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Abstract

Longitudinal data are measured repeatedly over time from the same subject, so there is a correlation from
the repeated outcomes. Therefore, when analyzing this correlation, both serial correlation and between-subject
variation must be considered in longitudinal data analysis. In this paper, we will focus on the marginalized
models to estimate the population average effect of covariates among models for analyzing longitudinal binary
data. Marginalized models for longitudinal binary data include marginalized random effects models, marginalized
transition models, and marginalized transition random effect models, and in this paper, these models are first
reviewed, and simulations are conducted using complete data and missing data to compare the performance of
the models. When there were missing values in the data, there is a difference in performance depending on the
model in which the data was generated. We analyze Korea Health Panel data using marginalized models. The
Korean Medical Panel data considers subjective unhealthy responses as response variables as binary variables,
compares models with several explanatory variables, and presents the most suitable model.
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1. M2

ANA AR B, o, oo, A1, A S0 e GpelAl Bol Bl x| Agol. of
Aol A7be] 5ol ket 7} AS] 442 T Z A0 2 i 2 A RS k] ATBAZ} EA)
s, ZF ZRAE 7ol fE g o] TRt EAZI o] & WA W A3 A (serial correlation)’ 9} 70| 7 H5
(between-subject variability)’ o] 2} 1L 5}, o] A& SHIEA] AHYsty FHZFY BRS¢0 G5 FA5fof
o). 197 grow Fwskel fle] 23te] Bakbias)7h BT & 9lek (Lee, 2022). AAH A2 EA0)
Ae G4 AR A W g EaA 2 A 7 HEE Aok £XRE 7H TAE By o] Akt o] $ith 2
Rof AL st o 7 g 25 (Korea Health Panel Survey; KHPS) (KHP, 2023) & 34 A7} n| 2=
2915 B8] Slotel AAH o7 A2 A4S AR EARDE R0 A Fk

AAH o] ArEA A URtH o R o] AMR = B2 £71F X (conditional models)?} =¥
2 ¥ (marginal model)o] Qct. ZAF YL F2 A EAA a7 (subject-specific effect)S FA uf AF
$515] 2075 S (maximum likelihood) WHE o] §ste] R4S ATk F9 RS RyUY W 0
TH(population-averaged effect)S FAT ] AFREH F2 UHFSISAH A A (generalized estimating equa-
tion)(Liang ¥} Zeger, 1986)-2 ©]-&5t0] 45 FA Skt
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ZR B ofli= 9o & 7K (random effect) H -5 ©]-8-6Fo] HHE S H A5 o] APPHAE Aot
S}414 Z5F 1 ¢ (generalized linear mixed models; GLMM)©] 1t} (Breslow2} Clayton, 1993). &HFSHA1 S
252 9o g iy} Fo] 7 Arefof| A BH-g-H =(response variable) 0] Z 7K 3} FH ZF(covariate) o] A E
At 2 H7tel HH S o] &5 B4E SR mebA FdrHe ke 574 FH(maximum likelihood
estimator) 2] £4 ¢1 A %] Al(consistency)¥} L2 A4l (asymptotic normality) S =T},

FH gL A /st vy giAlof AutstEAuA Al((generalized estimating function; GEE)-& ©]-&6}
o] B55 FA} (Liang¥} Zeger, 1986). o] ¥HE S H SHHSES] A¥iA= 7Hd3s D (working
correlation matrix)2 ©]-86Fo] A3ttt GEES AFE-SA] ot 2AFL AVt ==} v|5=51A

AT LA AHAAES 7R _ry].;q o 2 7T Ho] AR VA E ok HdRo] AT JFAAS
7t A= ZH o] At skA|Rt 9l 9] & 2] (missing at random; MAR)7F Z25H= A1 Ao A= P A
GEES ol851o] m4-8 2745 5wl 1 2743kl Bo] 2412 4 oo} T3 GEE: AYrPsr 2]
5 7|9ro 2 5hA] 9FQtr] wjRo &3] 2ol= HAHS B AE 7]F(penalized model selection criterion)<l
Akaike information criterion (AIC)L} Bayesian information criterion (BIC)& AF&& &= Qith= SHAI7F Qo
(Lee, 2022).

