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Fofof
1 (Repeated Measures

AR AR
o

A+
o] glt.

[e)
o

=

Zgtel =94 7hgel Slue )

Fol Zhol Al A A (Chi-square test, X2 test)
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°©

Al

°©

]

14 b glo] SAelth webd dd dHolE R ¢

s}
s}
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[e]

A
o nrx
= 1 ]

AT,

Fel 7k
ANOVA), A8 &3 53328 (Linear Mixed effects Model, LMM), ©

WA 2 (Generalized Estimating Equation, GEE)
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43 dwtksl A& =& (Generalized Linear Model, GLM)S 33k FA
wmow  ZF JfAlES] ey AAAQ HEY Hy adsE otk

43 WHoltH(Liang and Zeger, 1986). < &a ¥ ®2dy &g HAGFEXEE 7}
BotAl gom, BEys FATS o vk SAHE go] AudAE agsie vt
A8 E (working correlation matrix)e 7F43ste] FA43ch. oju) A A3k
nge Agstry] ¢ste] Pan(2001)°] 9] aetE QIC(Quasi-likelihood
under the Independence model Criterion) #< ARE3IY, thE A<l 7MAT
glE el z}7] 37 (Autoregressive, AR-1), 13+ 7} (Exchangeable), H]T-%
# (Unstructured) 37FA1¢] QIC %= wlwste] =1 gho] 7H 2 RdS

% mas Agsgn

npxjulo 2 - A|Zke] whe) WElsls 2% ofF-ef 1o JES = &

A5 BASt 4 Aol digk Q3 a¥E FAHSaA FTHFEREY

(Marginal Structural Model, MSM)& F+53to] EA31% ). o]&% o
5

B FES YA BUT gl 9e] B & e

B8 Fhstolol s, BB AT G A LAk A ol A
Rty WA A BRT & fE dE AN 0Rke A9 WA

‘&3 (counterfactual situation)S 7Hg3ste] X85 a5 F43ch. T3k vt

T 54 g Ane Ag, 29 3 JAAAES FE8H] S8 A EF

2t Wdkes SEus,

sastth. old 2 dve= 4 AFvig ARes g8 d5E UheA
of

Treatment Weights, IPTW)Z A}-8-3fo] HEARA A 7]

=

(Inverse Probability

Ns FAs 7 B (Pseudo-—population)S RHEIL, I EF A
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Al AV ) FEFS T ol A W] Ay A=2E Yehdy A

A== IPIWVE F38] EA3FS tH(Blackwell and Glynn, 2018).

o, A Ao HolHE FHFREFUNNM S o8 di= M 7HA] 7HAY
o] Z=x]ojo} dtt}(Robins, Hernan and Brumback, 2000). A W&, w37}

o/d (Exchangeability) 7Hg2 SAHA &2 T& Wgs A8 &=

= 5o
v 7HEo R, BE £ HaE #A5HAA AAE] FAENSS THHeR &
t}. o] 7HAHe] FFHHW AXZ e £y W] ke Fo] Ay zjo]E <l
Aoz Mgt 4 k. T WA, A3 (Consistency) 7} o x| of
ek s Axbs v A A e AXE Ngke wle] Axel 5

stth= 7Hgolth. Al WA, A (Positivity) 78S BE 2 W9 %

ol sl AAE TS FES Folor du= Moz, 54 Aol A

A% W SFol 00 HE 47} QolAE a9 A A e v
T BF GTNAE Ay FRo| bsEAw, ks g duy

_24_



)
i
o

el

O

n_mo
e

0

—_
fife)

—

+

™

ﬁo

®
e

o

A er# v} (Aust in
T 7Hd e fibk

#3 q7)

A F 7HA7F

-
T

and Stuart, 2015).

AEIE

LWk (Strict

o

el
\IF_
o

PARE B2 Ao T
21Wk(Near violations)©]

I<]

Fs

1

s

o] oEqom

violations)3¥} %

o
N

N

£l

ol
&ﬁ
o

o
}.

Ol E 5%, 95% A=

Pl ol

e}

B

[PTW

s}

- % 33 #Z

hEs

=R=

of o

5

=]

—_
file)

o
o

_25_



20154 20164 20174 20184

g9 3 FE &9 3 3= &9 3 3E g9 3 FE

By —» HE s > fHe

Hey  ——» 5= o5

[ et e T et |

Time—varving — & Time-varying —  » Time-varving —— =  Time-varving
Z912H, Z914E, Z21 2y, Z914E,
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AT 23

1. AFhgAY A 54

1.1. baseline AlF¢ AFddxe] <duts EA4

B A= 17] st umijdzxAl AzidlolE £ 2015W~2018Y Ao BT
20A1~794 A<l 10,1469 -5 thd o= g dAto|t}.

