71

= 201213 L2|Li2t QIF R R, A0 3t 71ate| QFE B C0|Hl{base set) T4
- (1) IFPEIE: 20120 712 194 0l HRIn=30,842, 730)S M- HHHZ T2 (K22 BN FRISEHURR
» (2) HHLP1 25 POHEM-BMIS Piloh= 21 201221342 A HESEH| 2 RI27: s=EQlEmHE 2012H)

Ho. Age Sex Obesity Obesity Smoking Physical Activity
= Pre-Dbesity (Ho|EE 0] ofaf o)

1 47 Male x £ x (o]

2 53 Male e} i (] X

3 63 Female (6} i * *

17
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| X143 BH=olRIS SHa0H3|

i (12, SFHIY: (2) POHEM-BMI A8 SAe o X2l

= Step 3. Dynamic updates and transition: 2/ ZALE|R| E44 9 H|TF gt Al SHH|0|E
= 14 —t+14 (annually)
= Qo B+ H|PE 2 BE + AN REL| (IHE) AH0|E

o (I BTN FHOIC] 7IEHOI 217 APSISHY S5 2| HEL AIS o)A
- tEOIM t+10 O O[O Wt MEA BIRIEH= 194 2132 AL, SAHNM HAEHL /= RS AE
{2012-20189) EAHE FUSSHYLIT, (2015~2040F) EAH 2T =4 212 AME
oo (HITH A 85 S Step O0IA Hel= HOIZE) Tl 2} 71212 £4210] =3[0 HH(0|E
- (A EHI0E) EAH eFHMEBEME) 20121 3-20173, SEAIH R 4 L HE3E MRS 2019320401
' By the equation derived from step O,

Ho. Age Sex Obesity Obesity smoking Physical Activity
= Pre-Dbesity {predicted by equation)
Year of i 47 +1 Male * i hs o]
entry |
Toiin 2 53+1 Male o ? o X
f"'i‘ia' ; 3 g6 +1 Female o ? % b3
dp
Ho. Age Sex Pre-Obesity Dbesity Smoking Physical Activity
P {predicted by equation)
entry | 39,542,731 40 Male X ? x a
= 2013
t+1 39,842,732 a0 Fernale fo] ? o 54
I3
. / HiEH - I
0 2, S-AHI: (2) POHEM-BMI SHA/E BAuY W X2
= Step 4. Validation and calibration: 28 d& % =3
= A2 04 2ot TA2RREQ| FHXIS Ul
= 7| HH(Base set 20120) 2 22H 2016E K| 1R, H|2F 2l AP 2852 ME6t 00|52
AZHo|ME 3
- 20169 E &AL 2016H T H- HAA HIZ REE) o S22 S A5 2| FHX| %} H| sk RARE
Zupt L= MR 27
- O HE| 4 HEE QRPE(Z016)7F SARL] FHUTEAL] HYM HOLIA E=F S
- Step 5. Projection: 0|& 4
= 2017HRE 2040471X| HIZF REE S (%)
19




o L =

2

casdy | i

Fizure 1 Sumnnary of data sources aud wethods used o generals and validale projections of distribuion of BMI
caregories in Sowth Korsa, 2012-2040

Stepl: Initialize a predictive model by gengrating synthetic cohor Lol sulual Korean population aped 19 years
Generate an initial and older in 2012 (1=39,842,730) using Korea Health Paned Survey (r=11,501). BMLI, pre BMI, simoking
Koraan papulation rate, and physical activity rate were impured from infarmarian in the Korea Health Panel Survey

|

Lach year to 2010, update synthetic cohort for demographic changes and BMI

Step2:
Anauslipdite Age Births and Immigration and BMI, pre-BMI, Smoking,
daaths amigratian Physical Activity
Nara - Karea llealth Panal
Mot applicable
sources Survey
Upehuic T il ¥ d the martality rate is & updated
mothad KL POIANI HRE v applled ta match the populstion structure annualty by the BMI
in Uhes Tulure prediclion cquealion
Step3: . - ; .
Validate and Compare predicted estimates to survey estiniates from 2013 to 2016 and calibrate the medel to

Calibrate model approximate surey cstimates

‘l’

Stepd:

Projoct baseline BMI from 2017 to 2040
Projaction

21
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o
e
=
_Io_||

I H143] g=ol=mE

Men Women

Total Men Women

Total

No Yo No

e ('neSD}

40-64years 9360489  47.49%

BB7O037  45.05%

SD, sndard ceviation
45

4.0

=
=]
B
£ oz
s 30
=
25
7201
20

44571560  4B77+16.92

3241

No Yo No Yo No

458041631 55541186

18531360 05 BB6
9320883

@®Total deMan SWoman

s 2395 23.97)

255

: g TTd
s W 2 2353 23,53
a3 '

arme

2:4% 2286

LD 2013 3010 2018 E0IE | SOLF 203N 2030 J0M 2024 Q006 Q0GB ADdO0 DURE Q034 QDah JUSE B0SD

576311983

8349634 37.78%

56.59:19.00

7248520

39.35%

Year

Chserved peried Froduied perod
Year
Figure 2 PFopulation Heafth Model projections of median BMI in South Koraa, 2012-2040. BMI, hody mass index. £ 29
Population at baseline (2012) Projected population (2040)
19-39 years  40-64 years 65years 19-39years 40-6dyears
BMI (median)
Underweight % 11.76 5.10 7.60 2.66 0.00 C.00
Preobese % 20.36 26,51 2410 39.59 76.60 80.21
Obese class 0 % 1.51 1.79 1.30 0.36 0.00 0.00
BMI, budy mass index.
Figure 3 (A) Projection of the distribution of BMI, adulis aged 19 years and older, South Korea, 2012-2040.
A Elndanweight B Nomal B Pra-obess B Obseaclase | M Dbose class (| WObesa class 1l
Peiies i Oty 0T S
chassificetion P L
Classification BMI (kg/m%)
o 2185
i orrn_al 18.5-22.9
" Presbese 240
0% Obase class T 26-20.9
a3 Obese class 1L : 4
o Obase class M
i BM. body mass index.
o
0oz e awm s Fl Fac.} e
Obsersed nariod Predicted perind :
(23
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K‘;;‘. By

o (M) 2397 (04D 23.17
w H[ZEEEA(BMI 23~24 . 9)01| S 8H= QIFEI B HIE0] 70% 0|40 2 =01 7

~ 20124 7159 S22 LHEE HIS0| KISE LB 7|2 1O &

|0
HU
=
T
o

(2 S0 HHEAC otAIE)
» 7|& POHEM-BM| 29| T gt A2 TR HE
= METAREH EQ1E self-reported BMIO| Ligh 7% AM2f

- 71E RHEel YRS 13

25
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= Oj2H 2| Crefet S8t 8 SAllotd 10| ME EfEet 0|& =EAIS HAlot= A2 €A
I

%2, Eo|, O0|F2AIZL01M DE€E Aok HY 7 B8 Re(2=) ZHZH0IM
=M QXS 7HA=0|, 0|2t @AIS0| 2dst MA e HE2 o= Ante| M|y
o Ztet Hek= 0|7 @il s, 2018).

- 2 G0ME SHRORIIL0 SHES FR5I0] KOl HDt QHES 0SS AT
HIS. 55 Gofis DU MM MBSt MMEHT MEAO BHS THSIGH HHA|H
Lz "ot US

o O AL AU TO: 01 BMI, B, AHESF 0|92] W5 2o & W TS M7

o HE AL, BREY LY B DHY S 02 2L9IHQ0I0| UY) DSS 12610 B4E
LIRS

26
%} O] &} = | '
04, n& 2 &3 o Ho
@ =5 A7 IS (0]01A])
= ol O|2He| S=td 40| 0|20 9| Crefet 7tsds 2l0lel. mhaks, e HHAMENS
A|&SCH= 712 AlLtZ| 2(reference scenario)dl| CHEH HISZ 0t} €| HAH T e 2
Qs lz4nE FIMHCE HASICHH 0] 9l 24P £ 2 Ze=z 7|H=.
= LHEEO] DM ESHE K7t AUMENE FERPUCE SIE= £5 Cifet B2 2| Ciet
AYeET olZ+as £7
= H|PF =2 OfL|2f CRRFol YIQ01, Zlels HAIC 2 ot 0l& s HulsH #=5t0
UMAIZOC =M eF% HA SiskAH| R 275 ST £ US A= 7|0,
= DY A=2 2fo BHESHT MEEDS AR RO 2R =48 £25| HE
- B HEL TSN S AL R AEHOR M US| HES0| EEE + WIS T
27




=

718MM: HERE, oS08 o=H| oF F M RIES HESHH

JuEH i

2

THIO| £(2016). TOINRSIAE 7|8 BET| M) Y S8 B 28 -t
SHRPAASIATE,

- UUE, 01H38I2018). "HZAE 2 Ao M2 Y oIF 3 BHEE A AT, SREHASHTH.

URB2021). O 222 Rels 0128 2R OIS =3, 2HFA &
a4

FEHO727(3). pp. 89-117.

- SR S(2016). T2 7E OIS AG VI,, SIS HHT A

EH 0|2, M7|E(2016). Future Elderly ModelS &2t
S FHHTISI ST 26(3). pp.185-184.

- T S(2016). THIOH Z1E OAR ZH DlAIE PEE HE,, FA|

1L AN - QIEAIEETE 0|2 AE SEETEN
16-01-02, HEE A

= oo S

= Kopec, J. A., et al. "Development of a population—based microsimulation madel of asteoarthritis in

Caneada.” Osfecarthuitis and Cartilage 18.3 (2010): 303-311.
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FHAMM 1: LQIE 2|R0] 93

2zH XIE |

ZEge 23 o
HEEE] A|Z

20004 Er%t_ﬁﬂﬂ
H2} 7l o= 20134L
& =2 A0} Bl =2

5t

o= 20004 Cy

| 2ul HH A4S WYH 2|
Bl 2 A& U
A2 (EeY & 22 (2000))

428 Yol 25U %»:\:'4 CEYR R
20174 88 WEE 20l Ho| BAY A HUS
2228 HIE PHE 5 HIHO e

ALY 0 MH|AQ EIILE H2

8301 |2 Mu|A0] A2 Fof YA T

. 39 A2 ciye HI3Ql Bovg A3
« UZEY 224 45 Y2 o=H| 227 HE §

H2

2 8 o2 B

I -2 o2 U= =uv a3 s was sy 3

« Y 2AH Y U B (S £
» ChASHAQIO| A SLE, 71 HEH0|| THE 9|2 0|2 H2H0
et A7 2=
(EHl =A%)
MELUE 17 18 19 ‘0 21 199 B
Gd]-dE¥20 2,008 11,952 16,733 21774 26818 31,123 110,408
3 HI2H 1401 0300 13742 15856 17,080 20,115 78484
LSTEE dThy 4908 5457 6077 6717 7573 30792
13' J2ECE 1335 0007 12858 14740 16402 18341 73,673
LES = 037 1,800 2475 3217 4280 12718
A 4834 7,184 505O0 60022 71,104 B1441 306,164
2 HHme

www.khp.re.kr



94 | HM143| St=oRIY SHELHS

A FA

« DEE 09T o2 MH|A EolHct Mo 2

= (7 FA|) O 65M O] N ZF o2 MB|A FHOZ
2% 0|8e| 7HHEHEE £

Ot 654 Ot Qfel AH|A BOISH AE #E

HO|=HC

Sl (~17)  Z04('18~)
000H Ol 1,5009 15009
15,12::!?4 i?}x 20,0009 Olsl 10%
20,0009 Z-- 25,0009 0|5} 30% 20%
25,0004 =23 30%

e

27HEEH|)
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— | 0 o EeiaEaea = oy B
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B o jiiteees =000 G
Py # e e
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s liinit
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\ ' 1o 11 . - poe—e Iy T 1 —
o GO0 10,000 16,000 20,000 86,000 30,000 O56,000 40,000 -5,000 G000
Earnings (2006 %)

B. Twao chilldran or moira

| a0
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I = =
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2 rd by =
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= #
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PtzEreiA 23 AHOIML| LMA X 2ot L2
universal health insurance systemQ| 2235t 27} &4
» 23HA: Rand Health Insurance Experiment(1974~.1982),
Oregon Medicaid health experiment(2008)

» =AY EA: Eichner (1998), Duarte (2012), Ellis et al.

(2017),
RAND Health Insurance Experiment
plan face-to-face  outpatient inpatient total probability  of
visits EXPENSEs dollars expense  using any medi-
{1984%) (1984%) (1984%)  cal services
free 4 hh 340 409 749 868
25% 333 260 373 634 788
h%% 103 224 450 674 7.2
a5% 273 203 315 518 67.7
indidivual 3.02 235 373 608 i
deductible

source Manning et af (1987)
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27| 2N 97 UBE & O3S (1980), LEHY et af. (1005)
« FQIRE HSI2L 2| O|F HE| AL ‘06 64| O|2F OfE
U HOISE |(H AL et o, (2008)), '07'd 8 64| 0|2t
Ot= 2lcf 2OlRe HA4AH = (2H0|4 (2013))

. TbHGHeY 2

= O|=H| 253 Az &2 HES (2000)

- AT ANZ B M (2018)

« DES 2T 22 2URHAE

. US} & AL (2010): BALEO| DS 2J2 020
0j3 = Y

|2 =
= LHET (2020): ‘189 EQI5YH Yig O|F o= O Hg)




FHMM 1: L= 9|20|2-9I2H| XIE | 97

. 184 A= B3} 0[S ZA
]

ZIZH| 15,0008 7|22

S
71 0|8t A| 2 15009, 23} Al
HE 30%
» E88% (Einav et al. (2017))
Ei my\ 1w
ui(m,y) = |2m— 5 () + I — C(m)
1= o '*Eﬁf e ——
v
. HolHe B4
mo if m < 15000
C(m) =
cxom: Hma 150000 <exl
« FH olg AH|
; (2—c) & fFCm)=cxm
i =
Qg ; =
LR
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marginal buncher

2. ¢ e IEDGG. 15000 ]
= 202 T2 — e

« ZIZH| 15,0008 22 0|=st= 22 Aot = J1& o2
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15000 + Am* 15000 , .,
(@)
15000+ Am®
bunching = ] i) den
15000
~ Am* ho(15000) + h[;2(155"35 + Am*)

5(150-{](]]_ n h I?fﬁr.m;

= 150{}0[(2%6)_&—1‘ ] ()
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ZH2|  p-value

JtHErEdd  -0.8726 e
(0.0317)

= & gl Ll ks gl 005,k =  pol 0.0]

= i A | p-wvalue
4=l o
b= -0.4287 .
(D 0E90)
Cxf A ~-0.0664 XX
(0.0583)
=l o
] S 0.9097 e
(D.0448)
e i — B = D.0l18s5 * ek
(0.0292)
Ao -1.1200 e
(0. 0649)
F A =] -0.9121 Y
(D.0500)
i s 05022 ek
[0 0377)
sHeslsgsy s e w5
ZH&l -0.40973 vy et
(D0.0344)
m] B = -D.B932 A e 2
{'.'J 0282}
T o pg Oliee pe 005, % %s  p<l 000
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== 24 ) p=walue
S=ot= FHErarEl
ol e -1.2108 i
(0.1108)
L i -1.1389 s
(0.0505)
= = 0.7 864 el
(0.0304)
T -0. 5269 s ot
(0.0700)
O &= -0.42329 r
(D.0820)
oo et
a5~~T4a4.M| O, 7ae47T TR
(D.0606)
7 5—~8d4 A -1.0192 P
(O.0248)
BEM| O|-=k -0. 7215 —
(0.06F2)
gt O] &} 1.0024 P
(D.0402)
e -0, 3170 e o
(D.0287)
CHE =S =T of-at -0.3921 e
(D.0349)
fw o O] ek po 005, 2= o< 0001

= o = | p-values
TS 7re el
2| A&F FLelAF -0.9204 ok
(D.0388)
2| F el RF 0.9046 T
(D.0317)
—-l_-"—L,-'%—’-l._ﬁ_-”ﬂ -1.1384 e sk
(0.0353)
2=Foj
2ol Ll -0. 9280 e
(0.0E2G)
Ztol o= -0 8625 i
(O 0284 )
A s 75
A A= & -1.0843 el
(0.0162)
Y| @=E olakd -0.7701 Rtk
(0.0685)
Bl 2} 7=
Hi-=A 218 -0.8503 el
(D.0385)
Hi 2 = ~-0.0101 EEE
(D.0463)
fw o O] ek po 005, 2= o< 0001
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r
jo

« NS Q2 0|88 7tHetdy 087 24
= RAND HIE: -0.2
= 2|M2 (2018): MH|o|2 -0.205, 9|2} -0.151, Q¥ -0.072,
AZ2|2f -0.184
« A2 (2000): £O|R2H| -0.22, O|UE A& -0.09, 2 BEE
Z|& -001, 92 MH|A 2|& 028

. A5, Afo|2EE J1Y, DB, WA, 22Y AME)
F2 AN HIRH S 71AeY 23

« HAS, AEo|REY 0|74, HE, o4, 2B

=11 —_ 1
HAUAENTE E2) U2 2T JHA R £ 23
. 187 EQIRE 20| FYATE FHOZ B AN
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40 otA: £ FAH M2 = ot 2EA 0
HENH SR YEHSITL O CHe R| (AL (2020)
2 823 specification
o 24 CHQ|: ACEP|(Saez (2010), Einav et af. (2017)) vs. 2|2}
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1. Expansion of "Health Literacy

“Health Iiteracy represents the cognitive and social skills which determine
the motivation and ability of individuals to gain access to, understand and use
information in ways which promote and maintain good health.

_Thus, health literacy means more than being able to read pamphlets and make appointments. By
improving people’s access to health information, and their capacity to use it effectively, health iiteracy is

critical to empowerment”  WHO, Health Promotion Glossary, 1998. 2020" CO\”D"1 9,
Infectious disease &

‘ 2010s
‘ 2000s * Worldwide

: attention, man
‘ 1990s ° Stl—tcév,:lti)gn in networks and -
e oL o e
' 1980s m::i:r:e_w a:jtéi:ipe Health Literacy
ol it ctabaholdars Association, 2016
. attention involved + Shanghai Declaration
1974 * HL as national policy
= First
mention
by

Simonds

v First measure ¥ Policy
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: : : : Dot G HEn T
A Visualized and Scientometric ,N%:TERN s
Analysis of Health Literacy Research| "
TH PROMOT INT
. . N.NTERN MED
Jian Wang ™ and Fakhar Shahzad?* Q ,&B B TR
800 e
" = 174810194
a
g 7o R2=10.9404 TAWAN
= 600 PEOPLES R CHINA
2 Data containing the terms “health literacy” SOUTH KORER
5 s ” 5 NORWAY
= 500 the title are collected over a period of IRAN
= o d SWEDEN
< 400 %ﬂm and 3,670 pgpers are . _ CANADA
5 available ( swn’zznu\u§ USA
2 300 Turkevl. AU TRALIA
=] ITALY
= 200 ‘ENGLAND
Z e BRAZIL Aank  Country/Terrtory  Religion Publications
100 JAPAN
lN!:_Il»lERL)\‘_"!h Ush NethiAreica 1518
0 l DENMARK (GERMAL  ssa Cosna "
) DO Q0N DK » o A % N, 3 PecpleRChira Asa 180
QQQQQ’\,’\/N'»'\/’\’\,’\/\, ’L‘L : NeArea 163
FEFTLEFEFITTETEET TS s e
H Englend Wester Euope 155
Year 5 Gomay Calulfope 140
7 Netarands Wastem Europe 108
Source: the index of Science Citation Index Expanded (SCI-EXPANDED), Social : oty o @ |
. . . . 9 Sanih Ko g &
Sciences Citation Index (SSCI) of WOS Core Collection databases. T = =
RESEARCH ARTICLE PLOS ONE
Measuring health literacy: A systematic review —
and bibliometric analysis of instruments from
1993 to 2021
Table 2. General health literacy instruments (1993-2021).
Methods Author [ref] | Year |Name (abbreviation) Countrylsample | Items
The review was conducted using PubMed, Web of Science, Scopus, and Google Scholar
on all published papers on health literacy instrument development and psychometric proper-
ties in English biomedical journals from 1993 to the end of 2021.
Davisetal. | 1993 | Rapid estimate of adult American public 6
Results RIS literacy in medicine health and primary
The findings were summarized and synthesized on several headings, including gener: — w (REALM) arklting
instruments, condition specific health literacy instruments (disease & content), population-  Parkeretal | 1995 | Test of Functional Health | American adults 57
specific instruments, and electronic health. Overall, 4848 citations were retrieved. After [15] UlCinBMUhS patients
removing duplicates (n = 2336) and non-related papers (n = 2175), 361 studies (162 papers (TOFHLA)
introducing an instrument and 199 papers reporting translation and psychometric properties Bakeretal. 1999 | Short form of the Test of American Erlghsh 0
of an original instrument) were selected for the final review. The original instruments (4 Functional Huhllljlcracy gpcahngpaﬂmu
included 39 general health literacy instruments, 90 condition specific (disease or content) in Adults (S-TOFHLA)
health literacy instruments, 22 population- specific instruments, and 11 electronic health lit- Weissetd. | 2005 | Newest Vital Sign (NVS) Americinadit 6
eracy instruments. Almost all papers reported reliability and validity, and the findings indi- [16]
cated that most existing health literacy instruments benefit from some relatively good I
h tri rties.
el b Parketal. [76] |2021 | Korean Health Literacy Late School-Aged 16
Conclusion Instrument Children
This review highlighted that there were more than enough instruments for measuring heailth
literacy. In addition, we found that anumber of |nstrumems did not re rt psychometric
- : = - - na
Mate measures of validation could be helpful if appropnately selzzted
based on objectives of a given study. Perhaps an authorized institution such as World
Health Organization should take responsibility and provide a clear guideline for measuring
health literacy as appropriate.

www.khp.re.kr
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a systematic review

BM) Open Definitions and measurement of health
literacy in health and medicine research:

Results 120 articles were included in the review: 60 within
public health and 60 within clinical health. The majority of the
articles (n=77) used instruments from category 1. In fotal, 79
of the studies provided a health literacy definition; of these, 71
were in category 2 and 8 were in category 1. In almost half
of the studies (n=38), health literacy was defined in a broad
perspective (category 2) but measured with a more narmow
focus (category 1).

Conclusion Due to the high dearee of inconsistency
between health literacy definitions and instruments in
current health literacy research, there is a risk of missing
important information about health literacy considered
be important to the initial understanding of the concept
recognised in the studies.

Health literacy definitions and instruments
Out of the 120 included studies, 88 used generic health
literacy instruments, while 32 were contextspecific.
Eleven studies used a combincation of health literacy
instruments. A total of 77 studies used instruments from
category 1 (describing basic reading and writing skills,
disease-specific knowledge and practical skills), whereas
43 instruments were from category 2 (describing commu-
nication and interaction skills and/or the ability to inter-
pret and critically analyse health information). The most
frequently used health literacy instruments in category 1
were Newest Vital Sign28 (n=19) and Test of Functional
Health Literacy™ (n=13). The most frequently used
health literacy instruments in category 2 were The Euro-
pean Health Literacy Survey Questionnaire™ and The
eHealth Literacy Scale™ (n=10).
Category 1*
41 studies assesed to
utilize instruments and
definitions in mutual
categories

8 studies

Category 2**
33 studies

Journal of Health Communication, 19:302-333, 2014

Routledge

ISSN: 1081-0730 print/1087-0415 online
Taylor &Francis Group

DOI: 10.1080/10810730.2014.936571

Jolie . Haun, Melissa A, Valero, Lauren A McCormack , Krstine orensen
&iMichag! K. Paasche-Orlow

The evolution of health literacy assessment tools
a systematic review

Search from 1999 through 2013 “measure,
assessment, screening, and instrument”

measuring H

Of the 51 tools: 26 measured general HL, 15 disease o
context specific, 10 for specific population.

Most tools are performance based, require in-person
administration, and are exclusively available in a pencil
and paper testing mode.

The tools assess 0 (proxy measure) to 9 of the 11
defined dimensions of health literacy.

appro;
formats, root

Reported administration times vary, <1 to 60 minutes.

Validation procedures for most of the tools are limited ;
..... represent a narrow set of conceptual dimensions with

reliable and ¢

developing a

There is no clear “ct
comprehensive tools!

Sibel Vildan Altin", Isabelle Finke?, Sibylle Kautz-Freimuth' and Stephanie Stock
Health Literacy Measurement: An Inventory
nti Altin et al. BMC Public Health 2014, 14:1207
and Descrlptlve Summary of 5] lllStl'llmentS ::::;::m& it i ) http://www.biomedcentral.com/1471-2458/14/1207

idence on how the develog

ational

nt years and f

ng methodological gt

of generic me:
(2009 forward),
jefined criteria. A

idel

pend

conducted a

rgence o more

limited modes of administration. Most of the tools /ack
information on key psychometric properties.
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Table 5.1: Most mentioned or cited health literacy measurement tools (listed by total)

Average mentions

Health literacy Year range of PubMed Total number of or citations
measurement tool mentions or citations mentions or citations per year
TOFHLA 1995-2017 185 8.4
REALM 1991-2017 167 6.4
NVS 2005-17 86 72
Chew or BHLS or SILS 2004-17 53 4.1
eHEALS 2006-17 45 4.1
HLS-EU 2012-17 39 7.8
HLQ 2013-17 22 5.5

Others: SAHLSA (Short Assessment of Health Literacy for Spanish-speaking Adults) — 6; HALS (Health
Activities Literacy Scale) — 3; NUMi (Numeracy Understanding in Medicine Instrument) — 3; HLSI (Health

Literacy Skills Instrument) — 2.

Pleasant et al (2019)

L= S #27) 2)(2020) ~2020 62, n_wf, ZX| % 2/(2020) ~ 20194 128 n=186
1 . H L T_IL'- LH ﬁ :rL O O o9l 2/(2018) ~2016118, n=88 ; Z+X,0/0]%(2015)~201412¥ n=41
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%|&7] 2](2020) ~20204 6%, n=147 ; 0|%I 2/(2018) ~2016911¥, n=88
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i Sh
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SR S I v' REALM >TOFHLA, Chew’s (0|2l £|)
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Testof unctional Heabh teracy n Aduls TOFHLA) o REALM A€ : KHLAT .. TOFHLA Al<: KFHLT....
forean Funfonal ealh Ltetacy Tt (P )
] Newestvialsign (NVS) b rable 3. =1 wmegm elens= 0|20| 2|(2016)
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otean Health teracy Insrument (KHLI

¢ <] el =208y
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1782201 1)

0|2l 2| (2018) ¢

SRS
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SAISUBBUYIX A398 U002 10) pp39-5
Korean ] Health Educ Promot, Vol.39, No4 (2022)

(Hajg, Ao, Wt 2022)

SEvEr FAaEEHAA SH =] A 5% 24
FAH] EIATZ(Scoping review)

mejEt©, dSse”, wExt
SO BAWYSH} RS, TARGOE Rt 2, TuSeadqsidaTy B NaTd avele

Health literacy measures in South Korea: A scoping review

* Objectives: This study aims to provide a descriptive review of the published health literacy
measurement tools developed and validated in South Korea. Methods: Using Scoping Review
methods, a literature review was conducted by scanning international and Korean databases
(PubMed, CINAHL, Scopus, RISS, SCIENCEON, KoreaMed). Among the 181 articles explored,
26 were included in the review. Results: Of the 26 articles (27 tools) reviewed,

17 measured general health literacy, while 9 were content/context specific. Among the 17
general health literacy measures, 12 tools were translated (from REALM, NVS, Chew, HLS-EU,
and HL-SDHQ) and five were newly developed in the Korean context. Except for the
REALM-family measures, all the general health literacy instruments apply multi-
dimensional characteristics. Most health literacy measures had acceptable reliability (a=>.70)
and reported a diverse validation process (81% of the 26 articles). Conclusion: Newly
developed health literacy measures need to be validated in a cultural and language-specific context.
Future health literacy measures should focus on specific information concerning health literacy
measures, such as time for evaluating literacy status, representative sampling for testing, and
understudied populations, such as young individuals. Future systematic reviews should be conducted
with further rigorous quality assessment of the health literacy instruments in Korea.
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{Table 3> Development and validation of the health literacy measure in South Korea

¥ First HL HL No. of Conceptual OB vs Originality Relia Cronbach’s Valida Validation
€9r Author category measure items dimensions SB (T : translated bility a tion methods
General HL
2005 Kim SS general KHLAT 66 medical words OB REALM T Yes a=.97 No
numeracy. reading Developed - content
2009 Kim SH general KFHLT 15 o S Tl giming OB (TOFHLA+NAAL) Yes a@=82. .78 Yes
comprehension, content (CVD,
2009 Lee TW general KHLS 24 numeracy, OB Developed Yes a=.89 Yes construct,
health-related terms RASCH
2010 Kim SH general 15 understand. apply SB Chew T Yes a=.91 No
numeracy - content.
2011 Kim JE general NVSs (3 mprehension OB NVS. T Yes a=.76 Yes convergent
2011 Lee SH general KHILAT o6 medical words OB REAIM T Yes a=97 No
2013 Choi KH general K-REALM 66 medical words OB REAILM T Yes a=98 Yes criterion
functional. a=.66. .64. content, construct
2014 Kang SJ general KHLI £ S e e OB Developed Yes o4 Yes o0
2017 Kim SH general S-KHLT § IoSDerscy.czomciig OB  Modified Yes a=84 Yes Iclgfxstruct
& comprehension = -
ROC curve
content, construct
2018 Chun H general Chews 8 understand, apply SB Chew_'T Yes a=.90 Yes discriminant,
criterion
2019 Kim JE general HLS-47 47 HC. DP, HP SB HLS-EU-Q47_T No No
access. understand. content.
2019 Kim S general HLS-39 39 appraise, apply SB HLS-EU-Q47_T No Yes O
access, understand. ¥ - <content. construct
2019 Cho M general K-HIL-SDHQ 33 appr . apply SB HL-SDHQ_T Yes a=92 Yes 1 £
2020 Chun H general HLS-Q16 16 HC. DP. HP SB HLS-EU-16_T Yes a=86 No
content (CVD.
2020 Seo YJ general HLS_SF_K12 1z HC., DP, HP SB HLS-EU-1Z2_T Yes a=.89 Yes construct,
discriminant
access, understand. - o contents
2021 Han HW general HLS-EU-Q47 47 appraise, apply SB HLS-EU-Q47_T Yes a=.81-.91 Yes B M Tope
content. construct
2021 Park SK general KHLI-C 29 reading. numeracy Mixed Developed Yes a=85 Yes criterion

IRT
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2. "Evolving” Health Literacy

« From clinical/medical to public health literacy

HL as a clinical “risk factor” vs. as an "asset”

« From functional to interactive/critical health literacy

v" Functional HL: the ability to read and write in a “medical” context

v" Interactive HL: communicative, social, and personal skills that are necessary to function

in the health system

v" Critical HL: cognitive skills of information seeking, decision making, problem solving,
critical thinking (Nutbeam, 2000, 2008 )

f Don Nutbeam
41.14 - The University of Sydney

2. Integrated model of Health Literacy (WHO 2%)

Life course
.

= Situational <-—p Health <> Health
= determinants service use costs
5
2
E
a Understand
@
S <> Health Health
E Limien
-4 Access
o Knowledge
= Competence Health Disease Heaith
s Motivation care prevention promation
= A
o S Rl Participation ‘b
2 Healt
ks information
= Apply
5
]
4 Personal - Equity Rl Sustainabillity
determinants i i z
ol >
T Individual level Population level
Table 4 The matrix with four dimensions of health literacy applied to three health domains H
" . " T " 1
cc Understand inf relevant P Apply/use information -
relevant to health to health information relevant to health _relevant to health ! Kristine Sorensen
i
Health At o s
care ! ;In:ﬂP#a{HhL -
Disease : 36.5-MSc Pu cience; PhD
i of
prevention = i (Serensen et al., 2012)
i
Health . - -
p,e:,,',mio,, i Health Ilteracy and pUb"C health: A systemattc
sl and I 5 : v o
i review and integration of definitions and models
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2. Health literacy framework
(Parker, 2009)

Skills/Abilities Ll Demands/Complexity

Literacy

Health literacy is the product of individuals’ capacities and the health literacy-related
demands and complexities of the health care system (Brach et al. 2012)

2. -éélﬁal E-I E-I A| éxo-' E:FL dB https://healthliteracy.bu.edu

Health Literacy Tool Shed Search by Name of Measure g
A database of health literacy measures Mlchael K. paaschE'Orlow, MD, MA
MPH

SAUFISIOR VEICRE

Health Literacy Tool Shed

Find the right health literacy measuremen

tool for your research. ~

Sort by: | Measure Name A-Z (Def:

o validated

Your Results: 6 matching meas!