2 =2oAe By B4 B E ﬁ:‘r JotAA 7He ke WS o8 By}l FH3} B3 (marginalized
model) (Heagerty, 1999, 2002)°f| thal| HFotar 2t ghr}. ¥t B2 T By 2R By S
BT o)t 4 9 Raolth. oA AW Ao] T RIL A5 S olgeir]o] A F )
9] 2113 (sub models)?l FH 3+ & 3 (marginal mean model)7} Q—E—Eﬁg}(dependence model) 0. 2 FLA E] o]
Sick. M2 Rde BUF RATe] B GrkE AW 4 QL. OF REL vk 295 a5l
ATIAE AWM 7 = @48 AT o QA Tt 93 R @2 21 Y 9] P of mEhA SRSt
J ol a7} 2§ (marginalized random effects model) (Heagerty, 1999), =H S} 2 o] i & (marginalized transition
model) (Heagerty, 2002) Z12]31 23} o] ¢ 2] § ¥} X §(marginalized transition and latent variable model)
(Schildcrout®} Heagerty, 2007)0] It} Al 3 R&E FHPH 3L Zsh} ojZ R oA FHI} o9
B B2 doRHE, FHSL Mol B2 R I (Markov) TRE, 121 3} o] Jojayt By
Phn 25} QSR Ee} ol W S4E AAEel AR SKE Bl

FHSE Y2 oFA AT Ago] FHYTF By} ojEn o] RO 2N FHTFO
PR gt s AR AT 5 Qi o] A2 TR E@E’rﬁﬂ ”év}l.df&ﬂoﬂ
o o]& mRde] JFE W] ool AR PJ%E%PJ 7H o & gk || JFS HA
A AAGE Aol B R Y2 7Hek RS o857 o o FHF] A4
g oH Frteh deof 7|25 R P AR WS o] &S 4= Ut npA oz BAS
Zk(ignorable missingness)& 7}t A%, GEE A1} th27 FHs g0 AL /st
B2go|Bg B4 Ao A|eFo] gitt (Daniels€} Hogan, 2008).

2 =R e FHE Bl TS} Qlojant By, FHE} o] By T I Aol Jojav B
cTeiel AT A5 KHR 20295 $AS127 O, Dol e Ak isla o
ST A2 B0 B 87 0| 2] 2|E 2e] WshE detalo] 1wl
2R G} 17] G RIE L 20050 S2AMAS R0 T SHEHe)
gt =) 8,0000] 71t 1 7S tiAd o g Rt A= 2011‘5 Eﬁ 2014
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3

e
T II e,
o
T

i oSt

ol
rE

o e 2 A

—

rr
_ﬂ‘ ré—‘.‘j OlO

2, 30 ox M

)

Koo 1o

-

i)
ol
rH
o
ox
=1

4
ol N N HO ol

BN i

o
L)

&

=t
3
N
N,
e
oot
ol
iy
o
EE
olv ﬂJIO H'U

r
L
1o
EN
kY
X
Hu u

Vers1on 1.7.3)5 o] &t} gtatolm g o] 1A 7

207 UL o)1 AR A WIULE RN, APRSRE U132 oz
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F50| 798 BYL ol o BRI ARE HAF o] AR sl HEHo=
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=R eAE O JJr Zth A 28N E AAA o] AR E BAst] Sl AlotE REES AN

th 38 oA Al FR72] 9t RS H|wahs RO Aottt 44 A= ghatolanld HlolHE
Agsta, AYAT7e} 71284 A2 A AZ) o] % gHolaijd Ao FH3 1YL Fgstn 4
58 v|wsto] AeE 25 no] dist AE Attt 582 440 2tg B4 AE EU2 22 S
EZ5lo] B =no goFstrt,

mr(

2. ZAIZ OAAR BHE 95t 2

r

AAA o AAZE BAS] A et BFe] Agtele] shrk. Tpe) BT W ANE FHokn
AR A5 20 2 25 295 ol Bl q S T FAACE GEER ST A2
g, Fwst 4Ol a5 Y, Tt Ho| BY 1e 3 FHe o] Yolait BFES 2T

2.1. GEEE 0| 8¢t £H23&

FH B YL J|A 7Hbetween-subject) ZH=F G119} 7 A Y (within-subject) H5 112 255 Ha
Shch =g A-S =5 A 7F T a9E R Y slsln, LHEAL 3L Z (covariance structure)S £33 7] U]
HE 15 Byt

i 17 WA o] j A o] R FEHFE yy=hal obal, A A8t p x 1 FHEE x; 2L 5k (=
L...om; j=1,....m). yj= 7NA7F 2 3¢ A2 S o|2tal 7FY et Liang ¥t Zeger (1986)= FH Y
o 4 GEES o}efe} o] A|gtahirs.

