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© oPUQ'E FiEEE o]F Wgola, ASS A9 3 AR o|EE GEEE ol &
ato] agoffof are] Ao AudAl B FEgacls gelstdth ®A AA T (logit
link function)& AHE-SH GEEE= Al7te] e wE /i Ul e a3E ues J

ol Het 7+ Ht S Yids BFE FAE= W olti(Liang KY, Zeger
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IPTW

[

3}
A €]
probability of censoring weight, IPCW)

L
55

o

o

R

1 %], 2013).

A
Tl

o

& A% (truncation)

% = censoring)
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3 baseline®] sWH#EFS A & HF FA 5 cH(Williamson, Ravanil, 2017). A A
gl A Bl -gojfo} gho] Aol #AZE Ado| we} Zolrt 9l A el
st7] 9&l o] & 3

_(')4

QoL QoL QoL

aFRNS AP

2nd stage:
Outcome model

T T T 1% stage:
g IPTW model

Time-varying » Time-varying -» Time-varying

oIy, 2E0jx o3, AE0l, o1y, 230,

NEZAE RS, ARIENERG,  ARiEAE ) —
AMAZRE, MEERE, MAZREL,

FoE YA FEEANE FEE

Time-fixed(baseline)
Y, AEery,

SR, TS S

19 2. Marginal structural modeling conceptual framework.

re
Si
1%

AP AMEE ZE GEE A= 22H|(Odds ratio), 9% A1 T-3F
(Confidence Interval, CI) % Pzh(P-value)s Ab&3le] 7|&etion pre] £41%
FroA ] 7] 0.05n ke 2 A E

E EAEAL SAS 94(SAS Institute, Cary, NC, USA)¢} R version 4225 o]-&

S
)

ol
—_

_’|7_



4 Aol o

E

=

A

A

==

5
528) 99

]

1Tt

A

R
© 2 (Morgan & Todd, 2008), 4%

x)

A~

T

A

11x
a+ Bz + Byxy +-+ B7,

&} (Rosenbaum & Rubin, 1983a), #

ol Al

W o] th(Morgan & Todd, 2008).

o] FolAW AA(2WE FE(Q)E Ao

)

[

S A4
=p(Z
1—p)_

PS
A3 A
A7)

A

-

T

log(
=

A

4*(Propensity Score, PS)ol| 7}
R

93
g 1 7}
@ %

S
logit(p)

7}% X](Inverse probability treatment weight, IPTW)

A9 2A2E ARG A =T
o o

PSSzt

P
i
A5

B 715 =
o)

Kol
=
7}

o] AR A eHpseudo population)
(e}

7

il

6’0]:

1o

A

he

5]

}

A
ful

A

=

=

sto] QHg skl IPTW(stabilized IPTW)

5

g

o

=

Bo =% &

W

FHXu et al, 2010)2, H438

o

Ly

v}
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=

o A stabilized [IPTW

ofi

&3} Z-tH(Robins, Hernan and Brumback, 2000).

1
- Ps)

(1-PS)
NC

(Standardized Mean Difference, SMD)2] At zk<]

HA o= SMD7F 0.1Kt &

olg} ks (Austin, 2006).
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HIARE &8 A4 A7FAlel wet 2y, IS AT sl A4
of wel o W Rbg SAE Au7 ARRHTh o] g T AFelA Al-oEA
A7 24 W MSMe o83t} ol& Ao w FAT 4 ArH(Robins,
Hernan and Brumback, 2000). MSM< =% W2l &2 2 9¢l(confounder)©] =5 ¥

etk 7MY solA, 4 A" =% Weel wd W ko] £ Q91 B¥

]_
wA Azl L A A AFHA B FsE] B QY FES 5

she ) 88 Eel,

ﬁﬁ
b
fol
=
lo,
N
N
ol
>
rlr
L
r
e
2>
)
o
2
N
N
=
2
>
N
N
>
)
tt
R
bl
e
o
ot
(it
o,
12
o