AA g2k 10,1469 & 850 §lv A= 8,368 o= HA|e] 82.5%
g AR, M5eld %ol gl oAb 1,308 oR 13.7%, FH
FolE Qg 2% 9l A 34 OE 3.8k BEE R} /F A

o] ¥ E AuKHH QEo] gl oA 204 oA 404 M wES 22 5%,
404 o)A 604 B WES 44 5%, 604 oA 804 w|REE 33.0%F ow H|Eo]
A Q%o| A= ol A= 204 o] 404 HIRES 10.5%, 404 o)A 604 m]wk
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2 32.4%, 60A4] o)A 804 w|wkE 57.1%, FHE FelE <3 Q%o e
ol = 204 o] AF 4041 mIREE 8.6%, 404 o)A 604 WwHE 36.5%, 604
o]% 804 WIRE2 54.9%¢] VXS BT, &Fo] = Lol delrh B2
dAke]  mlgo]  Frhetar Al e Aole FAIFSE Fodlt
(p<.0001).

e Q%o gl oA BAHE 44.1%, LS 55.9%%G 0m, H|Eo| 4
QEo] Q= & FAL 34.4%, AL 65.6%, FHE Aoz <13 Q Eo

A T2 FAo] 37.0%, AL 63.0%2 250 = FFolA e oA H|Eo

13 = AN FAH R Fo 5kl th(p<.0001).

TG = BE Tl 71E8) HlEo] wken, 8% fl= welM=
71BRe] - 11.6%3 e Hl5ol4 aF°] Q= wolA
= HEo] 4.4%, o]& B 7|EP7t 19.0%, FXHE o= Qg 85 o] e
nj&o] 4.2%, o]& % 7|EP7F 19.3%2 8%F°] Ui wolA o]& H 7|El
Hl-go] m&o] HlEHTY 52 3& AT

o2 {93 tH(p<.0001).
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BAGEE sk HES 8%l gl oAM= 63.1%, HS5o]H aFo] 3

T w2 57.5%, FHE FolR e 2%e] e T 53.60F 8F°] AT
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F2A oF(p<.0001) .

°©

9]

o

T

H FAHORE

)
o=

o

o]

olm

12.2%

o
L

Azfo] B go] U] Yo EAZORE §9
57.0%% Q=

[e)

o A= 67.8%, H|So]H

-

s

o] %l

oA H|&%E 43.0%, AL AALS 49.2%,

_29_

5

=]

3FS TH(p<.0001).
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4. baseline(2015%1) A Ft)AkA}e)

ol vl A l_E'_/\é

= 71

2w o=

Q o B li—_’l_o A Q
W (Ni Iféf; ](N=1 ;94)% i 25 p-value
= ’ ’ (N=384)
N(%) N(%) N(%)
el 4
b e | 6,897 (82.4) 972 (69.7) 239 (62.2) <.0001
s Aol 4 1,471 (17.6) 422 (30.3) 145 (37.8)
o]
204 ~394] 1,886 (22.5) 147 (10.5) 33 (8.6) <.0001
404 ~59A] 3,722 (44.5) 451 (32.4) 140 (36.5)
604 ©] 2,760 (33.0) 796 (57.1) 211 (54.9)
A
A 3,691 (44.1) 480 (34.4) 142 (37.0) <.0001
of 2} 4,677 (55.9) 914 (65.6) 242 (63.0)
AFFE
%% ol3} 1,415 (16.9) 488 (35.0) 129 (33.6) <.0001
TE 948 (11.3) 223 (16.0) 77 (20.1)
aE 2,841 (34.0) 381 (27.3) 122 (31.8)
= ol 3,164 (37.8) 302 (21.7) 56 (14.6)
A3
1) & 1,081 (12.9) 61 (4.4) 16 (4.2) <.0001
7| & 6,319 (75.5) 1,068 (76.6) 294 (76.6)
ol % 7|t 968 (11.6) 265 (19.0) 74 (19.3)
BALT oAF-
oty . 3,089 (36.9) 592 (42.5) 178 (46.6) <.0001
o 5,279 (63.1) 802 (57.5) 206 (53.6)
4 A%
H| & <A =} 5,273 (63.0) 956 (68.6) 259 (67.4) <.0001
A FAx 1,638 (19.6) 279 (20.0) 78 (20.3)
A FA=F 1,457 (17.4) 159 (11.4) 47 (12.2)
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4. baseline(2015%1) A Ft)AkA}e)

Qurs 54

%)

FE iz

Q o H]| Eo A Q
W (Ni Iféf; ](N=1 ;94)% qe 8% p-value
= ’ ’ (N=384)
N(%) N(%) N(%)
=7 A5
vl 524 2,692 (32.2) 596 (42.8) 165 (43.0) <.0001
=T A 5,676 (67.8) 798 (57.2) 219 (57.0)
AdZF A5
% 3,707 (44.3) 573 (41.1) 141 (36.7) <.0001
A A% 340 (4.1) 49 (3.5) 9 (2.3)
A = 2,167 (25.9) 383 (27.5) 96 (25.0)
1 eis 2,154 (25.7) 389 (27.9) 138 (35.9)
AAEF =
H| &5 3,597 (43.0) 595 (42.7) 170 (44.3) 0.481
e AAEgE 4,119 (49.2) 677 (43.6) 191 (49.7)
2 AAgE 652 (7.8) 122 (8.3) 23 (6.0)
IEY AF
B8 6,445 (77.0) 867 (62.2) 247 (64.3) <.0001
U 1,923 (23.0) 527 (37.8) 137 (35.7)
T o8
5782 7,588 (90.7) 1,189 (85.3) 339 (88.3) <.0001
A= 780 (9.3) 205 (14.7) 45 (11.7)
TR A7
N 8,126 (97.1) 1,314 (94.3) 357 (93.0) <.0001
U 242 (2.9) 80 (5.7) 27 (7.0)
TEF 9F
B8 8,219 (98.2) 1,343 (96.3) 363 (94.5) <.0001
U 149 (1.8) 51 (3.7) 21 (5.5)
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2. Generalized Estimating Equation (GEE)
2.1. TR AA