O.LI_

8uij) = x[B, 2.1

AZVA wi; = EQijlxi)ol™, g(-)= AB T logit = probit &= 5 o .
29 AT TA = Ao 4= (nuisance parameter) 2 3501 of2 ¢} T2 AFHA|4= B (correlation model)
R Ll

o
N
=
> oX
ol
o

T
cov (y; | x;) = Vi(¢, @) = C/R,C},
var (y,, | x,) =Vij = ¢v(uy;),  corr (yij’yik | xi) = Pijks
o] 71 A R my x n, 0] A AGHHolH C; = diag{va,. .. vi,, }OITE B o= ATASE 9]
HAro] A EE—’,‘—(scale parameter)©] T},
GEEHM -2 E-1F 274 9H>(unbiased estimating equation)2 AT O ZH R4S
Q08 B Aol F40] ROl T, Lol R4 HE DG go HAL D4 ok JARAZ
TRtk aft ¢7F o7 e oA, Bt B p 3 AL oS ok

L UB) = 2, DI Vi yi — i)} = 0, 2.2)

ot
e
ol
2
2
S
:

ri r{r

1 1
L...,np, k =0,...,p=1, Vi = Vi(B,a,¢) = C}Ri(a)C?°IT}. A 2.2)= P XS 2] GEEo|H, o]
JAIE P S . A501 S eIEE 0|85l ek

m -1
oo S orvin ] 3 orvito -
i=1

A7y = (yilw-wyin,)T’ 1B = (B, iy BT, Di = /OB = (Di(j, k)OI 1L Di(j. k) = Opi;/ 0B
J =
H

HEBS ¢ 4B (method-of- moments)& ol §3te] FAT 5 QLI ATAS 2S5 ks AAE ]88
8L o] 5tel 4T 4 rk
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I

GEEE ALY K8 B2 HSieli GFE 43¢ Busdic =48 1A o= pol
o vt Ax e BRuaol HekshA 714H Ago] AuAS Aol BelA P HolE fAHh 2
& ojulqitt. et p2 A4 A ek SN GEEL A% o] 241 ¢19] 4% (missing completely
at random; MCAR)2 2 12t AH§7155t] 2 Aol gol WAgshe ol 2% 9] A 9ol Aol
27bsshehe W] it

22 . FH3 2H

Heagerty (1999, 2002)= A4 o|At2S BA8}7] 915 795t Aol mav F9sh dolng g
AFtelet. 75t mge FAmgo] g

ohUet At bs = FAWS 48T 4 otk =, Av) Fen F %ol 54 AX4, A2
ZH] 47 AHg JPsolett Aol Qlrk BE 2RE Aoau BE PO R Qg Bk auke] ek
USIeE 0] Slek £ R A A ol E LA A9 VI 2t 5] ol st
Aotk 247he] st B BEO BREYL A0, el T 722 At

Heagerty (1999)= ZAA| A oA Atn & BASHY] Q5] 3} o8 72 & (marginalized random effects
model; MREM)Z A<ttt MREM-Z O|& W o] R TE 4oty BHE SAZES] 4HdAE 49
ST A o A4 RS 915 s o kR ge ke gk

FAPFRY < logitP (y; = 1| x;) = x/8, (2.3)
)28 : logitP (yi; = 1| xj,bij) = Ayj + b, (2.4)
bi = (bi,...,bi)" ~ N(0,5)),
A7) A B px 1 B RF o] nadgo]m, Ays Ao, 5, = o?RoO|th 7| i=1,....m j=1,....n
o1, Rz A ol o] (k) W) R e tio] ),

FHRY 23)2 PHel Rudol] e BT ANE AU, SRR Q4L W AnEe] 4
TPAE At A T B ) = Py = Ui T 205 Bt 15,(b) = P(yij = x5, b)) ?:HFO]E
A= (B, 0%) 2] o, th2-9 3'1:}7:“7]' gt

wlf = By, (1560),
= fp(yij =1 |bi)f(bij)dbij’

o714 (b= Bo] 00]m] Bato] o2Ql A5 iEo]n] 9]0] PA AL Fa frEl-oh L (Newton-Raphson)
T E o]-g5te] A, 7 ALEI,

bl o

MREMS] =P Bt OlER S Fof 3 HZFS ehA| & (marginal effect) oH/H A o]ZR o] A
B 9L A $2L & 4 ek ebd S ERFS o] g4} A b T 2L o &) B FHS
g 4= itk o] ApASE =32 Heagerty (1999)-2 211517 Hitch,

222 FH3 Holmy

Heagerty (2002)= %3} o] 2 & (marginalized transition model; MTM)oJ|A] Q]&R L nfF X L

