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Abstract

A terminal event such as death may censor an intermediate event such as relapse, but not vice versa in semi-
competing risks data, which is often seen in medicine, public health, and epidemiology. We propose a Weibull
regression model with a normal frailty to analyze semi-competing risks data when all three transition times
of the illness-death model are possibly interval-censored. We construct the conditional likelihood separately
depending on the types of subjects: still alive with or without the intermediate event, dead with or without
the intermediate event, and dead with the intermediate event missing. Optimal parameter estimates are
obtained from the iterative quasi-Newton algorithm after the marginalization of the full likelihood using the
adaptive importance sampling. We illustrate the proposed method with extensive simulation studies and
PAQUID (Personnes Agées Quid) data.
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0: Health Ao1 1: lliness
(Initial state) (Intermediate state)

2: Death
(Terminal state)

Figure 1.1. Illness-death model with initial, intermediate, and terminal states: Xg1, Ao2, and Ai2 denote the

transition intensities of 0 to 1, 0 to 2, and 1 to 2, respectively.
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Figure 2.1. Five possible observation patterns for intermediate and terminal events: W denotes the inclusion to
the study, O the end of the study, » the last visit that the subject was observed in the initial state, < the first
diagnosis of the intermediate event, > the last visit that the subject was observed in intermediate state, and < the
first observation of the terminal event; triangles enclosed with dashed line correspond to unobserved event times.
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3, By = (Braat, Brozs -, Brsig) £ ¢- 3 BAFAAS ME )1, 4,58 6,0 42 ol BRZ
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Hermite quadrature)= ARE3l] £ SE3,E ZAAIL M-FAGqAME= 57 d¢=5 () =
—logm(¢Q)& Bk, f(¢)e LAtk mEA Y HAHgradient) #E]2}F o] 2} n]ZA]Q1 & A ¢H(Hessian)
PHG o] g3l o AREHHY (quasi-Newton method) S A&t £(¢)E 718 27 3= AR (&
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AR Y HEoz oAl Gy g Wwol 19 AFRZoA AT o5 AT AlF AlA

0 = Vol sEEdo =z o3 W& oA AFES dAs o] AFES VY, = Voi + Gu, Vo, =
Vi + Gai,. . BFL 2L V) (5 = 1,2,...) AN B2 75 YehiE 6 (5 = 1,2,..)F
8E FEo] pol M2 ol R2oA BATTE wHF 6 = 1019 V), AR sk 1o g Aojeta
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AEE YRS vlEch 29 (2.1)00A o = 0.25, b2 =
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Viie = Vi (k=1,2,...) 22 F31, 00]¥ 34| 2 Ao Fosiat. wpepx] A 35 A
0="Vo < Vis < Vay <+ < Vi;s < V41,6 = C:2ta A o, K; = argmaxk{V;ﬂ- < Oi}. at
C; < Vi;0l9¥ Case 12 73k, 28X ¢FO ™ Step 22 o5 3t}

e Step 2: ¢ =22 ¥, A FHF(x1:)2 N(0,0.5)0A 338t o] 7 FHZF(r2:)
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Table 3.1. Empirical results for the relative bias (r.Bias), the standard deviation (SD), the standard errors (SEM),
and the coverage probability (CP) for the regression parameters and the variance parameter of a normal frailty
based on the ‘Proposed’ and ‘Imputed’ models when Bo1,1 = Bo2,1 = B12,1 = 1 and Bo1,2 = Bo2,2 = Pi2,2 =1