Find Measures » B3 Digital health Literacy Instrument and Ehealth Literacy Scale - K-DHLI and K-eHEAL

Your Results: 217 matching measures @ .o s o
(as of Nov 18, 2022)

3 B2 Korean Health Literacy Instrument - KHLI
- HL domain measured..
= Specific context B3 Korean Health L iteracy Scale - KHLS
- Modern approaCh (ie- IRT or RaSCh) B2 Korean Heaith Literacy Scale for Diabetes Mellitus - KHLS-DM
- Sample size .........
Short Version of the Korean functional Heaith | iteracy Test - S-KHIT

www.khp.re.kr



142 | ®143| Bo)2ME SaH3

3. Timeline for HL measurement
o
A

2003
2004 e —

‘2003 REALM-SF

-1991--1199;-

1993 v HLQ
FHLT, DAHL
HLSI-SF, HeLMS
Health LITT,
Calgary Charter HL
scale

1999 TOFHLA-SF

M-POHL Keywseda a |

Measuring Health Literacy

H LS EU(European Health Literacy Survey, HLS-Q),

The HLS-EU consortium {2009-2012) - & 873

E'ealth ||tel|;acllfﬂ'1n|$ur°Pe compa{sr_?:i&?su'ts of the : Austria, Bulgaria, Germany, Greece, Ireland, Netherlands, Poland, Spain
uropean hea iteracy surve =

; Y ;15H Of& EUZFR, CHEHAISHE 55, 2ohg MY
; Very difficult, (Fairly)difficult, (Fairlyleasy, Very easy

< RE MO AT% I EH YE L AE

Kristine Serensen’, Jurgen M. Pelikan®, Florian Rothlin?, Kristin Ganahl?, Zor
Gerardine Doyle”, ‘James Fullam®, Barbara Kondilis?, Demosthenas Agraﬁoll;“ Ellen Uiters?,
Maria Falcon®, Monika Mensing®, Kancho Tchamov ', Stephan van den Broucke' !, Helmut Brand’
on behalf of the HLS-EU Consortium

Hinadequate comp-HL @ problematic comp-HL  Wsufficient comp-HL  Mescellent comp.-HL

e S—————— i il
= . I} 7|2 s = {nem-1)x~) =
Netheriands | ; 251% & I-él'g 5?‘:17l’n§de}q ula‘;; i <HLS-Q16 7} 7| &>
TS = -2od _ax.
[CEW 10,3% 7% 3% 26-333 Problematic 0- 8d: Inadequate
T —— = 9-12%: Problematic
: : X sufficient =H
Poland [RIFZA I 35,9% 59 iggg; Eu II‘I:Ien 138+ : Sufficient HL
-503= Excellent
Greece 13,9% 39,6%
s . Qe|Ltate| HL +527
Germany ERERGN 34.1% 19.6%
TOTAL RFEYS ‘ 36,0% 16,5%
Ausiria 18,2% BI% L ] bl i B Sufficient M Excellent
son [ ‘ s = e R
Bulgaria 26,9% | 26,6% 11,3%
. 0% 20% 0% 60% 80% 100%

e M NN L O W (RE Sorensen et al, 2015; B3 ZE2 2| 2019
AT [N=095] BG [N=055] DE (NRW) [N=1041] EL[N=058] ESIN=081] IE[N=072] NL[N=393] PLIN=048] TOTAL [N=7283]
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HLS,,

Health Literacy Survey 2019
a project of

HLS-Q47 (+ HLS-Q16, HLS-Q6)
HLS-Q12 - Asian studies
HLS19'Q12 = by HLS19

M-POHL - Action Network on Measuring Population and Organizational Health Literacy of EHIl - WHO-Europe

In the HLS, 4 project the HLS,-Q47 and two short forms, the HLS-Q16
and the HLS,5-Q12 were developed to measure General health literacy
(HL). The HLS,4-Q12 was validated in 17 countries.

+ Digital HL (instrument: HLS4-DIGI),

» Communicative HL with physicians in healthcare

(instruments: HLS1-COM-P-Q11 (long form) and HLS5-COM-P-Q6 (short form),
+ Navigational HL (instrument: HLS5-NAV),

« Vaccination HL (instrument HLS,4-VAC)

Table 1. Categorization of the items in the HLS;-Q12 (2021)

<3t

AES 21(2019) 2 Lt2t S0 HZLFEO|SHH =Fat A
3B S W HZYERR}L A A7 2016 M2 19
Ml Ol&h —80M OISt 1HY, E2tFZ, (B BN; HLS-47R% >

HYE 2(2019) Yt olo| AZ=dH=el st A2l AE

2HE ARTI0| A <A 20169 T 184014, 685, =

A/s0lZ FSSSEY: 229l TAL HLS-39, CFA EIZE HE &

392%>

H3|2H0|FH(2020) THEAFS| WAE|E{2{A] £HE 291 HLS-
EU-Q16 SEET ZHE QW 20199 A& HF 2r60-79M
LYX 3028, 4.¢9d A AFHHEGFE, iHEA> HLS-16.
TS 162

. Access/obtain in- Und.emand infor- Apprﬁseljndgeﬂmlu- Applylun infor- HEF 9)(2020) 91 A SHRo|E THEY AZHHO|sS
Health literacy formation relevant | mation relevantto | ate information rele- | mation relevant to 2 E=MC 0| EFSHEQl AR HZ coquy molME,
to health health vant to health health 20194 CHE B2 2R 25-64M Xt 204, © Doung et al.(2017)
jan- HLS-EU- E} z, gt =)

Health care 1 /CORE-HL4 2/CORE-HL7 3/CORE-HLID 4/CORE-HLIG Autan- HS-HLSFTR S FRE B8, USH RED
Disease prevention | 5/CORE-HLIS 6/CORE-HL23 7/CORE-HL24 §/CORE-HL3| oHBE 2(2021) THEE WA ESHH ZHEF(HLS-EU-Q47)
i B 0l CHA ME copuw EolME. 65H O/4 1K

Health promation | 9/CORE-HL32 10/CORE-HL37 11/CORE-HL42 12/CORE-HL44 25481, 94 MBI AL HLS-EU-47
(HLS19 Consortium, 2021)
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(Table 1) General health literacy levels by country

AT BE BG CH CZ DE DK FR HU [E IL IT NO PT RU § SI(;](]HUSA %ﬂqﬂq&ﬂqﬂ}\]%ﬁ%ﬂ;%ﬁ}

Limited 32 62 57 49 47 72 47 4 41 43 52 58 46 30 49 25 94|00 36

M, 1S, 0|FE(2022)
Adequaie 68 38 45 SL 5 B B3 % 9 57 48 42 5 70 5175 41 s 10 66 | Yt dagus 0 TnAde e 2 “weedei saaes ib

Notes. AT=Austria: BE=Belgium: BG=Bulgaria: CZ=Czech Republic: DK=Denmark: FR=France (FR): DE=Germany. HU=Hungary: IE=lreland:
IL=Israel: IT=Italy; NO=Norway. PT=Portugal: RU=Russian Federation: SK=Slovakia: Sl=Slovenia: CH=Switzerland: EU17=EU 17
countries: CHI=China: US=United States of America. L : . . '

Sources. The HLS19 Consortium of the WHO Action Network M-POHL, 2021: Liu, Huang, Li, Chen, & He, 2022: Vernon, Truillo, Rosenbaum, DH eCtJOH Of nauon&l p()llcy for he&lth llter 3CY m Korea

& DeBuono, 2016.

{Table 4) Health literacy survey results

Hallym Univ. NECA KAMOS KIHASA
(2016.01) (2016.11) (2019.05) (2020.10)
Sample size 1.000 1.000 1,500 1,002
Data collection online ;- face-to-face face-to-face : online
Measurement HLS-EU-Q47 : HLS-EU-Q47 HLS-EU-Q16 i HLS-EU-Q16
" 4 |
e, e | om | o
Sources Park, 2016 Kim, Park, & Kang, 2019 Park, 2019 Choi et al.,, 2020
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Thank you!

HEALTH LITERACY >
HEALTH EQUITY >
PUBLIC HEALTH >

~ - Published in wehearthealthliteracy
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10 Understand why you need health screenings?

Judge if the informmion on the health
media is reliable?

risks in the

Decide how you can protect yourself from illness
based on information in the media?

P 4w " oA
On a scale from very easy w very difficul n ofd  ogd 4t 4
would you say It Is tou....
L s B 2 dnd du R g A B2 Gy ERE T TR
1 Find Information on tremment of illness that
concern you? Lile o oA AT E94E okt A oldit 5 dua? 1 2 3 4
2 Find out where 10 get professional help when you
are 17 igdeNRdE N AN A G B g B Al 1 2 3
3 Understand what your doctor says to you?
4 Undersand  your doctor's or  pharmacis’s  'ean 1942 280N ok} 44 107N HE A gy 1 2 3 i
instruction on how 1o ke a prescribed medicine? l‘;"‘_’:;
5 Judge u.h(.-n on Mgy :!mj to get a second opinion 5948 AU £ 0023 B A R Ralsl el g
from an other docror? A S gohd 44 82 2 i 1 1 3 4
g Use Information the doctor gives you to make = A
decisions about your [lness?
o
7 Follow instructions from your doctor or pharmacks? bg$ggg§?¢%gﬁ$!1“q’gﬂﬂ St 1 2 i 4
8 Find information on how to manage mental health
problems like stress or depression?
Understand health warnings about behavior such as T AP R i A 2 L L 4
9 smoking low physical activity and drinking too
much? Disease

Prevention
{DF)

Find out about activities that are good for your
mental well-being?

14 Understand advice on health from family members

or friends?

Undersiand information in the media on how 10 ger
healthier?

16 Judge which everyday behavior is related to your

health?

Health
Promotion

(HD
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* European Health Literacy Survey Questionnaire (HLS-EU-Q)
. QBGIY 27t 2Olo| WAB|ERIA £F SH-H D

- 4728

i

Qlsh 74
(original), 12, 162& & 02 CH=d 74
- 2011 ST 87 7} AABE2A| A +=H

« 2019~2021H 177 27} =AL =&
« 2} 2Ol AAP|EH Al ALY 23 A o2 2 ol 2

Ol=

2

- 20033 77t 4 Q253 E7HNational Assessment of Adults Literacy) =2
- Z7HE XA Ol 2lE Al =& TS o "7|H XA H Al Programme for
the International Assessment of Adult Competencies (PIAAC) Z-&

» Healthy People 2020 =& 4 72 ?[3H Medical Expenditure Panel
Survey (MEPS) & &8
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Health Communication and Health Information Technology-1
Improve the health literacy of the population

1) Increase the proportion of persons who report their health care provider
always gave them easy-to-understand instructions about what to do to
take care of their iliness or health condition

2) Increase the proportion of persons who report their health care provider
always asked them to describe how they will follow the instructions

3) Increase the proportion of persons who report their health care providers’
office always offered help in filling out a form

hitps:/fwvayback. archive-it.org/S774/20220414154252/https /fwww healthypeople gov/2020 opics-objectivesitopic/health-communication-and-h ealth-infermation-technology/fobjectives

[NUMERATOR:]
HC/HIT-1.1 : e o

In the last 12 months, did a doctor or other health provider give you instructions about what to
do about a specific illness or health condition?

Increase the proportion

of persons who report Acblener
L N 2. Sometimes
their health care provider 3. Usually
always gave them easy- —
to-understand [NUMERATOR AND DENOMINATOR]
instructions about what In the last 12 menths, not counting the times you went to an emergency room, how many

% do bk ke o f th ell ; times did you go to a doctor’s office or clinic to get health care for yourself?
illness or health condition i
2. One
3. Two
4. Three
5. Four
6.5109
7

. 10 or more

hitps:i/fwayback archive-it.orgf57 74/20220415021644/Mttps. fwww healthype ople.govnode/4512/data_details
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- PIAAC 2830] F7|Hoz 4ol B2 53

« 2011-20124: 16~65A Q1 2 27,000 CHA
- 2022~20234 =X o

B

. o

OE

Y2 AR Xz dAgHY A 5
« 2006'3 Adult Literacy and Life Skills Survey2| Y& 2 £
« 20139 Health Literacy Questionnaire(HLQ) 7H'%
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? Journal of Health Literacy
Top 10 most prolific journals of

health literacy during 1990-2020 —

Home ournal Info = ors  Submit N

Patient Education and Counseling

Journal of General Internal Medicine

Journal of Health Communication
European Journal of Public Health
International Journal of Environmental Research and Public Health
BMC Public Health
PLoS One

Journal of Medical Internet Research

MEDICINERESIDR

BIV” Ope n TRAINEES.

i THE EFFECT OF DEMENTIA
BMC Health Services Research ety e 3

THE DECISION T0 RECEIVE
A COVID-19 VACCINE IN
INDIVIDU|

HLRP: Health Literacy Research

and Practice

etial 2021, Table 2 Editor-in-Chief: Michael K. Paaschs-Orlow_MD.

#0 patient education

wf' v #1 realm
oo e w0 ey
Veansn S S 5 30 SO B AR s SRS
e ven o oo SEA oA R LwYr 4 e 4 3]
i f«m 1*---*-“w F #2 socioeconomic factors
e o sonan
e 3 o STk 0 Lﬂlmux:m:
e e e e

#3 mental health literacy

e
Ercadobie SXOYROOCeILAR S S

= 5 = #4 depression
“.“:,:m‘..::ﬁ.@"mmuw"‘ £ mzmm
e R

|
T #5 physician-patient communication
A ST O ROl
o o S|
A AT VBT A o S Oy TP Cd

] #6 neoplasms
%3}‘;‘.?#:3#%%5%%.»;."“.
LB AR PTTMIIG TTRONA] 1 5 L 204]

#7 mental health literacy

#8 numeracy
e AR M E00T)
oo SR S s
i T L T U

#9 ehealth

#10 oral heaith

W T o amanasa i) Qietal, 2021, Figure 8
Vo e et ietinat ot

www.khp.re.kr



178 | H143| 3t=o|zmy

1o
>
=
Ton

Al
« Croh mbdll A a[E Al A2

- B, KGALE], B ZAIAH 70| YAR|E2A

| Chzonpation
[neame

dAdHAAY s

Access and Ttilizarion of Healflh Care

Patient Tactors
mavigarinnakil ks
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Swateme Factors
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Tized delovery wodel

Low SES — Low Health Literacy
| Culnuz
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A 2l (2018). 27| SH= B0 E 75 2E 2 YT 7= AT AS: TSI LUAT AT,
A, &2, 0|FE (2022). LUt A2 H A F7HEH ek, A0 KL FEEE|X], 4(10), 1-14.

= EEE (2021). 2021 A HAIE HH ZA WA ZAL R, 24 BERE[E,

He7|, dollg, &&E, M==0], eAH|, FX ==, B2 (2020) A2 Y2 2L A2 H A H T Lok A7 A

AP AT,

PIAAC Canada (2022). https://www.piaac.ca/

Shi, J., Qi, L., Li, Y., & Liu, X. (2020). Investigation of health literacy status in Beijing, China. HLRP: Health Literacy Research and

Practice, 4(3), e174-e184.
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HEHSLE0] U 050] G U2 S 08| FOi14]. 2{L 20151 Systolic Blood Pressure Intervention
TrillSPRINT] AP0l HiH0|Lt HIEEE A2zt HHEFIE0| £ 2 oAl 257[H2S 120 mm Hg oI
22 EHp 2014 140 mm Hp CIRI02 238 20 Hi5 AEPEEYElendpoint)E ZHAZ|E EME B,
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ME
Al | O
a8 X| 2 ®(Usual source of care, USC)
.X&o
« OFE AL A0 CHo Q10| Had If F2 7t= QA = 5§ 9
27| (doctor’s office, clinic, health center, or other pIace)
« ™ Ql(benefits)
-9z & %té!, O|ZM|SAtof Ciot Az[/H=E S7t
AT HE| BE T, OUA HEAA O BE 8,
- ol FHId §7|', 055 oz 24, Sod UaE 42, gis da
ME
= |7: 1 -HOEA O AM O3 | 05t
i L 2= o
I_l-le_g| —l_ll'_C)EEl_'X - o
AHRE  |ojg | @R oA orgr U2 28 sotegE TR
(B E) xt2
el KHP  20H ol SIS SRS B2 W A2e7| A HOIT HUCIE ZEohs B
@016) 2012 =€ edan YolE HeHUZ HBSAULT7 PN BHciz HE84K Qe B
AMAMEF KHP 654 0|4
(2021) 2017 R= @3
A KHP 18*11 0]
e 2018 WD/ ANES
M7l KHP 2019 18M Ol REY B 2SS W XM ZESpSLk T XY M FY, A o XY
2020 =8 32 T AAN HEOMSLN Tl OF A7, Hos B2
=8 A7 T AAN 28 MELN

KHP: Korea health panel
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dre
ANEH
« SH=O| 2IH'E 2020 (HIEFH T 2.2)

Hl-tlgi

Participants in the appendix
survey(2020) (n=10,509)

Exclusion of panels who did not have
hypertension (n=7,100)

Patients with hypertension
(n=3,409)

Exclusion of panels who did not respon
d adequately to the items of medication a
dherence (n=96)

PEople who answered the [tems o
medication adherence adequately

Exclusion of panels due to inadequate
reply to items for a usual source of care
(n=3)

People who replied adequately to

items for a usual source of care
(n=3,349)

Exclusion of panels due to no response
to items for household income (n=31)

People who responded to all items for
control variables (n=3,318)




Aed

H o1-1:

I-A

1. no USC (usual source of care)
2. Place only(usual source of care without a regular doctor)
3. RD (Regular doctor)

SH He
- g8 29
+ LtO|(Al): 19-64, 65-

« D8 7|ZHE):-6,7-12,13 -

¢ PR AS 4E9E YRS IPASE MR 2o HE22E Lhe 20l)
« ZE ME: o Xtet A 40 QL 1 0|20, YA, 0|F)

SRR WEl: THEH, 7IE

- ZFQSH DIZIOIREH - QIS S

« T RF: SIS AS

o T AZME: O UE + L), BEE E2(ES + R D)

- OhEEst Y X‘||9|): 0,1, 2, 3 or more

o HZF QRS 112,13 -19, 20 - 31, 32 -

=1}
e 2> e o i
11 e ¥ = o|
EJ_|' T (2%+=3E) medication adherence)
A 17 13 2 (EHO He 4o TS H XHAM LS SEAMR)SHESLI
1) 3§ X|ZIC) 2) ChM|2 X[ZIC 3) Aof ot R|ZICt 4) My ot XZIC 5) 13 58S FEs| 28
A2 1EH2E 1Y 58 sl+E H XAHM &2 SEAME)sta S M2
1) 3 X|ZICk 2) ThA| 2 X|ZICH 3) 72| @ RIZICt 4) B ¢t X|ZICt. 5) 12\ S22 g 25
22 192 B8 NS T AFHN FS BRAR)SIASLIN
1) & X|ZICk 2) CHY| 2 X|ZICH3) A2l o X|ZICtH 4) Fd] ¢t X|7ICt 5) 12 B&F2 FEs| 28
A2 1117 OJAReL 40| 80| YOI2 NWF B8-S FEHEIA Ho| YoyL
NS 2 88
goY Hot 225 (RH 221} 52 £8)
« S8 28 3l 58 A = &FHGE XY, sSE/HAR)
- &8 BE: 98
HHH S0t £26 @ #8152 =8)
« AW (perfect) : SBEY, 25, AZHET) + B8 FH()
« =& (high) :58H 3l AZHES) + B8 S
g

www.khp.re.kr



206 | H143| SH=o|2IY A3

Tatle L. General characteristics by types of a Usual Source of Care No-3318)

Types of a USC

Vaxiables P- vale
No USC Place onb RD
BAED LS LD
Cendar 0.949
Male 36750 3wean EEL0)
Female 465252 a7ee 965523
Age .002
1964 286(28.5) 198(19.8) SISELT)
6 546(21.6) 58041 1212623
Education duration 084
-6 3BUK3) ey 676505
712 A4S 3wern 813830y
13- 10724 95214 HIGH
Haselold income 0.002
1s¢ quartilelowest) 20547 187025 428528
2 quatile 228 218263 422609
3ol quartile 31278 197@an H0248.4)
4 quartilefhighest) 207250 134086 465665
Maital staus. 0.046
Mamied 6256 8037 L163E0.7)
Othars* 2460240) 213¢0.8) AR
Health coverage 0.028
NHI TWEES) MM 162662
Otbery” 34077) S40281) 10484, 2;
Private henlth imsurmce 0.000
No 00221 ML TEELY
Ves 227D areen La2452.
Disability 0.0
No S6(21.6) 109Q7.49 203GL0
Yes HECRE) §47¢2.3) L2723
Self-raied henlih s 0.000
Poor 207200 20061 S53ET)
Moderate 2727.5 20 TEE0S)
Cood 19827.0) 141096 392539
No of other chronic dizeases 0.000
0 27530.0) 185¢0.3) 485(49.9)
3 2632500 218¢0.7 STIB43)
3 164229 176246 375515
3 or more 13005 17780 36615
OFD visitsyear .00
112 270(29.3) 206234 Ve
B9 18905.0) 162214 H05E3.6)
2031 1743 194239) 20618
2 176213 181223 469666
Tatle 2. Medication adherence bty general characteristics (No-3.318)
e Medication adbermce Y
Very poor to moder®e Perfect= A1 ChH
Trpe of a USC 0000
No USC 328035.4) S04060.6)
Place anky 3960.9) 447E9.0)
Regubr doctor 4meny 12891.8)
Gender 0107
Male S13@49) 958(65.1)
Female 95027 128267.8)
Age 0.00L
1964 37737.6) 625(624)
- TLOLE) 1585(68.4)
Education duration 0637
-6 439328 901(672)
712 513339 1022(66.6)
13- 156053 287(648)
Houzelold income. 0005
1st quartiledlowesf) 28203049 STBED.6)
2nd quaseile 277039 £52(66.6)
3nd quartile 31638.1) £14(61.9)
4th quartile(highest) 263317 £66(68.3)
Marital status 0655
Marsied TNE36) 1521(66.4)
Ohart 17@29) 689(67.2)
Healds covernze 0119
NHE L81433 1) 2092(66.9)
Others® 74385 11861.5)
Private henlths msurmce 0040
No A28QLY 930(68.6)
Yes 6830345) 128065.2)
Disability 0490
No 139349 289(65.1)
Ye 96933.) 1951(66.8)
Selfrated henlth =tatus 0.068
Poar 356(34.6) 6TIE5.4)
Modemte £3304.3) 1022657y
Good 21929.8) 51500.2)
No of other chromic dizeases 0036
o 325359 593(64.6)
1 322006 730(69.4)
2 230323 485(67.8)
3 or mare 23165 402(63.5)
OPD vear 0001
112 38238.3) S7618)
1319 2410L9) £15668.1)
2031 271338 £37(66.2)
2 24291 £83C0.9)




XA 1-1: CHyEst

Tatle 3. Adjusted odds ratics of perfect medication adherence (No-3.318)

Variables Adjwted odds mtio®5% CT) P- value
Type of a USC
No USC 1
Place anly 0.950.77, 116) 0550
Reguhr doetor 169142, 2.02) 0.000
Gender
Male 1
Female 117099, 1.38) 0.089
Age
1964 1
65— 126004, 1.52) 0.016
Education duration
-6 1
712 108091, 1.30) 0373
18- 105050, 1.38) 0m1
Houselold income
1st quartleiowest) 1
Znd quartile 0.840.68, 1.05) 0122
3nd quardile 0720057, 0.51) 0005
dth quartiledhighest) 1.000.78, 1.29) 0992
Maital stz
Marsied 1
Other® 0.96(080, 114) 0645
Healdh coverage
I
071051, 0.98) 0.040
Private health mswmce
No 1
Yes 0570.73, 1.03) 0109
Disability
No 1
Yes 105083, 1.32) 0893
Self-rated henlth smtus
Poar 1
Moderte: 110092, 1.33) 0298
1394110, 1.7) 0.006
No of other chromic diseases
0 1
1 1140094, 1.40) 0184
2 L0281, 1.29) 0848
3 or mare 086067, 110) 0226
OPD visits year
12 1
B1 135002, 184 0035
2031 121098, 1.49) 0073
- 182022 190) 0.000

Tatle 4  Adjusted odds ratice of perfect medication adherence (by items/ process) (No-3318)
Adjusted odds ratio(95% CT) of perfect medicain adherence
Vaishl Medication dose frequency Time No stop
Type of a USC
No USC 1 1 1 1
Place ordy L36(L07, 177) p=0012 124098, 156) p=0.068 0510.74, L12) p=037B 126053, L91) p=0.286

Regular doctor  2.131.73, 2.63) P=0.000

186(L52, 2.27) p=0.000

L72(143, 2.06) p=0.000

155008, 2.21) p=0.017

TabHe 5.  Adusted odds ratios of high medication adherence (by items/ process) | (No-33I8)
Adjusted odds ratio(95% CT) of moderaie medication adherence
Varisbles Combination of all jems Do Frequensy =
Type of a USC
No USC 1 1 1
Place anly 1.3(0.89, 197) p=0.166 Modd: fits poor 1.94(0.82, 4.58) p=0.131 189(0.84, 4.23) p=0.125

Resular doctor  L3S(L13, 2.20) p=0.008

2430119, 4.54) p=0.014

224116, 4.34) p=0.016

www.khp.re.kr



208 | H143| sH=o|2IY SHALH3

7| A (MEXEH vs EA+E )

1% %} 0|8 | BalH=s =i B Zut
() | A= OR( 95% Cl)

yd KHP  USC (vs No USC) Non-adherence <= 0.6(0.5- 0.7)* S D Est,

(2016) 2012 RD (vs NoRD) 1 item (yes or no) 0.7(0.6-0.8)* 20k1| ol

HAMEE KHP  USC (vs No USC) Adherence <= 1.6(1.4-2.0)* SE CHEIst

(2021) 2017  Place, RD (vs No USQ) 1 item( yes/no) 14(1.1-1.7)%, 1.8(1.5-2.2)* 65K| O] A
CEphEsD, Gl NG H56) 1.7(14-2.0)%, 1.7(1.2-2.4y%, 15(1.1-2.0)*

dTE KHP  place-cc place-hosp (vs No USC) Adherence <= 1.0(0.7-1.5), 0.8(0.5-1.3) DY/ H /X

(AFZ) 2018 RD-cc, RD-hosp {vs No USC) 1 jtem( yes/no} 1.6(1.1-2.4)%, 1.4(0.9-2.3) EZ 18M ol4

HLtEl KHP  Place (vs No USC) Adherence : 0.95(0.77-1.16) k=g

(2022) 2020 Perfect/ high 18M| O] &t
Eolsiio el Overall/ item <= 1.69(142-2.02)*

4 items (4 point scale)

* P < 0.05 by multiple logistic regression

OR: odds ratio, Cl: confidence interval, KHP: Karea health panel

USC: usual source of care, RD: regular doctor, Place: USC without RD
CC: community clinic, hosp: hospital, GH: general hospital

=
2t

— O _ —
.« HBHE
1. EChEA. olnp ghet o= irt
2. QT 4ol B °|—’.'_53._F 2ol 8L =>
3. 2|4 H[Z 3 (recall bias)
° _Lr_O|X'|
— —l O

1. 20194 At& 0|8 ot &4 24
=

Zpefzte] Xto|, 4872 |F2l)
+ (Vs 20194 F=X|o| ERE(H ot

[ ==]
2txh

a

2. k&K BOoj(vs 7HEX 2ot
- Perfect adherence=> HHX/st2E E-’f— Cj-S40]
- High adherence => TH & CHFZ 20|, Bl=/A[ZHO| A XHO| (FX|Q| = 2 5F HFQ|)
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« Ol OF M| Ee= AZEHH x000| oY I &= ol MH|A HSAt
(9|29l £ o|&7|TH

MEXEH BY WY F7I H|R

(F=5-TFo| 20 E 2019, 194 0|4, 2= -Commonwealth Fund 2020 International Health Policy Survey, 184 0] 4)

933 938
%0
835 829
7939
80
70
60
559
50
40
30 282
20 17.9)
13.9
95 95 108 108
10 7 76 = 9.2
I il ki K m a1 Ik i
0 - mll | |
Australia  Canada France  Germany MNetherlandsNewZealand Norway  Sweden Switzerland UK. us. 2

B EAof4RolBl) %) mA2I|RH%) uAHSX R 0L A%

11-29




12 (DeVoe et al, 2011)

7=
=

£ %= (Kimetal 2017)

F

F2|. (Winters et al, 2010)
=

2
S & (Petterson et al, 2009)

F

gE=
O 20| BH2 (Blewett et al, 2008)
T

AL

F

—

[m]
« Ol M|

|AF £

F

—

sk
2 o
o

xE

« MH|~ HSAOf Thet E 2 42|92t

ol

& O|ZEF, Pap smears, mammogram & 0

AL &
BHE 58 (Xu 2002, Blewett et al, 2008)

4
=

™

 (CMS 2013).