= 7o 2 AAEY o]E standard IPTWeFL 3t} standard IPTWAE Qw4 o

S W] 2, wlg A wlg ) Aol oA o]B JMow F F& 34
y

-
%0
O,
=
)
>
%
2
E
=
lo,
g
offt
tlo
N
o,
=
[2u
(i)
o
[]
N
F
N
o
3
[eN
=
[@N

IPTWe] EXE ofd Al =3 (4, ), A7-2&% d¥E(L,) 2 baselined]
THIE(V)o] FARE W =FE FES LS, BA stabilized IPTWE 43}
t PAJA, V)

IPTW= — =
k];[) P(Ak‘Ak, LLk‘. V)

Z % At (censoring)©] WAs= AF- IPTW A3 FASHA S dde] o

3 7} (Inverse probability of censoring weight, [IPCW)Z 7Al4Hett} IPCW+ [PTW
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o} FAEHAl o)A Al wE(4, ) A-oEF (L, 9 baseline? &
FHv)el FoAHe W wedd HX &s GEZ Aojdrh

P(C,=0C,_ 1 =0,4;_,V)
kfoP(Ck—olck L =0,4, 1L, V)

vpA Rt 2 IPTWe IPCWE #dte] 2T 7t A S FA oA 3 HF 7}

FAZ TUPY PIF FYL 0T e 2

rAl

(pseudo—population) & Y4 s+t
(Williamson, Ravani, 2017).
wud MFEE A el Byo] AUAA E34E A blase SrobA il B4R
#FOFA|= bias-variance tradeoff’} HAE 4 Utk MSM& o]-&sto] #5 AolA
AIA F28& % F25S 471 9380 bias-variance Akol2] T3-S Zrofof dhal, o]
o ojw gk o] JtEAE 54T gto® AdHtruncation)sHs WHS ARES 5 9l
tH(Kang & Schafer, 2007).
MSM2 o529 Al 7HAE 7Fg3c) A, w37k (exchangeability)2 &7 = A
g2 wd ¥EE glojof dtieE AL 9n$th(Hernan, Brumback and Robins,

2001). w&rbsde #SHE HolEE Fd HiAoR HATE F itk duA

=

#2 Aok MSME A gdte] B2 ZA8e A9t B
of @b Apgom Awdon AYaTin APk B4 (positiviy) e XA
o WHEA] Qo] oftjojof T Aojth  AFe|AE AT nAL E

=
=
f RFgs dAste] arbeAdd] THe SHATAL THEl AL, B el 4

(consistency) A A

e
ﬁ
N
i

A gonw P4 2AL FHHE AL HAsAT
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m a4+ 23

L AT Qi 54

AT g AR HdZAHPSWCD 23 ZEES] 1~44F ZA

]_
3 oA 2797 F AARERY BYol BRAEEA L 22 05 A3 gy
= ba 1%

2 e AR AT Qubd SHE g RUHE ). REE WFY A
FE sk %2, 943 WFE 4RI e
NEsn ngst A4 F 2ol Aok feld A AAs] da WEY wet 7

oA AL E, AEF W ttestE AW

27 AT E 12} AR 20179 AHA o FAAE Yo R o 3l 20189 4
i}, F 2,640 2] tHAAe] 61.59%91 1,626 0] -8 38.41%°1 1,014 o] A=A og}ar

SHAh ddA T 9L 21649, 4 476 o2 dAdo] ool oF 4u) H& Wk
o} AA FAe 6289%7F g AEIQa, AA A 5567%7F g A S

Ak el mE g3 A4 T Fe] Aol FAHCE FoshrHp-00034).

ng oo WE el A A5 FEE B
082402 tebdteh, 3183 A4 F elA ake] A @4l Bire] Aol FAHL
= 95k tH(p<0001).

o
l-d:l
k)
=2
2
=

Baro] 23.45%], AAtol

ARG g wE FEE AUEY, 30U olstllAe 18 7382%, A4
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26.17%°] 31, 40Tl A= L8 73.62%, A4 26.38%= 30t o]sket Hl=gk EEE K
th 50t A= 318 63.85%, A4 36.15%= 1-&°] H|&o| vrolH il 60t o] el A=
aL-go] 4424%, AA o] 5576%% R DA oA Bobddh Aol whE

ug AF F 2o Aol FAASR 148k tH(p<.0001).