o2 » Parameter Proposed Imputed
r.Bias SD SEM CP r.Bias SD SEM CP
Bo1,1 —0.066  0.237 0.241  0.954 —0.155 0.231  0.228  0.892
Boz2,1 —0.066  0.327 0.323  0.938 —0.156  0.308 0.314  0.932
B12,1 —0.005 0.265 0.263  0.950 —0.061  0.253  0.250  0.936
1 Bo1,2 —0.047  0.176  0.173  0.950 —0.140 0.170 0.163  0.848
Bo2,2 —0.052 0.234  0.231 0.940 —0.146 0.212 0.222 0.912
B12,2 —0.002  0.197 0.192  0.952 —0.064 0.184 0.181  0.926
1 a? —0.123  0.184 0.211  0.922 —0.297 0.151  0.220  0.668
Bo1,1 —0.066 0.242 0.244 0.954 —0.180 0.233 0.228 0.860
Boz2,1 —0.071  0.320 0.326  0.954 —0.185 0.296 0.315  0.920
B12,1 —0.006 0.271  0.265  0.952 —0.080 0.255  0.249  0.932
0.7 Bo1,2 —0.083 0.166 0.175 0.940 —0.199 0.160 0.162 0.752
Boz2,2 —0.073  0.230 0.232  0.954 —0.190 0.209 0.222  0.890
B12,2 0.004 0.205 0.196 0.936 —0.076  0.188 0.181  0.916
a? —-0.132 0.176 0.214 0.932 —0.341 0.143 0.229 0.548
Bo1,1 -0.077 0.275 0.280 0.950 —0.169 0.264 0.263 0.904
Boz2,1 —0.080 0.365 0.354 0.936 —0.172  0.338  0.341  0.924
B12,1 —0.023  0.321  0.308  0.932 —0.103  0.301  0.289  0.926
1 Bo1,2 —0.067  0.187 0.201  0.946 —0.163  0.179  0.188  0.878
Boz2,2 —0.063  0.242 0.253  0.952 —0.160  0.223  0.243  0.918
B12,2 —0.005 0.235 0.225  0.932 —0.092 0.216 0.210  0.930
9 o2 —0.149  0.263  0.167  0.852 —0.302 0.219 0.170  0.420
Bo1,1 —0.093  0.266 0.280  0.954 —0.204 0.250 0.260  0.898
Boz2,1 —0.089  0.332 0.354  0.962 —0.201  0.306 0.339  0.932
B12,1 —0.003  0.328 0.307  0.928 —0.103  0.303  0.285  0.926
0.7 Bo1,2 —0.121  0.200 0.198  0.898 —0.230 0.193 0.184 0.746
Boz2,2 —0.124  0.246 0.251  0.934 —0.235 0.223 0.239  0.870
B12,2 —0.013  0.238 0.223  0.934 —0.117  0.215  0.205  0.892
o? —0.184 0.276 0.171 0.792 —0.361 0.225 0.176 0.224

W gy (5 = 1,2)F AT ol tid vk gAY Sl E A7 S AP 2 Al S8 T
A W A T el g
Ao1 (€|, n:i) + log(1 — uo1:) =
Aoz (€l@i, m:) +log(1 — uo2:) =
o, Aoj(sla,m) = exp{B,;x +n}s"%, j = 1,2. WY C; = C; A Si AT;o]H Case 12 #7311,
T; =C; AS; ANT;o]®H Step 30.% 0]53}1, S; = C; AS; AT;o|H Step 48 o] Z 3T}
e Step 3: W T, € (Vis, Viep14] (K = 0,1,...,K; — DOl W, = Vi, Z; = Vi1, 2 B3,
T; € (Vi;i, Ci) 18 Wi = Vi, Zs = Ci 2 247y 93 & Case 42 73T}
e Step 4: W S, € (Vk,4,Ci)olH Ly = Vi, Ri = G2 Y3t T Case 22 EF31, S, €
(Vii, Vier1,4) (k=0,1,..., K; —1)°]™ Step 52 o] 3t}
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Table 3.2. Empirical results for the relative bias (r.Bias), the standard deviation (SD), the standard errors (SEM),
and the coverage probability (CP) for the regression parameters and the variance parameter of a normal frailty based
on the ‘Proposed’ and ‘Imputed’ models when 8o1,1 = Bo2,1 = 1, f12,1 = 1.5 and Bo1,2 = Bo2,2 = 1,F12,2 = 1.5