] =

=

o
292l (BMC Fam Practice 2016)

|29 2tH 292l (Health Serv Res 2011)

l O
65-74M =2,

=

o

20

=]

2

« O|=F Medicare beneficiaries2| 95.6% &Z2X| =&

< 0|3 =0l 48X|E

<
ol
HH
Kkl

ofr

03, 94, 7lg o
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RSEH 1-1:

" o o= oy
-1 232|212 (2020) 42X 22 REE UFAEHH 22 (T 194 0|4
PR ELES
s He7Iz 480)x 27
5,136 (54.3) 1,827 (16.0) 3,545 (29.7) 10,508 (100)
19-344] 774 (67.2) 158 (15.0) 165 (17.9) 1,097 (100)
A= 35-494] 1,371(61.1) 287(13.9) 519 (25.0) 2,177 (100)
(P<0.001) 50-64A] 1,561 {51.0) 488 (15.7) 991 (33.3) 3,040 (100)
654 o] A+ 1,430 (33.0) 894 (20.9) 1,870 (46.1) 4,194 (100)
A AL 2,375 (56.8) 785(15.2) 1,533(28.0) 4,693 (100)
(P<0.001) o &} 2,761 (51.9) 1,042 (16.7) 2,012 (31.4) 5,815 (100)
E0]AFEf £9 3,571 (51.3) 1,300 (16.2) 2,528 (32.5) 7,399 (100)
missing=1 o] /A /A 751 (44.7) 343(16.3) 812 (39.0) 1.906 (100)
(P<0.001) 0= 814 (66.7) 184(15.3) 205 (18.0) 1,203 (100)
EE o]3] 879(37.1) 521(21.2) 1,013 (4L.7) 2,413 (100)
FLAT
(:<O_E')_Dl) 215 2,184 (52.5) 801 (15.8) 1,615 (31.7) 4,600 (100)
‘ Tl o] AF 2,073 (59.2) 505 (15.0) 917 (25.8) 3,495 (100)
- 1,999 1,019 (43.1) 558(19.5) 1,139 (37.5) 2,716 (100)
E717AS
S 2h 2,000 - 3,999 1,325 (54.0) 514(16.9) 926 (29.1) 2,765 (100)
wa/u)
- 4,000 - 5,999 1,198 (60.4) 339(14.7) 640 (24.9) 2,177 (100)
missing=2
= 7 3 368 (2 22
(P<0.001) 6,000 — 7,999 700 (56.6) 155(13.5) 368 (29.9) 1,223 (100)
8,000 - 874 (54.3) 260 (16.0) 465 (29.7) 1,599 (100)

= 51 & ‘E
E 1-2 2HR2|B{'E(2020) 48X B FAE HTLH 22 / 0ISF2(2(T 194 0 &)
P RELES
ge s PR 294 bl
5,136 (54.3) 1,827 (16.0) 3,545 (29.7) 10,508 (100)
AFJua e 3,535(54.2) 1,241 (16.1) 2,343(29.7) 7.119(100)
missing=1 AeEEd 1,469 (56.8) 474 (14.6) 999 (28.6) 2,942 (100)
(P<0.001) o234 132 (34.7) 111(23.5) 203 (41.8) 446 (100)
OHg A s S 1,840 (32.0) 1,249 (20.7) 2,685 (47.3) 5,774 (100)
(P<0.001) = 3.296 (67.6) 578(13.2) 860(19.2) 4.734(100)
Charlson comerbidity 0 4,478 (59.3) 1,252 (14.9) 2,327 (25.8) 8,057 (100)
index @ 1 524 (24.7) ) 1,019(53.2) 2,015(100)
(P<0.001) 20)4 134(3L7) 103 (22.1) 199 (46.3) 436 (100)
b 2,090 (62.3) 509 (13.6) 981(24.1) 3,580 (100)
FEE AT
P<0.001) e 2,421 (53.2) 837(16.1) 1,652 (30.7) 4.910(100)
<U.
LES 625 (35.9) 481(22.2) 912 (42.0) 2,018 (100)
- A 601 (50.5) 269 (18.2) 440(31.3) 1,310(100)
nsads e
= 4,124 (52.3) 1,536 (16.2) 3,094 (31.6) 8.754 (100)
(P<0.001)
degme 411 (88.6) 22(8.4) 11(3.0 444 (100)
Chi-square test W =S N2t $7] & PTT YU 7HIA LV AY VUHTE § e WS T A= YE AL
SRR 35467 F UBLS 4718 €L
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= oo =5 =
SRR E(2020) DIEF2E FERFE UTAME=HE 22 B2 (T 194 0|
05592739
= - - 0550 22 (A/ABI%)
AS(A) Be(B) £z8 2kl
1,310(14.0) 8,754 (79.7) 444(6.2) 10,508 (100) 15.0
19 - 344 138(13.7) 810 (72.5) 149 (13.8) 1,097 (100) 15.9
L 35 - 494] 376 (18.0) 1,676 (76.8) 125(5.2) 2177 (100) 19.0
(P<0.001) / (P<0.001) 50 - 64A] 360 (12.3) 2,562 (83.2) 118(4.5) 3,040 (100) 12.8
654] o] 4F 436 (11.2) 3,706 (87.6) 52(1.2) 4,194 (100) 11.3
A S 567 (13.8) 3,846 (78.1) 280( 8.1) 4,693 (100) 15.0
(P<0.001) / (P=0.880) o 2k 743 (14.3) 4,908 (81.3) 164(4.4) 5,815 (100) 14.9
EUAH &9 859(13.9) 6,310 (82.5) 230( 3.6) 7,399 (100) 144
missing=1 ol £/4 7 /APd 289 (15.6) 1,577 (80.9) 40(3.5) 1,906 (100) 16.1
(P<0.001) / (P=0.151)  m|& 162 (13.5) 867 (72.4) 174 (14.1) 1,203 {100) 15.7
326 (15.5) 2063 (83.2) 24( 1.3) 2.413(100) 15.7
zEF
sag 506 (12.4 3,921 (83.0; 173( 4.6 4,600 (100 12.0
(P<0.001)/ (P<0.001)  ° ) ) ) :
st o] 4k 478 (14.9) 2,770 (76.6) 247( 8.5) 3,495 (100) 16.3
- 1,999 388 (15.1) 2,364 (81.0) 64(32.9) 2,716 (100) 15.7
E713AE
Babis 2,000 - 3,999 270 (11.0) 2,378 (82.4) 117( 6.6) 2,765 (100) 118
3kl /)
4,000 - 5,999 248(13.9) 1,811 (79.6) 118(6.6) 2,177 (100) 14.8
missing=28
6,000 - 7,999 174 (16.4) 986 (76.5) 63(7.2) 1,223 (100) 17.6
(P<0.001) / [P<0.001)
8,000 - 224 (14.4) 1,295 (79.1) 80 ( 6.5) 1,598 (100) 15.4
s =t = i
E 2-2, $30|21f'd(2020) O|EF9 8 A SRE AZTH 20 B (Tt 194 0o]&h
nEz9= %8 -
= = = 0] £ 502 8(A/AB)%)
A-2(A) g2(B) 2348 bl
1,310(14,0) 8,754 (79.7) 444 (6.2) 10,508 (100) 15.0
Az AR 849 (13.9) 6,000 (80.5) 270( 5.6) 7.119(100) 14.7
missing=1 R 371(13.4) 2,407 (78,5) 164(8.1) 2.942 (100) 14.6
(P<0.001) / (P<0.001) 9|23 90 (22.3) 346 (72.6) 10(5.1) 446 (100) 23.5
e 2y 698 (13.5) 5,060 (86.0) 16(0.5) 5,774 (100) 13.6
(P<0.001) / (P=0.001) = 612 (14.4) 3,694 (76.0) 428( 9.6) 4,734 (100) 15.9
0 1,014(14.2) 6,602 (78.5) 441 (7.3) 8,057 (100) 15.4
S 1 249(13.3 1,764 (86.6 0.1 015 (100, 13.3
(P<0.001) / (P=0.025) e oHEas) AL B :
204 47(11.2) 388 (88.6) 1(0.2) 436 (100) 11.2
%E 310(10.0) 3,009 (80.6) 261 ( 9.5) 3,580 (100) 11.0
FTE AT
s 599 (14.7) 4,135 (80.0) 176(5.3) 4,910(100) 15.5
(P<0.001) / (P<0.001)
k- 401 (23.1) 1,610 (76.5) 7(0.4) 2,018(100) 23.2
N gz 601(13.1) 4124 (76.8) 411(10.2) 5,136 (100) 145
Arox|22 03
sEAlad Rl AR27| T 269 (16.0) 1,536 (80.7) 22(8.4) 1,827 (100) 16.5
(P<0.001) / (P=0.132) -
A2 A 440 (14.8) 3,094 (84.6) 11(3.0) 3,545 (100) 14.8
Chi-square test. t-test, and ANOVA §1£2 el$h 574 2he 2T Y2 7194l A28 HY . 'gus 8 50 hyus 3 siizis Sk 39 a2

At B5AL 3,545 T 1152 4871

o

el

CCI, Charlscn comorbidity index
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oEso=274%8 L

BEY g=iB) gge o7 (A/AEN)
709 (15.2) 4619(83.2) 33( 1.6) 5,361 (100) 15.4
oy 446 (15.9) 2,816 (83.0) 14(1.1) 3,276 (100) 16.1
BHal 242 (14.0) 1,658 (83.6) 19(2.4) 1,818(100) 143
HAA 10(9.7) 87(90.3) 0 97 (100) 9.7
stk ol 27| 11(20.1) 58(79.9) 0 69 (100) 20.1

ANOVA BIESH9T Sl UG YL IIEA St

E 4. 248 oA HENEYE D|E&2| & (chm2l=1'd 2020, 19M| O[4, P<0.001)

EEEEECE ——
z2(a) 2R 238 o (a/amiis)
440 (14.8) 3,094 (84.6) 11(0.8) 3,545 (100) 149
Eivs Ry 57 (18.6) 348 (81.3) 1(0.1) 406 (100) 18.6
Wzt 242 (11.6) 2,013 (87.6) 6(0.8) 2.261 (100) 11.7
71eF b 112 (19.4) 544 (80.5) 1(0.1) 657 (100) 19.4
UEkg] 15(15.3) 111(79.8) 3(4.9) 129 (100) 16.1
3hoj 12(19.6) 54 (80.4) (] 66 (100) 19.6
fel 2 2(28.4) 24 (71.6) (] 26 (100) 28.4

ANOVA. BI=S A EAd e R RD 75 588
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E 5 99 A2 o HENSY 0|5Z9 2 ($=22 =IE 2020, 194 0|4, P<0.001)
nEEgezE 055022
N ) sug oA B2AERI08)

305 (15.9) 2,033 (83.6) 7(0.5) 2.334(100) 16.0

7} o) &hat 49 (19.5) 297 (80.3) 1(0.2) 347 (100) 19.5

vy 164 (11.5) 1,372(87.8) 5(0.8) 1,541 (100) 11.5

Z1Er 2+ 72(23.3) 259 (76.8) 1] 331(100) 23.3

Ueto] 14(22.1) 691 (77.4) 1(0.5) 84 9100) 22.2

groj ek 4(29.8) 10(70.2) Q 14 (100) 29.8

s 2(38.2) 15(61.8) 1] 17 (100) 38.2

a8 1. 0|S5F2R 0|7
(%%, S4-SEHSIR) (B3| 21112 2020 KR, 194 014, n = 1,310, HEA HE WES)

&0

17.7
9.8
8.4 83
54
5.0 58
16
H B = 03
o ] S T

Az ojmHl  RWRN =P et Ha/RE  HUME  HEES YR 9=
S 2
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B 6. SR B1j'E(2020) ¢E2X2E E{XL O|SF2 8 22l (194 0[4)
Odds Ratios ~ 95% 12| 77F Odds Ratios  95% 412 727+
354 0]2F 1 BT 1
o 1.19 0.79-1.81
A3 il AHET &4 BEEE] 1.08 0.90- 1.31
50-644] 0.63 0.40 - 1.00
654] o] AF 0.39 0.24-0.64 R i Hp=
[=55 1 1
- : 0
il 034 i ccrgs 1 0.93 0.76 - 1.23
oE ! 28 o]y 0.70 0.47 - 1.04
2 olaEf o] & /%7 /A1 1.17 0.78 - .77
0] 0.90 0.63—1.31 = c
ssu o5 1 R 43 us 131 1.05- 1.62
pgam z_pcag 0.79 0.63-0.99 = 2.47 1.95-3.15
ojehated o] 4t 0.75 0.57 - 1.00 Atg )T 1
< 2,000 1 FEAEY
2,000 3999 i 0,46 D6 8ot 0.82 0.70-0.98
FIRAS
(2/4) 400050 075 0.57-1.00 Hosmer and Lemeshow Test for fittng models P=0973
6,000 - 7,999 1.00 0.72-1.39
> 8.000 1.06 0.78— 1.44 Concordance statistic c=0657
Multiple logistic regression CCI, Charlson comorbidity index
747 (o]
o T 99| && AFXL)) ERE 29.7%.
v HE0| A255 F0HM 654 0|4 46.1%, 04 31.4%, ZQIMEHZ O|=/HAH/AHE T0| 39.0%, 5 &
2 0|5t 20| 41.7%, 7/t45 72,0008 & 0|3} 70| 37.5%= HUFo2 E/US.
v AURE[REEE o =507 0| 41.8%, Charlson SEHAHA| F4 182l T0] 53.2%, T AL |
MZE T0| 42.0%2 =%, 2 EMHA 229 #2 FX[o] ERE0| H0t 3%0] 21
« S 409 O|EF2ZRES 15.9%.
v OIHHEZ g5A| 0|4 70| A WHOF 11.3%, WSF g O[42l 0| =0} 16.3%. A7t 745 6,000
- 7,9997HA 0| =0 17.6%. 42, S HEHE, HEXNEY FEE 4878 RELEEZE A0 83
v AZEESE o220 0| =0t 235%. CH AT 72 20 13.6%(vs 15.9%). Charlson S EHAMEH X4
4 =22 0142) 0] Hot 11.2%, F20H) 70| =0t 15.4%. TH= AL e} X=F0| =0} 23.2%.
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O

Z4 Ok
43} 29 (2)
. 48 A HEMSY DIZFOER: LTH1.7% - $H/BH9.6%.

« OEZ9Z 0|3 ESLSEN): AlZH61.4%), 2l 2 B|(17.7%), YL (9.8%), B 28(8.4%) =.

+ Multiple logistic regression anaylsis 21, O|5Z0|2 7542

vVEE QA ESEE 8 7|E B0 HIBHM HFS(OR 0.82, 95% Cl 0.70-0.98).

v 65K O|af2 35M OJ2Hof B3| H2ES(OR 0.39, 95% Cl 0.24-0.64).

vELFE0| Y & 0|y 22 =5 o3 0|5t =0l B3] H2ES(OR 0.75 95% Cl 0.57-1.00)
v oEg0F2HAE AEHLEH 7YX HE| E22(OR 1.46, 95% CI 1.06-2.00).

v F4E HA=FO| LM 20| 22 20| H|s] =}S(OR 2.47, 95% Cl 1.95-3.15).

(1)

o Bt MOl 8 QA EQE(29.7%)2 M 40 48 oA HRE(>80%)1t H| 13t H I B2,

v O|= Commonwealth Fund Survey(2020): .= 20| 97.7%, W 2tE 96%, =Y 935%, T2 A 933%, A9A

=
89.4%, T EHUE 854%, =T 83.5%, ST 83.0%, 7LICt 82.9%, O|= 79.9% .

.

o St2o|2Ifd K20 M stz Holo| O|EZ02E 2 &2 52020 15.0%, 2019 15.1%).

v OECD Health at a glance 21144(2021)01 O3t H, 2019 H| W 75T 277 S| @= 0|5 FC =22 B 26%,
15% 0|49l =7h= O|AEL|Of 170=,

« ot=2| O|EE2AE &2 oKX= FA.
v PH=o| 21 E 2009 O|EFCRE 215%(E Y% 2012)0M 2020 15.0% 2 A5t 65% ECIE HOHE O,
v G2 L A 196%00A 15.0%E, 014 23.1%00 A 149% 2 HOHE,
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OECD 277 2|¥l= &5 =Y 0|5ZF2|2E(2019)

People are asked whether there was a time in the previous 12 months when they felt they needed medical care but did not receive it.

I Total + Lowest quintile  Highest quintile
1:& of population who reported unmet needs

16

FSESFFLLELPE RS FILL P LA LL LS LS
f&\@@ &@w & Y&Qf*‘@ S8 & o & S’ TES %\0@ S a@\mh\b &'
Sl mév'\\ \){\\\b

Source: Eurostat database, based on EU-SILC.
StacLink &z hitps:/istat link/uv9k 1z

OECD 2771 2| = 45 +=&E 0|EF2|EE FA|, 2009-19

e=p= Owest income === Total population Highest income
% of adults aged 16 and over
F-—T_ v b

8
7
6
5
4}
3
2
1
0

2009 2010 2211 212 2013 2014 2015 2016 2017 2018 2019

Source: Eurostat database, based on EU-SILC.
Statlink & hitps://stat link/snuexo
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OECD 227l 2|#32| Pandemic & 1271#(2020-21) E¢ OIEF =2 E
% of unmet medical care needs during first 12 months of the pandemic

KIS
0+ % 2% 26 a7

Source: Eurofound Living, Working and COVID-19 Survey; Household Pulse Survey from the United States Census Bureau.
Statlink & https/istat linkigsafm3

1E(2)

« JHYE OZZFQE 20 35-49M7} 19.0%E =2 A2 O|E5F2E O|FE 'AlZHE LH7|
7t o2 M2 SETHHIE0| 614%E 7HE &2 Zot 2.
- FUABOM 23] 0|F5FA=L0| B2 A2 Sold 2,
v HEEE 654 0|40 M 7HE SHOF 11.3%, BHEEE 2R XH(13.6%)7F, Charlson S8 x| 5= B ==
7 SOLE 208 154%, 18 13.3%, 2 0|4 11.2%) O|5F2|2 80| ¥8.
V2017 6EEH A|YE EQYESHZ FESHME, 2005 8 H AFE 42l o o|2H| XAt
i

(=]
ol HEIH g S0 olaf o|E F240| SatEl Zntof 7|elsts Haoz =3

= ccn_
v 2L X UH 50| ZS A2 QA HS 20| AIJEOZ =2 Z{E O] A 7|0E Ho2 =X,
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AGEH 1-1:

28

AP ER7E &8 718 EREC 0|

0.82Hf %
« St=1 A Oloj| A O

AR O
O O —

olo
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H143| BH2olRIY SATHE

o|Z0|g-2l2H| HE

MHCIE

Ju
=

ol
E

. MEH 90| 7H130] A5 +E0 OE 2=H| FFO 71Xl S0l thet

SHOFE(M2LH)

ASE/E 18 H0| =080 DjX|= FE
BEME(SH=HE A A1)

e[t o[ MH[A 0|82 flet WEH| XE0 S OXl= 202 &M
H4H(Max Planck Institute for Demographic Research),

MO (Erasmus Univ.), 20IZHZ3|CH)

O[T (Lo 2trH)

HEX(M2D)
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At 740l FA7Re] AE $go] BE ojzH| S0l 7AE o]
e s B4

fdole Ayt

Mt 80| 71732 A5 =0 OS

ofZH| S0 TRIS RO B CHE 24
H143| BR0|21H StaryE
BT § 28 KQUA U

2022. 12. 09
METHStn $0IE
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- UEE AT

~ 65 01 Le0IO)| 557} 01210) LSS KUY O
- TEEET1-291 710 B2 O BIZO| 50X S
- ASSIRIEOR LiBigt= 7R 847 1 S0 7ol B 0RO 52 2801 S

+ 50| o= Y 2H|

- P19 9F80 2%/ 1Rl TR SO THIEIBIS 9 QIS

- /| 0| =24 R TIeH| 2HO= 9|2 0188 1Y |81 F30| F0 K= =0 | 22

- A1 25 7% tl=/HEQ0L M OIf S92 T=S BIK| 2Rt ER0| AUS

- G =717 E Az S Ui  2I=H| BIE0] 10% Ol MR Al=H| XiE 7127141 .3%2 EHIE
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+ BN SFEmE 20| S=l=nS)

- 20168 SSUNMAS BEHOR 3t 1771 A8 ZA0|| 7550)= Lt 711E Y2 St X2
- HEZAHEAYE2 XED B U0, A= 708710 Fet

— LA 7R 4= 0E8 B0

- 27| HES 2019490 AME7 AR 4=FIE 0|5, OisH BAKE[D 212

+  HEERIIF YT EEE2 0 IHE S4 S EX: 2=z

el 27 5y

392w

0 . 2.5‘!
2.2 "
W — 169% 154+
o L Y
w IR

1.2

TBHORE W0-204 I0-254 40424 50-504 GO-CIM 70794 00M 0l

N PR AR AR @R sU2R etlokbiR

P ==
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o H}
H A i
« HeERUER
(1)53.4 4= GBM| O 7 IR0 A5 F
TS8R AS02 MSH7 |7 1 1915 |IAASS 7102 SHOECD, 7|7 & 1912 AS H|w)
TSE7 P A5 =57 IS /sot 1L E
Q)% Hsifg 7 12] 2= 2 (N
() A e M
el g e
@3t
- 71Ol gE, o, ol 2 OR, TR TR 02, R E
~ 7FR0) 75 XI9), BRY 17 [0) Ofi2, B of| K O3
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IS A T e
ThEg0] A S Low AL 50% 05}
(Income level) Middle Z219 50%-150%
Hign Z2UZ}e] 150% 04
7Ho] ojFH| Y Ne ZHAH0 B2 2EE FA U
(Medical Financial CH/ 70 M3 25 £X
Burden) CHQUCH / BE0IRUCE
Yes THAIOl f7HO] BHEZ STt
[ 7HA0 01 2 REE =
HE: K Seoul e
(Residence) Metropolitan S O, 1, #E 01,
=4
Others NiE, 28, 88, &4, ¥8,

HY, 3=, 84 AE
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o St
o EXAECEOF
i Py \_ =12
L~ g 1-p; =hoj +hp.  J=1
2—level :: By =Yoo +VYng+6&%p  By=ro  G~NQOGE)
bg(l——‘;au) =Yoo T Y% tVw¥; +éjp  J=12, 50j“‘N(0:0}%)
- 1level2 700147010, 2level2 Tt (1) 45
- xye ) B AICHS 7 1A2R0i CHE S ZHO1 7 AT 0|0, )= HT, By = /HR) -E0IM B B0
O|xf= 4 H-0| 1= oj0|Et
- o= BIRHAMICHE] 7 1101 Chet - 7 2 ol 7 2] 2R18t 6,2 01RO QiS5
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& re7e ot B B Hre Al Ee2 M RN S

tHel
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Jon
>

oI5

2% 1: MBS 70| AS AFIN B O
bgit(pij) = Boj + Bt

- D2 UBAR TR0l AS 47 4 ofel S ZE 0, B TR0, DS 40| T3k D
[ogit(pij) = Roj + Pujxaij + Bapay + BajXay + BayXay + BspXsy + BeXey

- 223 5 20 Cioi 2EH0 R B0 710 45 XIS, TR 719) O, M Sf=t| X5 0fF

2t EEE g

logit(py;)
= Yoo T Vaoaij F VooXaij T VaoXaij + VaoXaij T VsoXsij + VeoXeij T Yo121j T YoaZaj + YozZsj T+ Gj

10/22

21 AFEOIMC] T LS ottt EiTt - F0IMQ) T 210) 2SSl 2Tt LY 2tk (COS AR
T4 40| TR 20 5 T 210 20670 XIRIoH= HiS

~2
&)
ICC =————
CCFen
D3o| Hple= Deviance (DEV; 2 bg-lkelhood) 2 £{2184OM, DE M2 Siata17SES AISSIAS
Devience’t 245 0| & & 28 210 0 [ 25| &g
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£y A

Table 1-(a) : General Characteristics (N=3,152) *missing excluded.

Characteristics N¥ (%) Weighted N* Mean (SD) Weighted mean
(%) (sD)

Gender

F 1Me (32.20) 1189 (37.73)

M 2137 (7.80) 1963 (62.27)
Age 7453 (6.24) 7419 (6.77)
Marriage

Yes 19668 (62.37) 1705 (54.08)

No 1186 (37.63) 1447 (45.92)
Chronic disease

Yes 2523 (82.00) 2527 (82.11)

No 6554 (18.00) 5650 (17.89)
Education

Less than middle 1351 (42.86) 1285 (39.81)

High school 1480 (46.00) 1484 (47.08)

Meore than collage 351 (11.14) 413 (13.11)

« J1Ee 7t OI0jH OHE £ 7173 Ol0[EQ] Z2E0] YE 419717 M2 =, 66M 0142l 7113 3,162

BOf 71710l thh ZAISIAE.

| 235

12/22
4 433
Table 1-(b) : General Characteristics (N=3,152) *missing excluded.
Characteristics N* (%) Weighted N* (%) Mean (SD) Weighted mean (S
D)

Residence

Seoul 610 (19.38) 1199 (38.03)

Metropolitan 905 (28.71) 739 (23.45)

Gthers 1637 (51.94) 1214 (38.53)
Private insurance

Yes 975 (51.81) 1023 (54.37)

No 907 (48.19) 869 (4563)
Catastrophic
medical expenditure

Yes 9 (029) 7 (0.22)

No 3143 (99.71) 3145 (99.78)
Generation

Single person 981 (30.49) 1212 (38.44)

Others 2191 (69.51) 1940 (61.56)
Medical
financial burden

Yes 1730 (54.89) 1682 (53.38)

No 1422 (45.11) 1470 (46.62)

« AFE XY S0 HEE BR0IMC] HIED 2K HIE 7t] X10|7t LIEHHE.
13/22
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Table 2 : Income level and Medical financial burden (N=3.152)

Medical Financial Burden (%)

Total

N N
Low 223 (12.89) 140 (9.85) 363
Middle 1146 (66.24) 727 (51.12) 1873
High 361 (20.87) 555 (39.03) 916
Total 1730 1422 3162

- TASAD Y2, HASET BHE0M YRH| HHO| O 52 B8R B,

14/22

Table 3 : Multi-level Logistic Analysis of the Three Fitting Models on Medical Financial Burden

Classification Model1 Model2 Model3
Estimate  p-value OR Estimate  p-value OR Estimate p-value OR

Intercept -0.5019  (0.001 0.6054 -3.4981 {0.001  0.0303 -2.7853 0.001 0.0617
Person level
Income

High Ref. 1.0000 Retf. 1.0000 Ref. 1.0000

Middls 0.9289  ¢0.001 25317 07413 {(0.001  2.0987 0.6437 {0.001 1.9034

Low 0.9591 {0,001 26094 07139 <(D.001T  2.0420 0.6192 0.003 1.8574
Gender (F over M) 0.5236  <0.001  1.6881 0.4397 0.041 1.5522
Age (cont ) 0.0237 <0.001 1.0240 0.0182 0.068 1.0183
Marriage 0.4940 0.018  1.6389 0.5706 0.006 1.7694
Chronic disease 0.6417 <0.001 1.9000 0.5436 £0.0Mm 1.7222
Education

More than college Ref. 1.0000 Ref. 1.0000

High school 0.3047 0.018  1.3563 0.2551 0.108 1.2906

Less than middle 0.5140  €0.001  1.6720 0.4809 0.005 1.6176
Household level
Fesidence

Seoul Ref. 1.0000

Wetropolitan 0.0247 0.859 1.0250

Others -0.0704 0.583 0.9320
Private insurance -0.1577 0.127 0.8541
Catastrophic
medical zxpendilure 14,5414 (.98 2060528
Likelihood ratio test | 3.10 0.3769 0.00 1.0000 0.00 1.0000 |
Random variance (SD) Estimate’ Sid. err. Estimate Std. err. E Std. err
Incomie (Middle) 2.96e-8 3.00e-5 1.13e-11 6.47e-7 4.48e-12 2.84e-7
Income (Low) 1.69e-14 3.15e-8 2.77e-13 1.34e-7 1.48e-12 5.14e-7
Constant 0.0125 0.0158 0.0217 0.0353 3.08¢-9 6.48e-6

15/22
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Table 4 : Model Validation

Model
1 2 3
ICC 0.0037895 0.0065519 9.38¢-10
DEV 4211.4252 3997.8454 2428.4974

+ 120 718t HI 191 215 AfO|2] Rjo| = HESIX] ¥US
« FH 2t 3 Y 2 EME PF 1014 HA9| 0.38%s ARF

+ Deviance #{0| 23 1, 2, 322 Z+-5 ZOIT o= HOt BF 39| HE=I IR E2 AS L = US

17/22
InL g TE SR
P TFR0| AS ATOIN TASE U] FME, TASE | MASEC] OXHPHY DE0JA 150140 2
2|2 pEERIS
¢ 19170k 191 7 Ao j2] Ko l= olePH HEER| S
- 72 7R MR H| 1917 R0l HAS0| 7R S BRI HHER 71 S0| BEIE0| 9IS
— 1917 OfL|L+7 et BRE0| 01 2 oA B] 1917 i ESf=i0] 12 0= ol
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W ZZio| ALs1x| ZXQ0I0| S0 5HEE0 = ‘O[ZMHIA 00 F2(WHO, 2010)
Q19| ArEIAMIE X |(Socioeconomic positioni= 2|20 |23ERS Z56H= CHEX Q9

» (E7) g4, g, dL+E S 7121 E480] F5510 2=0[8 HEHS 2F
(@E7D MEEmE, 8EE, ] Q01 § CiXHE, AISHYEfsE BE0 Y8t 4

MY 24 ASZIApE 2oiM 2|20I2E CIE Hiti= AS(ncome)0I2t= BiY X0 M
/5HQP—‘4E LSAER| RV Sl JEYE IS I SR EX

222 A 19971 UBIR7 |E HER - SH|T 2| DX 715 il
E OF‘?F‘S@J\E" 2 THIE 52| ARIEEE, 2010,

[] 21470l Z0] ILOLL OECD S AP H'E SH2=2 18 P o Lt Rt F=547| A

ASO|2= LS ZiH=o) ol Zoia} S, TUR{Q! Spi0) Chet 12 TR
TR SE HIIFHORM 12 MEo| SHE CHEER

B o7 u ekl

————————S

| zo TS CHSH= TR HAE BAK KIYEmployment status) 7} HE @szisrrs, 200
IREOR L-E0| T Chsl= IO EA XIPIS BROVIZ &

Career and employment security — . _ .
.I[mploymemsmus %EEQ(EU)S —LE-%-E‘I- J_—Lg'g—i QO‘” EHal_}-jﬂl_Dﬂ;&I % OllIA-I
oo ZAIE0PY IS St 71AI2 S EoITIOH
> SAH XIS 01E LIEI= 7HEC 2 BAGIRE.
Heslth and wel-being Skl Devlopmmt
+ Health problems * Qualifications

* Risk exposure
+Work organisation

Training o
* Career development U %*I.g II_?_I

Reconciliation of working and * FRP HERR Y5 U= AR LIRI= RIRHEERS 2(0)
m—— | rET AT QN URE| KIRIKL ST IEEARHSTHZO|
T E2E(0f 2t 180 O BT L= SMS X,

»° A Xigts 250 e AIZEA 0| 28517 MSHoIXIR £ M=
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E %478 Z47} (el HaR0) _‘”‘”'"'

(Model | ) (Model | -1) (Model | -2) (Model | -3) (Moddl | -4)
| Ee=gl 25289 E==t ] 25459
{n=27365) (n=5,460) n=6,836) (n=7.385) (n=7,664)
Coef SE Coef 95%Cl Coef 95%CI Cosf 95%Cl
‘aﬂ::é@ (Omitted) (Omitted) (Omitted) (Omitted) (Omitted)
SiEref=100t)
2000 0.332 0.476 0.852 0.043 0.895 0.068 0.676 0.835 0.94
3004 0.348 0.405 1.03 0.201 0.94 0.252 0717 1.05 0.962
4004 0.353 1.103 1.063 0.826 0.949 0.653 0.73 1.191 0.971
5004 0.356 1.201 1.076 1.303 0.956 0.086 0.738 1597 0.977
60CH 0.36 1.689 1.082 1.753 0.966 1.187 0.747 1.777 0.98.
EF(ref=78)
ZE8 5 0.351 0.527 0.399 5.276" 2.051 -1.627 1.201 1.608 1.151
atlu &Y 0.356 0.497 1.609 -0.149 0.874 =0.717 1.092
1ssh B¢ 0.35 0.849 0.681 1.549 0.154 0.736 0.803 0.883
Chatn =g 0.369 0.731 0.846 1.609 0.271 08 1.414 0.802
Ol Ofed 0.453 0.45% 1.273 1.91 221 1.202 1.303 1.245 0.893
R rof=3.8)
= -0.056 0.078 | -0.244 0.154 -0.474* 0.201 | -0.127 0.239 | 0.22 0.215
HHoR Hzi0| 57 2|=H| 0[20| ERAOM, 27 A5 2{01|A J1SI=IX10] o|=H| XIZ0| &S,
AS2E0M, B X 2= —-l.ﬁ.ﬂl XIE0| WA LIEr.
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(n=5,460) (n=6,836) (n=7.385) (n=7.664)
Coef 95%Cl Coef 95%Cl Coet 95%Cl Coef 95%Cl
e
(ref=5r-A8%)
2UA|-LUEE] £ 0.031 -0.097 0.839 0.018 0.069 -0.056 0.076 0.061 0.078
PN =hNy 09 0.046 ).294 0118 0.261 0.112 -0.133 0.113 -0.126 0.119
D7 ESARt -0.043 0.073 -0.259 0.149 0.173 0174 -0.14 0.195 0.157 0.225
TRIEHeEET RIK)
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(Madel | -1)

Coef

95%Cl

Coef

(Model | -2)

95%Cl

Coef

(Model | -3)

95%Cl

Coef

hFERe=2t)

oS 0038 0121 0.094 0.088 0.081
EOlref=212)

s -0.182 0.142 -0.005 0.207 -0555 0438 013 0.364 0.066 0.386

(Model | -4)

95%Cl
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(n=29,020) (=4,629 {n=5,820) (n=6276) n=7,143)
Coef SE Coef SE Cosf SE Cosf SE Cosf SE
A(ret=24)
oy 0269 0.075 0.064 0.063 0,057
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A Inpatient care
14 (0.41%)

m Private car

w Taxi

® Public transportation

® Train/plane

w Walking/biking
Ambulance

W via emergency room
Others

Outpatient care

4,699 (1.61%)

69,125

3.61% 6,961
Eole (2.38%)

416 (0.14%)

W Private car

W Taxi

® Public transportation
W Train/plane

® Walking/biking

® Others

ApR ZX: Jang et al (2020). JKMS
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Neoplasms

Neglected tropical diseases and malaria
Maternal disorders

Cardiovascular and circulatory diseases
HIV/AIDS and tuberculosis

Cirrhosis of the liver

Injuries

Other CMNNs

Neurological disorders

Mental and behavioral disorders

RIE EA|: Jang et al (2020). IKMS
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Bladder cancer

Liver cancer

Femur fracture

Other maternal disorders

Other congenital anomalies
Pneumaoconiosis

Colon and rectum cancers

Trachea, bronchus, and lung cancers
Gallbladder and biliary tract cancers

Intracranial injury

ALE FX|: Jang et al (2020). JKMS
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Korea (National Health Insurance System)
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Table 1. Summary statistics of independent variables

2018 panel 2019 panel
Total No PHI Fixed-benefit Indemnity Total No PHI Fixed-benefit Indemnity
only only

N 9,008 1,140 2,669 5,199 7,469 1,301 1,457 4711
Private health insurance type

No private health insurance 12.7% 17.4%

Fixed-benefit only 29.6% 19.5%

Indemnity 57.7% 63.1%
Sex

Female 53.1% 44.0% 49.1% 57.2% 55.2% 46.8% 54.0% 57.8%
Age 449 43.9 47.2 44.0 47.5 47.6 511 46.3
Marriage status

Married 67.9% 47.8% 73.1% 69.7% 72.9% 61.6% 77.6% 74.6%

Self-rated health

Good 46.2% 47.1% 44.6% 46.9% 40.0% 35.7% 35.8% 42.5%

Fair 44.6% 39.9% 46.3% 44.8% 48.2% 47.3% 49.9% 47.9%

Poor 9.2% 13.0% 9.1% 8.3% 11.9% 17.0% 14.3% 9.7%
With chronic disease 53.3% 49.7% 57.1% 52.2% 43.2% 45.4% 53.6% 39.4%
Education level

Elementary school 5.9% 9.7% 7.5% 4.3% 8.2% 13.0% 13.0% 5.4%

Middle school 7.3% 8.3% 8.8% 6.3% 10.1% 11.2% 13.3% 8.8%

High school 34.5% 33.6% 33.8% 35.1% 34.9% 32.7% 34.2% 35.7%

College 52.2% 48.5% 49.8% 54.3% 46.9% 43.1% 39.5% 50.2%
In(Equivalized houschold income) 8.0 7.7 8.0 8.1 7.8 76 7.8 79

Proportion or means of each variable are reported.