matrix)& 7Hgste] R4E FAgo. Adg RdS AEstr] 9ste] vk

o®  7MAHsE A 47}A|(Independence,  Autoregressive,

Exchangeable, Unstructured) 3¢ QIC #<S vlust=d, ddE Ags &

ek e S9A4E 7HEsk7] ol97] wWiiEol Independences= Al9ldtal 374A]

729 QIC ¢t wlwsilr. BE W7 3 Aejol A QIC gk vl 2

I, 1 ko]l 7FE ZFe Autoregressive TFFRE PAAYE xR 71
ABATHGEE 5).

& 5. 7 EE QICE Bl

HERYPE = Autoregressive Exchangeable Unstructured

QIC 35265.9 35272.9 35272.7

HA MNodel 12 8% oFE SHWSE stal 49 2 ARE FTHWUFE
sto] thE S HFES HAHSA Z& AHo RdE GEE EAS £ 8%
oAR7} Hho] Ao wx= FEFS e ar, A FAMS s 291 Skl
(Model 2), AZ&e] L AA A7 2205 A= F718ke] (Model 3) 2+ &

1SS FHHoR BASYS W 2% oet i) Ao UYL U5

O
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U2 28 35S BASA Fe Model 1914E &% ook o 24 A
wo] 71 Awde B o e, GEE 24 A3 250 gl ool vl
) @%o] e & 1.29¥1(95% CI: 1.19 -

1.38), %k o2 Qg 2-Fo] U= +F> 1.58u1(95% CI: 1.38 - 1.81)
Edon BT ZAHoR {53t Model 1o AAFE A Q1& F7
g 2908 BAS Nodel 2014 2%0] gl ool W& &tel o] 4

1l
S 9 =7} HEo|H QFo] ¢ & 1.14w(95% CI: 1.06 - 1.23), =7kt

-

Aol 2 913 QEo] Q= L 1.458](95% CI: 1.27 - 1.66) =gtom R%F
o7 Fosrt. viRgor AP L AlA| ATF Q7R B

=
2]
of FAIZE Nodel 39lM = 80| Yl ol Blal 4k o] ¥a e=7}

7}t
HEo|4d QEo] 9= & 1.1291(95% CI: 1.04 - 1.21), =7+ FHo= <l
3t Qo] 9= & 1.438](95% CI: 1.24 - 1.64) E=¢kom BT EA Ao

2 folsteith. 7 mel A% vas gste] QIC % AR Nodel 3

o QIC ol 744 o} Model 32 HE welz HAFICH

AAFE T 291S Aury, & WMEES FAGNS u vold wE
el "ol vrg o=+ 2041~39A4100 BIE 4041~5941A o 1.6281(95% CI:
1.40 - 1.87), 604 o] wi= 2.5380(95% CI: 2.15 - 2.98) =kaL, o]+
SAACR frojetqltt. AR By Aol nla] ool ko] Hol v <
Z7F 1.38¥0(95% CI: 1.21 - 1.57) =%ow FAHOR F233dt}.
Gl wal ko] dol We o= %2Z olsle] HlE FTZolA 0.7081(95%
CI: 0.63 - 0.77), =L 0.4990(95% CI: 0.44 - 0.54), = o]AFel ZH$-
0.38u(95% CI: 0.33 - 0.42) sto}, o] H&5 4o Ho] v =7}
SAXNORE frolshAl FAhshe Ao R YEETh. E1H wep Aund
o] wlE)] ko] ol W& o=7F 7]EQl A5 0.578(95% CI: 0.48 -

(ot
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0.67)% TAHSE fFostA wkow, o]& T 7|ete] -5 0.83u](95%
Cl: 0.73 - 1.06) 9& Ao yetoy ol TAHCRE Fodb#] %%k
. AAGE wetde BAZES A @ A9l HE AAgEsSs &
45 4ol "ol vrS =7} 0.6281(95% CI: 0.58 - 0.66) *3kom FAH
o= fFostqitt.