o2 » Parameter Proposed Imputed
r.Bias SD SEM CP r.Bias SD SEM CP
Bo1,1 —0.055  0.228 0.241  0.956 —0.168  0.218  0.227 0918
Boz2,1 —0.040  0.328 0.324  0.954 —0.154  0.309 0.313  0.926
B12,1 —0.002  0.290 0.268  0.922 —0.076  0.268  0.250  0.898
1 Bo1,2 —0.068 0.166 0.173  0.952 —0.186 0.161 0.162  0.804
Boz2,2 —0.065 0.224 0.231  0.944 —0.185  0.209 0.222  0.874
B12,2 0.000 0.205 0.203 0.944 —0.084 0.182 0.184  0.890
1 a? —0.118  0.183 0.211  0.926 —0.326  0.145 0.222  0.544
Bo1,1 —0.082 0.238 0.244 0.936 —0.221 0.223 0.226 0.832
Boz2,1 —0.076  0.324 0.326  0.948 —0.216 0.298 0.313  0.912
B12,1 0.003 0.278 0.271  0.948 —0.097 0.254  0.247  0.906
0.7 Bo1,2 —0.093 0.171 0.174 0.910 —0.234 0.166 0.161 0.696
Boz2,2 —0.106  0.227 0.232  0.940 —0.249 0.211  0.220  0.808
B12,2 —0.002  0.207 0.206  0.946 —0.113  0.179  0.181  0.846
a? —0.141 0.179 0.217  0.932 —0.387  0.140 0.235 0.390
Bo1,1 —0.099 0.288 0.279 0.942 —0.216 0.272 0.260 0.870
Boz2,1 —0.081  0.364 0.354  0.946 —0.198  0.338  0.339  0.922
B12,1 —0.027  0.333 0.312  0.926 —0.120  0.303  0.288  0.900
1 Bo1,2 —0.076  0.209 0.200  0.922 —0.200 0.198 0.186  0.798
Boz,2 —0.095 0.244 0.252 0.938 —-0.219 0.226 0.241 0.864
B12,2 —0.003  0.264 0.234  0.938 —0.108  0.227  0.211  0.844
9 o2 —0.150  0.277  0.168  0.844 —0.331 0.224 0.171  0.300
Bo1,1 —0.134  0.281 0.280  0.928 —0.271  0.266  0.258  0.802
Boz2,1 —0.120  0.363  0.354  0.932 —0.259 0.335 0.337  0.888
B12,1 —0.012  0.335 0.315  0.934 —0.131  0.303  0.284 0.884
0.7 Bo1,2 —0.122  0.201  0.200  0.908 —0.262  0.193 0.184 0.668
Boz2,2 —0.124  0.253  0.252  0.932 —0.264 0.233  0.239  0.808
B12,2 —0.004 0.256  0.237  0.928 —0.134  0.217  0.208 0.824
o2 —-0.176  0.279  0.172  0.810 —0.388 0.221  0.178  0.156

e Step 5: FEEE U(l — exp{—A12(Si|zi,m)}, D ERE G5 wis & AL o, Ao(s|z,n) =
exp{Bi,x + n}s72. £ol] it ofZ A =2 T, & Ao sich

Ar2(&lai, mi) +log(1 — u12:) = 0.

ek Oy < Ti0lW Ly = Vi, Ri = Vip1,: 2 B8 & Case 22 EF73c}. ‘:L FT € (Virss Vir1,4)
(k)/:k‘+17k+2,7K171)°]tﬂ L’L:Vklv R’i:Vk'+1,i7W V V +17,E ](-)]9/]6_]':1—,—7