Table 2. Proportion of outpatient high-cost imaging test utilization by private health insurance type

2018 panel 2019 panel
Proportion of Difference from Proportion of ~ Difference
utilization uninsured utilization  from uninsured
Total .092 - .100 -
Uninsured .068 - .084 -
Fixed-benefit only 101 +.033 .108 +.024
Indemnity .092 +.025 102 +.019
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276 | H143 F2OIBIS sHaTHs]

Figure 1. Proportion of outpatient high-cost imaging test utilization

by private health insurance type and age group
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Table 3. Coefficient estimates in linear probability model of outpatient high-cost imaging test utilization

2018 panel (n=9,008)

2019 panel (n=7,469)

PHI type (Ref. Uninsured)

Fixed-benefit only
Indemnity

Age

Female (Ref. Male)

Married (Ref. Not Married)
Self-rated health (Ref. Good)

Fair

Poor

With chronic disease

(Ref. Without chronic discase)
Education level

(Ref. Elementary school)

Middle school
High school

College

In(Equivalized household incom
e)

Constant

022*
(.003 to .041)
020%*
(.004 to0 039)
002%*
(001 to .002)
014*
(.002 to .026)
001
(-01410.017)

007
(-.005 10 .019)
080**
(05210 .108)
046+
(03410 .058)

-.003
(-.045 to .039)
027
(-.061 10 .008)
-032
(-.068 to .004)
012
(.000 to .025)
- 122%
(-.22510-.019)

009
(~013 to .031)
023
(005 10 .041)
002%*
(001 to .003)
028+
(01410 .041)
003
(~013 to .020)

020%*
(007 to .034)
076%*
(04910 .103)
062%*
(046 10 .078)

008
(~.030 to .046)
010
(-022 10 .042)
010

(-02410.043) PHL private health insurance.

010% 95% confidence intervals(CIs) based on robust
(000 to .020) standard errors are shown in parentheses.
- 1594 *p < 0.05. #p < 0.01
(-.248 10 -.071)
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Supplementary A. Distribution of age, self-rated health, chronic disease status, income

by private health insurance type

Age Self-rated health Chronic disease status Income
2018 100 oo Lo i
0% E sov a0
o 50 0% e
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o P Wi =
e e a -
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o|FAol A HG ko] fA0] FR3H] W) M AY oI RE AT Tk
St vimAGl A HohE BUsfor ATHOL mebd FEAEUY TR AT TE B4S 4
S e 4L 9150 Andersen ©|Eo)§ W] whe} 2014 29, 7bs 91, BL 8elo] AP}
Mg J)Fo2 AR 48R 44 aoloRE
AFA A 212 AL, 7Hs QACRE ASFE AFEEIY
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Aok siAEe® Wa glowt WA ANE
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Ao A A & A7 STt A3 SATRE 242 0oF 12 2ol A

AT A £5F ERE 0] AT FBAAGL AVHS Aol FoE A §
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T n

3. B4

7}. 383 4=l A (Propensity Score Matching)

PSMe #Z5H ZHSE vig o= AXHT vuydd Alele] 1H=5-8 F3)7] g8 vandes <
Aoz P WHOE Ao 7] FAARE Fr3] 3l EAo] vzt MEE /e 25
+ FEFZ7HES A&t 4 7otk PSM2 ok ko] 54 Apol7t A4 A ol Faks mA=
A1e) 3 o](Sample Selection Bias) &4 = X F @y} vl Te] =71 A ©E 749 Z &3t} o]
) 1 EE FHEFS G Ao R Hedste] AR = Aol a5 (Propensity Score)o]™ o] &
83t 7H vl A = Frol MA@ M FARE Hla e FAT FAE

REX:
e AA A A FAFS Tegy] o] AR AXAAE oS3}
#19|(Bias)7} WA =TH9, 10]

AA & 2R A F AT WA AHL APRS
Solith. WA, 19 Aease] 4 Whge Ao

Dependent Variable)2] % ?{EY)O] Eq % 4 A =} 2ot

Go] BHE V1F0R olgEduse] Mg 48 AR BAF Ao|T12]
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probit(BY) = & '(p) = ¢~ (PlY=1]) = B, + Y B,

=1

A FARE AFHTE v OE HIg A ME S Bof Jus A WA ©A
olth, ujH WHO 2= QI o] A (Nearest-Neighbor Matching, ©]3} NN Matching), ]3] o]

(Caliper Matching), ¥+ wl(Radius Matching), 71’2 w3 (Kernel Matching) 5] 1o ZF {9
AAAE aHste] A HE H8E 7 UtH13l o] & A= 1.1 NN Matching %= 24}

5819 Caliperg 0.001 gato] A d3sknh NN Matching& A A 5eke] A
I 7V WS AFETE A Hagd o] AE AES tSAT e W OE HAF ] o
H AT ko] &S 15E 107029 HHolA 288 o AR FAAHE AT
ITH141 o] vl W2 AXFGER vlugde] fR7F X F o Z82oH H A 1]
dF AT Zpol7t A vekE 7 e @Hol AR ARG Blu s 22 &g A7) vl
HE A= #2271 Aohs 2448 2=tk NN Matchingd] @48 Bakslar w3 o] 28 =o]7] 94

© 2 Caliper Matching 34 AH&3kc}k. Caliper Matchinge @3} 3-8 9< Caliper 32 %
3 Ao AYE Adste WHoE a9l e 2717t 0ol 7hesE MRl #SAVE B
o}x]7] wj&ol 0.01114 0.00001 Ate] & AABHA AR&sfoF FTH15].

S

fir o
fu
(e
N
=2
o flo ot &L

il

A= iAo d HrlE ujd Fo] AT vmF gl A g B #¥S HA3se o
37 Z(Balancing Test) S 53l 8213 & Qo) £ AFollA+= F e 4 s HA4S v
sk T-test9} Chi-Squared TestE &3l +dASS 4, F A Akl digh Ad €=

Z7%(Kernel Density Estimation) 27} vj% o] & Ax|F LS EAUcH16].
. o]Fxto) 84 (Difference in Difference)

HTreatment group)dt 12| -2 HHControl group)S FE3F 2]2] o]9] o] F&kS F+= 29l

EAS Ax MY Ao AAE A2 vlaste] HF X EIHAverage Treatment Effects)E 53l
A2 EFEHTE Frishs B4 7otk o] AV HHY] XA &= JAHoRE A
AHE At F JEe sEAAS /AL HY FAE B Aolgte 78 AAg oet
A vl e Pt 7P wskel X AA wste] Aolrf FAXHOE {ofsitiH A X
Mol e 1A 342 5 F 3o o] B3l AX|d BE &5 &3E A5 T+ It

(171,
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(2™ 2] Difference in Difference estimatio
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A%, WA {5 2 228 T Y o] F2F Aolrk Aok, HFHFIY olFolE T
o 7ke] FoJ%k Alol7) gl ACE YERGTE tlEo] [19 3], [17 5] ot 7ke] Aekd <ol tish
AQ A 4 BEXE Yehd A, (19 4], [17 6l A 7ke] Ao gk 2815 B2
S UBhd 20 o2 F3) 34 SARwT 3A n5E A 2k i)Yol A3 o] Foj e I
g 4 Ao
CGE D ATl Aasud A% Qukd S4Q0169)
A A A A
e B3 o e Eka p v e Eika p
= N % N — N % N %
1024 734 371 276 UC 319 500 312 500 ue
e 337 329 191 | 515 | 146 468 141 | 452
2 2
°= o 687 671 180 485 00 g6 532 171 sag 0688
A9 A3 62.3 61.6 0.357 61.3 63.1 0.094
AR | A% 2.7 2.7 0.834 2.8 27 0.188
w2} . 782 764 284 | 766 56 821 242 1 776
45 7 a2 36 87 234 UM s 19 0 gpq 0163
2Sol3h | 348 40 90 | 243 84 269 8 | 269
oo | EEOIS | 159 155 55 148 .| 45 144 53170
T gzo)et | 325 317 15 1 337 0.000 00 350 14 365 0909
tisteld | 192 188 101 | 27.2 237 61 196
JESKS 169 165 58 | 156 0 128 54 173
P 255 249 63 | 170 6 212 62 | 199
55z | 3He 209 204 84 | 210 0024 | 66 212 73 | 234 | 0449
489 211 206 8 | 215 69 221 62 | 199
5E° 180 176 77 | 184 27 6 195
A 2 3 & 932 910 353 | 952 . 17203 939 297 | 952
- k= @ 90 18 48 OO yggy s gg 0 048
AR | ARl | 737 270 25 660 .. | 220 705 208 6T0 ..
Jlolade | Al | 287 280 126 ¢ 340 0 92 295 103 | 330 i
"P<0.05, “P<0.01
GE 2 AR AFEFIE AT D9A SH018)
9% A
e BB Bl el b
N % N % val
312 50.0 312 50.0 ue
o 146 468 141 452
218 =
°= o] 166 53.2 171 54.8 0688
A9 <3 63.3 65.1 0.094
TN TASE <3 27 2.7 0.386
H|S-7} ) 253 811 241 772 0237
g n 59 189 al 22.8 '
250]3} 83 26.6 84 2.9
o FEol3} 45 14.4 52 16.7
AT T=o)3 111 356 115 36.9 0.647
of) sto] A 73 234 61 195
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) A
. e L A o
N % N % val
312 50.0 312 50.0 ue
129] 47 15.0 59 18.9
AT 7 231 7 231
AESE 359 63 20.2 62 19.9 0.737
459 57 183 55 17.6
5.2 73 23.4 64 20.5
42 3l 5 296 94.9 297 95.2 0854
45 = 16 5.1 15 48 :
A7 214719) 4} 225 72.1 212 68.0 0256
74 E ) A 7FA A} 87 279 100 32.0 :

"P<0.05, “P<0.01

[718 3] Pre-PSM kernel density distribution [713 4] Pre-PSM propensity score distribution

kernel density estimale

T T
0 I 1 & 1 2 3 H : H
paratc i Propernslty Sooe Progaa ity Soonn
Treaned etreated I [ T [ R
Tl = ey, hondesdih = L0274 I Treated: OfF 8 apgced

(729 5] Post-PSM kernel density distribution (729 6] Post-PSM propensity score distribution

kEarnel densty estimaie

T T T T T
4

A 2 i
parat R Proparaity Scoe

Traashed
kol = npannchnkary. bowdeidih = 1A

Uintraahag




RHH 2-1: AZEY 2R Zst | 31

. B oJ5H] A& wst

GE D& HFYFUL ol A2 Al el A3 LAY A W EALTAA s

# omnl AFe welzth A A3 ol tu] olFe] AFRY RH, ulFe], Belngel
# Wk 2ol 2 AT RY A FA mEolA A uisa o] 3A Stk va] B FEL
Bl AL AAY 5 Uk 5o, v PR Awuw 42 A ol Hel A FHTo] A
A ) 5a|RRT) 0 UekA e Aalo] AHHA A SeHne] 4 nea Pt ol

o

|

&

O

A AL BAG 5 gk, ol @ AW Aol BE B o 8H A2 T Y vaE 95 o) AR
AEAE 2% A ulFel AR AY o)F BAHoR fonld et Selblth s A
ARG FHEH BARGFIE BAL R FoluE Fol7h UehtA gk,

GE 3 ARAFINA olF B omn AE W

T& N 2016 2018 A A8 HZ =}o]
A7 ERRG k) 312 13.66 13.93 0.27
o R Eih=) 312 13.17 13.75 0.58
ew ek}l - 0.49 0.18 -0.31
A ST 312 11.96 1153 -0.43
H| o R Eih=) 312 10.95 1175 0.80
Zekato) - 1.01 -0.22 -1.23"
A ST 312 13.04 13.23 0.19
Holpgo RIS Eih=) 312 12.22 1271 0.49
Zkato) - 0.82 0.52 0.3

*4p0.01

o A4 oA FA v A o] TRl EY
A Aol whe} A T A e o n] A&

7(
B AolE U] A3 FLUSE APRIRTF, VT, BARGFOR ARSI 5P
2 AAse] BiolFAle| B4 SR 2B Hol ) 17
Ssh AEhiSol A BAHOR FuIF Hol} ekgAT 45
% bl BAZ O frelulsha gkt SR HFedolA] A7Iwss} Hekus,
FEaAe A FAHOE foud ol e on], ol AZRE B 43 ofH A3
o Q5] WAF oldo] FEARY om0l gAY MFe AF Mol FAWSE JvlTh

O

GE O AT o] F ddnd B 73 tiFd mE dwolsatol ey

AR PSS H] g 2elrg=
N I6} P-value I6} P-value 6} P-value
A 13.17 0.000 10.95 0.000 12.22 0.000
AR 0.58 0.001" 0.80 0.017 0.49 0.002"
Feb 0.48 0.007 1.02 0.002" 0.82 0.000"
R O -0.30 0.252 -1.23 0.007" -0.30 0.184

P<0.05, “P<0.01
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2t A73EE BAAA A3 adEs

GE e (E DA P, A, WEFE WA B, £254F, ABRINY FH, H7U5
HIIR ) SAUEE D3ke) GFITAOAE FAT WS Rele) SR I
e O A e T P P
SShor], AAFAGTE B A, AFEC] ZEEY M3 Tl g A5 Folal Rekeh
TolE 4vnE Y A9 FolsPl ERom, ATAS BE A5 WAL 9e A Fole
A sskeh BARREe 4vnd 930 28 4% KU 2o P Be A% fo
S e,

REATAALAMN BAULE 27l w3} A7, GRS, 2 Aks 2

geAA) okt BAAT ARy ReEn Belngdda Avjdse Avass $AH0R
OB Ao} e, B AT AR FoI5] Aol et gk s

L

Hlg oA Al7|HGe) e A u gl oA BAZHOZ F2ou|dt lo]7} UrEP“LOEL ot
o) Fatol B4 o] Axte} v AR, ol HAARY BAA 48 i Aoz Qs HYUF o)
e B o golgAe] WFel A% wlgo] FAPSL ofnHT)

GE 5 AFHFA olF ARy 0 3 e hE Yol FHol 2
AR R ARG B3 HolRoo
N I6} P-value I6} P-value I6} P-value
S 12.74 0.000 10.98 0.000 11.73 0.000
AzhASE 0.51 0.001° 0.75 0.024" 0.44 0.004”
Aehise 0.41 0.019° 0.97 0.003” 0.76 0.000”
25 215 -0.29 0.250 121 0.008" ~0.29 0.183
) 0.02 0.900 0.66 0.013° ~0.10 0.386
A (A43) 0.02 0.000” 0.02 0.112 0.02 0.000”
SRS G E)) ~0.15 0.026" ~0.47 0.001" ~0.12 0.036"
B 9257 ~0.27 0.133 ~0.78 0.021° ~0.13 0.418
P -0.13 0.556 ~0.09 0.789 -0.14 0.473
s -0.31 0.099 ~0.28 0.366 ~0.19 0.253
(&5olsh e
~0.66 0.003 -0.37 0.339 ~0.45 0.021
~0.35 0.127 ~0.31 0.400 ~0.33 0.093
AESFE ~0.34 0.182 0.29 0.447 ~0.20 0.346
189 ~0.32 0.230 0.18 0.690 ~0.16 0.497
0.23 0.383 0.52 0.237 ~0.05 0.815
ok A B 0.03 0.918 019 0.787 0.17 0.586
AR 3 o1y
ddund 71]i9H) -0.13 0.344 -0.43 0.09 -0.07 0.580
(AA714 2D
*P<0.05, “P<0.01
=9
B A= 32 R AAE AT YT 2 A7} R EZtho] 2008 EE] 250 2 =9l 2o gl

AEE FEIIGT ol A2 F BFTAYE o|zRolo] EHE AT | 5ol§3} g
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Ak
=

B
ot
il
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BETEEAS o2 stk A, MRI =& CT9t 22 Eosagn]e] 79 o5 Al38x
Aol we AR 1do] 2007 o) delAY 22 o] FEE Aol ojof kAl st
3 Q7] wEol BeF ol om0l 8AE e It old & A= E4E A% B
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7 o gk Aol “of” Zhal Ji A <8R s FET o tik A&l 2016133 2018
oA Y, SR, AFTEEYS B8 ddAE Y sefdes Adsla, o9l B
Az, odoz g3 tdAE AA vigsdoz s,

MR P $94 F0E 9% PSM AFE 4vHE, PM ol F e Y, A #
5]

R, WESE FELE BAAR 4% A0 el vek Rt FuIe Aol myck
SHAITE PSM ol F A, 9%, AFUS MSA fE AESE ASSFE BT H, 148
ZRIFelo] whet fou|E Aol S HolX) Rgkor, AY A FHYRLS} HFYFREANN BF Y
ARE 298 o gep A2E 5 A9 20178 YR A o)9s) AFL FE 2L ®

5 EAS] $A4S AT & 5 glom, DD 242 53 44 /Y A% 2%E N Hm

Ache AR g £5avE WAL + Aok st
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2 NS Q8 9|50l 8ol fAashs Ao] AEHFH o2 AAFHATHXiao et al, 2021). 20039 &5
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o rE o

U Z249 A719 o 80]8 FBA

A Al7]9 5ol g YHAL TE AT vl 2S5 Aol 29 AF3ke] 3
BAge| #e AF= o 2ok

Davillas ¢} Jones(2020)&= <=+¢] UKHLS(UK Household Longitudinal Study) #}&9-g o]-&3te] A
HA flolB 713F &< HSF o8t o5l & #HA FHAHS BASAT 1 A9 o 2 o
AR W MFF 5 7P FEsH woy dak RGPRE, vAY ofF SdAE vF
= 987} AA Yebth T3 AlRte] Aol e} n)SS Ee A4S ol A WA o]
7] o] AZEA AZlel =4 vehd AR 79 Aol Hastal S 2A7F 43kEE A
ZAog B3}, 3, 32 PP Avnd o 2 ALY AFNME 2oz} AN A

2b g E 1A5FY ogo|do] B AR Yo 1 e Aol Adel meh 24
Q

ottt

—
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Gonzalez-Touya et al.(2021)> SHARE(Survey of Health, Ageing and Retirement in Europe) A=
<= o] &3l 2670 9 3?7}594 504 o] L:"d% oz x5 A A(Postponed care)d}t X7 AK
(Denided care)@ 13 nZZ ojg o] A0 BYSy) 2y ¥ui Fe2 dolsiynt 1 A
G- F7A AR 450 'I}ﬂ HEE o8 %‘”é%ol DA A= A5 AFDeE g r5F Y&
© 299, 28], ol 2EYololA A& AR 9= ojgEo}, T, EREA YEigT 3
2 B SHA A= ool el EREA A8 ARE Q1T v5F 95T AAS5F A
ol &= Ao ® Yehd v ojghgfo}, o 2EYo}, Fulole] A5 AFo® QI n|FE o8
1A5F HFHAUE Ao E e

rlr ol
r{r

m. A7

L A=d 3 703

2 Ao e SxEAASATEH AR El=n
(2019~2020) AzreolH(3-version & &8sttt o5 ide o5 A|H] 2 o] &34 /]EHl Xl—g 1

fz

>
ok
ofr
o
fl
=
™
b

1
H o] JFE AL GAFS FHOE 7h7eh 7HTAe) o) 5ol ol FFE A= ASBAA &
I, olols Fel 52 THha ol Slmol8e] FBHE AR AT A Aol

2019~20203 =] mud-& 2019 14,7149, 2020d 13,5309 S oz ZA} o] FojRom B
Aol A 204 ol ae] HRlTke Bl E3AA 201949 122829, 2020 11,3468 £4 of
Ao BT,

2. B4
7F Z2U19Z Q1T 95089 4%8F FBA HHIAT D

o) go]-&9] PP AEAAA acle Aagle] T3 Ymdao 'I}—E %fi o] go]-8(equal
treatment for equal needs)& B Ast= 83 PHA(horizontal equity)?} o] EB 87} F AHEEA
© O B2 YSAH2E AFdoksits 244 g A(vertical equity) o= ?%%WCUlyer &
Wagstaff, 1993). = &84 A& 257 ¥4 949 548 220 7P g 2ol osAds &
wot] A EHE NAA7e 58 87 FHAdo] g50l8e FHPS Hrlshe HH9 A%
2 AAZITHO| &A& B, 2011).

T34 FREe Uehll= AxE HS5A, Le Grand A<, Hiwv Al 50] lom <& D3} 2o

e o Atk



CGE D> oRolg 4uA B AE
eSS = E
94 A = a

- &0 e 9gol§ BYFe H@HE APHA

AT | ESATEASNATH |y ozoige) gyye 2 Awe o

- oRER ZRelN A4 wrse FAAR S
HILG = C, = G, & ot & 3l
Le Grand _ , ,
A g, lR018 HFAS - ABE HuY AT HAYRANLE AEBT
N o,, A AFA% ks
- AEE S4ol ©} ol mol§ thEAl grkn 1R
R - HUE $AE WA AES AN
" gl gsae | O g AU S Msonscosl elzels, 4
Hiwv 314 S Lo T S A wae
C Slaels B8 2AT I ogmac) wans 27 2asel A4 et of
EERERETER :

25 HWE 9(2004), AFFH2011D

o REA5S} Hw A58 B3t o golge] 544 3
L IREe AT A ARAS LE, A2FS Rl §o T
FRA3 FEAUE DAl DA F o] s et e A0 AEA,

20?(5) =a+p0r,+e,
o
B FAoA he o807, pe 980§ i, e MUY £59] fractional rank, of &
o] FARS omstH, o] W pFto]l JEATF #= rdth HAFA T 17 1 Aol #hs 7HAH
09 5ol 98089 £l gloka At JSAF7E & s 2= A fole 14655
ANA freldt EHSprorich), F 4&50] 2 AlF9 o AR~ o] o] Frhe S ofrlsh wit)
2530l fEl gk B3 S(pro-poor), A50] B AT o] omAn| 2 o

F

—_

Hiwv A|9~= Wagstaff<} van Doorslaer(2000)7} #|Qket A2 AA| o] 50|87k JFA oA &
25 BAT o508 HeAge Aol2 e

Ul = 2/ Il R)]dR C’IH - C
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He} Hiwy A -29F 2 Abol 9] g2 71 kel ghe 71 4 olgades 1
53 @ B@Hro-rich), 145352 ool Bt A< ovistH 9 g ALx53ol
&

A 213 EYH(pro-poon o2 o2 QB BASHGE AAEZ0] 982 ] @o| o]&dri=

B H0A ¢, & A oJRol 8o AFAS, (L JRPRE BAT IRl AEANFE
ksl =

U 2249 F30] 9 Fo]8 uH YHAT 2)

F2UH9 B0 Qg o 5ol WSt ASENERE tEA YElEA gRls] fI% &
Hog g 3AEAS &8t g AL ASHA e ) =

4w S=ole] YWAIA F4l(endogenous problem)E s Ash=t] & o] A
AME 20199, 202032 270d AFE FE3long HA B=X F WrERo R 24y $9A A9l

14 33E AR 23eAT

e 2.

o r
lo

rr
7

2 AT $Hny

rlo

Y, = B, + B, Year, + B, Year* Income;, + 3 COVs, +u, + ¢,

o (e 9RO BRI E oI, AWAYS, JENIAE) BE

7
A5, 82 A 2B EH, g, ZEY9 FHAE A9, 2000l thek Al

], IR 7} o5,
s A2 R T B I w,)

B QATE oEAT B4 97 BP0 oRolg GRoE JJREH o 1

45 23 93 AP EE= Y (Linear Probability Model, LPM)& 2-8-38t513 F714 2.2 Pooled

g FAA T A AAEEAT.

A2 HESE g loglytD S TEHS

2 3] A DAHEAE EHF panel OLS £4& FHSIATED B, om0l E3) 2ol 09] ghe
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=
o
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o
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B
N
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—
o m[o
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e BEA7L O 23R FEASE B WHS 2-pat 23, Tobit =¥, Heckman
selection 28 < &&31= Zlo] YutAo]

tf. mEpA B AP s FEAT +18 dste] 21
£ #3}o] panel OLS £ & 7|2 BHog 4
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B4 9o 288 WS % HolE E D9k Bk Hw A% 43S A3 AR
$ 3 BIF 7PsHel Qo] BRI AT 7H“Hl7<l%—°~ o1 g5
A

AZFAE 71 F9 AFZOE AEdte] 21 WEE 753 7MFAHIAES F8atth 7]
o)gol &S AES] AT 5 e a0 AW, WIS Mg, A A73E, dE o2 A
Ao v g afle ERIFH, WEFE, YERAY FH|, ¥ 7&!‘@47}01 AR, AASE ARE AR
SRt S45HeE 20199, 2020 1A &, 9, EiAnI =g g5o]8 ofF, U, 98
H] Z|Zo|th 9]50]§ oFe g W o) EAHIAE o] &8 ¢ gRol&S ¢ AoE AN
o QUL g 3l B o] 8 SHYEYT, YLLF, AHYFE ASATE YEHl= &
T 51, A EH], Y ErE o] A=t on o] of oo sHlE HiadadH A
ZAFAS ditste S8 AT
B0 EA )R] = SAS software 9.4.8 74, STATA 17.0M4-& o] &3t Th
GE 2 AFA &89 W 55
&8
e B W
AA o) A2 | 2019, 2020 19 2+ AA o 8AR| 2 o] o] v v
] E_O
el = 2019, 20209 1d 7F 5 SIEAHIZ ol§ of% ;v
N bEl 2019, 2020 1 3t 99 S gAu 2 o] & o7 v v
BEY 2019, 20201 1\ 7t &Jf o] A2 o] 8 o v v
A oJgAMnl2~ | 2019, 20200 1@ 3 o] &3 A g~ A4 4 v
JqUIPLSE | $F 2019, 20209 1\ 7k o] 83k S oBAHIA A5 v v
4 2019, 2020 1A Tt o] &3t 9 YEAHI Y7 v v
BE) 2019, 20209 1 7k o] 835k 9 omAnIA U5 v v
AA o)mAm 2 | 2019, 2020 1d 7+ A B3 AA o84 v v
o gH 3 2019, 2020 1 7+ A &3 55 2EH] v v
A 2019, 20200 14 3 A &5 o os=H] 4 v
BE) 2019, 20201 13 7+ A 23 9l o7 v v
il logU7H-&HIA &/ V7E A5 ) v
Ad Al ozt v v
ol && v
A 4= T o
. ERAT aie Uh, o 0% v
(need) FUA ARAE | FE U v
A& v v
o Gkl v
E4H w2k e, v v
aga W ETE Tou £4l, 15w E4, stw =Y ol v v
5HA A7RE 71A g5go & g v v
(non-need) I 7hE n7RE 719 o5 v v
BAEs AAEE o5 v v
~ %ol %LOH o] 5 v
SAHF AZ A =3, HEsA v
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V. 9725

71Z A

7). AFNIRS Qurs F4

ATTIEAY dnkd B <EDT Bk gule) A9 2019Lﬂo11{— o] 456
2020 ol = FA o] 45.5%, oJAdo] 545%= ]9 vl o] ¥ Eon Wi duHe
Al, 20209 % B 574842 UEbgTh w85Fe B¢ 2019@5011—5— g =9 ol3f 36.0%, LT
& 99 A 30.0% thaa A} o]4to] 34.0%L] BXE B on 202095 s F3u £ o
317} 36.6%, L5 3ta E40] 29.7%, ttal A3} o) do] 33.7%= YEhgTh £21 A& 2019950
w92} dgo) 71.2%, WA fisol 28.8%= JERGEA 2020 =0 - w92k d5o] 70.0%, W5
A ol 30.0%% Vet AASE Fe Aee A9 2019d =0l BASs Y A9t 57.1%,
B A TY A7 42.9%, 2020130l = AALF T2 57.5%, BIAASE F2 42.5%= YEFST
oA Fejo] AL 20199 AARAIAAE 96.0%, JFFA 2 7]EF 7FIAE 4.0% olH, 2020
W AZRIA7IAAE 95.7%, SE55 Z 7IE 714AF 4.35% = tiF-Ee] AREo] AR TR
AL Aok ol 1) o) 7Fdsk 7 20193l A 70.3%, 20200l HA Q)
71.0%E ZAStAL Qlom, a3 A7 75 20199 F50] 82.1%, A &+ 17.9%, 2020\
of Af F5o] 80.8%, FA &gol 19.2%2 Jehgth AFAGe] A5 20199 FEA AFAE
28.1%, BN AFAR= 26.0%, 1 9] A9 45.9%90H 20208 =4 7%4}{— 27.3%, FAA|
AFAE= 26.0%, 71EFE 46.7%2 Jebton whdds Zl4E 20199 Hd 1L07), 20208 He
1.09712 B3t Tk

5.6%, /o] 54.4%.
20193 5=+ 56.47

I

e
Z8ly =
20

r
Pﬂm

W 20194 202004
n (%) n (%)
2 A 12,282 (100) 11,346 (100)
8
2t 5,603  (45.6) 5160 (45.5)
o 2} 6,679 (54.4) 6,186 (54.5)
a3
Mean=+SD 56.47 +16.67A 57.48416.924)
Median (1Q, 3Q) 594 (44, 70) 604 (45, 71)
03
H)-9-2} Q)& 8,741 (71.2) 7,938 (70.0)
-2} Gl 3,541 (28.8) 3,408  (30.0)
AEFE
=Z o)} 4,418 (36.0) 4,151 (36.6)