S ol W2 ZHH MSNES] JUTAS AT A4 o AA42E HASH] 7 pat FHiet
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Holmg2 ol 2.
FHBFRY : logitP (y; = 1| x;) = x5, 2.5)
o]ER g : logitP ()71_/ =1| Xi_p)’i_;‘) = Aij + Z0_ Yiidij—ks (2.6)

o71A pi= BRG] DA, v = Fr©] L, ol Lol H O] WSS v, 0 ATHE LR B
Blo]th. 2 9] FEAGOID], Ay BHOITA B, a2 §14-0]ch. MREMI} o712 2 238 (2.6)9] A
(B.a)9] G-l thgo] BA7H At

1
P(}’i_;‘ =1| xij) = ZP()/U =1 |}’[_/—1 = k)P()’;j—l =k| Xi_/—1)~

FARFRY 25 5P A5 BT i HFavs 4Psta, gER g 262 HESHH Ay
S0 ARTAE AYsty] YaiA o A0l Antgre T e 2 ARS-Sth MTM E5F MREMY} 551
FARF 2P ERGo] Bejuo] glojA] FHF AARNE HNT ) JER o] GFS WA ghrh
222 JERE S 59 M5 FE TAT 4 Yong Arbse P o848 4 gt o AAF
ZA ¥ S Heagerty (2002) &115}7] upic,

22.3. FHo} Ho] gJoj gy
FH 3} Mol ¢ 2] g7} H ¥ (marginalized transition and latent variable model; MTLVM)-2 12} = SH A
olmeo] ol g} 715} ol avkn o] ojEn g e Ao HEEAT AHS] B 1 AVTAE
Adola vtz thr| & ol AATHHA| = A o] 7L Z(transition structure) 2 A Y 5}= 2§ 0|t} (Schildcrout?} Heagerty,
2007). 0] WL S5 7 & 257 o ol o]7] Az} 2ol W Ao F8alth BAH o217

22 2487 93 93| Hol Ao anmee ohew}
FHBPFRY: logitP(y;; = 1| x;j) = 8", 2.7
O|ER G logitP(yi; — L | yij1,bi) = Aij + yyij-1 + by, (2.8)
bi ~ N(0,0°(X)),

lmJ

7| A (X)) Aol &St o] =24 (heteroscadasticity)-2 LEFU = o] & 3to] HAtoct.

FABFRY Qe 57t FARE Uy, BEE ofn|ste] 94&36& (2.8)2 Bt &0 A} (i)
ot ohjet 4714 Q) A S Aot be Fote] AP A FUBFEYT JERFS ALY
FEghom Holot Jolante matehe 24N B 2ALH 37] RFe] Pty £ 4 vk MTLVM
o FAWZR G R GL Tt 2L BAE A

ﬂ;’; = E Yij1. (ﬂu) EZ, [Eyj 1,{10git_| (A,J +’in¢j—1 + O'Z,)}]

- f flogit™ (A + ) (1 - f5) + Togit™ (A +y + ) ) 6 (2 i (29)

ij-1

pe.z
Hij

71 A u = Pl = 1]x;)°]™ W = POy = 1yij-1, b)0lth. ¢(H)= BEAGFEEZE ou|siy ,UPMT‘Z— Sk A™
A ubgwigo) Rixol ofet 2A% B i, o) 71 AGEE Ao P& HE 208 Batolth.

] (292 MREMS} MTMef 4 A& 75t SO AR (Yy,b)°) ATHRESAA 57} )
2ol = 5, ol SJESHH R A W Sl thigt 21291 o] EZF E @ st ZpA|RE Al 2
Schildcrout®?} Heagerty (2007)& 3r1161H FHct.
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Table 1: Simulation results for mean parameter estimates of MTLVM, MTM, MREM from the MTLVM data set

True model MTLVM MTM MREM
Fitted model MTLVM MTM MREM MTLVM MTM MREM MTLVM MTM MREM
SE 0.410 0.419 0.396 0.391 0.394 0.381 0.390 0.4 0.390

N =100 |PRB| 6.222 5.930 5.930 15.836 14.345 16.387 7.380 8.393 7.127
CP 94.250 94.250  93.500 93.750 94.250  93.250 94.500 95.000  94.500

SE 0.410 0.419 0.397 0.410 0.419 0.398 0.389 0.398 0.389
N=300 |PRB] 8.524 8.464 8.666 8.549 8.464 8.666 8.833 8.469 8.372
CP 93.997 94912 93995 93997 94912  93.077 94495 95330 94912
SE 0.407 0.416 0.395 0.394 0.397 0.385 0.387 0.396 0.387
N=500 |PRB| 8.479 9.013 8.433 7.348 7.392 7.012 6.473 6.892 6.727

Cp 94.200 95.050  93.350 94.450 95.100  93.950 94.450 95.350  94.950

500 complete data sets with sample size of N = 100, 300 and 500 with T = 5. The average standard error (SE), average

of the absolute value of percent relative bias (|PRBJ) and average of the absolute value of coverage percentage (CP) of 500
estimates.