T; € (Vi,5,Ci) ol Ly = Vii, Ri = Viey1,4, Wi = Vi, Zi = Ci 2 7—17—. -4 3 Case 302 E57
stc}. ghek T 7) S;9F B LS kol £31H Li = Vi, Zi = Vi1, 498 & Case 52 EF/3H}
0’21 5L 28 ¥, pe 1 L 072 Feth o2 AAL ¥ES e, pe 3" $E A
Aol AAE AE5H <= vE&S ‘)rF%LHD} Tables 3.1-3.3% 0?3} p] Ul 712 23l disl 3AAG<}
BAF Fgwke] AdriEe)e] B (r.bias), EEHVAH(SD), FELAS] B (SEM), 95% AlF73 £
E(CP)= Aest Zolth. Table 3.1 3 AHS] A ofFol FAGlo] FH=Fe] o] ZFxe X
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Table 3.3. Empirical results for the relative bias (r.Bias), the standard deviation (SD), the standard errors (SEM),
and the coverage probability (CP) for the regression parameters and the variance parameter of a normal frailty based
on the ‘Proposed’ and ‘Imputed’ models when 8o1,1 = Bo2,1 = 1, f12,1 = 0.5 and Bo1,2 = Bo2,2 = 1,F12,2 = 0.5

o2 » Parameter Proposed Imputed
r.Bias SD SEM CP r.Bias SD SEM CP
Bo1,1 —0.058 0.253 0.242  0.934 —0.138  0.246  0.230  0.900
Boz2,1 —0.040 0.332 0.324  0.942 —0.120  0.310  0.315  0.940
Bi2,1 —0.020 0.271  0.263  0.948 —0.085 0.265 0.253  0.940
1 Bo1,2 —0.058  0.172  0.174  0.942 —0.139  0.168 0.164  0.860
Boz,2 —0.055 0.243  0.232  0.930 —0.137  0.223  0.223  0.910
Bi2,2 0.036  0.195 0.190  0.942 —0.032 0.190 0.183 0.934
1 o? —0.116  0.181  0.211  0.932 —0.267  0.153 0.218 0.734
Bo1,1 —0.087 0.254 0.244 0.926 —0.185 0.248 0.229 0.858
Boz2,1 —0.071  0.310 0.326  0.962 —0.170  0.285  0.315  0.948
B12,1 —0.007  0.271  0.263  0.944 —0.088 0.262 0.250 0.934
0.7 Bo1,2 —0.096 0.187 0.175 0.902 —0.193 0.181 0.163 0.756
Bo2,2 —0.084 0.234 0.232  0.938 —0.183  0.211  0.222  0.880
B12,2 0.008 0.207 0.189  0.922 —0.072  0.198 0.180 0.920
o? —0.149 0.170 0.217 0.930 —0.328 0.140 0.228 0.598
Bo1,1 —0.084 0.286 0.280 0.928 —0.160 0.275 0.264 0.890
Boz2,1 —0.096 0.351  0.355  0.950 —0.172  0.326  0.342  0.932
Bi2,1 0.010 0.313  0.307  0.942 —0.086  0.298  0.292  0.936
1 Bo1,2 —0.097 0.201 0.200 0.922 —0.171 0.192 0.188 0.852
Bo2,2 —0.112  0.253  0.253  0.942 —0.188 0.234 0.243  0.886
B12,2 —0.047 0.224 0.220 0.956 —0.144 0.212 0.209 0.948
9 o? —0.139 0.280  0.168  0.862 —0.283 0.246 0.170  0.468
Bo1,1 —0.089  0.268 0.280  0.958 —0.179  0.258  0.261  0.888
Boz2,1 —0.126  0.341 0.354  0.944 —0.215 0.314 0.340 0.934
B12,1 —0.020 0.302 0.305 0.956 —0.135  0.287 0.287  0.946
0.7 Bo1,2 —0.125  0.198 0.200 0.914 —0.212 0.191 0.186 0.794
Bo2,2 —0.138  0.235 0.252  0.946 —0.226  0.213  0.241 0.894
B12,2 —0.059  0.243 0.220 0.926 —0.169  0.228 0.207 0.912
o? —0.181  0.287 0.171  0.788 —0.344 0.240 0.176  0.290