2019 202014
L
n % n %
1Z ol3} 3,678 (30.0) 3,368 (29.7)
o3} o] % 4,186 (34.0) 3,827 (33.7)
AASE F5-
HAAEE & 5,266 (42.9) 4,820 (42.5)
AASs F 7,016 (57.D 6,526 (57.5)
srA e
RaRAR-RC: S 3 11,792 (96.0) 10,852 (95.7)
g5g9 ¥ 7|E 490 (4.0) 494 (4.35)
TR 7)o 5
71 8,631 (70.3) 8,058 (71.0)
n) 7} 3,651 (29.7) 3,288 (29.0)
T84 733
5 9,469 (82.1D 8,490 (80.8)
v 2,068 (17.9) 2,019 (19.2)
AF AY
] 3,456 (28.1) 3,095 (27.3)
FAA 3,188 (26.0) 2,954  (26.0)
a ¢ A9 5,638 (45.9) 5,297 (46.7)
A s
Mean+SD 1.00£1.0170 1.09+1.287)
Median (1Q, 3Q) 174(0,2) 171(0,2)

SD, standard deviation; Q, Quartile;

. £5528 ozolg

22U 73 A5 £57EE o508 AR < O Bt MA B 29| o 5ol ¥
o AHEH W o) YBRAHIAE o83 FEL 2019ddE &5 1-289= 80.35%, 45 3-5

9= 83.27%, 202030l = A5 1289+ 9147%, &5 3-58-9+ 86.45%= HA| o] SAjH| 2 o] &
o] 71t oz AT WAL AdLrE TR whe vtk Wddare &5 128947 &
5 3-5EHET T Bl ol&ste Zo® YEth 2020 Wl B2 &5 1-289= 2877
2 HAdxe Blg 2.28¢ 718k &5 3589+ 17.008 2 Hd ko] nlsf 0.849 5713tk o=
HIZ| 2] 79 20200l 45 1-289< B+ 955,788€ o= 79,153 F7tdlon A% 3-5E89e
907,528¥ 0.2 142,159 5715 Al o= YET

QJefAn| 29| oJgol§ AFS AHEH PLETdEL 201990 &5 1-289+= 88.93%, &5
5= 82.87%, 2020d0l& &5 1-28-9+ 91.11%, &5 3-58%+ 86.00%= 2]5o]8o] F7lst

Atk Y= QA3 WAL TE 25 1-289+= 20200 Hito] 25.069 % 2019\ vl 1.83Y F713)
A 425 5= 151942 ddEET 1.21Y 78Rt 5hAES A EH 45 1259
+ 20201 B 671,247 0. = 51,7369 S7Fl e A5 3-5%-9= 660,845 0= 106,481 714l
&5 3-5EdM Z2U9 o] F o5H] AFo] ¥ ol T7FIt:

1r r{r
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A
o
>
)
>

o] A9 QAL EEL 201990] A5 1-25-9= 14.93%, 4£F 3-589)= 1586%, 2020
S2E9E 10.11%, A5 3589 11.34%2 o] go] 7astdnt. JUOZ Q3 A
20200 A5 1-28-9= 361Y% 201949 3150 wla) Zrkshs Ao Yehd ut
9 173U2 AEE AULS 210900 v 42 7ash d7HR 2] S

1-28917} 277,721 0. = 29,6839 571l o A5 3-58-9+ 240,540¥ 0.2 36,412

vy

¥ rr
o
=Tyt
rlo

oo
8 mo s
S e =
L, b
2 dn

—_

olN
AN
kD
2
B op

3-5

oo L

A

4

A
SHEARI 2 9 Fo]§2 o|&FES] 7% 2019d0 &5 1-289= 8.31%, &5 3-5EHE 6.29%,
20200l &= 45 128915 748%, &5 3-5i-9+ 6.08%= 20201 ©]-&-3&-2 20190l Bls 4%
oAtk $7F WRUSE 229 B AT 25 589 BT vy $E02 Uehit. o8
HIAZ0] 74 20199 45 128915 B A=l 9,087€, &5 35891+ 65174, 2020d= A&
= 12891+ 68219, 45 3-5E9+= 6,1439S A=s) Z2UH9 A o] F A=3 FFY8Hle 7

agor 25 12894 § 2 Z4ES By

©

E 4 255FY 98ol§
b 20193(Z2419 o] %D 20200 (2219 -3
B
) A5 1-289 0.894 0.915
CERER
A5 3-589 0.833 0.865
A5 1289 26.49+33.87 28.77+37.11
B2 YHLLHD
A5 3589 16.16+27.00 17.00+24.86
) A5 1-289 876,635+1,585,952 955,788+1,642,676
B2 2uAHD
A5 3-589 765,009+1,581,558 907,528+1,774,006
ojef
) A5 1-289 0.839 0.911
g9 B 38
A5 3-589 0.829 0.861
A5 1289 23.23+28.05 25.06£30.64
B FELHLY)
A5 3-584 13.98+19.87 15.19+20.20
) A5 1289 619,511+920,352 671,247+997,770
B2 7 S =HAEED)
A5 3-589 554,364+944,019 660,845+1,116,952
ol
) A5 1-289 0.149 0.101
U o4 &
45 359 0.159 0.113
A5 1-289 3.15+17.50 3.61+19.77
B ALLHY)
45 359 2.10+17.09 1.73+£12.65




WE 20194(Z21H9 o] #) 2020 4(Z 2149 #-3)
_ &5 1289 248,038 +1,184,761 277,721+1,174,048
B 4 =R A (D)
&5 3589 204,128 +1,143,584 240,540+1,208,114
o =z
o H
] 25 1289 0.083 0.075
<7 o8& &&
25 3-589] 0.063 0.061
25 1289 0.12+0.49 0.11+0.44
By BELND
25 3589 0.08+0.36 0.08+0.37
. 25 1289 9,087+68,410 6,821 43,448
Bt &7 =AY
25 3-589] 6,517 44,875 6,143+42,123

SD, standard deviation;

2. 950|89 +H3 FHAHWv Index)
7k %3 394

2019 =29k 202013 9] o] BAH| 2 o] & o, QUL SEHAE 92 FBA A= <R D
o} 2tk 9zolg o9 A9 20194, 202008 BT HA E8AH|2o)A A o Fo|gy FQ
(need & AT o Fol& ofFo| +HA FHPA AG7t BF 59 #he 7H ALFdA fe =
o] EAP o 20209 38 FBA A5E 2019300 vl 0.0039F FUFeHA AA 9=
MU 28 AR83E SFo 7, YU9E, oar A osAn| 29t o] AA o] Fo] gy} 3
2 PHA BT 5o o AAEIA FEle BFHS Belon 201990 Hlsl 202010 St
ATk

AU IFE o8olg o7 nR7IAZ A S8 H 2olA A o Fol &3 A A5
T 2o FOR ALEZAA freld EFHS YeRH 20209 =0 FHA A4t 20199 = 3

7Vt WA Ae] WskE ouAuaEE A Rd YA RolA ST
gollA F7HEo] A e

o mn) AZe] A9w AABANZ, S5 o8, AU )8, e o8 WA HAl ool g
AFASE 92 FWY A57} 29 GO A2EF o AFe] BE O ekt
sk 202013 FHA X7} 201930l H]3)] S7Iel= A SR Kol FHA SHof A 2020 Zoll= 20191

Hoh Ha5359 og8H AL AdaidAR 4338 Aa5SdA oan AEe] Boal & ok

2o M
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<E 5> +97 34
BENECES S BER]
2019 2020 A 2019 2020 A 2019 2020 A

R ICERLE

Actual -0.01 -0.007 -0.161 -0.144 -0.019 -0.004

Need 0.011 0.022 -0.015 -0.015 0.027 0.034

Hiwv -0.032 -0.029  +0.003 -0.147  -0.129  +0.017  -0.046 -0.038  +0.008
94 9=

Actual -0.021 -0.007 -0.158  -0.137 -0.018 -0.003

Need 0.011 0.022 -0.015  -0.013 0.028 0.035

Hiwv -0.032 -0.029  +0.004 -0143  -0.125  +0.018  -0.046 -0.038  +0.008
99 9=

Actual -0.110  -0.093 -0.191  -0.217 -0.089 -0.087

Need 0.024 -0.009 -0.010  -0.040 0.051 0.000

Hiwv -0.134  -0.083  +0.051 -0.181  -0.178  +0.003  -0.140  -0.087  +0.052
3% 9=

Actual -0.110  -0.065 -0.132  -0.094 -0.075 -0.020

Need -0.035 -0.015 -0.027  -0.034 -0.027 0.003

Hiwv -0.075 -0.050  +0.025 -0.105  -0.061  +0.044  -0.048 -0.024  +0.024
O S917 84
ool o] FHAHol AE, A, AF Aol met Hol7k Q=A Helsy] ) AT BAS A

Agor] B4 Ave Thest Ak h9lF BHL WA o mAul2 o) gol B BAT Asidnt

20194 1) 20200 FBA A7t Z7HHHOR o) R0l G ool o mHlE YAl A ShhY
W] B9 AR Z7HEo] o Zitk

50§ o7 dudd=r o5 H]
2019 2020 A 2019 2020 A 2019 2020 A
L=
Actual -0.017  -0.001 -0.181  -0.164 -0.013 0.004
Need 0.009 0.022 -0.048  -0.041 0.026 0.035
Hiwv -0.027  -0023 +0.004 -0133 0123 +0.010 -0039  -0031  +0.008
Nk
Actual -0.021  -0.010 -0.138  -0.123 -0.018  -0.006
Need 0.010 0.019 0.010 0.003 0.026 0.032
Hiwv -0.030  -0030  +0.001 -0148 -0125  +0.023 -0.044  -0.038  +0.006




A o Bolge] FHAL CE D 2k 20049 B 0199, 2020 U4 ol o RE 1
A5ZA fel3 BERe JepiT B wAT $9A 9940 B9 DI9delE A2S 5o
A AFHo] 19108 20206l oj 3] LASFA AFH] glo] 202030 FHA A7 57}

stk duld e 201993 202003 0] Al o sol Aot WA A BF 5o foE ALs
Zo FZ= o] o} 20200 E71E o] A UeRL 00 7MY A TE S 8HIAZ] AS AR o=
o]-&& °‘E-°4 fe e Slou %A Alre 59 #he UEriigler 201993 20201 Atelell=

 Wghe e 2oz yehet: 30the] A5 Al ool o= 20193¢0= &2 &, 2020dl=
&l #e L}E}kﬁob} TR B Are 5o #oeR BF AL5350l wed B¥Hl A3
om Fd: Apolof Aol T AL AA Rl 83 FBAATFE R0l & oFet F
UskA JEREAIEE 20201 A A 20196l Hls| A% ZUtste o2 UEhth o819
A5 7 AE 25 AAegelde ol g UEhAT #BA A A 2019d= &9 7,

¢

f

20200l e ghe vEbel 202030l BB A9t S7Fl whet 45T FEld EFH o
UEhsTh s AR g0l of R} o FH] AZoA BF 4o & ZAT +34 FPY A
 2019d0ll= o] #hs, 202039 59 e 7FA 20200l 9] WEFe R Ftske As I
2 9tk QU ASE 20199, 20209 B FHAR L) Lo oz JeEh) HASZA st
By o] &A%y 20203 o= 2019L5|°1] vl F7kstath mnAEe] 7= 20193 %34
AE ol gholgont 2020l o) g ekl 200 ALSFol A 921 A Hol
O ARG & F Aok 009 A= o5eld o, AL, s8R +387 FPAo] 59
WO 2 Yeht ALSZd FHFEol den 2019 vlsf 20201 ol S7HeHS S1skdth 60th =
PRI R 352 FHA o] BF 5o foE LSS e BYEe vehdlou A= W)

g AR GUHALFOIAE 2020d0) AF7E g9 WFOE ZISAOM o|Rol§ ofne} o=

M B 2020 el WFOE sk 100 olde F e FBA A7t HLSF
% BREL nglor guolgeliel JRNAE S/ Ao UEgolt $71Ee] ujs-
ARt T3¢k 20199 JuUdL e 85 A= -0.001=2 00 77k AFH oy 2020d 2ol 7
adhe Ao® e

Qofsiy, o Zolgo] A9 20the} 50t ol 4bell A 201939 wls) 2020 FHA A7k Sl
20t ell A F7HEe] 7Hg FA vergtou 11 9jo] Aol F7HEo] ATk T 40t A
2o o R FUH 202090 8 A57 daste A0® et dulddse] 354

Ao 200]-50th ol A 2020 d 0l Z7tal o Z71EL 20t oA M8 3 30Tl A Z71Eo] uj$-
Ao M3y} 94 &2 FFEolUTh T, 60th o) FellA= 20200 AL B A Z7 2019
Aol vl ZhAstth o &5Hl A& FBA A4 200, 700 o] /-2 20197 2020 Afole] W3}
7F A9 glom 40t ol A= 20201 Sof] 20191 0f v3 ZrAagiar 30, 50-60tholA = F7ske A
o2 yestt
R 7> A% 95089 34
Jmolg o7 R SEEL
2019 2020 A 2019 2020 A 2019 2020 A

20-29

Actual 0.003  0.017 -0.003  -0.011 0017 0.017

Need 0012 0.012 0.043  -0.008 0.028  0.027
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Hiwv -0.008 0.004 +.013  -0.046 -0.003 +0.043  -0.011  -0.010 0.000
30-39

Actual -0.004 0.030 -0.010 0.047 0.001 0.019

Need 0.001 0.036 0.021 0.075 0.011 0.016

Hiwv -0.006  -0.006 0.000 -0.031  -0.029  +0.002  -0.010 0.003 +0.014
40-49

Actual 0.011 0.026 -0.037 0.008 0.021 0.042

Need 0.008 0.029 0.008 0.027 0.020 0.045

Hiwv 0.003 -0.003  -0.006 -0.046  -0.019  +0.027 0.001 -0.004  -0.005
50-59

Actual 0.007 0.013 -0.043  -0.054 0.019 0.025

Need 0.020 0.021 0.017 -0.010 0.037 0.036

Hiwv -0.013  -0.008  +0.006  -0.060 -0.045  +0.016  -0.018 -0.011  +0.007
60-69

Actual -0.005  -0.007 -0.081  -0.081 0.007 0.002

Need 0.004 -0.002 -0.032  -0.027 0.022 0.013

Hiwv -0.009  -0.005  +0.004 -0.049 -0.054 -0.006 -0.015 -0.010  +0.005
70+

Actual -0.004  -0.002 0.002 -0.008 0.008 0.011

Need 0.001 0.001 0.003 0.006 0.017 0.019

Hiwv -0.005  -0.002  +0.003 -0.001 -0.013 -0.012  -0.009  -0.008  +0.001

A9 o go]ge] FHAFL A HAR F=, HFEAS UrolA Adurgten I Az

£ EDH 2T SR HFEAA B 2019959 202030) $84 B AGTF A%
S2o) ZH] YA 02008 A7} 0198 0T BF FeHe Ao Uit 271
o FEY QUAAFAA b 2 derkor 1 slele m4d SR e
GE & A ool 89 FPA1
Eo18 o CRERE: EED]
2019 2020 A 2019 2020 A 2019 2020 A
Fed
Actual -0.019 0.000 -0.131  -0.105 -0.014 0.006
Need 0.006 0.023 -0.015  -0.011 0.024 0.036
Hiwv -0.025  -0023 +0.002 -0.116 -0.094  +0.022 -0.037 -0.030  +0.007
M=
Actual -0.024  -0.016 -0.179  -0.173 -0.024  -0.015
Need 0.014 0.018 -0.015  -0.015 0.028 0.030
Hiwv -0.038  -0034 +0.004 -0.164 -0.158  +0.006 -0.052  -0.045  +0.007
FWAZE ASAS BANE BRI £HH FWH A4S 4RO T A3k E D) AA
Stith B4 A% o)5ol§ o R, YUAYS, 5N ABe] FBA AF BT A2SFo] JFH o
oL AR Welr olahA Uekiith M, T, 49l A9 dRolg of¥, YAYS]



20009 A A5 01990) V3| BEF Fe] PFOE Fe ALSFA Belsh
% 5 ek 53, oA BB A5 WEE ThE A Sl s 7bg F74Eo] 2 o= vt
QAL ool ofFst ompl o grog Frtgon YUY WEp itk

WFOE Z7hehe OZ koLt 9| 5olg of oA
HFE BR AR} 2 25 So) WFoz Foksslon o
Wgoz Frlsg oLt olzolg o

Do
(e}
o
(e}
r
{0
frl
R
X
e
e
s oﬁ, —Q‘
o 2
o
o
oZ:
X
>
N
=
Do
S
—_
©
rL
=2
R
o)
oC
o,
L

(E 9 Ay o] go)o] A2

°|Fo]§ ofF PR LT 2| S H]
2019 2020 A 2019 2020 A 2019 2020 A
A&
Acual 0019 0.002 0134 0115 0008 0.006
Need 0004 0014 0017 0016 0031 0.031
Hwv 0023 -0.016 +0007 -0.117 009 +0.018 0039 0024 +0.015
Mkl
Acual  -0.003 0011 0123 -0.158 0.005  -0.002
Need 0027 0.031 0007 -0.027 0.044 0046
Hwv 0030 0042 0013 0130 -0130 0000 -0.039 0049  -0.010
S
Acual 0009 0.004 0205 0173 20.007 0007
Need 0022 0041 0022 0020 0041 0051
Hw 0030  -0037 0007 0183 0152  +0.031 -0.048 0044  +0.004
o7
Acual 0026 0.009 0216 -0.159 0029 0011
Need 0005  0.020 0030 -0.017 0012 0.030
Hwv 0031 -0011  +0.020 -0187 -0.142 +0.045 -0.041 0018  +0.023
=
Acual  -0.045 0033 0153 -0.236 0023 0.027
Need 0006  0.006 0028 -0.031 0031 0.031
Hwv 0038  -0039 0001 -0181 0206 0024 0055 0057 -0.002
ekl
Actual  -0.004  -0.006 0064 -0.137 0016 0.004
Need 0019 0021 0018 -0.048 0052 0.037
Hwv 0023 -0027 0004 -0082 -0.089 0007 -0.036 0033  +0.002
=4
Acual 0014 0016 0113 -0.064 0014 0012
Need 0064  0.057 0052 0.083 0075 0.069
Hiwv 0049  -0.041  +0.008 0165 0147 _ +0.018  -0.061 _ -0.057 _ +0.004
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3. 9|5o]&d P FF &5 B IA=2YI FY FFE FAL=

=224 19 3] «leolg“’ﬂ mX G FAsr] Hsto] W%ﬂﬂﬁ (Panel analysis)= 2}-8-3}
o, A2 19 738 AF2 £55Fdd 0E oFolge| ¥MaE o7 AVHENT A=4
192 13k Yol Al «liﬁﬂl/\oﬂ 3 e GE 100 Zom, A 4 BAN2E Hl Ao
A, A, &5 ABAMHIEE ERst] AE A= <F

ARkA o 2 EAA M= Z2H9 73, 2559, 229 FalH A5 4528 25 9
Fo]-89 ]7?]7‘:— FaFol FolatA| etk ol Z2UH9 {732 Hd =] Hls o xR =] 2019
Wrtg EAFez2 foskl 7k AL 3T 4 AJTHOLS/fe : p-value<0.01, Tobit/re :
p-value=0.034). =3t 2 TAH] 2 o] & AR A= 3EE TAXTLE 39S o, 45214 2020
dol| ojgo]go] folskA Frlsh= 2o 2 YebgtHPooled Logit : p-value = 0.046).

_IN kv

—
—
N
/N
=]
—
Do
N
/\
3

—
w
A
=2
-
l
_|_4
g

F

<R 10> AA| 9|5 AH|2of vzl FeF

oA H| 2 o] & ofH In(YHL L5+ In(2) F 1) %) Z+1)
LPMffe Pf%etd OLS/fe Tobit/re OlSffe  Tobit/re
A=
2019 (=22} o]A) ref. ref. ref. ref. ref. ref.
0.010 0.075 0.077 0.036 0.351 0.252
]’q i o s kkk *%
VA== £ (0.009) (0.091) (0.048) 0.027) 0.116) 0.118)
&5
- -0.005 -0.087 -0.064 -0.047 -0.125 ~0.145
= 0.012) (0.104) (0.039)" (0.032) (0.162) (0.136)
pue -0.005 -0.078 -0.015 -0.013 0.015 -0.023
= 0.011) (0.093) (0.033) (0.030) (0.146) (0.129)
359 ref. ref. ref. ref. ref. ref.
s 0.009 ~0.042 0.041 0.032 0.203 0.133
= 0.013) (0.086) (0.035) (0.031) (0.159) (0.131)
suo 0.007 0.171 -0.010 0.053 0.022 0.357
= 0.015) (0.086)™ (0.041) 0.032)" (0.187) (0.135)"
A=xAS5(3E283)
0.001 0.081 -0.038 -0.036 -0.089 -0.068
29]_2020d
1&-4.2020 0.01D) (0.145) (0.034) (0.036) (0.143) (0.161)
0.011 0.190 -0.011 -0.013 -0.072 -0.011
29]_2020d
2892020 0.012) (0.136) (0.036) (0.038) (0.160) (0.168)
389 2020 ref. ref. ref. ref. ref. ref.
0.016 0.222 0.002 0.004 0.066 0.155
2o d «
4242020 0.014) 0127 (0.039) (0.040) 0.177) 0.174)
0.008 0.156 -0.022 0.006 0.038 0.140
29]_2020d
SEH 22 0.013) 0.126) (0.037) (0.038) (0.163) (0.166)




S EAH| 2 o] & ofH In(JLL+1) In(e] FH)A=+1)
LPMffe Pf%etd OLS/fe Tobit/re OlSffe  Tobit/re
0.778 0.232 2.321 0.694 9.705 1.635
Constant 0.129™ (0.269) (1.239)" 01297 14307 (0483
(Pseudo-) RZ 0.005 0.197 0.001 - 0.002 -
N 23,628 23,628 23,628 23,628 23,268 23,628

* p-value<0.10
** p-value<0.05
*** p-value<0.01

2 198 I3 ko] e Aulze mR FEFe <& 1D Zr.

e Auj2o A 2020038 oS A2 o] & of B WEU S, o 8H|AE BF 201998 BAE
o2 Fo3sAl STt Bol8 ofF - LPM/fe : p-value = 0.026, =<4 - OLS/fe : p-value
<0.01 2]=H]A]Z - OLS/fe : p-value <0.01, Tobit/re : p-value = 0.047). $#, 253} Z 219 342
Ao Ae TAFCE FY3 2= 1T 4 fiith

GE 1D 9 AMulzo m)xl Gk

O AH| 2 o] & o F In(JHLL=+D In(¢] SR A|=+D)
LPM/fe Pfgéietd OLS/fe Tobit/re OLS/fe Tobit/re
A=
2019 3(Z 24 o]3) ref. ref. ref. ref. ref. ref.
0.040 0.083 0.124 0.042 0.703 0.234

2020 3(Z2 2% #3)

0.019)" (0.090) 0.045)" (0.026) 0.2200 o.117n"
A5
13 -0.015 -0.060 -0.042 -0.001 -0.142 -0.051
= 0.013 0.102) (0.035) (0.03D) (0.160) 0.135)
pue -0.011 -0.033 -0.006 0.007 -0.006 0.033
= 0.01D (0.092) 0.03D (0.029) (0.145) 0.128)
389 ref. ref. ref. ref. ref. ref.
e 0.008 -0.033 0.048 0.037 0.240 0.150
= 0.013 (0.085) 0.033) (0.029) 0.158) (0.130)
suo 0.007 0.174 -0.006 0.053 0.440 0.354

(0.015) (0.085)" 0.039) (0.031) (0.185) (0.134)
AEXAS(FE2E3)

0.013 0.106 -0.036 -0.044 0.050 -0.035

)=o) 1
1E#.20204 (0.012) (0.142) (0.032) (0.035) (0.147) (0.160)
0.018 0.165 -0.029 -0.032 -0.018 -0.028

)=o) 1
282004 (0.013) (0.134) (0.034) (0.037) (0.161) 0.167)
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SEAH] 2 o] & ofH In(FHLLa~+1) In(&] 21X &+])
LPM/fe Pfgéietd OLS/fe Tobit/re OLS/fe Tobit/re
389 20208 ref. ref. ref. ref. ref. ref.
0.014 0.205 -0.010 -0.003 0.065 0.174
2o d
429200 0.014) 0.126) 0.037 (0.038) 0.174) 0.172
0.003 0.130 -0.039 -0.005 -0.015 0.120
B0 ],q
5% 20203 0.013 0.125) 0.035) (0.036) (0.161) 0.164)
1.819 -0.130 3.824 0.437 22.394 0.750
Constant 0.474" 0.267) L17D™ 01207 (.74 (0.485)
(Pseudo-) K 0.054 0.193 0.155 - 0.067 -
N 23,628 23,628 23,628 23,628 23,628 23,628

* p-value<0.1
* p-value<0.05
*** p-value<0.01

A2 192 I35k F3Fo] 4 Aol vl g (E 12> £
AL 2] A9 AU E o] SR, AW ALY, gBRHIAZolA BF Z2Z2UI9Z A3
FaFo] LAFA Fkom A5FF WE o Fo]89] Wsle zo|= EA|SHA] ST

<Gt 12> 4 Mu 2ol vl F&F

O] BAH| A o] & o F In(JHLL=+D In(&] ZHIAZ+]D)
LPM/fe Pfgéietd OLS/fe Tobit/re OLS/fe Tobit/re
A=
2019 3(Z 24 o] ) ref. ref. ref. ref. ref. ref.
-0.006 0.088 -0.046 0.159 -0.050 1.485

[o]
A0 (220 ) (0.018) (0.090) (0.04D) 0.172) (0.243) (1.026)

25

1o -0.046 -0.212 -0.140 -0.511 -0.684 -2.351
= 0.017)™ (0.090)” 0.043™ 0.176)™ 0.239) (1.046)"

po -0.005 -0.035 -0.038 -0.067 -0.105 -0.136
= (0.015) (0.086) (0.036) 0.17D) (0.203) (1.016)

359 ref. ref. ref. ref. ref. ref.

smo -0.007 -0.095 -0.019 -0.144 -0.148 -1.066
= (0.014) (0.095) (0.033) (0.185) (0.194) (1.100)

S -0.010 -0.050 -0.020 -0.085 -0.176 0.091

= 0.017) (0.098) (0.038) (0.189) 0.23D) (1.115)




Y BAH| 2 o] & oK In(FHLLa~+D In(&] SH] A Z+])
LPM/fe Pfooéid OLS/fe Tobit/re OLS/fe Tobit/re
AExA 55283
-0.010 -0.041 -0.011 -0.062 -0.133 -0.899
7o d
1£-4. 202 0.016) 0.119 (0.039 0.229) 0.22D (1.366)
-0.013 -0.087 -0.002 -0.175 -0.186 -1.581
2o d
289 2020 0.017 0.122) (0.039 0.236) 0.225) (1.407
389120208 ref. ref. ref. ref. ref. ref.
-0.004 -0.030 -0.004 -0.061 -0.105 -0.759
7o d
4242020 0.016) 0.135) (0.036) 0.257) 0.217 (1.529)
0.000 0.022 0.017 0.026 -0.062 -0.779
7o d
SEAANE o5 0130 02 0256 0200 (1519
-0.611 -2.197 -2.079 -4.574 -8.041 -29.159
Constant 050D 02" 1Y 05807 670 G427
(Pseudo-) K 0.020 0.048 0.024 - 0.020 -
N 23,628 23,628 23,628 23,628 23,628 23,628

* p-value<0.10
** p-value<0.05
*** p-value<0.01

21} 192 99k gl S Aulzol] vF Yo EADH Lok
SFMH 2T QAAN 20} v R ZRU9 o] W] MAEA wgror] ASszEw
221197} o] gol gl HAE A FolakA eAl tehth

<E 1D 7 YJaAn|zd mxl g

S EAH| 2 o] & ofH In(FHLL4~+1) In(e] EH| A Z+1)
LPM/fe Pfooéid OLS/fe Tobit/re OLS/fe Tobit/re
d=
2019d(Z 21} o]#) ref. ref. ref. ref. ref. ref.
-0.015 -0.060 -0.010 -0.049 -0.066 -0.993
dA(EZ2Y 83
009E2F F () 16 (0.114) (0.013) (0.084) (0.156) 1.37D)
&5
1m0 -0.007 -0.155 -0.003 -0.116 0.076 -1.389
= 0.013 0.11D 0.01D (0.085) 0.126) (1.404)
PRoR -0.013 -0.112 -0.010 -0.098 -0.066 -1.819
v (0.01D) (0.108) (0.009) (0.083) (0.110) (1.370)
389 ref. ref. ref. ref. ref. ref.
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S EAH]| 2 o] 8 ofF In(FHLLa~+1) In(e] FR] A Z+1)
LPMife Pf%etd OLSffe ~ Tobitre  OLSffe  Tobit/re

AR -0.014 -0.168 -0.009 -0.136 -0.095 -2.060
= 0.01D 0.119 (0.009) (0.088) 0.119 (1.426)

5o -0.007 -0.145 -0.004 -0.116 -0.124 -1.702
= 0.013 0.122) 0.01D (0.090) 0.134 (1.439

AExA 55283

1291 20204 -0.007 -0.128 -0.004 -0.084 -0.002 -1.489
0.013 0.154) (0.01D 0.119 0.129 (1.900)

939 20204 0.000 -0.081 0.000 -0.054 -0.049 -1.173
0.013 (0.158) (0.01D 0.118) (0.130 (1.954)

38920208 ref. ref. ref. ref. ref. ref.