A7 Qs AuRH, FAdd mE o] Ho] vs == HFAA
vl 27 FAAR=E 1.37H1(95% CI: 1.20 - 1.56), @A FAA= 1.284)
(95% CI: 1.11 - 1.47) =%ow FAAHCR {oladtt. &5 49 vl
FAo| wlE) A A9 ahe] Hol W& e =7F 0.819§(95% CI: 0
0.87) stskom FAAORE Fosiqitt. A& 5o A9 AALdsE A &
= H s atel H3] A2 AT ES sk A5 ahe] Ho] e =71 0.74
Hj(95% CI: 0.70 - 0.78) w¥okow, @e AALGsS e F-9+ 0.779
(95% CI: 0.69 - 0.87) Sk FAACE Foaiitt. AdZF A7 A4
¢l Aol mls) AATL gho] "ol urs 9 =7k 1.1791(95% CI: 1.00 -
1.36) #9kal FAIASR FoJsigint. HAFe] A= G vla) e A
o] W& 9=7} 0.99¥1(95% CI: 0.92 - 1.06) YL, ®jwkel 9= 1.054)
(95% CI: 0.98 - 1.14) kot SAH o2 Fofat] FAUtt.

AA AR 29 AVRE, nEL FEAE el v e o)

] 2}

kr
Jo
ok
D)
rir

S 0 =7 1.3380(95% CI: 1.23 - 1.44) =k, &
of wlal 1.1380(95% CI: 1.03 - 1.25) =gtth. ¢ I o
7AS-oll mlal ghe] "ol wrs @ =7F 1.649](95% CI: 1.44 - 1.87) =Skal
T30l d& A5 e Aol vlal abe] "ol wE e =7 2.6891(95% CI:
2

24 - 3.20) ko AA A} 29 BT TAXORE {53t

TH o

=

HA

N

b e 3



¥ 6. AA PR 2% oo} ko] A AL o] GEE ¥4 Ay}

Model 1 Model 2 Model 3
OR (95% CI) p—value OR (95% CI) p-value OR (95% CI) p-value

2% 9%
7= ref ref ref
HEo]x 8% 1.29 (1.19 - 1.38) <.0001 1.14 (1.06 - 1.23) 0.0008 1.12 (1.04 - 1.21) 0.0029
FHE G2 Qe 8% 1.58 (1.38 = 1.81) <.0001 1.45 (1.27 - 1.66) <.0001 1.43 (1.24 - 1.64) <.0001

o]

204 ~39 A ref ref

404 ~594) 1.71 (1.48 - 1.98) <.0001 1.62 (1.40 - 1.87) <.0001

604 o] 3.12 (2.66 - 3.67) <.0001 2.53 (2.15 - 2.98) <.0001
4

%A ref ref

o] A 1.18 (1.10 - 1.28) <.0001 1.38 (1.21 - 1.57) <.0001
AETE

2% o3 ref ref

= 0.68 (0.61 - 0.76) <.0001 0.70 (0.63 - 0.77) <.0001

=S 0.45 (0.41 - 0.50) <.0001 0.49 (0.44 - 0.54) <.0001

= o] 0.33 (0.30 - 0.38) <.0001 0.38 (0.33 - 0.42) <.0001
14

uj & ref ref

71 0.58 (0.43 - 0.69) <.0001 0.57 (0.48 - 0.67) <.0001

o]& 4 7]& 0.94 (0.78 - 1.14) 0.5280 0.88 (0.73 - 1.06) 0.1629
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E 6. WA dgAke] a8 ook gl H Ak GEE w4 A (A)
Model 1 Model 2 Model 3
OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value
ATFALS A a9l

BAASE A%

ol 2 ref ref

o 0.58 (0.54 - 0.62) <.0001 0.62 (0.58 - 0.66) <.0001

A7=e 89l

4 9%

H) &A=} ref

WA Az} .37 (1.20 - 1.56) <.0001

A2 FAA .28 (1.11 - 1.47)  0.0005
=T AR

IRt ref

=T .81 (0.76 - 0.87) <.0001
AAEE A=

H] &5 ref

e AASE 0.74 (0.70 - 0.78)  <.0001

w7 AAgE 0.77 (0.69 - 0.87) <.0001
AdZF A5

Ry ref

A A 5 1.17 (1.00 - 1.36) 0.0483

A5 .99 (0.92 - 1.06) 0.7261

H| 9t 1.05 (0.98 - 1.14) 0.1746
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FE 6. A Aol 8% o5 4ol A A= GEE &

A3 (A%)

Model 1 Model 3
OR (95% CI) p-value OR (95% CI) OR (95% CI) p-value
AAAZ 8%l
IS AR
BR<s ref
A 1.33 (1.23 - 1.44) <.0001
Tk AR
=y ref
A 1.13 (1.03 - 1.25) 0.0122
FHAN o5
BFR<s ref
U 1.64 (1.44 - 1.87) <.0001
+E&F AF
BR<s ref
A 2.68 (2.24 - 3.20) <.0001
35265.9

QIC 40945.8

Model 1: no adjusted
Model 2: adjusted for UATAFE]EA Q.<l(ve], 434

=4
Model 3: Model 2 + adjusted for 7738 8¢1(&FH

/el / e %)

4z AN



2.2. subgroup #4): Yol

el Aol S mAE 2919 doldi zel & gelaty] s Al A
(20A1~394, 4041~59A41, 604~7941) .2 o] Bh9 1
ok ZF doltiell A AA EA el AFEE GEE B9 1-35 RF A &9 A,
Model 39] QIC kol 2041~3941014 4639.08, 404~594101A4 12718.15, 60
A~79M ol A 17543.2% 7FF Al U9}, Model 32 7]Fo2 AIE A|AS}
RATHE 7)