"o

Aol e BXE AWEY, FF olelilE 1& 4959%, A4 5041%% 3
ke, D&M 3§0] 66.08%, Uil AR gl

1§0] 2890, AEaee] g 183} 4

St
£
X
fr
B
ofN
o
)
o
o
=
i
=4
It
k=l
ofo
=

AEgHe] wE EXE Ay vEdAs o] 60.96%, HAol 30.04%% L,

§o] 6367%, d2lo] 36.33%%tk B, o]&, APEQl EtelA 180
54.11%, AA o] 4589%°] x5 WAATh ASdH el we g AF F Lo 2o
= BAALE {9389 THp=0.0008).

AL A A A 9lo] mE EEE ATEA ARS|AA A A 97F AdFoletal S b
A} F mgo] 7899%, A=A o] 21.01%% 1, sh=oletn et A F 60.63%7}
8 39.37%7F AA otk AL A A A flell mE n8y A F e Aol T

AA o7 Fo8kd tH p<.0001).

A el wE BEs A 24927, Aol 1488 o thukre] A AbaL

A s AT AR o] Akl WA T Aol 62.12% Az o] 38.88%
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FalsHel we EIXE Yy 1~739 g $F ddA T g0l
20.02%, AZo] 7098%% 1, 8~1479 s|Fet= AE A 5 Lgo] 6354%, 2Z
o] 3646%Q oM, TAF Aol mRo] 72.83% AHo| 2017%% A EFol
GAY BAY5E ugHSo] =gtk AeleTol nE megn A ¥ 1o Ao

= EAHOE ol sk A tHp<.0001).

AAZ fEol e RES Wvnm, 4430 gl el 5677 189l 1
6907t mgolth AAF 7ol W mg} Az

70.
T o] Aol BAHOE FIHAHp<.00D).

s

l

FHA A e BEE Ay B oAbl A a1g-o] 4358%, AA
o] 5642961 HWhH ELo gt = g0 77.69%, AAo] 231%%th FuA A
e o] e 183 AR T o Aol EAA R 898 tH p<.0001).

3 49 ¥ 5% baselinedl A agojitol uhE digAte] dwty 548 gt o4
o2 wppo] AuR Autolrt. W el A sk gtelAlw 4 Adrh AA A
SF WSzt A3he Hol= W, oo A AE A, AR A9, AAS
Aol Al FholAlw H4 A pgrel Zb2b 07320, 05543, 0197620.% 83} A4 F
b Aozt gli= oz FQlH A

M
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3 3. Baselineoll A &0 ol W& ool Udnka EA(AA)

N (%) or Mean (£9D)

-8 H(n=2,640)

TE g A=A Pvalue’
(n=1,626) (n=1,014)
arol Aggl: A1) 23.45 (£3.53)  20.82 (£3.96) <.0001
QAL e 99l
A 0.0034
W} 1,361 (62.89) 803 (37.11)
o]z} 265 (55.67) 211 (44.33)
A=) <.0001
30t o]3k 299 (73.83) 106 (26.17)
40t 388 (73.62) 139 (26.38)
50t] 597 (63.85) 338 (36.15)
60Tl o)A+ 342 (44.24) 431 (55.76)
Az <.0001
= o|3} 487 (49.59) 495 (50.41)
1= 789 (66.08) 405 (33.92)
0E o] 350 (75.43) 114 (24.57)
AL ) 0.0008
I 242 (60.96) 155 (39.04)
71 1,134 (63.67) 647 (36.33)
ZIEFOEA, o], APE) 250 (54.11) 212 (45.89)
AYs] 4 AA S <.0001
s 109 (78.99) 29 (21.01)
&= 1,517 (60.63) 985 (39.37)
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3 3. Baselineol|l Al a1-8-offol wp2 di/dzte] dubd S (AA) (A%)
N (%) or Mean (£9D)

g H(n=2,640)
T g A =] Pvalue’
(n=1,626) (n=1,014)
2 A a9l
A -3 0.0221
A}aL 1,548 (62.12) 944 (38.88)
Ay 78 (52.70) 70 (47.30)
el s <.0001
FZ(1~7% 83 (29.02) 203 (70.98)
HAZ(8~14%F 1,173 (63.54) 673 (36.46)
73l 370 (72.83) 138 (27.17)
Az om <.0001
N 1,064 (57.67) 781 (42.33)
A= 562 (70.69) 233 (29.31)
Aeld A7 a9l
THA 7173 <.0001
L 543 (43.58) 703 (56.42)
=5 1,083 (77.69) 311 (22.31)