MTLVME: thg FHe} B3} Zo] FHiyat Ry} oErgo] Fe|=of QlojA] A avE

AU ) olzm o] L DA ghett. 12 G ER L 0|89 M5k FHE AT £ one 4
o bt F A 42288 ol gstel AR, AT 24 Schildcroush Heagery (2007)
o Fma}y] vreith AN A Azl B4 4 2L AR el A B A7 Ao EEgE Ao A o

S AR} 98 750l Sk wob D5 9] £7HEE A5t 7% MTLVME 4 240] it
18 3 A0 7| Ek

mﬁ Hir m

3. DO|AlS

o] Hof|A= BAAS ol 2 oA AP Al 712 T/ FHS B ] 5 Hlust gt
oA utt 500702 2tE %‘(data set) Aottt At= Hoto] FH3B} Qlo|aTtE oA AP F-¢
FHSE Ho| R P A B H A9, 3L Hol dolaarFP oA FAHH F-E st aE Aot
t}. B3 2t 2 W ghol| AZgho] Yl AL o) Qo] AZ&zo] Ik AHeE 185t A= 0] A7 (sample size)
L N = 100, 300, 50021 A2 w#ste] AA2E ATt ZF B4 HPE JFRE JH| T A 714
g9 I AAFE F5H L, o] Tl ZF By Q] 45 Hlw st gt

7 RO A B WA 71 7] ot bt 22 FH PR P-Z 125kt

[e2]

BA
=
T=

logitP(y,v_,v =1 | X,’j) = ,8() +ﬁ1time,v_/ +ﬁ2x,v +,B3time[_,- X Xi,

7] A] time;i= 1014 10 AFo] 9] 3h-& HASHA 7121, x> bmomlal(N 1/2)o| A HEFE 51of 0 = 19]
e JHATh 2 188 7o 37)0 FELS A4Ah 2 i=1,...,N, j = 1,..., To]th Ni= 100, 300, 500
¢ Aot T+ 5, 1091 A= Hiro] BOJAE S Algstaith 2]%’4741T4 ﬂ—%/]:t o3t 2t

(BosB1,B2,53) = (-2.5,0.25,0.25,0.1).

2 s ek do] elavtny, Fust Holuy, Fst
=100, 300, 500 o] T = 5, 1021 At55 ASte] 37]12] =9

Z Jo
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Table 2: Simulation results for mean parameter estimates of MTLVM, MTM, MREM from the MTLVM data set

True model MTLVM MTM MREM
Fitted model MTLVM MTM MREM MTLVM MTM MREM MTLVM MTM MREM
SE 0.261 0.266 0.249 0.245 0.246 0.230 0.238 0.240 0.238

N=100 |PRB| 8.650 11.372 6.250 9.990 10.491 8.822 4.688 7.593 5.337
Ccp 97.250 97.000  95.250 96.000 96.000  94.250 96.500 97.500  96.500
SE 0.264 0.269 0.251 0.248 0.248 0.233 0.240 0.242 0.241

N =300 [PRB| 4.508 4.412 3.192 3.550 3.873 2.742 2.266 2232 2.224
CcP 95.749 96.166  94.249 94916 94.749  93.499 95.527 96.499  95.749

SE 0.268 0.264 0.251 0.248 0.248 0.233 0.241 0.242 0.240
N =500 |PRB| 1.520 1.620 1.890 4.902 5.114 4.646 1.385 1.433 1.377
Cp 96.550 96.050  94.100 95.550 95.450  94.305 95.7 96.500  95.900

500 complete data sets with sample size of N = 100 and N = 500 with T = 10. The average standard error (SE), average

of the absolute value of percent relative bias (|PRBJ) and average of the absolute value of coverage percentage (CP) of 500
estimates.