SH 1 A AT FgE FolE s 2% BE ATl e A
Aakel frojgh HHAAS Belon, aFo] gl el HlE o] Ho] ve 2
Z7} 20A1~394 ol Al 1.95¥0(95% CI: 1.16 - 3.29), 4041~594] <ol A
1.5191(95% CI: 1.16 - 1.95), 60A~79A41 <ellA 1.36W](95% CI: 1.15 -
16D & vel, dolt7t soldaS 4o A Astel wAe g3dFHol i
sl A4S B, wbd vjEolF Q%S 40A41~594 ol ek 1,209 (95%
Cl: 1.04 - 1.38) frostdl & Zo=® yegton, bg& ATl sE &
AX o= fro)shA] ekttt

Yol zhe] Aol g&FS m A= fodk W4l o]k =, 60

A~T94] & AA A B4 At fASE A3E HQl whE | 204]~39A4]

ol
M
X
o
>
o2
o
2ol

2

_4’]_



E 7. oltd 8% ol el A Awel GEE ¥4 A3t

2041 ~39A4 40A4]~59A4) 60A1|~79A4)
(N=2,066) (N=4,313) (N=3,767)
OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value
F8 A4 Wy

25 4%

7=y ref ref ref

H[ 502 9% 1.09 (0.79 - 1.50) 0.6004 1.20 (1.04 - 1.38) 0.0130 1.07 (0.98 - 1.18) 0.1524

FE o2 A% 2 F 1.95 (1.16 - 3.29) 0.0121 1.51 (1.16 - 1.95) 0.0019 1.36 (1.15 - 1.61) 0.0004

ATFALS A a9l

4

aA ref ref ref

o] A 1.37 (1.01 - 1.87) 0.0461 1.12 (0.89 - 1.40) 0.3340 1.59 (1.34 - 1.89) <.0001
RTIA:

=% o|3} ref ref ref

T= 3.68 (0.54 - 24.9) 0.1823 0.95 (0.74 - 1.22) 0.6726 0.65 (0.58 - 0.74) <.0001

aE 1.20 (0.21 - 6.95) 0.8352 0.60 (0.48 - 0.75) <.0001 0.51 (0.45 - 0.57) <.0001

E o)A+ 1.11 (0.19 - 6.37) 0.9052 0.47 (0.37 - 0.59) <.0001 0.34 (0.28 - 0.41) <.0001
14

uj & ref ref ref

7|& 0.64 (0.52 - 0.79) <.0001 0.47 (0.36 - 0.62) <.0001 0.69 (0.36 - 1.29) 0.2414

ol& 9 7|E} 2.05 (1.12 - 3.77) 0.0204 0.85 (0.62 - 1.17) 0.3244 0.96 (0.51 - 1.81) 0.8912
BAGE A5

oly 2 ref ref ref

o 0.69 (0.58 - 0.83) <.0001 0.56 (0.49 - 0.64) <.0001 0.63 (0.58 - 0.68) <.0001
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E 7. el 8% o %ok kel A HES] GEE A A% (A%)

204 ~39A1] 40A]~59A
(N=2,066) (N=4,313)

OR (95% CI) p-value OR (95% CI)

604 ~79A]
(N=3,767)

p-value OR (95% CI) p-value

A7HH 2

549 A%
H] &A=} ref ref
A FAz 1.28 (0.90 - 1.81) 0.1648 1.26 (1.00 - 1.59)
) Tzt 1.07 (0.75 - 1.51) 0.7213 1.19 (0.94 - 1.51)
=T AR
H] & 2F ref ref
=T 1.11 (0.88 - 1.40) 0.3634 0.85 (0.75 - 0.96)
AAEE A=
H] &5 ref ref
A AAEE 1.13 (0.96 - 1.34) 0.1373 0.89 (0.80 - 0.98)
w7 AAgE 0.92 (0.64 - 1.32) 0.6584 1.06 (0.89 - 1.27)
Ad=Z A

A ref ref
A A 5 1.09 (0.79 - 1.52) 0.5877 1.28 (0.95 - 1.73)
A5 1.09 (0.86 — 1.38) 0.4749 0.91 (0.80 - 1.03)
H| vk 1.16 (0.91 - 1.48) 0.2232 0.98 (0.85 - 1.12)