= 33}9] —:’-7] ]’ 1’% 78‘ ° 1:!1( 01,1 = ﬁ021 = 5121 =1 5012 = ﬂ022 = ﬂ12,2 = 1), Tables 3.23]'
3.32 S AAE A3 AR AP Tol 42 S7HBor,r = Bozr = 1,812 = 1.5; Bor2 =
Boz2,2 =1, B12,2 = 1.5) T2 A (Bor,1 = Po2,1 = 1, Bi2,1 = 0.5; Bor,2 = Boz,2 = 1, B12,2 = 0.5)3= 4
Folth Al 7HA] ASEE B =Rl A Alst B (Proposed) ¥ #He AT T ARAS] HAY A
AL =29 7o S22 oA s W (Imputed) 2 A2 ¥]23193 T ‘Imputed’ *HH-2 Lee
(2019)°] L3t R 717]A] ‘SemiCompRisks’ol] WEH idm Fpol v ZH|YE|E 2P0l T
o, Touraine 5 (2014)°] 71L3t R 7] A ‘SmoothHazards o] W73 FreqIDHReg 3F4=o] H]
-5H ?_Z_]-— == E]—Q Z_ /\]_7—] o x]ﬂtﬂ— 2> 0]‘— Z]—F(—] o] O]]q_
Table 3.12 AHEE, A, ¢°3} po] ZE 3o ths] ‘Proposed’?] rbias7} Imputed’H o} 2Hgro
1, ‘Proposed’®] CPE ¢?2 A9stn YA FARSTELS FEZEA 0.959] 77 A T Imputed’
Wi WEguD 42 4TS BN B4, o9 e AN 1 Proposed’t pel ol BAR
9] rbias®} CP 25 zFo]7F 1AW ‘Imputed” W2 p2] ko] 1914 0.72 sl we} rbiass
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Z7Ftn CPE BEZIA o Hojxle AFS Atk ol po Frol FolA4E S Aol i
T AR T 7Y Fo] oy wlEd Aoz Aztdr). thA] @El ‘Proposed s FEE
ohE 27k 2 ) e E 2ol 7 PN S AR o] e BEE sty 7gS vhd o
‘Imputed’= 1 F7t] Sl A Aoty 71g 3] wiEol] 73k Fo] F71dE ‘Imputed’

AZEch AR, pl e 1AL o) F iy BF 079 77

o] ZtelA o Hojd 4 gltta
7} S 7VE4E rbias7t S7FHA T SEME S7FsHs A do] Qo] A= CPY 32 Abol7k glith U
A, o®oll T3+ ‘Proposed’®] CPE BEZHT 22 S HHUA W ‘Imputed 2T} vf-$ $43% T
ol AL po| ol HATFE, 679 Fro] FIIEFE FIHIGUTE B =RolAe 0?0l it 41
T Ao 7 AL T Wald-typed A oFstgd=tl] %= 1](likelihood ratio) AAS ]
&3 F4 22 A-85tH K (conservativeness) H Q1 Aol tha F5E ZAog A7t} 3Hd Table
3.2¢} Table 3.39] 2= A H A Table 3.19 Axe} FAFIA T

=
o
—

4. PAQUID X2

Personnes Agées Quid (PAQUID) 7= w7} Abgol njxl= &35 &A3H7] A8 A=)
t} (Helmer 5, 2001). BHL zabs IXR 29 = £ X|(Gironde, Dordogne)ollA] F&3}gom,
6

1988K-E] 19907kA] Aol Fefst 65A] o] =152 A= o] ok v 2-3:duich AR 1y8hA &
A AT (A A o7 5 A AP RS 32 FFsgch. AT FAT 36751
% 832(22.6%)Wo] 2 7|7t B AwjE TS wokow 1% 639(76.8%) Wl AFYEALE
WA 2,843(77.4%)8-& F4 717 B4 AME AFA hoken % 2,298(80.8%) o] AFEEHA
ot 2 =M= PAQUID ztgoA AE3HA FE3t0] B2 1,000 22 o]Fo]zl ‘Paql000” A