A Go) BB FA5HY T Table 1 & 2E 2] 3 7|7} N = 100,300,500 o] T = 5 & wff 5007 2] 2= A=
o] gsle] R4E AT A Q oFqt Z o]t Table 22 EE O] F 7|7} N = 100,300,500 ©]12. 7 = 10 &

_. _l)h

) 500709] A A& o §5to] BE F AT FhE GORE Aol AR G setel] sloh 242
£9] JL—v—EX]-_/] T (SE), AA pehel Areh 8k (percent relative bias; PRB) AHAZLe] B4 (|PRB)), 1311
Azro] AA ALl 95% A 2|7 48 8891 Z5H8HE (coverage probability; CP)2] B (CP)

20] 277} ATjHoR 2 99 N = 100014 ThE o4 WAAIT] LS MTMo
A o] b mel Ma|A] ATk A8 o 4 9lek. ShAT EB| 3717} Ae] we
SIck £ oo} motebgel 29 7 R vlag 1S 1S ¢ 4 9rk 12l Bio)
2717} ARl et EE AL ol ST, BeshE 2 95% 29| 2 71HS & % Aok

Figure 13 0 Z04] 2 A BFo] 2718 7 3ol mhabs vl me Aolch. RE Aol 4 |z
2 FEO| 37|17} A D52 [PRB|FEo] Zotde & 4= QIth. T = 100] 1 MTMo] A A4 H 2429 7 -9-of A et
N = 5002 wj [PRB7} 22 Z7}atc}. o | madofA] A E zF2 el 2o AFkelo] N = 100, 300, 5007} T = 5,
1091 2E 790l A 7} 23 o] [PRB| T3t ¥] =3t A FE Act. sHA| g G52 MTMo] A A3 H-9ole A
A0 2 PRBo] ThE BRI AT US| Antel nmalA] BEO| 2717k 2 A9 thh Ak
Ae & & 9k shANE BHO| 37|17 A o] whaka] RE 2| [PRB|7} H|S:5) At} o] AL 2o TH
o] 72 ubAg I o] 4 9] 9] ©]F-LS(random noise) = Q13F A 02 Atg e shA|ut Bt Bl wo A=
MTM3} MTLVM-S H| 3t 452 7} ™ MREMo| A 23 © 2 |PRBIS 7}d& & 4= Qlth

AZgro] EAsHE A9 2t BEIA WD ARE A /b RG] A GYL o] 55 o] ths ]
CERLE RASE-ET 3%

5}7] 98l ¢ ]2 =(missing at random; MAR)-2 7} = 25 & o] 835}t &2
2o A2 gl 4gstant.

logit P(dropout = ¢ | dropout > ) = ay + a; Yi-1,

A7) AZgE A FEL A NAY 5% (ay = 2.3,a; = =0.2), 10% (ap = 2.4,a, = —0.21), 20% (ay =
2.5,a; = —=0.23)2 sh= Al 7HA] A2 HYiro] AA sttt oA o] AEgko] gl dlofE 2] 9o o]
22 B A 50071 2] 2t=m oS st ASg A Sl wEt 24 oA ASghe AT ok,
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|PRB] in MTLVM case when t=5 |PRB] in MTLVM case when t=10

IPRB] in MTM case when t=5 IPRB] in MTM case when t=10

|PRB] in MREM case when t=5 |PRB] in MREM case when t=10

o MREM o MREM

o MTLYWM N o MTLVM

Pre)
10

L

R

N N

Figure 1: Comparing the mean absolute percent relative bias (mean(|PRB|)) across three scenarios, with sample
sizes N = 100, 300, and 500, and time points T = 5 and 10, 500 complete data sets were generated from three
different models: MTLVM, MTM, and MREM.
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Table 3: Simulation results for mean parameter estimates of MTLVM, MTM, MREM from the MTLVM data
set with MAR missing

True model MTLVM MTM MREM
Fitted model MTLVM MTM MREM MTLVM MTM MREM MTLVM MTM MREM
SE 0.279 0.283 0.266 0.262 0.263 0.249 0.257 0.259 0.257
5% |PRB| 5.600 4.085 6.306 6.25 6.095 6.926 3.501 3.616 3.448
CP 95.3 95.9 93.35 95.85 95.9 94.1 94.35 93.5 94.3
SE 0.296 0.300 0.283 0.279 0.279 0.265 0.275 0.277 0.275
10% |PRB| 4.899 5.471 4.720 6.461 6.214 6.653 3.88 3.985 3.837
CP 94.8 95.35 92.95 95.95 96.1 94.35 94.8 94.9 94.95
SE 0.337 0.342 0.324 0.319 0.320 0.306 0.316 0.318 0.316
20% |PRB| 5.695 6.758 5.721 7.755 7.183 8.036 4.158 5.436 4.284
CP 94.9 95.55 93.45 95.05 95.35 94.1 95.00 94.55 95.20