SD, standard deviation

agofitel] wE Ay A A

= t-testE

_26_
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3 4. Baselineoll A argojitel wha thidate] dubs 54044

N (%) or Mean (+SD)

18 F(n=2,164)

SATE 8 A=A Pvalue*
(n=1,361) (n=803)
arol Aggl: #) 23.44 (£3.52)  20.53 (+3.96) <.0001
QAL EHA 99l
Sl <.0001
30t ols} 272 (75.35) 89 (24.65)
40t) 347 (75.93) 110 (24.07)
50t 474 (63.28) 275 (36.72)
60th o] A 268 (44.89) 329 (55.11)
E Bt <.0001
= o|s}t 380 (50.00) 380 (50.00)
= 670 (67.13) 328 (32.87)
g o) 311 (76.60) 95 (23.40)
Ae JH 0.0021
B2 224 (61.37) 141 (38.63)
& 966 (65.01) 520 (34.99)
7IEFCHEA, o], A} 171 (54.63) 142 (45.37)
AL3] 73 A A 2 <.0001
s 89 (84.76) 16 (15.24)
&= 1,272 (61.78) 787 (38.22)
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¥ 4. Baselined| A a1-g-ojF-o w}E tfidx}e]

1H;<_—]I

E ]
=

3 () (A1)

N (%) or Mean (+SD)

TE n:S A=A P-value’
(n=1,361) (n=803)
2 A a9l
A -3 0.0605
A}aL 1,294 (63.37) 748 (36.63)
Ay 67 (54.92) 55 (45.08)
el s <.0001
FZ(1~7+ 78 (30.23) 180 (69.77)
AZ(8~14% 1,008 (65.67) 527 (34.33)
73l 275 (74.12) 96 (25.83)
Az om <.0001
N 869 (58.56) 615 (41.44)
A= 492 (72.35) 188 (27.65)
Aeld A7 a9l
THA 7173 <.0001
L 444 (44.05) 564 (55.95)
o 917 (79.33) 239 (20.67)
SD, standard deviation
oA agolfe] wE Aqgiaal A 7ke] EAS 30lEy] 8] WEE WerE X testE, 9

&8 WFE ttestE T
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¥ 5. Baselineo|A] a-8ojfo] W thabate] UubA

54(017)

N (%) or Mean (+SD)

31801 5-(n=476)

SATE 8 A=A Pvalue*
(n=265) (n=211)
arol Aggl: #) 23.51 (£3.59)  21.92 (£3.77) <.0001
QAL EHA 99l
oJEl ) <.0001
30t ols} 27 (61.36) 17 (38.64)
40t 41 (58.57) 29 (41.43)
50t 123 (66.13) 63 (33.87)
60th o] A 74 (42.05) 102 (57.95)
E Bt <.0061
= o|s}t 107 (48.20) 115 (51.80)
= 119 (60.71) 77 (39.29)
g o 39 (67.24) 19 (32.76)
AZ A 0.7320
I:2 18 (56.25) 14 (43.75)
& 163 (56.95) 127 (43.05)
ZIEHOEA, o]&, APE) 79 (53.02) 70 (46.98)
AFS] 73 A A 0.5543
s 20 (60.61) 13 (39.39)
A 245 (55.30) 198 (44.70)
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¥ 5. Baselineol|A] a1-g-ojfo] wE tjidate] Uubs EX(JA])(AS)
N (%) or Mean (£9D)

31801 5-(n=476)

T g A =] Pvalue’
(n=265) (n=211)
2 A a9l
A -3 0.1583
A}aL 254 (56.44) 196 (43.56)
Ay 11 (42.32) 15 (57.69)
el s <.0001
FZ(1~7+ 5 (17.86) 23 (82.14)
AZ(8~14% 165 (53.05) 146 (46.95)
73l 95 (69.34) 42 (30.66)
AT A 0.1976
N 195 (54.02) 166 (45.98)
A= 70 (60.87) 45 (39.13)
Aeld A7 a9l
THA 7173 <.0001
L 99 (41.60) 139 (58.40)
o 166 (69.75) 72 (30.25)

SD, standard deviation
ool mgoRel] wE A7 Aok 7k BAS Felahy] 918 WEE WEE X testE, o
& HEE (—test S T3
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2. ZE DGR WE

A5 gl

(£ 6).