439 20204 0.002 -0.004 -0.002 -0.007 -0.078 -0.882
0.013 0.17D 0.01D 0.126) 0.128) (2.058)

5591 20204 0.002 0.014 -0.001 0.008 0.016 0.502
0.012) 0.174) 0.010) 0.126) 0.120) (2.016)
-0.469 -1.283 -0.329 -1.306 -1.156 -23.518
Co t 0.422) (0.317)*** (0.345) (0.269)%** 4.157 (4.416)

(Pseudo-) K 0.004 0.019 0.004 - 0.001 -
N 23,628 23,628 23,628 23,628 23,628 23,628
* p-value<0.10
* p-value<0.05

*** p-value<0.01

V.1& 4 A&
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L F2UH97F BAIE 20203 9] A o) BAHI 2 o] $81E, W YUULS, B o mH] AE
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AA5E 25 12897} 25 35890 vl Z71Eo) zﬁmﬂ o) BHlAEL A5 35
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Hit YEYT= &5 12897 &5 3- STHOH Hlgl &2 A UEhst o o SH|A & % 3-5
A &5 1289110 S71HEo] Zth YLAnI 29 A5 9 50]8 FE-2 2020 d00 & Hadhe
W O] BHIAES TRl oY FT1E0] A5 358 0A o IA Yeltth AQLdg= 202089
A5 1289e F7HRoY &5 3589 e Taste Ao E Ueyth A9 7 o] §3&
I O SH|AZL HAPAT S5 FEYT 1P AY Gtk o] F §F 9EH A2 &5
128904 B & ZAaES EYth

A4, 97 YA AFE A3 A 20199, 20209 25 AaSF #8323 H(pro-poor)
g ACE eyt ok, A Ao HElE B BE o AH| 2 o] BollA 20200 +E 2 FH
A A 20199 A A vlg) ST ENEE KB ALS550A g wgoz A&
st e AS AT 5 AT sk B4 —m‘?— AREE o 2t A9d 9508 ¥
4 WskE AuRy] &) A, A, B4 i T, O, A4S EFste %4 ¥94s A
Btk 1 AR g vl th7oll A 2020Lq «leolﬁ 04‘:’ UL L2l 387 Fggdo] 2019
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AR, 2249 FPo= I3k o5l HelE AMEI 1 s} A5 we tEA UE
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ot ko ASELE o508 HEl: AR FUTE Tl HA| o S H| 2ol A= 2020
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ZoE Wt 20209 249 AR+ SAbef |59 eSS At o EAR| 29 A
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98 A7t 0ol sk WP R Mslei Ai

257 Wsksld. FRaoR ddt ¥W4 wWsEo
2020 =t w3 HHEo=E R A5
4

ZolAls 2o PO oRol B4
gl g A etk Sl
Aol SR 7k FA 7K

3
2} o2 AXetal ASlA ATy Al 4
_g] o]E/H_Q A AT o] 3 AAME0] A Ez_o/] _o/]eo]%_ &

|

o1 e

X

2102 IZ 7L FAYSHA] ¢8-S 20199 Z2H9 WA o] $Q1 2020 9] ¢E0]8-S Hln
B4 432 feldehs S2UH9 K9 4RIA ool o] FHAo] oalEA ghe Ae g
& gk olejd Az Zehget BAY o) Rol g wHH AT AFAIALD, DFEA
5o Abg stel A AW Tkt B 0] Ak QYRR A ATk 9

o). 53, 2lglol ol WFY NI AT AASHE FRF AN o) SolHE G4 Ao
W37k uulsta o Bol§ Aol A 2So) WE Aot WASA G HOE uFolR w, 5
gre] EUHY JPel M H2E50] o Tolgol BAE A%t Ueed] =osh BeE o)
B BASIA U At ohleks A #9218 ek

B AT ARHL thew 2.
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= B4 stolA HEle AAd 9IS vAE 8R1oE gAAA e A A as=E 2ES
(Lutter et al., 2019). A3 Aol =9 Yol 3t HH=ve 28-S ok st A HolA S X &
ol o3l ZA -k o] viad A7 A e ABA A, 71E Y9 g AAod =
Ao Mt Aol g Bl=s E2hd 4 AtiWeber,2010; Doonkers et al., 2001, Weber et al.,
2002). E3] AZZFA0] /el el gt e =& AHE Decker et al. (2016)2] AToA= A5
AS AT ArFEoAA AR A7t oAl Srite A3E ATk oled S A
o] 2ol A 7o) Aol tigt eBl=rt dAsictarl 71 she AStigler et al., 19773 tlx2Q] A+ 2
otk

AR AF Adael A3 AFolA e, 7 7 AAAE miAUES AAS L Atk AA=, 7i<lol
AA =20 v A AdEol et @ebd o Athe Zlola(Andersen et al., 2008), A=, 7N
1] FHEH 2 Aol Agto] Aol met 7H°H A H=F vHrthe Ao tHGuiso et al
2013; Cohn et al., 2015). A WA Z 2 = A1 A7 el tal EhdstA da e 7iQlo]
ARFAE s =9, ol 7ol A 470“0‘31% AAsA e As7E 2 ¢ I olHT
ARIL o] 3 A1) oAAA e FHEHE TR S 2K Clark et al., 2002). o] g 71H o2 <3
A% AL MY A 39E F7kshe 8%lo] Atk 1A4F A A 3]u)o #3 Decker et al
(2016)«] 04?“’11/‘1“ *‘Zﬂi A%F A< 433 AFgEo] ol%d 98-S 719 gE0] ¢ okt

< 53 A0 ATAAME ol A dAFA RuFHon,
ol tigk Bi=rt A&EHE As Btk
g 919 Y HEE IA4sA & A3F5H
gt Jds g 98 A5 E Yepit. )
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Hyol gk 8= 17l o2t ﬂﬁl B8] ofgA WHat=rt ¥t ole}, 58 7]59 TE vl
WZ=0] 9|38 3] u(risk aversion)ol] 2|&sk= EA-S 7FXtiFinkelstein et al., 2009). 918 3]u= A%,
A, AR, A T3 BE3 Widk Baol tid =22 A AIZITHODonoghue et al., 2018).

MQ1e] AG W57 Aol et Wakshs o fol B o2& AN ATBIAE HEEs} Wt
Shz ol47} AAqle]l HEska gl BN Aol AR Felg 5o $7 Msph 2T A%
Qe BT = AT olo] Wt AP Hzel the S dolEl} Aol whek PP HlA) gke
A% olol thek JAH drde Aolel Aclel A Aot Y HEF WA QNG S 4w

1 9ltks POE olojd 4 itk ARlelA BT FFo] AEWste] nxE FFL ATE A



ToAE FAclgHE gFaklo] MR ke A5 M5 MAZo] AAY, HAHA 2%hs A
olgls TEAR] 7HgellA &t tChuang et al., 2015).

2 Aol B stoll A oARAA ) 2HgE Qe f¥
7] flste, A4S AP 7 B v xRy v

X

e

°l
T 4
MES AFH 0 B 2

F 8
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o

]_

iASs

I
1 Asg

2 AT e BRRANHATAT FNAGRATHO] FFoE TR dRelwAd 1)

Q8 218D Aelelierson 1728 LA, FIARAGE AT 2L A7 A 1

=4 9 ASRAE B4, 4, 99, ST ol 59 ¢JRol§ I oJsn] AF

8, o120 39 2 AaY Y0 4T HES
g

Lo

i

2T = ::Ll—_-u
g, B 79, 95 RY8d, Bde AT @ R, 78 5 UREG vzt GAZ JRE
AlFstaL Qlo] 7 W IR 7HY] WiEs BAslo] At A5E AddEn & ATolse g
=53 17] AZtelolg oA AFshe AA A%(20081-2018DE 4o &83tth

gl , €t

& ATolAE 2
9, 2018 ¥,
2020' 717‘4 2021) 24 7131 %}%Qi 7‘3/]?} HARY, 2018; Azl 9] 2018), £ Ag
BOE AT 97 o] 87 YL 3] = Yk oMY AFFA eIt chegshe &
o517 e FFAA B AFNNE FFANY, HBBAD, HIVID) VYL FYOZ & A%
%7 714e FESIA Bk FAT) BYL ANH O ol45] ofel e Azloln] A Xz}
Bsle] B4 7Rle] Aelo] AR TS W AFHE ANBE ALBTHE o4 A
Aoz s ARFACE AR FFL Avnr)e] HAPsiria F&%%ﬂ@.#?ﬂ 9, 2018 %
£5, 200, B AFNME A4FH0] BT 1FE AA 49 B AFFH0] A sk
FEA9) she 4o ol SlY EE YY) olF 1Y 01141011 F7h2 18 ol $U 4
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A%EA AE ATE F 50HER S,
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o= Q% ool 41d71 A 0}%13}”4 2014\ 5€ 3047HA] s d d o= F7HARL o Rolgo] WAR B-E AT
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2. vl AA: Rolling Entry Matching(REM)

AREA WY R o|9lo] MR FamEe] P nAe sm aax o FAS] 2l
- A& 7|We 2 3k Rolling Entry Matching®REM) &85t 7454 7Hte} fARE 54
< 7= HEEs 11 vH o g 53071 S AAsATh

AZA el A=A (PSM, Propensity Score matching) ¥'H-S E2A o & slvhd Ao o Agt
St=s AAE oM, FA(ntervention) o] FHFES S8t vjHsta FA o]F AHE ZH3)
of £ AHoA L FAY EARE EAshe W oE ARk shARF IukE Q] PSMS ATt dol
watA o g2 Ao 23EE FHE 7PEE Aol 8317 oy AAlolH, HluolA 7FEA
Z(baseline)3} #)|717Hintervention period)o] AR -2 749 &&3t7] o2 AlgHHo] Aot

ool & AT AGFAC] BBV F WAT A0 e A0 TFATE HL 12
slo] Z)2e] w4 wel BAYE FEE REM WS B84 STk REME S0 B Y
54

ATE Sl AAE AFHFuANEoR Qe 1A Itatio) £33 W slsh(dynamic)
B2 ugste] v o) d-e A3 Jones et al, 2019). REMS Hlagtoll th3k B4 Ao A12Hd
o] EAtA| & WE BHAQ] WHoltt A& Fo 1ASZA 0] HAT Adke AR AeE 1A A<
(static) EAdo] RISl AITE A75A o] AR -2 Bebe 7MY 7 ARrE vlalshs AsolA A
7} "k 20120l A7}EZ o] WAtk A9k Bol 2011 HlolE S vlwE 4 ¢, vk 2018 o)
752 0] HAYTH F AR 20179 HlolHE HluE &+ Qlth |- H REM2 FA171 A2k Al
Z17h A efste] mjd S Fdshs HORE A o]|Fo& HlalTol| % FA] AlFYo] FoEth. REM
Are dutdozr #AZ 7|7ks 9Ee AYLSE look-back #he AAsked], B AFdAE
look-back®] #t& A7F4 WA o] 1'd do= HAsIATE webs] BE i e 1454 T4
19 Ao EXS 834t mlAL 93 2278l o 2= R 14.28 835421 rollmatch 37]4]
£ &&3to] A APtk

NPT FAL A FAFOR JfTRe) B4} 7hPe) B4 NstaA sgon TR
Eqoz AW, 9, L% FE TANE, AABE GRE TP, 717 S 7Y 5
IR 25T 0 3 5 R 17 W BT THIE ASS s, A9 oo 48T

A7 By 7HALS Aol EAskE BAIR ol9h #Hd BA S Y A W 1L 3
Tl 287} Qe & AFolA = o2’k 2AE S5k fs) Aol e AdHEe st
of 2484 A72AQuasi-experiment design'E 283l ol Tl 4T H0l WEF 7Y
Wl miAls 9= 3] SHelA A E Al gtk ARSA S BolstuA vnd oo
2T 7 ole F5ATE s oY s doldle o e A Aot e s34

o8 FASH] 93] REMe 283 nluas A48k
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B A= F /M8 gutslo]Fa(Generalized Difference-in-differences) =&o] & FH U
th: D g ARE &8st ARl wE FIXtRE 7HQ) WEE B8 AL, 2) B A A EHE
BAslg o, 3) AZEAe A" A2 AH R ) ABE=ZA0] 3 ¥ BAgS Ao} = 1

ol MAS Ao AUt tE2A Yeu=A AR A} gt

A WA BAol Oid B4 By oo 2t

L=, + X, B+ E Fpk+ E 5kq’;Pk+u o)

A WA EAS A3E WA 4 A3 A o) F 3WA Y] RIZkEE ) MEL Bls) 9
BHolt BRI F ABFA0] AT AYJL ATER JolEE A% 7 WA AEE N
AEGOZ slo] WA 19 AE-ORE B4 ol F 3302 Atha A7 948 Aelagr. S
FYIDE MR 7Rlel R, MR 7k A1, kR R eln tA7] AThde Nzkudy
Bl WS St o5 AT W NSk R A7 dlge] TAETeld, x, AT
Sol we} Waleks AT tel SHolth T4k PrNER kY A4S 1, 284 94 A5 002
HolEth G /b W 4520 B 4% loln 284 e 49 002 Ao, 71 /1%
& (=12, 7} ABFAe] AT sle] 1 A Adolth ¢ kd Feke] DD &3} FHA2A B

od:ll_o/] J,}./Rl =2 4;<]o]1q.
% WA BAolAE 23320 A7) ARt wieh YAsitia 7 E Ynis) ol gy o
M =g ot 2

Sh

ul

Y, =a;, + X ,B+yP,+6T, +v, (2

ol A s= DD &3 FAx|o|H, Pt = A|IZF tin] M2 20089 5E 2018W71A] g 9
= DD FAXZ t Aol AZRFZ o] BT A 19 7S 7R 18R 4o He 00

F 7 WellM A%EA 0l

F7o] F7HH 02 WAT A5 F/AY T H3E 4917
bR A 9o ol ol B ge A9 &
<)

o T7} Al YepeA Sels

Y, = +X’i,t5+’7Pf, +0, Ty + 8T, +vyy (©)

01 ZFol R WA BT A4EA e onlsla, 92 FIIH R B 143
o &5 Utk F7h wAe 7@ }570] & PG o] F 4 oo FYF }7do] B2 A
o A7 AC] WA A Vol ARFA ] BAT A2 Helsir,
Aelste] <E Dol ANSAT S5U5 M7 u1 il
ﬁwoﬂﬁ AEA0) BAT 7Y —3— Aelstel 5

—[o
r{r
)
r

—“5: TollA HEF F5u
g 74 o, 7k A%, Wn

www.khp.re.kr



384 | H143| St2olZIY B

WrE TASY, o B AT Bao] A%FA0E Qs T Ul TAYY 91 AE WsE 1
Rd 7109 BAE oA EA ] MEE Holsls HolmE o2 aAE ABFA0] BT A
o AZEAR A% WARE WES WASE o] Besihn BT
RZERE 719 QRE AT U @ Holghs wzkREo] A191E Aot 19 ke X1 opd A
Qo= 09 gHe I MRRHR GRAT ARG 71Q) Ags WA Pl +19] gHe HalH
= AAE1E AT ke B BEIATt
B4 913t FAMTIA = SAS software 9.4 R 412H3-& &-8319th
<E 1D ¥53]
a5 549
WRE Al @R | 71 ool WE
F&us | Ry i
1 o] s Q] F2=o] WE
) s N8g 71 s | 7 s Es
R RE DI IR DR BEEES
A AduAs, HEuds, sodse] B
~ s P 1TUE AW A4S AFA WA AT Ao
T8 | adeE A7 497 A4FA0) BASA Gska, AFH ¥
o BT AR A 0% A PO 14 ool 13] o)y 9|50l §
s @ A
4 G, o
Sk A&y W BEF
A7E B4 2% 5E Fota 29 ols), 158 24 olal, et o)4
4 &9, WA B, BlE
- AARE % | AARE 7 AATE) WelalA ge
cov9 AP S 949 uss 98
e~y 7HAE 59
7 o 7174 )
- BATEE O A g we, maa o
P E N S P L B E e
o 7 #ALEFHRH A4 (charlson  comorbidity  index,
coDel B
SRR ZALBIAITE - 2OAL B



V. 9725

1L a7t 54 @ Wyt

WA A o s F RARTE A4EAL AR 717 57507k, wAE 71} 26,7387
T2 Jepgt. A7elae] A454e Aejst BA%E Ba) AFHoR AR /1FE % 1060
TR ABFAS AR AT 01, WY A 5307 ARESIT B ATl M) A%
%7 Holo] me), AR ABFA0] AR 74T S GE D} Ak 0119 71202 A7/,
2012\ 13471+, 20134 907+, 2014\ 997}+= F= 53077 F A7 0] WAISEH 21, 1:1 Roiing
entry matchingREMYS 58 27452 M4 ol¢le] 4ol fAk WIaLF 5307178 AT

GE 2 ARW ARFH AT A AT
= 2011 2012 2013 2014 total
7V T 207 134 90 99 530
AR 5,741 5,434 5,200 6,862 49,068
Ay ¥)E(%) 3.6 2.5 1.7 14 2.3

i WE ARTd vuT 542 <& DI Lo v A AT AE AP VT A
Wigol 82.6%, /3ol 17.4%01H, A#L He 64042 Yehdth wS5Ee 4
54.1%, TSk olsk7h 27.0%, st ool 18.8%% mgith ElHel A
76.1%, BA, AHE o2 w27t Q= A97) 22.7%, 1l&o] 1.2%S Rt HAAEE2 A 61.2%
7t AR Folgtal SH3AoH, B.8%7F AL ES L IA ETh SHIALE THTFAS Y
785 15217} 26.6%, 22917} 24.0%, 352171 18.2%, 42917} 15.7%, 55171 15.6%= YE+oH, 7}
T ol B o 5ol A9 Aot gle 7 718.9%, e 7T 2L1%E YERg T T e g
Wit 27802 Uesta, WAS e 0470, cafee 043 e E HauEATh

A A ARZALS AYeA L MEFY AEe FAdo] 80.5%, ool 19.5%0]H, &
55,5412 UElgTh nlsEe] A9 T8 o5t 33.6%, 158t o|strt 34.8%, thek
3L7%= Ru=EAot. EAGE e A5 A& 757 74.8%, %7% APES o2 w927} §f
7} 21.8%, wl&o] 35%E UERRTE AASEe] B¢ AASE T vlE&o] AA Y 18.1%E AAE
™, 219%7t AAZEE st A ok SHET 7H1+: 735 18971 17.6%, ZTHﬂ
20.7%, 35917} 21.0%, 45917} 21.1%, 55-917} 19.7% 2 Lehgrom, 7F) Aol Bg ofie] A
o7t el 7H7F 88.4%, Ae 7HE 11L6%E UERSTh s B 308 oE YERa, w
A% Jlg= 0.0, caid g+ 01302 Rasdh

o o] &8k 7o) A, A, uSSE, ERVSH, AAEEARe} AR 7S 7
T45, 7HY el B o &, 7 RAS g B, 7 CCL A Btol i A AR S
2 o3 2ol & BYATE wlA Foll= o3 2fo| & HolA]| gttt miA Mol dAE4 43
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7 o 5ol wal Zolg 1wl

gk Hlag o] AAs] o] FoHES FHRIs)

X143

sto|RIY St

Wgo] u

CE 3 AT AT AFARSE B4 WA

Befrore Matching After Matching
Treat Control Treat Control
(N=5,754) (N=26,738) p-value (N=530) (N=530) p-value
n(%) n(%) n(%) n(%)
Sex
Male 4,752(82.6) 21,528(80.5) 455(85.9) 458(86.4)
Female 1,002(17.4) 5,210(19.5) 0.0003 75(14.2) 72(13.6) 0-8590
Age
meants.d 64.0+11.7 55.5+13.4 <.0001 63.4+11.5 63.3+12.0 0.9763
Education level
Middle School ~ 3,111(54.1) 8,971(33.6) 283(53.4) 277(52.3)
High School  1,557(27.1) 9,301(34.8) <.0001 14727.7) 165(31.1) 0.3928
University ~ 1,086(18.8) 8,466(31.7) 100(18.9) 88(16.6)
Marital status
Married  4,379(76.1)  19,992(74.7) 425(80.2) 429(80.9)
Separated  1,304(22.7) 5,824(21.8) <.0001 99(18.7) 99(18.7) 0.3644
Single 71(1.2) 922(3.9) 6(1.1) 200.4)
Economic Activity
Yes 3,524(61.2)  20,883(78.1) 341(64.3) 359(67.7)
No 2,230(38.8) 5,855(21.9) <0001 189(35.7) 171(32.3) 0.2702
Household members
meands.d 2.7+1.3 3.0+1.3 <.0001 2.7+1.3 2.8+1.3 0.3859
Income level
Lowest 1,532(26.6) 4,694(17.6) 134(25.3) 127(24.0)
Lower 1,379(24.0) 5,527(20.7) 127(24.0) 125(23.6)
Medium  1,046(18.2) 5,605(21.0) <.0001 94(17.7) 102(19.3) 0.928
Higher  902(15.6) 5,648(21.1) 89(16.8) 95(17.8)
Highest ~ 895(15.6) 5,264(19.6) 86(16.2) 81(15.3)
Disability
Yes 1,212(21.1) 3,113(11.6) 120(22.6) 112(21.D)
<.0001 0.6031
No 4,542(78.9)  23,625(88.4) 410(77.4) 418(78.9)
Chronic
meants.d  0.4%0.5 0.1+0.3 <.0001 0.2+04 0.2+0.3 0.0721
Ccl
meants.d  0.4%0.6 0.1+0.3 <.0001 0.2+04 0.2+0.3 0.0768

T, treatment group; C, comparison group; s.d, standard deviation; CCI, charlson comorbidity index

% of N in parenthesis



2. 7+ W A%540] 71 IR JHdHE A ¥

7% A Az b UEE 71 ds)

B AFNME TET D ARE BE3H] YT Ake] TE
B4 A CE D9} 2T,

Aukslo| ARGl M A4FA0] Y] 19 Mg 7% AR s w) 1) o] A
719) o FAREY FHAVL FAHOE FSHA Yk olFAEEY Fa 7PH 3
o] paralel rends 714°] $55hs A0 99 F girk. $4 AshE 4rlad, g 7}%
AR, WZNY 71 A5 WABPR PR BRI A%FE 24 19

=
(t-4), 3d A(t- ) 23 A(t-2) F48X BF SAFCE FostA| ¢dol F +#xte| parallel trends 7}@

r_}i
f
ot
N
NS
iASs
29
ot
frt
m>
_xﬁL
f
%0,
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A7EA A 250 AAgyNt0), 1d & &
o

o
5 AT P A, B2 ALFHo| ¥

E D A ARt mE WIERY 7k st
Probability of PHI

Siizseiin In(No. of PHI subscribed) In(PHI payment)
LPM/fe OLS/fe OLS/fe
t-1(reference year)

4 0.008 0.025 0.152
) (0.015) 0.02D (0.193)
3 0.016 0.015 0.296
) (0.012) (0.016) (0.166)
2 0.007 -0.001 0.031
) (0.007) (0.010) (0.10D

t-1 (year of reference) ref. ref. ref.
10 (vear of health -0.016 -0.015 -0.208
shock) (0.009) (0.015) (0.126)
i -0.018 -0.015 -0.113
(0.012) (0.019) (0.169)

" -0.013 -0.003 0.003
(0.013) 0.02D (0.19D

t+3 -0.008 0.007 0.078
(0.015) 0.022) (0.220)

Constant 0.819" -0.056 4.019
onsta (0.384) (0.597) (4.467)
R-square 0.313 0.470 0.396
N 8,460 8,460 8,460

“p-value<0.05, ~'p-value<0.01, “"p-value<0.001
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Probability of PHI subscription

In(No of PHI subscribed)

In(PHI payment)

w/0 interaction

w/ interaction

w/0 interaction

w/ interaction

Ww/0 interaction

w/ interaction

Inc(ref=1q)
2q
3q
4q
3q

HS*Inc(ref=1q)
HS*2q

HS*3q
HS*4q
HS*5q

Constant
R-square

N

Average effect of health shock

Income level: 1q(Lowest)~5q(Highest)

Experienced health shock in 2" quintile group
Experienced health shock in 3 quintile group

Experienced health shock in 4" quintile group

Experienced health shock in 5" quintile group

-0.016
(0.01D

0.712
(0.266)

0.326
11,558

-0.025
(0.016)

0.009
(0.009)

0.008
(0.013)

0.014
(0.014)

0.029
(0.016)

0.016
(0.017)

0.029
(0.020)
0.016
(0.019)
-0.016
(0.022)
0.720"
0.272)
0.326

11,558

-0.011
(0.015)

-0.307
(0.399)

0.489
11,558

-0.041
(0.020)

0.005
(0.012)

0.003
(0.017)
0.036
(0.020)

0.063™
(0.023)

0.035
(0.022)

0.079°
(0.027)
0.035
(0.028)
0.013
(0.032)
-0.256
(0.403)
0.488

11,558

-0.119
(0.152)

3.413
(3.27D

0.414
11,558

-0.410
0.227)

0.087
0.127)

0.066
(0.168)

0.313
0.187)

0.520™
0.21D

0.468"
0.239)

0.676™
0.274)
0.370
(0.265)
0.012
0.29D
3.791
(3.324)
0.412

11,558

Inc=Income level(1=lowest(ref), 2=lower, 3=medium; 4=higher; 5=highest

“p-value<0.05, “p-value<0.01, ~p-value<0.001
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. A73FA9 FHaAT
AZRZEA FAFZHRZ QS /MF URE 7UEsS ARy 95t A 2AEE blgoz
A4S Agstfion, 445 <& 603 2t
AFFAA 512 7ol A HAZ B A7354 9 95 gulsta, §2¢ SR A
B} oujgith AWt o g FAF A 3 BA AR ARZZ0] MR E 719)
T gl mxl FEFelA FAHSE Fo3 A HAsA Xtk

Probability of PHI

Siizseizin In(No. of PHI subscribed) In(PHI payment)
LPM/fe OLS/fe OLS/fe
-0.017 -0.014
7 0.011) 0.015) ~0.3970.226)
-0.008 0.023
& 0.021) 0.032) ~0.6220.610
3.683" -0.305
Constant (3.326) (0.399) 3.683(3.326)
R-square 0.326 0.489 0.412
N 11,558 11,558 11,558
“p-value<0.05, ~'p-value<0.01, “"p-value<0.001
3. 9T B4
ANREAAAE AT W AFFH0] 74 NG AYEEel VAE FFE Avingth. A7
e BTk ARHOE G SAstel 143 %— Wy olze] MBS ek s
AEA WA AR AR AR H9ITOE Agsel 2k Ny Fad nAE 9% Aun

A} SFRATKRE .

2423, 397 BHAE ARG 719 o, 19 A%, RYE gRYe) Uje FARCE
a
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Have no PHI before health shock Have PHI before health shock
Probability of PHI In(No. of PHI In(No. of PHI
Subscription subscribed) subscribed) Al i)
LPM/fe LPM/fe OLS/fe OLS/fe
t-1(reference year)
4 -0.004 0.019 -0.001 0.108
i (0.029) (0.030) (0.027) (0.245)
.3 0.006 0.010 0.035 0.381
) (0.028) (0.025) (0.022) (0.202)
P 0.013 0.013 -0.023 -0.174
) (0.018) (0.016) (0.013) (0.114)
t-1
(vear of ref. ref. ref. ref.
reference)
0 (year  of 0.002 0.005 -0.008 0.058
health shock) 0.013) (0.013) (0.017) (0.162)
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! (0.020) (0.018) (0.024) (0.219)
" -0.029 -0.023 0.013 0.501
0.027) (0.025) (0.027) (0.24D
43 -0.027 -0.019 0.001 0.351
(0.034) (0.032) 0.027) (0.258)
Constant -0.349 0.354 0.312 -2.498
onsta (1.082) (1.53D) (0.494) (3.896)
R-square 0.067 0.063 0.368 0.257
N 2,235 2,235 6,218 6,218

“p-value<0.05, “p-value<0.01, ~p-value<0.001
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GROUP-BASED TRAJECTORY MODELING WITH

BINARY AND ZERO-INFLATED COUNT OUTCOMES:
APPLICATION TO GERIATRIC PNEUMONIA

Min young Kim

ABSTRACT

A developmental trajectory is defined as an evolution of an outcome over age or time (Nagin,
2005). Group-based trajectory modeling (GBTM) is one of the methods of trajectory analysis, which
is an application of finite mixture modeling that the population is composed of distinct groups, each
with a different underlying trajectory and every subject in the group approximately follows the same
patterns of behavior of outcome over age or time (Nagin, 1999).

This thesis utilized the Korean Health Panel Study, which included 4007 individuals 65 years old or
older at the baseline. Trajectory analysis was conducted with GBIM for geriatric pneumonia with
binary and count outcomes. The models were compared and the binary outcome trajectory model was
considered a better fit model. Both the binary outcome trajectory model and the zero-inflated count
outcome trajectory model identified three trajectory groups with similar shapes: “low-flat,”

“low-to-high,” and “high-to-low.” The majority of the participants belonged to the “low-flat”
group. In the binary outcome trajectory model, having three household members, having a disability,
and having a chronic respiratory disease were significant risk factors for the pneumonia trajectory
groups. In the zero-inflated count outcome trajectory model, being male and having a chronic
respiratory disease were the significant risk factors.
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CHAPTER 1. INTRODUCTION

1.1 Background

Most population-based study data sets have many observations that might not contain certain
medical events of interest (Yang et al, 2017). In such data, the outcome is discrete and may be
over-dispersed. This type of data is referred to as “zero-inflated” data since the data have a
higher proportion of zero counts. In longitudinal follow-up data, modeling change over time with an
outcome representing a count is challenging. Besides transforming, it is important to apply a relevant
distributional form when analyzing data with zero-inflated count outcomes. In general, zero-inflated
Poisson distribution, zero-inflated negative binomial distribution, and zero-altered Poisson distribution
(also known as a hurdle model) could be used to model count data with an excess of zero counts
(Yang et al., 2017).

In various medical / health studies, it is common to see binary outcomes or count outcomes
converted to binary outcomes (Guddattua et al., 2015). Binary data can offer a simple interpretation
or classification, establish eligibility criteria for future studies, and make data summarization more
efficient (Williams et al., 2006). On the other hand, using binary data also has some limitations. In the
binary data, some information can be ignored, such as individual differences (MacCallum et al., 2002).
The loss of information could lead to a loss of power, and maintaining the power might require a
larger sample size (Fedorov et al., 2009). Also, when data contains information about relatively rare
conditions, caution should be taken before utilizing the binary data (Ferraro & Wilmoth, 2000).
However, the decision on the type of outcome data will depend on the researcher’ s study objective,
and it can be based on prior information and compared through different models.

Trajectory specifies evaluating one or more outcomes over age or time (Nagin, 2005), and several
statistical approaches are used for analyzing developmental trajectories. One of the method,
group-based trajectory modeling is defined as “Finite mixture modeling application that uses
trajectory groups as a statistical device for approximating unknown trajectories across population
members” (Nagin & Odgers, 2010). Group-based trajectory assumes that the population is composed
of distinct groups, each with a different underlying trajectory and every subject in the group
approximately follows the same patterns of behavior of outcome over age or time (Nagin, 1999).
Group-based trajectory can identify distinctive developmental paths in complex longitudinal data,
which can be useful when handling non-monotonic trajectories (Nagin, 2005).

The top ten causes of death surveyed in 2019 accounted for 55 percent of worldwide deaths (WHO,
2020). Of them, the leading causes of death can be categorized broadly into three topics:
cardiovascular, respiratory, and neonatal conditions (WHO, 2020). Since the COVID-19 (SARS-CoV-2)
outbreak, respiratory diseases have received a lot of attention. However, very little work has been
done in trajectory analysis for pneumonia, a well-known respiratory-related disease. Pneumonia is a
disease that affects the lungs in the forms of acute respiratory infection (WHO, 2020). When



someone has pneumonia, the alveoli are filled with pus and fluid, limiting oxygen intake, making it
hard to breathe (WHO, 2020). According to the WHO (2020), in 2019, 2.6 million deaths were due to
lower respiratory infections, which mostly included pneumonia. It remained the world” s most deadly
communicable disease, and it was ranked as the fourth leading cause of death worldwide. Pneumonia
was included in the top leading causes of death in many countries. In the United States, influenza and
pneumonia were ranked as the ninth leading cause of death, with 14.4 deaths per 100,000 population
(CDC, 2021; Murphy et al 2021). Similarly, in Canada, influenza and pneumonia were ranked as the
eighth leading

cause of death, with 12.9 deaths per 100,000 population (Statistics Canada, 2022). Compared to the
United States and Canada, South Korea had more deaths per 100,000 population due to pneumonia. In
South Korea, pneumonia was the third leading cause of death, and the number of pneumonia deaths
increased steadily every year from 14.9 per 100,000 population in 2010 to 43.3 in 2020 (Statistics
Korea, 2021). Therefore, our thesis investigated the trajectory of pneumonia. Also, since pneumonia
is a common cause of death increasing in the elderly, we focused on geriatric pneumonia.

In conclusion, this thesis conducted a trajectory analysis for geriatric pneumonia with dichotomous
and count outcomes in longitudinal data with group-based trajectory modeling. Also, both models
were compared and based on the results, we discussed what type of outcome generates a better fit
model.

1.2 Research objectives

This study has four study objectives:

Objective 1: To develop trajectories with binary and zero-inflated count outcomes using
group-based trajectory modeling for geriatric pneumonia.

Objective 2: To compare the trajectory shape and membership differences in the
group-based trajectory model with binary and zero-inflated count outcomes.

Objective 3: To identify relevant risk factors from the group-based trajectory model with
binary and zero-inflated count outcomes.