ref
0.0551 1.50 (1.26 - 1.79) <.0001
0.1409 1.35 (1.10 - 1.65) 0.0033

ref
0.0070 0.77 (0.71 - 0.84) <.0001

ref
0.0152 0.63 (0.58 - 0.68) <.0001
0.5140 0.61 (0.52 - 0.72) <.0001

ref
0.1087 1.17 (0.95 - 1.45) 0.7495
0.1323 1.02 (0.93 - 1.13) 0.6167
0.7140 1.07 (0.97 - 1.18) 0.1868
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E 7. Yol 8% o9 ao] A AL GEE 4 A (A%)
2041 ~39A4 40A4]~59A4) 60A1|~79A4)
(N=2,066) (N=4,313) (N=3,767)
OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value
AAAZ 8%l
TEY g
NS ref ref ref
A 1.32 (0.67 - 2.61) 0.4267 1.23 (1.06 - 1.43) 0.0073 1.37 (1.25 - 1.50) <.0001
T A5
= ref ref ref
A 1.20 (0.65 - 2.24) 0.5607 1.15 (0.93 - 1.42) 0.2066 1.13 (1.01 - 1.26) 0.0345
FHAN o5
B8y ref ref ref
qe 2.96 (1.23 - 7.16) 0.0159 2.30 (1.72 - 3.07) <.0001 1.42 (1.23 - 1.64) <.0001
+E&F AF
= ref ref ref
d& 4.60 (2.26 - 9.38) <.0001 3.16 (2.24 - 4.45) <.0001 2.30 (1.87 - 2.82) <.0001
QIC 4639.08 12718.15 17543.2
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2.3. subgroup ¥4: A¥

T oAl S91aE BAoR gl whe g e JdFE mAE 29l
Apol & &elal] Hokth( 8). WA o= uro] GEE 2d 1-3% 747
Ag3 A3} Model 39 QIC ol 7P¢ =gk 1 ke @A 13531.77, ©

A& 21439.800] % T},

% BA Ay ahe] "ol S 9 =7} 9 Eo] ¢ o] vl H|Eo]
A QEo 9t F& AL 1.058(95% CI: 0.92 - 1.20), o343 1.164]

(95% CI: 1.05 - 1.27) =3kovt WA FolabA eFatrth. 3 o= <l
3 %S A 1.34M1(95% CI: 1.05 - 1.70), ©oJA2 1.48u](95% CI:
1.24 - 1.76) & B¥F EAH o8 §9olsttt.

Aol whel ko] Aol S mA = Fos WFE AT RE, 204~394]
of vls] ko] Heo] W& e=7F FAd2 404~5941= 1.5641(95% CI: 1.23 -
2.00), 604 o] 1.97¥1(95% CI: 1.49 - 2.59) =k, oA 247 1.64
Wl (95% CI: 1.37 - 1.97), 2.80WH(95% CI: 2.29 - 3.43)& xgkon n&% =
Aoz fFostgitt. 53] AAd™ Aget G oF= Ao met Zfolrt
AR =, FAAS AAS(OR 1.61, 95% CI: 1.23 - 2.12)3} A5 (0R 0.88,
95% CI: 0.78 = 0.99)°llA ko] Ho] FojabA kot BIwk(OR 0.91, 95%
Cl: 0.80 - 1.03) frofshAl @okrh. wbH of g A ASol w3 vgr
A Ak abel A Askel fFogk 2ol 9l
Atk T G G AS W ahe] Aol ws =7k 1.0791(95% CI:

0.93 - 1.24) =gor} folshx] &k, oA 1.1741(95% CI: 1.03 -
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=

8. Aol WE 2F of¥e} e

A Ao GEE ¥4 Ax

o] SR
(N=4,313) (N=5,833)
OR (95% CI) p-value OR (95% CI) p-value
F8 A4 WF

2% A%

B8 ref ref

H| 502 8% .05 (0.92 - 1.20)  0.4796 1.16 (1.05 - 1.27) 0.0023

jgi = QA 3y (105 - 1.70) 00186 1.48 (1.24 - 1.76)  <.0001

ATFALS S 2.9l
o]

204 ~39 A ref ref

404 ~594) .56 (1.23 - 2.00) 0.0003 1.64 (1.37 - 1.97) <.0001

60 ©] % 97 (1.49 - 2.59)  <.0001 2.80 (2.29 - 3.43) <.0001
RTIA:

xZ o]3} ref ref

TE 0.75 (0.62 - 0.90) 0.0022 0.69 (0.61 - 0.78) <.0001

A= 0.53 (0.45 - 0.63) <.0001 0.48 (0.42 - 0.55) <.0001

= ol 0.38 (0.32 - 0.46) <.0001 0.38 (0.32 - 0.45) <.0001
14

IRCA ref ref

71 76 (0.59 - 0.99)  0.0394 0.51 (0.41 - 0.63) <.0001

o]& 4 7]E} 1.03 (0.75 - 1.43) 0.8513 0.77 (0.60 - 0.97) 0.0288
BAASE A%

ol 2 ref ref

o .51 (0.45 - 0.58) <.0001 0.66 (0.61 - 0.71) <.0001

738 89l

4 9%

H) &A=} ref ref

A Azt .22 (1.04 - 1.42) 0.0138 1.85 (1.46 - 2.34) <.0001

AR FAA .16 (0.98 - 1.36) 0.0886 1.30 (1.00 - 1.69) 0.0543
=T AR

v S} ref ref

=T A .80 (0.71 - 0.89) <.0001 0.83 (0.76 - 0.90) <.0001




I8 Al wE 8% AR & A Fxe] GEE +A A¥ (AF)
o] SR
(N=4,313) (N=5,833)
OR (95% CI) p-value OR (95% CI) p-value
A7 e 89l