500 complete data sets from true models with sample size of N = 500 and 7 = 10 with MAR missing rate 5%, 10%, 20%.
The average standard error (SE), average of the absolute value of percent relative bias (|JPRB|) and average of the absolute

value of coverage percentage (CP) of 500 estimates.
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IPREB| In MTLVM case with MAR missing
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Figure 2: Comparing the mean absolute percent relative bias (mean(|PRBY|)) across three scenarios with missing
rates of 0%, 5%, 10%, and 20%, and with sample size N = 500 and T = 10, 500 data sets were respectively
generated from MTLVM, MTM, and MREM under MAR missingness.
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Table 4: Summary of variables (2011)

Variables Category Ratio (Counts) / Mean (SD)
Response variable
Subjective unhealthy Poor 0.15 (528)
Good 0.85 (3006)
Explanatory variables
. . Yes 0.169 (597)
Uunmet medical needs experience
No 0.831 (2937)
Supply factor 0.068 (41)
Unmet medical needs reason Demand factor 0.397 (597)
User choice 0.266 (159)
Low 0.131 (466)
Income Middle 0.626 (2214)
High 0.241 (854)
Full-time 0.269 (952)
Temporary 0.231 (817)
Job Day laborer 0.150 (533)
Employer 0.341 (1208)
Side job 0.006 (24)
Male 0.551 (1949)
Sex
Female 0.448 (1585)
Below elementary school 0.262 (926)
Education Below high school 0.474 (1677)
Above university 0.263 (931)
Chronic diseases Yes 0.885 (3128)
No 0.114 (406)
. Yes 0.064 (229)
Disorder
No 0.935 (3305)
Smoking 0.234 (827)
Smoke .
Quit 0.231 (819)
Never 0.534 (1888)
Age Continuous 53.668 (12.877)
Jung, 2014). Fi= ARSI BAA o] Aol n|A= Gl Atk AHS ol &8l BArEY werES
g or vt A 2730l wet A7 g of $Erk (Kim, 2005). 5 A0lu &5 22 71914
a9lo] 342 7ol Anht GeFe FEAof et AT 91Tt (Kang, 2007; Kim, 2005). 31219+ 217}e]
ATES AT YIS A2 AE 9] Hhgo] shite] A7 dse Eg]7} ol g, 22 Y Aus

olgs7Lt 7} 1A 8 M5g ey ol e 14 Gt mEe AL AT,

Park 55 (2018)°] 9170] T2 W] 3% o] of £50] HTAGE o] o] FPHA BAY SEo] G
o)A S ABATE AW B 055 o8 4 o P ot FELS P vl Lol f F o 82 S A ol

K5F, T, &5, Folol R, B PTARLE GO0 AT tehgeh. THo|E BT 0] FF ©
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Table 5: Chi-square statistics for response variable and categorical explanatory variables

Response variable Explanatory variable (categorical) x? Statistic (p-value)
Unmet medical needs experience 192.676 (< 0.001)
Unmet medical needs reason 243.601 (< 0.001)
Income 287.978 (< 0.001)
Job 256.069 (< 0.001)
Subjective unhealthy Sex 69.08 (< 0.001)
Education 367.989 (< 0.001)
Chronic diseases 68.693 (< 0.001)
Disorder 149.908 (< 0.001)
Smoke 9.656 (0.008)

5} 22 upA A1 glo] 5 o] Q9] A=Zho] ZAsHe A 0o H-go] BrlishH AICL BICS} 2He 18 A e
71F8 A} 4= glks SHA |7} 9tk St o 2o g o] g o= A|71e] S 20| utel W sts Ao DA
o7 ZA5] 2o AL HR s =45 ] o aizel 83l »§g o]8s) B4 Astuat
et
422 22 QoF g 7]z B4

Zu3} Byo] 422 Aas)7] Ao, B HdAtmo] Hhe w20l AW iS o] 7] 22 ASkS g oFslol
AA G $A A 17]91 2011030 Hg W4E0] 7] 25 A2 ALHS Table 49] x%a]o}oaq Ao A S