BE EA3laa} 3t} (Touraine 5, 2014). ‘Paql000’9] AE5S A H W, 18.6% 7} Xvjg Atk ut
gkow 1% 68.3%7F AMHEAA, AmE A B AR F 73.3%7F AFgEAh AEd A
3 ‘PaqlO00’ AtS+ ¥, 25AF ol oF, X o R} Abg o FETE oz} xuf Ao
AT A AP (E), A7 FSFA 42 7P A AR (L), AR Ak A2 AY(R:), A
T AY(Ty), SEAT 9

off Gt AFG oFE FY AR HFHTE £ =RoA Atst WEE F837] A 5=
W T8 AR W ARS FeEddd AEE AHSsh e odA A S AR el Gyl
A FEEETE AT 2R T3, T Aol TiolA sttt XmlE AEEA ok MA=
L; = max(L;, T; — ein), Zs = Ti + €22 FY3ta, A& APS AA= W = max(R:, T — €1),
Zi =T + €22 B3R &, end eiov 22 U(0, 3)0dlA AF3A 23 d<rolth. PAQUID A}
54 Case 19 3 Fdt= A= Eiol AFol] Fofst & AF T8 AIF Ci7HA] Aokl 7HAlolH,
Case 29| 33 Ml F3F (L, Ri]oIA AiZ ek & Cy71R] 4bolle 7RAlol ™, Case 3¢l
At MAE 73 (Li, Ri]olA A2 Ak & 270 (W, Zi] oA At 7HAl o], Case 4]
AFote Al XE AR A 73 (Li, Zi] oA APSeE AAelth. Case 1, 2, 3, 49] X%
Zv7F 21.7, 5.9, 12.7, 59.7% 2 YEFGow 1804 A7et 21X A5 A Case 590 d|Fsh= 25
Atk 2- A AQs BEYP-S PAQUID A5l AE38t7]ol] A Al 71A] 714 Aol Fx7} gholE
£ g2=xE 45H 7] 93 EMICM (Wellner?} Zhan, 1997) &1 2]&5S MA A& FES 54
9Tk, Figure 4.1 log(AEA12)e] et log(~log(#% A% £8))2 e Tdoln] 4x 22
Sne) 27 Aulz Aehe dw, AvE AR BT AU A, AU Aeie F 1w
How Aot AAoe Tz QMo ] dEe) Al 74 Aol

= Z

—~

2 ol (N
oN 0 N F-]JI rlr
O W2 o O =0 7

T
F

l
Aolol thSals 714 A
A7 ol SR EE Werhy & 4 9tk W NLMIXED Z2AAE 24 275 173 4

ool
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log( - log( Estimated survival probabliy ))
log( - log( Estimated survival probabliy ))

£
g

T T T T T T T T T T T T T T T
a2 43 4.4 a5 a6 a2 43 4.4 a5 a6 a2 43 4.4 a5 a6

log( Time to dementia ) log( Time to death w/o dementia ) log( Time to death w/ dementia )

Figure 4.1. Plots of the log of the negative log of the estimated survival function versus the log of time to
dementia (left), time to death without dementia (center), and time to death with dementia (right) for checking the
assumption of Weibull distribution.

Table 4.1. Estimates (Estimate) of the regression parameters and the variance parameter (%) of a normal frailty,
their standard errors (SE), and P-values based on the ‘Proposed’ and ‘Imputed’ models: 0, 1, and 2 represent the
healthy, diagnosed with dementia, and dead states, respectively

Transition Parameter Proposed Imputed
Estimate SE P Estimate SE P

01 Bo1,1 —0.101 0.195 0.603 —0.102 0.175 0.563
Bo1,2 —0.500 0.206 0.015 —0.500 0.203 0.014

02 Boz2,1 0.498 0.333 0.135 0.498 0.180 0.006
Bo2,2 0.008 0.270 0.977 0.008 0.166 0.962

152 B12,1 0.493 0.341 0.149 0.493 0.271 0.070
B12,2 —0.204 0.370 0.581 —0.204 0.339 0.548

o2 0.972 0.434 0.025 0.972 0.196 < 0.001

-

210} Touraine %5 (2014)°] 73+ R 7] A ‘SmoothHazards ol W&¥ FreqIDHReg IS 435
o d2 AyE B4 27|gez Ao, A HARHE (relative gradient convergence) 7]&Fko
o B4 Aol £ o7 3t