A WA T g

/E\r][.

o 2ol A A5l B

2ol akel A A5

o me dhe) A Aee] Pits
AT o om o] AW A3t At S

o 4 F5 A%

QA YR, el

TE ae

;é] x%

ol uhe}
7+ 71kt

& 2345-2347-2348-24.044 =2
Bt 20.82—-20.95—21.23-21.704

R

o7 Hz} Zrletgnh dAdo|A meTo] Aol A Ao WS 234423462347

A el arel A Hae] WHE 0532071

SU027 wo® AR TR

2092213834 o2 Hx Zrstatt ofAdolA & & F Ao HALS
2351—2351—2354—24.14%8 o2 HAxf Frbstdar, Aol 4k A Mo Pt
L 21.92-21.85—2230—-22.7184 o2 HAA F71skSiH
% 6. A4 ngolnol we ael A A
Mean (£9D)
PR
72
li} Zi} 3i} 4i}
8 23.44 (£3.53) 23.47 (£3.59) 23.48 (£3.50) 24.04 (£3.49)
A
AZ20.82 (£3.96) 20.95 (£4.05) 21.23 (£4.08) 21.70 (£3.95)
-8 23.44 (£3.52) 23.46 (£3.64) 23.47 (£3.48) 24.02 (£3.49)
1)} A]
i= o]
A2 20,53 (£3.96) 20.71 (£4.11) 20.92 (£4.10) 21.38 (+3.94)
8 23.51 (£3.59) 23.51 (£3.35) 23.54 (£3.60) 24.14 (£3.53)
4
A 21.92 (£3.77) 21.85 (£3.67) 22.30 (£3.84) 22.78 (£3.81)

SD, standard deviation
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ngTel ws AAT el A A%k vtk g4 A el 4
4 A5Sh 2 Aol wolA Be wh o4 e wel s 1gT} AAT BF 4

of A He7F =i (ad™ 3).

K42 DR01R0] E arol T H4 AH0](HA)

24 =

QOLimean)

| ra
P2

1 2 3 4
Time
PRI e B
Aa DEoiR0) M2 40| B Ha Ao)(H4) A4 Do) E ao| T HA AH0|(614)
i i} R A e S e A ey - =

QOL(mean)
QOL(mean)
5 3
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vhro] Aol mhe gkl 4

kel A A4 zol7t HrH(2d 4

=
of Hlel Aol HAd3 o34 ko] ahe] 2 A

QOL(mean)

Rpig o] 2 40| 2 HS A0|(282)

QOL{mean)
I

1 2
Time
w1

S 4 A5 el WE el A A4

_33_

fs



ngTI AT e A REsh ngolel wet dhel Aol Fol7k g A ol
A AT A3, 3349k 44 2AlH 3gEol vle) AATelA se] o] wre'e

JA7E O wsken, gholAl A Ax PLO01E SAMoR o

fr
olo
i
ok
=
o>

Aol 7k Aers BABFATHE 7).

22} ZAP A ago] 18169, Aol 824Holda, nET F & 2 ‘E=ge
5721%, "o’ 42713%°] +X & Bom AT 5 4o 4 ‘=85S 36.04%, =
& 6396%= BRIFQITE 33} FAA a1go] 1,830, AZ o] 810w eI, &t

T Y A = 6279%, P 3121%9 wHEE BRon AAT F 4o 4

N (%)
Alo]l A
Sh e o & ge P-value’
A= i=]
3}
23} A} <.0001
e 1,040 (57.27) 776 (42.73)
A2 297 (36.04) 527 (63.96)
42}
3z} A} <.0001
e 1,149 (62.79) 631 (37.21)
212 373 (46.05) 437 (53.95)

*

S gol ol nhE ael A atelrk sl A5 Slal X testE Y
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3. Generalized Estimated Equation(GEE)