AAEE A=

H| &5 ref ref

AL AASgE 0.77 (0.70 - 0.84) <.0001 0.73 (0.68 - 0.78) <.0001

B2 AAEs 0.77 (0.65 - 0.90) 0.0013 0.80 (0.67 - 0.94) 0.0085
A A

A4 ref ref

A A% 1.61 (1.23 - 2.12) 0.0006 1.02 (0.85 - 1.23) 0.8348

A F 0.88 (0.78 - 0.99) 0.0377 1.05 (0.96 - 1.15) 0.2672

H] ok 0.91 (0.80 - 1.03) 0.1410 1.14 (1.03 - 1.26)  0.0080

AAAZE &<

g AR

B8 ref ref

A 1.36 (1.20 - 1.54) <.0001 1.31 (1.19 - 1.45) <.0001
B A%

ErE= ref ref

A 1.07 (0.93 - 1.24) 0.3536 1.17 (1.03 - 1.33) 0.0154
FHAN o5

8= ref ref

= 1.47 (1.16 - 1.86) 0.0013 1.71 (1.46 - 2.01) <.0001
+E&F AF

8= ref ref

A 2.59 (1.83 - 3.67) <.0001 2.74 (2.23 - 3.38) <.0001

QIC 13531.77 21439.80
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3. Marginal Structural Model (MSM)

HF7F sk Aol mAl= 3 S AY RV $s

A& Sl th. MM 240 ebA] NSMe] F8 Al 7}

A 78 T B AFeA HolHE FHske Aol Evbse ul

W 7H8E AlQstal, A e ekl AESIIY. S 7Hde] 2
B, IPTW RXolA SHRl 7k 7F BAsto] 4o o=

(Austin and Stuart, 2015). °o]& WA s}7] $lshe] Ak

(Truncation)dh= WRol A-&HTt. olo] we} F4d 7}

4 9w o9 FAsa, F49) g Fua 8 AEA LEE @

p

(]

o
B
o)
s
ol
%0
T

o
b
o
o
i
>~1
rﬂ

sttt AR H o7 e 1%, 5%, 1092 2tEl2 dusle] 7fEAe BRES
e Bw, A 1% A9 Al Hk 0.9983, HAE - Hoigke 0.7638 -
1.3126, A3k9] 56 Ae Al H 0.9969, HaFk - AW 0.8735 -
1.1069, sk$l 10% de Al Het 0.9977, HAg - AL 0.9350 -
1.0556 0.2 UEbSTE, HwhS obA] ks wf Haro] 1ol 7P gL o] A

o Gao] glof, Huel &4 glo] Wuad Wil NE AFEANE FAHY 0
m Fale] FRAQ o] A7} fl Ao G4 ThRel el glrka BF

sict.
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¥ 9. Truncation F&=°] W2 QE of el o] #o] st

MSM 4 A 3}

& IPTW mean (min-max) OR (95% CI)
MSM-stabilized IPTW
No truncation 0.9998 (0.4074 - 2.9740) ; v 8 Hi Sgg i 122;
1% truncation 0.9983 (0.7638 - 1.3126) ; v 8 }:}12 Sgg i 1?8;
5% truncation 0.9969 (0.8735 - 1.1069) ; v 8 }:}12 Sgg i 1?8;
10% truncation 0.9977 (0.9350 - 1.0556) ; v 8 }:}12 Sgg - 1?8;

weights

weights

o E o 1 H]}_ET

-0 BAW\

Stabilized weights(no truncation)

1.5

ofZ 8%, 21 Fq ANE AT £

of

Stabilized weights(1% truncation)

1.5

0.5

uwy
o
° == 1 £ | = 3 '
—— —_— ? . ; -
b4 I I | 3
N i [] 1

wy u .

5 T q | kK T 1 T

2016 2017 2018 2016 2017 2018
follow up year follow up year
Stabilized weights(5% truncation) Stabilized weights(10% truncation)

w o

" "]

o o ]

— —— —— g* e —— - ————— -

3 31

& | . |

— — -

' T T T L T T

2016 2017 2018 2016 2017 2018
follow up year follow up year

1% 6. truncation F/% stabilized weights W]l
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olAF Ak glo] FFAR] TEA LE27F AdE IPINE wpEo =, At
uet Wates 29 WigEE FAS] flete B AAutd IPIWE A8 A7h
o]F FWH=H(Time-varying covariates)S FAIg & FEA3c. IPIWE &
sto] T P @S F SHEA Feler] f8 Ve A=l 2015 AJA
oA IPTW A& 5o xFstel H *}o](Standardized Mean Difference,
SMD)E love ploto= EI&pGivt. L Ax, IPIW A& § vha §A 2%
ol 9 SMD7F 0.1 o]t= Fhaste] aWFe] o] 2 B3 As &< &
7 AR 7). EF, a9 89 8% 15 stabilized IPTWY] 3% &
AHEH BE TOFA 7FEX7E 1 A HEEo ow SuAQl vk