Objective 4: To compare the trajectory models with binary and zero-inflated count outcomes
and discuss what type of outcome fits better.
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CHAPTER 2. METHODS

2.1 Data and Sample

2.1.1 Study design

This research utilizes a subset of ten-year longitudinal survey data from the Korea Health Panel
Study (KHPS). The data were collected from 2008 to 2017 that mainly cover public health care
services. The KHPS aims to establish panel data that provides information on medical use and
medical expenditure and helps to analyze factors affecting medical use and medical expenditure
(KHPS, 2021). The KHPS used a stratified sampling frame taken from the 2005 Korean Population and
Housing Census. After the data was adjusted for unequal selection probabilities and non-responses,
the sample weights for the data were calculated. They also went through the process of making a
population distribution disclosure via post-stratification corresponding to the sample distribution (Lim
et al, 2020). Data were collected using computer-assisted personal interviews, and trained staff
conducted the survey that was divided into households, individuals, and case-based sections by
subdividing the survey areas (Cheng, 2021).

2.1.2 Study population

The data were first collected in 2008 and incorporated 28,970 individuals. However, as the dropouts
increased, 5,424 additional people were recruited in 2014. The additional subjects in 2014 were
included based on dropout households/members with the same sampling frame and sampling weight
as in 2008 to secure statistical reliability (KHPS, 2021).

The survey’ s questions were based on 13 essential sectors, which include household and
household member information, health insurance data, chronic disease data, medical service use data,
drug use and medical expenditure data, long-term care data for adult household members, and
emergency medical use data, etc. (Lim et al., 2020). From 2008 to 2011, the annual data disease
(diagnosis) code was used to record the medical data, and Korean standard disease sign classifications
(KSCD) were used to record the medical data from 2012. For this thesis, participants with ages below
65 from the baseline were excluded from the data. A total of 4,007 individuals met our study criteria
and were used for the trajectory analysis.

Figure 2.1 describes the study flow diagram of the outcome data for trajectory analysis. The
dataset is composed of two parts: 2,946 participants aged 65 or older started in 2008 and continued
for ten years, and 1,077 additional participants continued for four years from 2014. Participants added
in 2014 were moved to the year 2008, which is considered baseline. As they were moved to the
baseline, they had a total of four measurements, and the other six measurements were considered
missing.



Figure 2.1 Study flow diagram
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2.2 Variables

2.2.1 Outcome Variable

Pneumonia is the main outcome variable for this analysis. To determine if the patient is clinically
diagnosed with pneumonia, we used inpatient, outpatient, and emergency room records for each
patient from KHPS. For the binary outcome, respondents who had inpatient, outpatient, or emergency
room pneumonia records in any given year were recorded as 1=yes, and people who didn’ t have
any record of pneumonia were recorded as O=no. The frequency of their visit each year due to
pneumonia was counted for count outcome.

2.2.2 Covariates

The following characteristics were considered as baseline covariates: gender, age, level of
education, number of household members, housing type, household income percentile, disability,
economic activity, baseline comorbidities (such as chronic respiratory disease, chronic heart disease,
diabetes), the presence of more than three chronic diseases, and self-reported behaviors (such as
alcohol intake, smoking, and physical activity).

Gender was coded 0 = female and 1 = male. Age was categorized as 6569, 70-74, 75-79, and 80
years and older. Education was coded as 0 = none, 1 = elementary school, 2 = middle / high school,
and 3 = university or higher. The number of household members was grouped as 1, 2, 3, 4, and more
than 5 people. Housing type was categorized as 1 = detached house, 2 = multi-unit and townhouse,
3 = apartment, and 4 = other types of houses. The household income percentile was divided into five
categories by every 20%. Economic activity was coded as 0 = no, and 1 = yes. Disability was recorded
as 1 = yes and 0 = no, according to the official

disability record data. Smoking was coded as 0 = never smoked, 1 = current smoker, and 2 = former
smoker. The drinking variable was scored on an 8-point Likert scale that asked how often they drank
over the past year. Based on their answers, it was re-categorized as 0 = never, 1 = didn’ t drink for
past 1 year, 2 = less than twice/week, 3 = 2-3 times/week, and 4 = almost daily. Exercise and walking
were also scored separately on an 8-point Likert scale that asked respondents how many days they
did moderate physical activity or walked more than 10 minutes a day during the past week.
Responses ranged from 0 to 7 days a week. However, in this thesis, exercise and walking variables
were categorized as 0 = none, 1 = < 3 days/week, and 2 = >3 days/week. The number of chronic
diseases was coded as 1 = having 3 or more of these chronic diseases, and 0 = otherwise. In this
thesis, chronic diseases included hypertension, heart disease, diabetes, asthma, and all kinds of
diseases that can impact their daily functioning. For baseline comorbidities, diabetes, chronic heart
disease, and chronic respiratory disease were selected. Chronic heart disease includes myocardial
infarction, ischemic heart disease, angina, pulmonary embolism, arrhythmia, conduction disorder,



heart failure, heart valve syndrome, mitral stenosis, and other heart diseases. Chronic respiratory
disease includes chronic obstructive pulmonary disease, bronchitis, asthma, pulmonary edema, and
any other disease classified as “disease of respiratory system’ in KHPS data. Baseline comorbidities
were coded as 1 = yes if they had any one of the diseases, and 0 = no according to their chronic
disease record. Participants who weren’ t confirmed about their chronic disease were not recorded
in the chronic disease record. All the baseline covariates were measured in 2008.

2.3 Statistical Analysis

Several statistical approaches are available to analyze trajectories. Standard statistical approaches
include hierarchical modeling and latent curve analysis (Nagin, 2014). Group-based trajectory
modeling (GBTM) is also a trajectory analysis method. It is an application of finite mixture modeling
that uses trajectory groups to find sub-group trajectories within a population (Nagin & Odgers, 2010).
Group-based trajectory assumes that the population is composed of distinct groups, each with a
different underlying trajectory, and each subject in the group is approximately following similar
trajectories of an outcome over time (Nagin, 1999). However, the final selected trajectories should
not be taken as exact trajectories that individuals follow. Rather, the trajectory should be considered
as a powerful tool to discover the heterogeneity in the data and more clearly visualize the change
and continuity (Wojciechowski, 2017).

Three types of longitudinal data are applicable in GBTM: continuous outcomes following the normal
distribution, binary outcomes following the binary logistic distribution, and count outcomes following
the Poisson or the zero-inflated Poisson distribution (Jones et al., 2001).

Statistical software packages are currently available in SAS, R, and Stata for conducting group
-based trajectory modeling. All the analyses in this thesis were completed using SAS 9.4 (SAS
Institute, Cary, NC). GBTM was performed with PROC TRAJ, a macro package running under SAS 9.4
(Jones, 2020). For the model selection, the numbers of trajectory groups were determi ned first, and
then the best polynomial trajectory function was chosen for the shape of the trajec tories. The model
selection decision was mainly based on Bayesian Information Criteria (BIC) and Akaike information
criterion (AIC). However, selecting a model is not about maximizing t he statistic fit of the model but
choosing the model that summarizes the data’ s distinctive featur es (Nagin, 2005).
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CHAPTER 3. RESULTS

3.1 Group-based trajectory modeling (GBTM) with binary outcome

Group-based trajectory modeling for geriatric pneumonia with binary outcomes included three
trajectory groups: “low-flat” (Groupl), “low-to-high” (Group2), and “high-to-low” (Group3).
Groupl had a flat trajectory, Group2 had a linear trajectory, and Group3 had a quadratic trajectory.
The final trajectory model is presented in Figure 3.1. In Figure 3.1, solid lines represent the group
means, and the dashed lines represent the predictions.

Figure 3.1 Pneumonia trajectories for group-based trajectory modeling with binary outcome
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The first trajectory group included 90% of the participants, Groupl (n=3858; 90.5%), which indicates
that the majority of participants were not diagnosed with pneumonia during the 10-year follow-up
time. It showed a low-flat shape with a probability close to zero. The second trajectory, Group2
(n=90; 7.0%), showed an increasing trend. The probability started close to zero and consistently
increased over time. The increase was more rapid after six years from the beginning. The third
trajectory group, Group3 (n=59; 2.5%), showed a parabola shape. The probabhility of being diagnosed
with pneumonia started high compared to the other groups, and it remained higher until seven years.
But after that point, the probability started to decrease consistently. After ten years, the probability
was close to zero.

A total of 4,007 participants were assigned to their trajectory group by group-based trajectory



modeling, and the baseline characteristics were compared and represented in Table 3.1. There were
no significant differences in age, level of education, housing type, smoking, alcohol intake, income
quantile, current economic activity, more than three chronic diseases, walking, physical activity,
baseline comorbidities (diabetes and chronic heart disease), and death among the pneumonia
trajectory groups. Meanwhile, gender (p-value = 0.0260), number of household members (p-value =

0.0187), disability (p-value

0.0046), and chronic respiratory disease (p-value

0.0037) showed a

significant difference among the groups from the chi-square test or Fisher’ s exact test.

Table 3.1 Distribution of baseline characteristics by trajectory groups (N, %)

. Low-flat Low-to-high High-to-low

Variable Groupl (n=3858) | Group2 (1=90) | Group3(n=59) p-value
Gender
Female 2217 (57.5) 42 (46.7 27 (45.8) 0.026
Male 1541 (42.5) 48 (563.3) 32 (54.2)
Age 72.46 (6.0) 72.24 (5.7 74.15 (6.8) 0.0922
Age (Categorical)
65-69 1477 (38.3) 35 (38.9) 17 (28.8) 0.7849
70-74 1175 (30.5) 26 (28.9) 19 (32.2)
75-79 717 (18.5) 19 (21.D 13 (22.0)
80+ 489 (12.7) 10 (A1.D 10 (17.0)
Education
None 778 (20.2) 21 (233 7 (11.9 0.3055
Elementary 1639 (42.5) 39 (433 34 (57.6)
Middle/High 1151 (29.8) 22 (24.5) 15 (25.4)
University 290 (7.5) 8 (8.9 36D
#of household members
1 677 (7.5 8 (8.9 5 8.5 0.0187
2 1953 (50.6) 42 (46.7 29 (49.2)
3 556 (14.4) 23 (25.5) 9 (15.2
4 269 (7.0) 6 6.7 5 8.5
5+ 403 (10.5) 11 (12.2) 11 (18.6)
Housing
Detached house 2194 (56.9) 56 (62.2) 33 (55.9 0.5761
Multi-unit/Town house 537 (13.9) 11 (122 9 (153
Apartment 1074 (27.8) 21 (233 15 (25.4)
Others 53 (1.4) 222 2 34
Smoking
No 2148 (60.2) 42 (46.7) 26 (54.2) 0.1147
Current 490 (13.7) 17 (18.9 7 (14.6)
Previous 930 (26.D 31 (34.9) 15 (31.2)
Disability
No 3332 (86.4) 82 (91D 43 (72.9) 0.0046
Yes 526 (13.6) 8 (8.9 16 (27.D
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. Low-flat Low-to-high High-to-low

Variable Groupl (n=3858) | Group2 =90) | Group3(n=59) p-value
Drinking
Never 1447 (40.3) 41 (45.5) 21 (43.7) 0.1645
Didn’ t drink for past 1 year 539 (15.0) 17 (18.9 10 (20.8)
< 2 days/week 1047 (29.2) 15 (6.7 14 (29.2)
2-3 days/week 271 (7.6) 8 (8.9 1@D
Almost daily 283 (7.9) 9 (10.0) 2 (4.2
Income quantile
<20 1527 (39.8) 32 (35.6) 24 (40.7) 0.7687
20-40 1002 (26.1) 24 (26.7) 15 (25.4)
40-60 637 (16.6) 17 (18.9 10 (16.9)
60-80 377 9.8) 13 (14.9 4 (6.8
80-100 293 (7.7) 4 (4.9 6 (10.2)
Economic activity
No 2445 (63.4) 56 (62.2) 42 (7.2 0.4515
Yes 1413 (36.6) 34 (37.8 17 (28.8)
>3 chronic disease
No 462 (12.0) 8 (8.9 4 6.8 0.3781
Yes 3372 (83.0) 82 (91.D 55 (93.2)
Walking
None 672 (18.7) 16 (7.8 11 (22,9 0.7129
< 3days/week 463 (12.9) 12 (133 3 6.3
>3 daysfweek 2452 (68.4) 62(68.9) 34 (70.8)
Medium physical activity
None 2500 (69.7) 62 (68.9) 40 (83.3) 0.0883
< 3days/week 325 9. 6 6.7) 0 (0.0
>3 daysfweek 762 (21.2) 22 (24.9) 8 (16.7)
Diabetes
No 3180 (82.4) 79 (87.8 48 (81.4) 0.4057
Yes 678 (17.6) 11 (122 11 (18.6)
Chronic heart disease
No 3522 (91.3) 78 (86.7) 54 (9L.5) 0.3089
Yes 336 8.7 12 (133 5 (8.5)
Chronic respiratory disease
No 3626 (94.0) 78 (86.7) 49 (83.1) <.0001
Yes 232 (6.0) 12 (133 10 (16.9)
Death
No 3847 (99.7) 89 (98.9) 59 (100.0) 0.1900
Yes 11 (0.3 1A.D 0 0.0)

* Chronic heart disease: myocardial infarction, ischemic heart disease, angina, pulmonary embolism, arrhythmia, conduction
disorder, heart failure, heart valve syndrome, mitral stenosis, and other heart diseases

* Chronic respiratory disease: chronic obstructive pulmonary disease, bronchitis, asthma, pulmonary edema, and any other
disease that was classified as “disease of respiratory system’

* Chi-square test or Fisher’ s exact test was conducted for categorical variables. Student’ s t-test was conducted for
continuous variables.



Logistic regression was conducted to identify relevant risk factors that may influence the trajectory
groups. Univariate logistic regression was first performed, and the variables with p-value smaller
than 0.1 were selected for multivariate logistic regression. The Multivariate logistic regression analysis
table (Table 3.2) presents the odds ratio with 95% confidence interval (CD and p-value. The

“low-flat” trajectory group was set as the reference group for both logistic regressions. Compared
to the “low-flat” group (Groupl), members from the “low-to-high” group (Group2) were more
likely to have three members in their household (OR = 3.51, 95% CI: 1.56 - 7.92, p-value = 0.0024),
and to have chronic respiratory disease (OR =

2.42, 95% CI: 1.30 - 4.51, p-value = 0.0055). More specifically, it could be interpreted that people with
chronic respiratory disease had 2.42 times higher odds of being diagnosed with pneumonia than those
who don’ t have chronic respiratory disease. Interaction between the factors was checked, but it
didn’ t show significance. Thus, it was not included in the final model. For the “high-to-low”
group (Group3), having a disability (OR = 2.34, 95% CI: 1.31 - 4.19, p-value = 0.0042), and having a
chronic respiratory disease (OR = 3.17, 95% CI 1.58 - 6.34, p-value = 0.0012) were the significant
factors compared to the “low-flat” group. Also, there was no interaction effect between the
factors.

Table 3.2 Multivariate logistic regression analysis ( “low-flat” group as reference group)

Variable Low to High (n=90) High to Low (n=59)
OR (95% CD  p-value OR (%5% CD p-value

# of household members
1 - -
2 1.82 (0.85, 3.90) 0.1234
3 3.51 (1.56, 7.92) 0.0024
4 1.89 (0.65, 5.50) 0.2438
5+ 2.42 (1.30, 4.51) 0.0746
Disability
No - -
Yes 2.34 (1.31, 4.19) 0.0042
Chronic respiratory disease
No - - - -
Yes 2.42 (1.30, 4.51) 0.0055 3.17 (1.58, 6.34) 0.0012

* Chronic respiratory disease: chronic obstructive pulmonary disease, bronchitis, asthma, pulmonary edema, and any other
disease that was classified as “disease of respiratory system’

3.2 Group-based trajectory modeling (GBTM) with zero inflated count outcome

Among the participants, 98.5% of the elderly participants didn’ t have any hospital visits due to
pneumonia, which indicates that the outcome is zero-inflated. Over 99% of the participants had zero
to two visits, so it was hard to find a distinctive trajectory model that contains clinical relevance
without categorizing the outcome data. From 1 to 7 were recorded as their original count, and others
were coded as: 8 to 10 visits = 8, 11 to 20 visits = 9, and over 20 visits = 10. So, we used total ten
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categories for group-based trajectory modeling.

The final model with the best polynomial trajectory functions included three trajectory groups:
“low-flat” (Groupl), “low-to-high” (Group2), and “high-to-low” (Group3). Groupl had a flat
trajectory, and both Group2 and Group3 had a quadratic trajectory. The final trajectory model is
presented in Figure 3.2.

Figure 3.2 Pneumonia trajectories for group-based trajectory modeling with count outcome
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Similar to the trajectory analysis results with binary outcomes, the majority of the participants were
included in the first trajectory group, Groupl (n=3747, 84.8%). This group showed a low-flat shape
with a count close to zero. The second trajectory, Group2 (n=180; 9.1%), showed an increasing trend.
The hospital visits due to pneumonia started slightly higher than Groupl at 0.13, and after ten years
of follow-up time, Group2 had the highest count. The third trajectory, Group3 (n=80; 6.1%), started
with the highest count and constantly decreased after seven years.

Baseline characteristics were compared and represented in Table 3.3. There were no significant
differences in age, level of education, number of household members, housing type, alcohol intake,
having a disability, income quantile, current economic activity, having more than three chronic
diseases, walking, physical activity, baseline comorbidities (diabetes and chronic heart disease), and
death among the three geriatric pneumonia trajectory groups. On the other hand, gender (p-value =
<.0001), age (categorical) (p-value = 0.0064), smoking (p-value = 0.0001), and chronic respiratory
disease (p-value = 0.0005) showed significant differences with a 5% significance level among the
groups from the overall chi-square test.



Table 3.3 Distribution of baseline characteristics by trajectory groups (N, %)

. Low-flat Low-to-high High-to-low

Variable Groupl (1=3747) | Group2 n=180) | Group3 (m=80) p-value
Gender
Female 2176 (58.1) 75 (41.7) 35 (43.7) <.0001
Male 1571 (41.9) 105 (58.3) 45 (56.3)
Age 72.44 (6.0) 73.28 (6.7) 72.41 (4.8) 0.1887
Age (Categorical)
65-69 1438 (38.4) 69 (38.3) 22 (27.5) 0.0064
70-74 1147 (30.6) 40 (22.2) 33 (41.3)
75-79 688 (18.4) 41 (22.8) 20 (25.0)
80+ 474 (12.6) 30 (16.7) 5 (6.2)
Education
None 757 (20.2) 35 (19.9) 14 (17.5) 0.7287
Elementary 1598 (42.7) 73 (40.6) 41 (51.3)
Middle/High 1113 (29.7) 55 (10.6) 20 (25.0)
University 279 (7.4) 17 9.4 5 (6.2)
# of household members
1 665 (17.8) 18 (10.0) 7 @87 0.0636
2 1885 (50.3) 91 (50.5) 48 (60.0)
3 541 (14.4) 34 (18.9) 13 (16.3)
4 259 (6.9) 16 8.9 5 (6.2)
5+ 397 (10.6) 21 (A1.7) 7 @87
Housing
Detached house 2145 (57.2) 93 (517 45 (56.2) 0.3950
Multi-unit/Town house 524 (14.0) 22 (12.2) 11 (13.8)
Apartment 1025 (27.4) 63 (35.0) 22 (27.5)
Others 53 (1.4 2 (1D 2 (2.5)
Smoking
No 2102 (60.7) 77 (46.1) 37 (48.0) 0.0001
Current 479 (13.8) 25 (15.0) 30 (39.0)
Previous 881 (25.5) 65 (38.9) 10 (13.0)
Drinking
Never 1413 (40.6) 59 (34.9) 37 (48.0) 0.0546
Didn’ t drink for past 1 year 515 (14.8) 40 (23.7) 11 (14.3)
< 2 days/week 1018 (29.3) 38 (22.5) 20 (26.0)
2-3 days/week 258 (7.4) 17 (10.0) 5 (6.5
Almost daily 275 (7.9 15 8.9 4 (5.2)
Disability
No 3244 (86.6) 149 (82.8) 64 (80.0) 0.0905
Yes 503 (13.4) 31 (17.2) 16 (20.0)
Income quantile
<20 1481 (39.8) 71 (39.4) 31 (38.8) 0.8106
20-40 981 (26.3) 41 (22.8) 19 (23.8)
40-60 618 (16.6) 33 (18.3) 13 (16.2)
60-80 360 (9.7) 23 (12.8) 11 (137
80-100 285 (7.6) 12 6.7) 6 (7.5
Economic activity
No 2372 (63.3) 121 (67.2) 50 (62.5) 0.5571
Yes 1375 (36.7) 59 (32.8) 30 (37.5)
>3 chronic disease
No 453 (12.2) 14 (7.8) 7 @87 0.1402
Yes 3270 (87.8) 166 (92.2) 73 91.3)
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. Low-flat Low-to-high High-to-low

Variable Groupl (1=3747) | Group2 @=180) | Group3 (m=80) p-value
Walking
None 647 (18.6) 40 (23.7) 12 (15.6) 0.4660
< 3days/week 447 (12.8) 22 (13.0) 9 (11.7)
>3 days/week 2385 (68.6) 107 (63.3) 56 (72.7)
Medium physical activity
None 2421 (69.6) 122 (72.2) 59 (76.6) 0.4905
< 3days/week 316 (9.D 1 7D 339
>3 daysfweek 742 (21.3) 35 (20.7) 15 (19.5)
Diabetes
No 3094 (82.6) 144 (80.0) 69 (86.3) 0.4557
Yes 653 (17.4) 36 (20.0) 11 (13.7)
Chronic heart disease
No 3417 (91.2) 163 (90.6) 74 (92.5) 0.8776
Yes 330 (8.8) 17 (9.4) 6 (7.5
Chronic respiratory disease
No 3521 (94.0) 165 (91.7) 67 (83.8) 0.0005
Yes 226 (6.0) 15 8.3) 13 (16.2)
Death
No 3736 (99.7) 179 (99.4) 80 (0.0) 0.5563
Yes 11 (0.3) 1 (0.6) 0 (0.0)

*Chronic heart disease: myocardial infarction, ischemic heart disease, angina, pulmonary embolism, arrhythmia, conduction
disorder, heart failure, heart valve syndrome, mitral stenosis, and other heart diseases

*Chronic respiratory disease: chronic obstructive pulmonary disease, bronchitis, asthma, pulmonary edema, and any other
disease that was classified as “disease of respiratory system’

*Chi-square test or Fisher’ s exact test was conducted for categorical variable. Student’ s t-test was conducted for
continuous variable

With the selected variables from the univariate logistic regression analysis results, multivariate
logistic regression was performed. Final variables were selected at a significance level of 5%. Table
“low-flat” group
(Groupl), members from “low-to-high” group (Group2) were more likely to be male (OR = 1.94,
95% CI: 143 - 2.63, p-value = <.0001). For “high-to-low” group (Group3), the odds of having
hospital visits due to pneumonia was higher for male (OR = 1.72, 95% CI: 1.10 - 2.69, p-value =
0.0177). Additionally, having chronic disease (OR = 2.88, 95% CI 1.56 - 5.31, p-value = 0.0007) was
significant compared to the “low-flat” group. Interaction between the factors was not significant.

3.4 represents the results for multivariate logistic regression. Compared to the

Table 3.4 Multivariate logistic regression analysis ( “low-flat” group as reference group)

Verigble Low-to-high (n=180) High-to-low (n=80)
OR (9% CD p-value OR (95% CD p-value

Gender

Female - - - -
Male 1.94 (1.43, 2.63) <0001 | 172 (1.10, 2.69) 0.0177
Chronic respiratory disease

No - -
Yes 2.88 (1.56, 5.31) 0.0007

*Chronic respiratory disease: chronic obstructive pulmonary disease, bronchitis, asthma, pulmonary edema, and any other
disease that was classified as “disease of respiratory system’



CHAPTER 4. DISCUSSION

In this thesis, we applied group-based trajectory modeling to identify the trajectories for geriatric
pneumonia with binary and zero-inflated count outcomes. Trajectory shape and membership
differences were compared, and the risk factors for models with binary and zero-inflated count
outcomes were identified. This thesis helps to explain the development of pneumonia among older
adults and identifies which individual subgroups are at risk for pneumonia.

We observed similarities and differences between the group-based trajectory modeling with binary
outcomes and zero-inflated count outcomes. The results of group-based trajectory modeling with
binary outcomes and zero-inflated count outcomes are compared in Table 4.1. Both models had three
trajectory groups that appeared to have some resemblance. 94.8% of participants were in the same
group in both models. However, the kappa statistic was 0.465 (95% CI 0.411 - 0.519), suggesting
moderate agreement (Byrt, 1996). The majority of the participants were classified into the

“low-flat” group. However, the percentage of the “low-flat” group was higher in the binary
model. Identified risk factors for each model were also different.

Table 4.1 Comparison of group-based trajectory modeling with binary outcome and zero inflated
count outcome

Characteristic Binary Zero-inflated count

Number of groups 3 3

Composition of groups Low-flat (90.5%) Low-flat (84.8%)
Low-to-high (7.0%) Low-to-high (9.1%)
High-to-low (2.5%) High-to-low (6.1%)

BIC -1960.07 -2788.02

AIC -1934.89 -2753.40

Risk factors <Low-to-high> <Low-to-high>

(ref = low-flat) Number of household members Gender
Chronic respiratory disease
<High-to-low)> <High-to-low)>
Disability Gender
Chronic respiratory disease Chronic respiratory disease

The choice between models with different types of outcomes could be based on various decision
points. Model diagnostics statistics, such as BIC could be used. Based on the BIC and AIC values, the
binary outcome model had a larger value than the zero-inflated count outcome model in this thesis,
which can be considered a better fit model.

The interpretations of each model for this thesis are different. The binary model estimates the
probability of being diagnosed with pneumonia, and the zero-inflated count model estimates the
number of hospital visits due to pneumonia. Therefore, even though the binary model showed a
better fit in this thesis, the choice between the two models might vary depending on the type of
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information that we would like to obtain. So, if we are interested in the trajectory and the factors
that make the risk higher for being diagnosed with pneumonia, the binary model would be more
helpful. Also, it could be easier to interpret. On the other hand, analysis according to the number of
hospital visits enables us to infer more diverse aspects. Additional health care-interaction due to
pneumonia can mean more severe and complex medical conditions, lack of understanding of
pneumonia follow up after treatment, cost-ineffective use of inpatient beds, and many other related
things (Adamuz et al., 2011).

As there were no previous studies about pneumonia trajectories, we couldn’ t compare our
pneumonia trajectory results with other studies. However, similar to other disease trajectory studies,
regardless of the number of groups, most of the participants were in the low probability or low count
group. This was observed in various trajectory studies with diseases such as depression, anxiety,
asthma, or cardiovascular diseases (Lim et al., 2020, Cheng et al., 2021; Pape et al., 2021; Koohi et
al., 202D).

Our study found that having a chronic respiratory disease, the number of household members, and
having a disability were predictors of geriatric pneumonia trajectory membership in the binary
outcome model. In the zero-inflated count outcome model, having a chronic respiratory disease and
gender were predictors of geriatric pneumonia trajectory membership.

Having a chronic respiratory disease was the only factor that appeared as a predictor in both
models. Except for the “low-to-high” group in the zero-inflated count trajectory model, having a
chronic respiratory disease was stated as a risk factor in every trajectory membership group when
compared to the “low-flat” group. This finding was consistent with various studies that have shown
that people with chronic respiratory disease are more likely to have pneumonia (Koivular et al., 1994;
Chang, 2010; Vila-Corcoles et al., 2008; Jackson et al., 2004; Jackson et al., 2009; Kaysin & Viera,
2016; Kline et al., 2015; Yoshikawa & Marrie, 2000; Gau et al., 2010; Loeb et al., 2009; Skull et al.,
2009).

In our study, gender was stated as a risk factor only in the model that used the hospital visit counts
as an outcome variable. Thus, we can consider that men are more likely to have more hospital visits
due to pneumonia. However, there were some conflicting studies about gender as a risk factor. Some
studies stated male sex as a risk factor, which is consistent with our study (Jackson et al., 2004;
Vila-Corcoles et al., 2008; Yoshikawa & Marrie, 2000; Skull et al., 2009). On the other hand, many
studies did not mention gender as a risk factor. In Koivular et al. (1994), gender was not associated
with pneumonia nor any pneumonia-related hospitalization or death.

Crowded living conditions, such as living in nursing homes for the elderly, can increase the risk of
contracting pneumonia (WHO, 2020). However, there were not enough samples to identify if living in
a nursing home can increase the risk of pneumonia in our study. Therefore, the number of
household members was analyzed, and it was identified as a risk factor in the binary outcome model.
Specifically, people with three members in their household were more likely to have pneumonia. This



result may be that in our study, 67.7% had one or two household members, and the proportion of
four or more household members was not very high. Thus, only having three household members
showed significance. However, further research is needed on why having more household members
was not associated with the pneumonia risk.

Having a disability was another predictor associated with pneumonia in the binary outcome model.
This factor wasn’ t included in many geriatric pneumonia risk factor studies. However, some studies
showed an association between specific impairments and pneumonia. For example, cognitive
impairments and swallowing impairments increase the risk of pneumonia in older adults (Naruishi et
al., 2018; Hollar et al., 2016; Ohrui, 2005; Nakajoh et al., 2000). Also, Centers for Disease Control and
Prevention (CDC) (2020) reported that people with certain types of disability have a higher risk of
pneumonia, which is consistent with our study. In our study, disability was utilized as a binary
variable. We divided our participants by whether they had a disability or not, but to analyze the
reason for the risk factor in more detail, further analysis would be required by type or level of
disabilities.

Among pneumonia studies, age and smoking status were stated numerous times as risk factors.
Many geriatric pneumonia studies showed an association with age (Koivular et al., 1994; Jackson et
al., 2004; Vila-Corcoles et al., 2008; Yoshikawa & Marrie, 2000; Loeb et al., 2009; Skull et al., 2009).
However, age was not associated with pneumonia in our study, which was consistent with some
studies (Jackson et al., 2009; Gau et al., 2010). Also, smoking was not considered a risk factor in our
study. Smoking had conflicting results among various geriatric pneumonia studies. In Gau et al. (2010)
and Loeb et al. (2009), smoking status was a significant risk factor among hospitalized pneumonia
patients. Meanwhile, Skull et al. (2009) didn’ t find an association between smoking and hospitalized
pneumonia patients.

There are several strengths in this study. One of the strengths is that no study has been conducted
on pneumonia trajectories to the best of my knowledge. Our research suggested new information
about geriatric pneumonia, which can act as a guideline for future pneumonia trajectory studies.
Additionally, we generated two pneumonia trajectories with different types of outcomes
(binary/count), from which we can derive different information about geriatric pneumonia
trajectories. Also, we utilized the KHPS data, which is national-level large-scale data collected for ten
years. Ten years of the study period would be considered sufficient time to study the development
of pneumonia. Moreover, in this data, pneumonia outcomes and other comorbidities were clinically
diagnosed, reducing the bias of using self-reported data.

This study also has several limitations. First, as the data were collected for ten consecutive years,
missing data was unavoidable. Even though we used maximum likelihood estimation for parameter
estimation, missing data bias could still exist. Second, there are many types of pneumonia, and the
risk factors vary accordingly. However, in our data, the types of pneumonia were not distinguished.
Also, the some of the risk factors were unavailable in our data. Additionally, many studies suggest
that getting vaccinated for older adults could be a preventive factor (Vila-Corcoles et al., 2008;
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Furman et al., 2021; Kline et al., 2016; Kaysin & Viera, 2016). However, vaccination information was
not available in our data.