83 ae) Ao 94 VAL GEEZ FAaor 2t Wy

al
A B5% Alolol ARdAVE EAstrz O dRdAE dede JHadE

|\

(working correlation matrix)E 7FA&loF 3ol 7R #SES (D=2 (Independent),
@u] %24 (Unstructured), @13 7}s(Exchangeable), @#}7]3] 7 (Autoregressive,
AR-1) o= ERdted, HHA 72 /PR EE ARk A2 e
o] 3 AAF FAHo| E-&(efficiency)o] EolA = Z(Fitzmaurice, 199%), E#H% Tx+=
Aottt BE MaE T BP0 MHRE S 2elste QICHS Al g %
QIC7} 7HE W& A8 A 722 A8 ATHEE 8).

¥ 8. 7MdsEE QICHk
7M3EgE 7= H| 24 W 27134

QIC 10100.08 10097.82 10072.72
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ato] gl AS =ad ¥e F ToR vk As AR 3 ZY(Model Dl ¥
WS ATAREI S 2Ql(Model 2), AHA) 2 AP e B A4 179 (Model 3)

FohsheA thas 248) GEE #42 Adstel 18] ghel o )4

Model 1014 a1-&< tiu] A&t A ko] do] vh& 0 == 16740, o]= F7
Ao 523t tH9%% CI 151-1.86). Model 2= Model 1°] baseline®] AW, #£3}
g3t 1, 2, 32k AR A, AEoR, AREAAY AR WeE 239 sloR vE
WTES SASIAS o & div] AATelA gl o] e 9== 160w o],
ol FAHCRE F93AtH9%% CI 1.44-1.79). Model 32 baseline?] A, &8tz
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i Nodel 1* Nodel 27 Nodel 3*
=T OR (95% CI) Pvalue® OR (95% CI) Pvalue OR (95% CI) Pvalue
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i 50t 1.52 (1.20-1.91) 0.0004# 1.42 (1.13-1.79) 0.0028%
60t o] 1.38 (1.08-1.78) 0.0115% 1.26 (0.98-1.62) 0.0702
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S I *&EH By
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AR Z N Ref. Ref.
7 e 1.28 (1.10-1.49) 0.0012+ 0.96 (0.69-1.34) 0.8242
Agd A% 891
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737 El e Ref. Ref.
GEE, General estimated equation; OR, odds ratio; CI, confidence interval.
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4. Marginal Structural Model with GEE(MSM with GEE)

stabilized weightE 483 ¢ #¥X & IS o Hr 1.04, HAaw Hdgk

<2 0.037 10260101, vk EE(box plot) ¥} 4HH E(scatter plot)
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:?L_‘/
N
of\
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Sh

&

=
gate] A A3 1§ b AAdA g Aol e 9=7F 1.3181(9%5% CI
1.15-1.49)%9t}. A7 A9l weight A (truncation)S Za 759 E3x71 A4d3 A
8218k A3} truncation®] =9} 9% AFF7be| Aol FegFS wAA] = Fo] &

?15] o] truncation §1°] Y 7FeAE FASFICHEE 10).

3% 11. Bais-variance tradeoff in MSM: truncation Percentiles, relative mean
estimated, and odds ratio with 95% Cls

Fr’[‘erru(icritilloens MemEStlma;?:ir:fuish;:ximum OR (35 LIy
0, 100 1.04 0.03/10.26 1.31 (1.15-1.49)

0.01, 99.9 1.03 0.10/6.32 1.28 (1.14-1.45)

0.05, 00.5 1.03 0.16/4.08 1.29 (1.14-1.46)
1, 99 1.03 0.21/3.78 1.30 (1.15-1.47)

OR, odds ratio; CI, confidence interval; MSM: marginal structural model.
"Adjusted for baseline covariates(d'8, #EgE, AR, A3ls3) + time-varying
covariates(9%, AEAY AFAHAH X9, FASH5, T84 13733H)
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Stabilized weights box plot(no truncation)
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Stabilized weights scatter plot(no truncation)
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& oin] AAeA ghe] "ol vhE @ == null model GEE #4] A7 1.679(95%