A gre vehtA gl IPTIF P om AgH9ee BT £ 9

AGE_g_0+ L : o
AGE g1 . Lo
AGE g2 . : o
= L ] (R
BMI D1 | o |
MIZ1 « )
BMI 2 - '
BMIC3 . <t
depress . O I
o] o0 ° o
EDU O b : o Sample
EDU”1 o o ;
EDUZ2 e o o Unadjusted
1 ¢ Adjusted
EXR”1 . ) ]
EXR "2 L "
HTM A * ' el
MRG_0 . o)
RG"1 o e :
MRG 2 » o
SEX . Q
sleep LI "
MK ® O
SMK_1 4 o .
SMK2{ | e o . i ,
0.0 01 02 03 04 05

Standardized Mean Differences

7 7. IPTW A8 2% SMD H]XL love plot
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Density Plot of Stabilized IPTW by Backpain Group

15
25 782
10+
D 2g 22
|:| HE0E 95
|:| S7E WO 913 OF
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O_
0.0 05 1.0 15 2.0

Stabilized IPTW

a3 8. IPIW A& 5 2% T8 density plot
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fi%e)

1.2981(95% CI: 1.19
1.38 -
1.24 - 1.64)32 &

[e)
& 1.58¥1(95% CI:

1.04 - 1.21), 1.43w1(95% CI:

1.12vH(95% CI:

)

‘_l

)

o

npA o R HE T W
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e
5

i)
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1.23 -

I A717F vA& S

3
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o

=

sl Aol w
[}

A o}, IPTWE A&

ol

- 1.26),

1.68)
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file)

0
o

—_
fife)

p-value

OR (95% CI)

ol F-7F gre] el mA]

10. 2%

3z
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i

T
iz

A
7

<.0001
<.0001
0.0029
<.0001
0.0013
<.0001

1vs 0: 1.29 (1.19 - 1.38)
2 vs 0: 1.58 (1.38 - 1.81)
1vs 0: 1.12 (1.04 - 1.21)
2 vs 0: 1.43 (1.24 - 1.64)
1vs 0: 1.16 (1.06 - 1.26)
2 vs 0: 1.44 (1.23 - 1.68)
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ABSTRACT

The Impact of Low Back Pain on Quality of Life

: Causal Inference Using Marginal Structural Model

Seonmin Noh
Department of Health Informatics & Biostatistics
The Graduate school of Public Health

Yonsei University, Seoul, Korea

(Directed by Professor Minjin Ha, Ph.D.)

Background

Low back pain (LBP) is highly prevalent worldwide and has been identified as
a major cause of decreased quality of life and increased healthcare costs. In
particular, chronic LBP can lead to functional limitations in daily life and
negatively affect mental health. While previous studies have examined the
relationship between LBP and quality of life, most have relied on cross-sectional
data, lacking longitudinal analyses that consider changes over time. Therefore, this
study aims to analyze the causal effect of time-varying LBP on quality of life
using repeated measures data, providing foundational evidence for the development

of policies to improve quality of life.
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Study subjects and Methods

This study employed repeated longitudinal data to analyze the impact of LBP
on quality of life over time. Using data from the Korea Health Panel Survey
(KHPS) Phase 1, collected annually from 2015 to 2018, we included 10,146
adults under the age of 80, excluding individuals who did not visit a medical
institution during the study period or had missing values in key variables. To
estimate the effect of LBP on quality of life, we applied a Generalized Estimating
Equation (GEE) model, adjusting for time-varying covariates except for sex, age,
and education level. Furthermore, to infer the causal relationship between LBP and
quality of life, we constructed a Marginal Structural Model (MSM) using Inverse
Probability of Treatment Weights (IPTW).

Results

After adjusting for all other covariates included in the study, the presence of
LBP was found to have a statistically significant effect on quality of life. In the
GEE analysis, compared to individuals without LBP, those with nonspecific LBP
had 1.12 times higher odds of reporting low quality of life (95% CI: 1.04 —
1.21), while those with disc-related LBP had significantly higher odds at 1.43
(95% CI: 1.24 — 1.64). In addition, all demographic factors(age, sex, educational
attainment, marital status, economic activity), excluding body mass index(BMI), as
well as behavioral and health-related variables (smoking and alcohol use, level of
physical activity, hypertension, diabetes, sleep disorders, and depression), were
found to be significantly associated with quality of life. Results from the Marginal
Structural Model (MSM) analysis further supported a causal effect of LBP on

quality of life: compared to individuals without LBP, the odds of reporting low
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quality of life were 1.16 times higher for those with nonspecific LBP (95% CI:
1.06 — 1.26) and 1.44 times higher for those with disc-related LBP (95% CI: 1.23
— 1.68).

Conclusion

This study confirmed the causal impact of LBP on quality of life. Notably, the
effects varied by sex and age group, and mental health conditions such as sleep
disorders and depression were also significantly associated with decreased quality
of life. These findings suggest that in order to improve the quality of life for
individuals with LBP, a comprehensive approach is needed—one that addresses not
only pain management but also mental health support, along with tailored

interventions for specific population subgroups.

Key words: Low Back Pain, Quality of Life, Generalized Estimating
Equation(GEE), Marginal Structural Model(MSM), Causal Inference
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