In this thesis, we didn’ t include any time-dependent factors. Pneumonia incidence can be affected
by some special occasions. For instance, pneumonia was a common complication among patients with
HINI influenza during the 2009 HIN1 pandemic (Jain et al., 2012). Likewise, in our data, the
pneumonia incidence rate increased by 0.6% in older adults, while it increased by only 0.1% in the
total population during the 2009 HINI pandemic. Considering that the COVID-19 pandemic has hugely
affected the world since 2019, we should consider adding time-dependent covariates in future
research.
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o] FARE- 4 (difference-in-difference)> HAste] FRAgATAolA de] LE&H= WHEIH
(Wing et al, 2018). o] WHEL vlarbsAo] =& F 719 AFHTe] Azt whz} tﬂﬁ‘r‘é}% Kic's
< vlwsle] Ao /g ERE ZGstaAl s T Thket A, A AAIsHE EAo

AN—
w2} e AR a7 A s A BASHE HolE FA ol AME- PE} ilEWr E}O‘f?} éiﬁ% %
7¥st7] Sl de] &8Ho] & olFAE A FAAE g4 2
(Baker et al., 2022). o]ZFa2 B o4 A& FI} FH X< H]Z*.E}%*é—% %’4?}33“8}{— A Oﬂt— o2 7}
A7} 9l o] F ;A 7}@01 B3 FA 7} (parallel trend assumption)o] A9 o ¥7} 71 F 235
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(Roth et al,, 2022). o]FAHEEA S &85 AFoNA = HATH 2T AF 274E Q%% A5
£ o] &ste e Ao FAHS 9 £ AN F8 9 aEAS =o|7] fs &3] HX|(FA)
A5z oA M AEE E83AY A GARE] 76E B2 ) 9d23AIF (community trial)2] stepped
wedge designA ¥ A Aol AlZtel] Wl AbA 08 Soju= WA o] AAIE HetA "t o] u &
FHo® g85e 7P () ARt W& A &7e] o] @A o] EAstA] o, (i) AX|r& 438t
= AIE TS 25 XX 879 o]dAdo] EASHA] =Tt Aolth. ey Akl wet A3
a7y Weta, 2 o] Mg 2ol wey 1 a3e] A7t gebd el gl AE duke
a2 EAS 12EhE o]al B s1Ao] QulEA U= AE-S 2771 o ot AHe] =R
o|% H3|HA ot AA It AL Uepdthal 7Hg stk E“ = FstE FFolA dAZE
AZE e el e A ae] ojdAdo] EAskeE A, P a5Ag Htwo-way
fixed effect estimator, ©]5} TWFE)S &-&3t o] SR 24 0] 4t&st= X = AXTH vz 1t
o HlwE BTl dojX AR, AFFE FAAE AT 279 22 AH3 VA E H
sto] 7hsH A3 kol obl et A A} ZIthekA e AR AR 2He BlaE Bl dojXl
BANA 23 BlE FAHXE 4HE5HA Eth o]F 4%E Roth, Sant’ Anna 9] =A<
H vty FEkRoth et al, 2022). o] FA= vl Holl AZ|E AR AF74A] Aozl o
AHEEA] FAA O] i FEo] A FAA A HEFHS S 7S AlAkshe Zlol7] wEel ol
sttt Aol ol ZHAdo] HAE S Fstate) Tl HIav} 73 ml=ollAe AR &
B2 AFATT A FE5kal S’}D}. o) FAHEEA]2 A w A A A 4(NBER) Working paper
o] 23%E AAT A== ] ARSI 7] wlEolth o= A" W= Q18| HAstE A7} o
@3] Aot AM-E AlARH Currie et al 2020). o] wiitoll E3] S1Z2¥ A (staggered design)s &
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D’ Haultfoeuille, 2022; Imai & Kim, 2021; Sun & Abraham, 2021).
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A3 Y O FAFE o] AE FESIAL ATTY 4% 7FH+s A4 Agsta UthDe
Chaisemartin & D’ Haultfoeuille, 2022; Sun & Abraham, 2021). ¥4 ©$] 7to] 24X &3} wWolo] AH
S &3 e ASGgA SRR (riple difference)S £ ATT| 32 A =alE 4= ok AA
A F&s FPsks Al wet vie $ 2 FollA A2 Bz o] At AsA RS
FHE = Q7] W o] Bl HHSHA doj TWFE FAx tigh AFo] 7FsstiOlden &
Mg en, 2022).

@) Azl mWE AR & WHol7} A= B¢

AZEell whE AR EA] Hol7t e A AA Fol AAT oY ARe| At THEUA
VWATT®] o]dAo] AR 1o whe} oA 42 ATTVF VWATTS 2eiA1A "o HEof, A

D ATTE A" #tol22 VWATTE E4Hvariance)ol whet Z2AEH, o] 4k Aol e A59) Al7H Aoldf o
She golth webA VWATTZF AH o) axts dishs fos 74t 4718 7dishs ATTo= b2t ol 79

djof ok twh, VWATTZ} ATTZE ofdzls AHES ARty 3ot TWEEES S8 dojxes AL
Goodman-Bacond] #3871 BoF% nlEolq & 7lsAlo] Atk
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ATTE 00] opd #hE ZHAl EHA &AHA] ot TWEE FA A7} VWATTOA 433] HIEd 7Hs
o] At o] BAE AHA| F2 7t Ao A Aozl &E e Alg(coefficien) & T3l 435+
v BEE Afete Aol B, HA7t o] FoAXE Aol 7 weit E g WAshE
staggered designe E&0]1 HAHS =o|7] Y3l AA| o] A AIHS EA el =

Aol a7t YAFA FAET= GEAQ] /S & Aol BT He FAT et

© 0 FEFE Tl 2T 5 s, ol' FAT Aeldls ARy Aolzt AT AA] o]

A
3o NHS Bakal= AAA 7R3 (event-study specification) S AFES S AgHithE ZEH o
ATH

@ F Wol7l BF Q= A9 - & AFHT] N2 TE Aol AXE 2L W)
7 TR Tl AE T8 AR AAE B 750 TWFEE AHgshe 49 A7 1k Ax
a39] Wolel AJRtel] W& AX aFe| ®lol7} FHE WA HPFA Mol YT 7S AFE
= 5749 olsliete gl 49 nEdo] o 74 7iAA o] Ak Callaway & Sant’” Anna, 2021;
Sent’ Anna & Zhao, 2020). ©] W&ol AR &e] o) o] £ o8 B st 3, o37]el i) o
Zro g AR TGl FHIAAE BEstA & HaUt ok AR BHe] o]AA TAE st
7] S8l A FAFES R AX Alo] e A O0E F e AdsA E8id 4
F& ATt AT EH(event-study specification) & o] §3te] o]FAHE FAFS TSR
Callaway & Sant’ anna (CS) 4 &8 Td3 R package did GA] o] EAE A= 23, A X+
of 3 M= ¥3s}w|x] ke Fnever treated) FE& o2 A X|7tol] FYsHA] & FHnot yet treated)
% SPHE HET R AT F JEF st dojA= TR Y SAHE A & &+ U=ES: 5
o 249 vl ZAE siAsh] 98] AFE AL ol AN A 839 1A FE S Esl]
el At HE S 2w 2%s Sl 7P xS e AA9 A3E Hrlehe §A
A W (synthetic control method)(Abadie, 2021)0]u}t o] & FAste] o] FxHEEA ] 2+ Tt
T = Ao FaE-E-A(synthetic difference-in-difference)(Arkhangelsky et al., 2021)& o]-&3}H |
A&7 Yol He AXTH HE2TS AsA & F Atk HolA o] #AE F5E & U=
shite] B4 dgo] Hr.

=

o SAE Hlm BAE A2 A% A2 FEF

oA7|Me 549 Blal FAE A7 s FAF F skl Callaway & Sant” anna (CS) 4 &
< 7rEFetA] A gicHCallaway & Sant’ Anna, 2021). CS A #e] AL 7+ Al o) 2 x| vke o]
TH ol 153+ ATTS! group-time ATT(e] 3 ATT(g, t)oltk. A& 3} A3 ehe] T 2o AX o]
A4e AAslste= MdQd ATT(E, DE AAES =y dY3dl wet 7<std o3 22

2) A FREE IShe g OIFAREEACIA doixle ATTE ey Tl w=t E8it
AollMe] goh= oE Aolth. olFAEEAY EaolM gu AT Ee HEReE AAcke AoKT, o)
A ge AR LollA &3] o]FAge] e Al ATHE=S AAske Aol



ATT(g,t) = E[Y] =Y | G =gl

ATT(g, 2] A& o]&AM(period-specific heterogeneity)2 ATT(g, t) = ATT(g, t’ )= & 4 U, <!
T3k o)1= A(group-specific heterogeneity) & ATT(g, t) = ATT(@’ , DE & = Utk A A]Ho] 3
N A AFF o] 27 EASHE S AP T e {1, 2, 3%, G € 2, 3122 & 4 9ok
A71A A1 o] AL ATTR, 2) = ATTE, 3% AL, A7-T o]dAd ATTEQ, 3) = ATT(@, 3%
A5 A= & F Ik ATT@, Ve BE °H1él X Aol A EASte] Slgd Ao A 47N
7F EA87] wWiol AFAE &3] ATT(g, D& ARt wel A shte] F473Fs A71E dsiA
Hot o] fsiAe Z 714 7H8e] B asith A MAE AHEste 2B AR 9d Ao B
S0 A gofor it} F WA, o] HF Xol| sl 2 F=2 FaYFA 7 o] dydsfof gtk A
WA, AX= ARMAE Aol ofdzt dvt st UH ALEE HIZFHZ <l Alrreversible
treatment)odoF gtk U] A, AA|TH 2w AR Bl AFHTFE 7HA ok skl ol A4
R AR 7)o A FES Y7 (common support assumption)o] 2kl H2 o]H, Abadie(2005)7}
A Al gk 7}79 o7 = E}Q(Abadie 2005). AaFdae ohokgt Walo = 4 UATH CS FAF
ATE S, AR 2o EAo 2 FF5HYS R A=
=% ‘63 Hl 7} = %-‘i‘—‘é‘}ﬂ Oﬂlﬁ &9tk Abalo] o] & S gtHRyan et al,, 2019). ATT(g, <]

£ Akstz] 471 98l tizTo]l B asithe AREE A AlEH, CS
FAFNAE FAE HnE F3l7] Y& AA 717bel A AHAE BA] &2 HAHnever treated)Z}
A7} o] FAR = Al - A AHA|E w2 k2 FTHnot yet treated) F 7HAIE Q2T 02 ASE 4
Atk o]Fole= A7) dHH FHAERE 1elst JA FAZFS A7) Y8l FEZER] AAE AA
shue] FAXE 45 g AL, ATTE Alztel] e ¥olE FAT F JEF Aztel| & F849
H3Hevent-study specification) S AlXF3ICE ATT(E, S F4sh= 2] ofgje} ol o] 2o E4
AA| o] e 71 7|7k FA O FUsHA ¥ 7]E AETE AMgste] FR% T Ao, 93]
At A= AT NP o2 AR, x2S BLsHA & £ 7|E OJEQ‘r A2 & Z
g o g st a3 2 X 2 AAoA LoAA= 2 olsd = 3

= 4
g

ﬂﬁN'

~

p(X)e
L e
ATT(0.0 = Bl E[l pl(’)(jf) | (Y~ Y, )
1-p(X)

3. A &4

A7 ClFHEENS ASH ARSI AFHAQINY AFAAE 7oz FA49 WL}
SIS 5 Qe AAE Ao TET TWFES 54 dold olFAREA Age 229 vm

3) CS A&l AEo] ¥H= R package didoll= ATT(g, ) A-=3la A7l WhE WHalE A== 347 yaE o] ok
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2A7) S48 oI FAREAS Fal 42 A4 B 24N vnad 2 e AT A
Tgo] BAASAY 1 ARo| A2Y] Mol okl () BT BAIEAAEE AEHT,
(i) o] FAHE A S BB O, (i) 4 olF T AHES B Tshe ATUAZ HH] §

_]
oA FAE|o] AT WARL Y o FALEA) T =o|F A wolo] AW W
HAHAHARS & G, 017, 53] Ftaterd2 Ao £ AHo] Do vste 29

=2

Aol AT AL =1 E AT UhE R AGe o AMARIE ol RolAlE
AT mE ALelAl TA A eHE 4 £3) gl Brke HolA 9 AFE B3l U5 A
Aol olFoidl Hxo) &g Zashs Yo AFAAC WE =L o A wo glnk o]
AAE B3 71E B4 A%E whalsia PR eRE A Hrhe, AR HEHA e
ATEANA 71E BARH e mhe Ao} He| =olE wdt 24o) 4Ed d3E viwsla
2o sk e Ae 348 ddshe 2l 54w g

7Y A5d3 403

o] AT F=mBAASATHY IAGEY ] FEOE FF, £Fshe IR mIERA
o] 17] A5 F 2012:d00|A] 2018714 9] AR E o] 83tk &S AFH(Q2017e] AFEAE &
YA M2 Y o] FAHEEA S sk HA M4 AZF M= 2012304 2018 37HA] 9 1 A=
£ ARt A X 2013 o] % wis] G Ao Hdth JuHeE 4l S5 A gt A
Eﬂiﬂ«l tdo] B s HEREs AAAS JAGANAES S AP o st o, o, &

T o Aogt= g W ol 950l &S ST A HAT, I 9E HERTOE BRI AME
‘5‘}9?\ SAMSEE A, A, EAFE, EFFE THES 5, &5 5 E ARES T A
S 94, oA, A8 204 mRh 20-39A4, 40-64A, 654 ©)Xd, ERRFE B F & Y, S
T 2Z olsl, F-1F old}, WI-HIUESE TR THEHTE o Rmido] AFshe
BIFe ogn|e} o wE Ao gn] T 52 At o made /el omHE
T 7HA Mo E Algshzr A WA ARl mr] Mg SFo s, YUsn], s, 5
Avkergk, JeA ek, e dergtS 23t 7 A Ao ER WeE A MA A1 EH|
W] SFNER(PEA), ALnEH], QfuEH], LN E B3 Aot Atz o gn=
g B o2 A ¢ JAT ATl E THHASS THETY AR Uw JHsst
a5(household equivalized income)< 4FEstal 7HQIS R RV} 753k 59 40%7F E< 745 Al
w2 olgn7 A Aoz HektHBonu et al, 2009; Wagstaff et al., 2018).

U A8 £4

71&2] TWFEZ} *P%‘FSP:— ARE ZRlshr] 9 H AP AEA Feo] By S AR st =
e 2gstr] Ao 433 AGAQR01NANA A e 4831 7 (propensity score matching) S AH-&3}
AR 2] o]dA S 22 Ae 5_’34‘5‘}04 LS W o m HFHFE AESth olsAt
EEA oA AgHFAA 77 vELDS 7]t ZAIKing & Nielsen, 201971 9lal dubd o=z &
o FHlongitudinal  data)ell A 2] AFFRoME  AFHFAAIEG  IEEHFTIS(nverse
probability of treatment weighting, [PTW)o] O ZHdslth= Mg elste] 2t ool £ A9

_I_4

£



o o S AH83F9 oHErtefaie & Stephens, 2010). o] o =
AZAE S8t fﬂ’\‘ FTEA% 7 vlFFAE T Atold AAA o]dAgo] the He 1 o}
A7 0180 22 ARRHS B4 o)A A 95T o]
= RS AGAINL ATAAS e A FAd wme] thoz 4 Callawayst
Sant’ Anna®|] FA#Fo] &5 H(common support)S L7517] W&ol RlarbsAS Eol7] Y3 %
22 HEA A7 2 x| E7e] o) AL 1EHd =AHL oS thakstA AEEe] 9=
A% T nlnd Ago] dska R 97|47} wHE0lA Sl Callaway<t Sant’ Anna®] 4 & ©f
stttk ZE 492 R Ver 4.0.2 (Vienna, Austria)s AR5} CS A4 H 4t&oll= FHHE )
W5k A 2E0] YHE R package didE AFESIATEY wRA|Eto g X9 F717} 00 77k E3}e)
A71E AAEsA 837 olH& AEe] A7) wEoll FAX L FAX ] FFAE T4 &
gt 22l a3 Al AR 271830

r & r
 d
[e>]
f
_\;‘
FIM
_\|L
ofN
i
mlru
4m
HE
rlo
_,é
E
)\
o,
OEL‘

s %

i
—Vi |
29
-
fru
o>
rir
ot
o
o
of
_>|~l_‘
Mz
r-1m
_l_|.4
E
krt
fru
ﬁ
[
iU
j°_l
ji
r-1m
>
m[o
=
" oo
o
rlr
‘l
_\|L
g2

g
g
Oll
_\.L
2
n)
)
ruZi
Qd
- &
iz]
rkz
rél
Qd
g
=0
rj“:
F
0
MG
2
_>.:
H‘l
re
i
ol
o
3R

S >{r1
03
sl
=
otk
=
o

o = é%t(TWFE)—g %%‘6}04 OI?Z}%%*#
(interaction term)e] A= TWFEE Al&3l= 7
T2 HFAXEIHATDE ujst= Aol7|+=

o
)
r\j
ofl
(T
N

covariate)2] #3xol| mel JEEHE &
o] =7] e} whko] “EP% T Q3 I F7)9F BFE dSshr] ofHoe A7 9l tKaraca-Mandic
et al, 2012). 243 == Z¥(exposure model)-S TA3ste] TR glo] o|FAEEA S st A

3 ASE Agjahe Ao vhrie] BAolA o] FAE Wslrhe 4L %5 vk tgol, 4P

(propensity score)E o] 83t 45 L3 Aol E AAS AXE Agks W o)A AF FEE
T e A3 =2 2yS TSk Zlol A ¥rhe HellA - e vls=g ZA7E ol
e 7Fsdol AA grh F WA olfre EAXE IFARMo] 4hEste FA Tl 221)(0dds

e

Ratio, OR)o|ZH= AROA &t} o] TRl x| axZ A} sl FAHFS '4 ‘l% Hko-
oA e] FHAXEAR] ATTE AFA = I HEA A doAX= FHA7F AA|

Aojx FIZ A 7159 Hweighted average)3t ghro] =715 71tigic). zh A% d“*oﬂf‘i @]
| 4219 U)ol AAl FHX e} 5L &S 2 Fe FAHF A4S collapsibilityyekar
o, EA2Y IAEN Y AR AFEEH= Q28| o] EAo] AYskA] ge(non-collapsible) T
291 A %o tHGreenland, 2021). o]l Whall A SErn gL IRy FHsHA d3d 7 F4

f

R

]_

ol

1:\4

4) R package didoll tisiA= o2 71€EAE Fa
https://cran.r-project.org/web/packages/did/index.html

5) Collapsibility?] Ael= 23} 2t} ZFEX PR, y) QHIA x8} yo| FAAAE = 36}5 01 w sk olP(x, ylol| tha}
of, EzglP(x, y | 2)] = g[PKx, y)lo] AH3shE g&= Zol| thshAl collapsiblestttar oy, 22 ‘#‘—“ oA dojA & FH
2Fo] collapsible3l”] $ldiAe 32 Woll thsiA () YLW | Xo] A (i) XLW i Yo F@E}
THIIY B TaE = FHILS AASE oL AT F A & Y= EA o)A T ()] Adke A

2= = Eat 3'1]-7’1%_'—4#91 Eoll A "Jt‘ﬁ&iﬂéiﬂr

FU

Aate] FRFe] e 22X 2 IAENS FPshe AT 49
FAZFE T OI?X}-‘?——ZI—XO FS de AAY Fogege] x3d By S Asks 45 YRPE 22 non-collapsibility
EAZ o AXE Aoz d2A JoiBurgess, 2017).
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s, A9 ol collapsiblestthe A& 7HIth 8% g&gko] [0, 11 HY <ol E0leA] &
T o FAFGES Altets o] A7 B2l Afolls thah FASIAN, &3] 7)1 F4
sk A3olA e ZA FAE HA Stk ol A& 13t AldAesn] BAS ke 4

AN 2A2E AR A HESHERFL o] gt

E 18 Qo) gne} Ao gn A RE Ay HEE =1 T\X/FEQ} Callaway & Sant’ anna
(CS) FAZFLZE o]FAEEA S T A9 E HoE

B 3(regression)? =Z+2 3 23 (doubly robust)s &3 _‘z,_zgx] BE5E Zﬂ%‘é} | ool éﬂr L=k
FE AR NS FH] 13 Q1o 8] 2004 BAA s Ao At A vl }71] UFERS
=t AMRIsH] 271 /NI 1o FFRFHI(HEH L), YAdnEr], Jfusy], YA uE

ZOF o] Hl&-2 ojFo|&o] WA, & ¢ A(extensive margin) E¥}of AHE H]%Qi At ¢
5ol go] WAF Bfols 53] sold o7t 24 gt oY HE 12T W dojR AA=
FHE AA ] Y LA stE AAE HolFErh TWFECA folzl FHXE CSellA dofxl FH*%

0_1.4_4

HSiA A A 27)7F At EE o] dubEQl 2d o2 00 7). TWFE FAHA & B4
At oz olaf A 8Hl7} 10.3% ATt Tals vk CS FAA o wEw gy og A9l

Y= 19.5% 7489 th Goodman-Bacone] TWFE 4 X]of thdlk 23S ATTe) o] FA-S wkedst
= AATTS SAHCE oA 21 o537 2tk

AATT = VWATT + VWPT = 0 yymp

BYFA 7ol AHITE HYFA Y] EA7FEE T (VWPT)L 00 71Har, whehks] TWEE 44|
9} CS =Ax] Alol9] 2ol -2 AATTOIA 7|8t AoZ B &= Qth AATTE Al7tel w2
ﬂiliﬂrﬂ WE A BASHs A o2 VWPT = 0olgka 7F43e u Aol sn] 13} /jQle]gn) 2

FolA AATT+= -0.108¢] =™, /N1 5] 13 Q1) 5] 2014 ATTY HES BT £ 2, 1
d 1-2= TWEE®S} VWATTS] ztol7t B AATTE] AdE BAFEth 71 mnld thd o] £4&
AZke] M2 ATTS] ¥5o] TWFEE B3 F4X| o RIE=HA A A2e] axte] Hrt A=r} 4
A=) Yehd = doke AME B F)h Goodman-Bacone] £3ll= TWFE F4x]+= CS F4%| <}
Hla S wf YRbA o= (o 7PAl AEFEE Aol Atk AMd S AAbeH, TWFES 3 ol 54t
A2 Ao a3E A4griete AR o]ojd 7ol Athe AMS HofFrh

TR 2 AdA o 2] 13 AdA o gn 200ME BAg Aslg A gk A wsshAl U
Ehdth. TWFE F42]= Ad#] o gn] @A ol Ao gda mAA Xeh= A Y Hol= 1, CS &
BAoll maH FRoz Qs AdZenE AL AFol 25%p = Hidte Ao® YEhd.
orol| A o] Am 3} npR A2 Hai=A 7FA o] Al VWPTE 0ol 74t 7P S u] AATTE=
-0.019 (A ez m] D, -0.026 (A e 5H] 2)o] Hth. £ 3, I9 3-4= 47 Ad2 o) 54| 13 A
WA o) T H] 204 ARt WE ATTO] WES BT, 7Rl gnolA of nix7tA 2 ATTE| ®ol=



TWFE 49 HlEdHe] dxo] At e Enlo] gk &4]o] FA7Fo] 0o 71PAl = HA]
A ] Ay} wigtEo] Hole ANE RAFohd, AdH o gHlol gk £41& B2 a3} A7
e Aol TWEEE &3l 4 FAX7E FAF A& o a3t fle AAE Uehd o+ doke AH
= BAFETh AGH o gH= olEHFo|BR ZA2E 3|7 EA4 9 AAE Hluste] o] FaHEEA]
A 2A 2 IAREA Y AHE AHE Ut ok AdH sy 194 2A 2~ AR 7t
o] TWFE #4x]&= OR 1.101 (0.898-1.355) 0.2 2| ~¥] 3|7 &3} HNFERFHo|A HolA Zho]

SAASE Fo3HA fth= A& 1H3E s FAX 9] ko] gt %k% Zh=ths B4
7F 9ok niRIRIZ AFA e 5] 20|14 2A] 2 3AHEY 7]Hke] TWFE F4 %= OR 1.176
(0.964-1.439) 0.2 GA| 0ol] 7W7hE HEFFERGNA S FAA = zbo|7} Aok ok, TWFES o] &
& o] FAHE Aol A A2 3RS A A9 AR EAle A FERHAA dojA
F4A9 g2 FAHAE &t o e Ao] ohyet non—collapsibﬂity A wZell FHEFS]
xof met Fgx9 Wk A717F A kA AR FAXE 4r] offoke d Sl

Meorlror

E D FAZ mE oleAeey 243
ARlelgH] 1 e 5H] 2 AdHogsn 1 AdHsH 2
TWEFE -0.109 (0.044) -0.109 (0.044) ~0.006 (0.083) 0.001 (0.009
CS-regression -0.217 (0.037) -0.217 (0.038) ~0.025 (0.010) -0.025 (0.010)
CS-doubly robust -0.217 (0.038) -0.217 (0.040) ~0.025 (0.010) -0.025 (0.01D)

29} 19 1-2= JiQlelgnlolA, & 33 19 3-4+= AFA]ZHoA A AT event study)<]
ANE BAFT ARIATE A2 $9 ZF Azt tiaiA 2ElE FAHES T8 o] SAHEEA 9
Az gt Sl mid-g o] &3 B F A $ 7 Azt &g HER sk A
£ g5t ATT(g, Dol Fdhe FAAE AX § 24 A=HE 423 A72% Choi et al(2015)°] A
I, ARAATE T3l TWFE FA4A9] 714 vEH-E 8213 A72& Lee & Ko(2022)7F AtHChoi
et al., 2015; Lee & Ko, 2022). & 2-33 18 1-4&= TWFE FA X+ XX &39] 71=H#2 A F35HA
T Aol 909 o] I AU dHEA FAETE TWFE A 5221 7147 2] Alzbol
e A Eﬂrﬂl“ e o]dA o] EAPTE AME RAFETh ARIATE T3l ol FAREEA
A Aol FAXE Hallste] AAstH TWFEZL AFEs A x| &7 HiEd-S gofshe o] =95 &
ok ol A EIe] ATHE WolE 7ot 4 ) o]d M uHT o dd A7 (staggered
desigmvt A & 71 lﬂ* A2 71702 e gEHo ATAAAE B o] FAE R 9] A9 B4
o] EFAAE A= Zlo] vigAs Helth

=

l

{
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<E 2 7oz H]e] Event study A3}

A=

MNelsn] 1

Nglel g 2

regression

doubly robust

regression

doubly robust

2014
2015
2016
2017
2018

-0.117 (0.043)
-0.210 (0.048)
-0.232 (0.046)
-0.208 (0.05D)
-0.319 (0.054)

-0.117 (0.044)
-0.210 (0.046)
-0.232 (0.050)
-0.208 (0.051
-0.389 (0.056)

-0.117 (0.042)
-0.210 (0.046)
-0.232 (0.048)
-0.208 (0.050)
-0.319 (0.056)

-0.117 (0.043)
-0.210 (0.047)
-0.232 (0.047)
-0.208 (0.052)
-0.319 (0.054)

<& 3 AFZ o] gn] ] Event study 23}

A=

MNelsn] 1

Nglel g 2

regression

doubly robust

regression

doubly robust

2014
2015
2016
2017
2018

-0.014 (0.013)
-0.020 (0.013)
-0.028 (0.013)
-0.037 (0.012)
-0.026 (0.012)

-0.014 (0.012)
-0.020 (0.012)
-0.028 (0.013)
-0.037 (0.012)
-0.026 (0.013)

-0.013 (0.013)
-0.016 (0.013)
-0.028 (0.014)
-0.038 (0.012)
-0.029 (0.012)

-0.013 (0.012)
-0.016 (0.014)
-0.028 (0.013)
-0.038 (0.012)
-0.029 (0.012)

(29 1] AlZdoll w& ATTS] H3URle=m] D

Average Effect by Length of Treatment in Medical Exp1

E 0 P
Type
doubly robust
A regression
-0.1
DD Coefficient = -0.109 (se = 0.044)
F 3 (-
-0.2
r' s
-0.3 A A
A
-04 —
-0.5 ——
1 2 3 4 5
Length of Treatment (years)
SrREIAS AT - SUALEHSSH



HSrey =2uE | 433
(1% 2] AlZtol] W ATTS] WH3KRALFEH] 2)
Average Effect by Length of Treatment in Medical Exp2
E 0.0
Type
doubly robust
A regression
-0.1
DD Coefficient = -0.109 (se = 0.044)
F 3 L
-0.2
r'
-0.3 A F S
r' s
-04 —
-05 .
1 2 3 4 5

(29 3] AlRbel W ATTe] HMsiAIdH s8] D

Average Effect by Length of Treatment in Catastrophic Exp1

ATT

Length of Treatment (years)

Type
doubly robust
& regression

L0 s s B B R 5 R B — —
DD Coefficient = -0.006 (se = 0.083) T
F 3
A
-0.025
F' s
A
-0.050
1 2 3 4

5
Length of Treatment (years)
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[Z9 4] ARbel wE ATTe] HMsiAIdH s8] D

Average Effect by Length of Treatment in Catastrophic Exp2

ATT

Type
- doubly robust
FY regression

DD Coefficient = 0.001 (se = 0.009) | —

-0.025

-0.050

1 2 3 4 5
Length of Treatment (years)

5. 4&

o FAEEA L nAA B THE WIS A 1 FE AEHE ATEAR B3 A
ARfzE, AA AR F e Tejeks 2 X 2 WA M) FAgo] AAl ALHE o FARE
Ho| e Bl A% o2 24Tk oja) ol A BEEo) St e A ol FAREAo
CI% 17 e AH AZF D L AR Sk el dgel 98 i TWEES of 8 ol Ak

o] FAA e} dAEHA] et AbdS At itk TWFE F4EFE 53l A28 = e A+
2 AT ARTANA Y FHHEAXNEIHATNE Bt wel 7152373 ZHVWATDE 33347}
o] Agste] M| WA ZAd ko] E4EEEHVWPT)O] 00]aL AlZtel| whe 2 x| &}o]
Ho|7} §1& W(AATT = 0) TWFE FA 2o VWATTS 42644 |k Alzbol] ©E x| axte] wo)
7} A& AS$ TWFE FAHHFS XMEJH FAAZ QokS AlF3the oA A7 Atk TEo,
mkok ztZ o] AIZHE Wejol] oEE= gl VWATTZE d7A7 duak shs F4 o] ofyzid
£ o] &3 E4& A1 Favt Joh
Yol AAHIL Y 22 fRE FREE= APAS A9sta Ui, ZE AL
WAS FHohke 497 Btk SR REE X}Exi H HlwA 25| 2717

o &

A3 Aol SET B= AARL P = s doldles Hige] mNE TFsAY FHH
ARARE A3 7] A8 o3 dE2AE 24T U}%‘Ef& A ARE ARESHA
o] 4% ddzAbES thA 225,000~30,000% o] qrrelr] wiEel BH tidwe FEU

uH &3] AAY A= EAE viEsA @nh AA F 713e AA AR R 236k AT
= A4 139 Ad(age &AL BRE ofl g} ART &3 AR e =9 AAYE w57



ol g, 53] B dAFollA UEe E8-& It o] o] & AE Bl v Al
o|Folxl AKX AHRE A= WA ATAAE HAESIL, 1 AN DS T ZAE
elsl = Bart Aok ovh ARAAT7E 7189 ol TAREEA ATlA o] FolA | ETAE A
(placebo test B+ falsification test< thAIsHE A& of 1, tha AR AR E gste ATolA 714
o] AYE Ilste F7HHQ AAE AAA < sk & HolET

o] ATe|HE H ol FAREMH WHECNA o FolA I Y WAL TWFENA B 344
.]

MEE FAHOE ) AR T, QB AGAQIDY ATHAE i o] ARE FHo
sapsto] A B34 Aol BE o9 WEo] WA BAE vl Aol wEHol St 4%
o2 uppe] FAE el WY FHH ) MY stk of A7) Avk= TWFES
o183 Ol FAERMONA oA ATE HNH Bl glo] E3 FHo] AT BSfolH FA A
Y= AT WA folsor & ML HolFTh ® AT ATE o FALEAS TWFESH 5
QA o7l Ul Bk IA B ke ES Belsk, AEE 2P 08 ABsks 2
gol Boslths Ae AR AT 43 WA Y ABFEH o FARRA o] e 0o
Fste] 7)2e] £ A7) dAs olnl F4AE AW L, ¥F FYHE W 24 97
o e ¥ol7] 1% =eo] Basjch
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