CI 151-1.86)°]1L, baseline covariatesS ® A3 GEE 4 Z3 1.40v(%% CI

1.25-1.57)91.2.1, baseline covariate®} time-varying covariatesE X743 MSMS &&

g GEE +4 23 1.3191(95% CI 1.15-1.49) itk

FKl

12, 3§ Aol Aol vAE ol v wl ww

OR

95% CI P-value
Crude model GEE~ 1.67 (1.51-1.86) <.0001
Adjusted GEET 1.40 (1.25-1.57) <.0001
MSM with GEE* 1.31 (1.15-1.49) <.0001

OR, odds ratio; CI, confidence interval; GEE, General estimated equation.
“Null model

TAdjusted for baseline covariates(AJd, @&, HFdHd, Aol A AAY A9, AHE,

A, AASHT, FHH 1A4H)
fAdjusted for baseline covariates(3'8, HFatd, A48, Asl5F) + time-varying
covariates(91%, A-Eolq, ABIAAA A9, AASHT, T84 AH)
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ABSTRACT

The Impact of Employment on Quality of Life in occupational
injury workers:

Causal Inference Using Marginal Structural Models

Sora Yoon

Department of Health Informatics & Biostatistics
The Graduate school of Public Health
Yonser University, Seoul, Korea

(Directed by Professor Sohee Park, Ph.D.)

The inclusion of the concept of ’'promotion of rehabilitation and social
reintegration’ in the objectives of workers’ compensation insurance has led to the
operation of various rehabilitation services to increase the return—-to-work rate of
workers with occupational injuries. However, can 'return to work’ be considered
equivalent to an enhancement in the quality of life for injured workers? Research in
South Korea regarding the employment and quality of life of injured workers has
been limited in analyzing the characteristics of panel data, and prior studies
applying causal inference statistical methods to wunderstand the impact of
employment on the quality of life are lacking.

Data with repeated measurements, such as panel data, require the application of

statistical techniques that consider time-dependent confounding. The causal
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inference  model, Marginal Structural Model(MSM), offers a method for
quantitatively evaluating how exposure variables influence outcomes over time by
sequentially equalizing the distribution of confounding factors between exposure and
non-exposure groups using Inverse Probability of Treatment Weighting(IPTW).
Therefore, this study aimed to employ MSM to confirm the impact of employment
on the quality of life.

For this analysis, data from the second cohort of the Panel Study of Workers’

Compensation Insurance (PSWCI) provided by the Korea Workers’ Compensation
and Welfare Service for the period from 2018 to 2021 were utilized. A total of 2,640
individuals were analyzed after excluding those with missing key variables among
the 2,797 individuals who had participated throughout the study period. The quality
of life for injured workers was redefined as a binary variable, 'quality of life,’
based on the median value of overall scores for quality of life from the 1st to the
4th surveys. Employment status of injured workers was set as the main variable of
interest, and covariates included demographic factors, injury and occupation-related
factors, and psychological factors of injured workers. Time-fixed covariates and
time-varying covariates were appropriately separated to address time-dependent
confounding.
Generalized Estimating Equations(GEE) were employed to examine the impact of
employment on quality of life. To estimate the causal relationship between
employment status and quality of life, a Marginal Structural Model (MSM) was
constructed and applied, including baseline covariates and time-dependent covariates
at each time point.

Controlling for other confounding variables, employment had a significant impact

on the quality of life. GEE analysis results showed that, compared to the
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unemployment group, the odds of having a lower quality of life in the employment
group were 140 times higher (95% CI 1.25-1.57). Factors influencing quality of life
included gender, age group, highest educational level, marital status, socio—-economic
status, certification, and self-reported health status. Applying MSM in the GEE
analysis showed that the odds of having a lower quality of life in the employment
group compared to the unemployment group remained significant at 1.31 times (95%
CI 1.15-1.49), with a slightly reduced effect size.

Through this study employing MSM, the causal impact of employment on the
quality of life for injured workers who have concluded medical care could be
confirmed. Therefore, various efforts are needed to assist injured workers in
maintaining not only their return-to-work but also their continued employment

status to enhance their quality of life.

Key words: Industrial injury, Occupational injury workers, Quality of life, Life

satisfaction, Causal inference, MSM
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