=
Haeg 125 =3 BEA7) S EE(self-rated health rate)o]] oAl = 2AVYE 5 =314 A H 2342
OIgSisict FASPAAE B £ A} ook B S B2 1 F8. T,
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LS 4181 A 9ol ‘LB poory © 2 T o] B2 ko)
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Figure 3: Profile of response variable (self-rated health).
Table 6: Models
Model number Model Explanatory variables AIC BIC
1 All variables without JOB 8399.986 8504.879
2 MREM All variables without SMOKING 8399.701 8504.594
3 All variables 8393.836 8511.069
4 All variables without JOB 8515.342 8620.235
5 MTM All variables without SMOKING 8516.854 8621.747
6 All variables 8511.189 8628.423
7 All variables without JOB 8393.559 8504.623
8 MTLVM All variables without SMOKING 8393.959 8505.022
9 All variables 8388.261 8511.665
4.23. G Hg}

oAl Fwleh myo] SHEelmild AR S Aol 2yHa £04

O
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o FEFE WAL 812 B
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2 H| . 5}7] $]3) AIC (Akaike information criterion)

2} BIC (Bayesian information criterion)Z Table 6°] AJA]5}ch B & o] H]w g w, AICS} BICO] ZH-& Z-&

molag 7 2z o Aakat maole oju|sit.

1L AY WSS AT BE WS (FFR FRAR, 1S FE FF ol f W
8, Lol 29, Aoflol ¥, 45, §Ao1)E B FHst Jolanny, 5y 2= 54
RE W55 ZF MREM, B9 32 BE A94E 29E MREM, 29 4= 49
W42 ERG TG dolnd, B Sh §AIR M-S A RE WSS EIGM
AYUSS TS MIM, B9 78 49 W4S A 915 BE WS TG FM5} Aol
32 g0l WE AT BE WS ZEE MILVM, 29 01 BE A905S 2
AA) ol el BE 71 S48 BF S Adshs Aol oje9n g ofe] 7



480 Chaeyoung Oh, Keunbaik Lee

Table 7: Likelihood ratio tests

Model LRT statistic df p-value
1vs3 28.324 4 <0.001
4vs 6 31.351 4 < 0.001
7vs9 28.142 4 < 0.001

Table 8: Data analysis results for for Models 3, 6 and 9. Estimates and p-values are displayed

Model 3 Model 6 Model 9
Parameter Estimate p-value Estimate p-value Estimate p-value
(Intercept) 3.031 < 0.001 3.012 < 0.001 3.005 < 0.001
EXP1 -0.228 0.073 —-0.268 0.036 -0.219 0.036
REAO —-0.588 0.020 —-0.490 0.058 -0.594 0.255
REALI -0.410 0.003 —-0.367 0.008 -0.411 0.003
CHR1 —-0.580 < 0.001 -0.639 < 0.001 —-0.583 < 0.001
JOB2 -0.302 0.001 -0.320 <0.001 -0.310 0.001
JOB3 —-0.535 <0.001 -0.566 <0.001 -0.539 < 0.001
JOB4 —-0.431 < 0.001 —-0.460 < 0.001 —-0.435 < 0.001
JOBS 0.027 0.948 —-0.056 0.896 0.024 0.955
SEX1 —-0.640 < 0.001 -0.610 < 0.001 —-0.634 < 0.001
AGE -0.012 < 0.001 —-0.011 0.001 -0.012 0.001
EDU1 0.271 0.002 0.283 < 0.001 0.275 0.001
EDU2 0.527 <0.001 0.525 < 0.001 0.533 < 0.001
DIS1 —-0.821 < 0.001 —-0.825 < 0.001 —-0.821 < 0.001
INC1 0.245 0.002 0.256 0.001 0.253 0.001
INC2 0.479 <0.001 0.493 < 0.001 0.488 < 0.001
SMO2 0.065 0.486 0.067 0.463 0.059 0.528
SMO3 0.350 0.001 0.327 0.002 0.343 0.002
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e FG FUAL A2 o] 5o FWet BYo] Fstich. 1 A7 24
HISES & 4 GdSlTh FARE B2 SU0lR £ 59 ¥ 39 WRe

[e)
A
2 39, nESHR ol &5, 48, Yo, igE, WA o, Aofjol i,

3 RO YT} AR A2 B 9] 2] 2 (missing at random) & 7} 2 Al A LA
Axoltt. ShAITF B A A Zp ol Al B] 9 2] H S (missing not at random)©] A= FAY ST}, A A H 371A] =3}
@& 77’ A5 (ignorable missingness) Stofl A BE= A-8¢ 4= Ql= R oltt. shA|uh B¢l ]2 5 5}
S AL w4 2Ao] Bao] WA 4 k. wetA vl A slol A st REE At A AR
|7} Z(missing data mechanism)-& 11 2] ¢t =3 <1 A& 2 §(selection model) (Ten Have 5, 1998) == ujj &l
&5} 1§ (pattern mixture model) (LittleX} Rubin, 2002)-2- 11 2]5}0] Xt2 & B A5}o]of gict.
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