107583} =
Table 4.12 Z}7Z} ‘Proposed’ ‘ﬂ]’t”il]- ‘Imputed’ ol Wt FAHE IFAATLY} AF Zddely &
bl gt A 22 E P-3S AHeEd Aotk Figure 4.22 A 71A] Ao](0 — 1, 0 — 2,
1 — 2)of| thsle] ‘Proposed’ ¥H2] 7]A A o] 7}= (baseline transition intensity)2}, A¥3} 25
% o)% of ol ME ] /4] 23 Aol FEE FA Aolth. Figures 437 442 271 247 27
Qe At ZERR ol ol ol B o /44 23T} Aviz RS of ek AT of o] TE v
7}A] Case@ 2 ERH Z ot} Table 4.13} Figure 1.1 AFE] 0, 1, 2= Z4Z A7FsE e, X2 A
o AE], AFRE Aol Sid3ttt. Table 4.1004] 3| A Aol thdt AR el A vpA2 H2} 13} 2+ 2
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Figure 4.2. (A) Estimated baseline transition intensities and (B) 0 — 1, (C) 0 — 2, and (D) 1 — 2 estimated
transition intensities under the combinations of gender and educational background, where 0, 1, and 2 represent
the healthy, diagnosed with dementia, and dead states, respectively.

2 T 2SR o5 ool tjg FWe] AU w5 FAGS b o] T 2ol 7}
AT AICE 2™ ‘Proposed’ 7} 8824.39] 11 ‘Imputed’ 7} 100442 ‘Proposed’ WH o] ‘Imputed’ ®}
HECE 53130t} ‘Proposed’ #H o] A3E 8 ks v 2t
A, 0 — 1 x{o](ﬂﬂa]. Aol A x|ul AEjE x}o]) D= oAo] JARTE 1.1068) =¢kom
(P = 0.385), 25 1FE o]t Atgho] o]3lx] b2 AFZHCTE 1.6488) =9k1 SAHCRE {23t
AT} (P = 0.015). Figure 4.29] (B)olA 543 25 Zold 4 Ut} %’“ﬂ 1 — 2 doj(xuf
B4 AFFoE Hol) A= o] o KT 1.637H] Ekort (P = 0.149) 25AFS o538 A
o]stA] k-2 AbRHETE 1.2268) E 4T (P = 0.581). Figure 4.29] (D )OM %E‘fﬂ A3t opHE
53] 25WRL ol5@ P4 Aol FEA 4 ek AR, 0 - 2 Hol(AZE Aehel
112 A3 G AYS e dl) e ol Aad Loiod mxten ¢ = 0135
FE o]F olFo] wE Aol YTt (P = 0.977). Figure 4.29] (C)ollA 5L3 ZAHZS o}
. UA, X]“H Ak °1—r7} Apge]| E’]XIL A2 Figure 4.29] (A)ollA & 5= dXx0 ]“H
we Aol Aoz AR 2% ()7t ANE AR % Al APos Holst 2
o) 25 FAUHA B A, 47 SALRlel £ £ 00mecla Pl ooz o
ZZAA Aoz et} olu] 714 Hy: 02 =0 o] H, 2 > 02 AA 7 (boundary value)ol
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Female w/ certificate Male w/ certificate

N7 n =456, mean = 0.118, SD = 0.481 n =306, mean = 0.113, SD = 0.501
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Figure 4.3. Estimated individual frailty under the combinations of gender and educational background.
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Case 1: Alive w/o dementia Case 2: Alive w/ dementia

N~ n=217, mean = -0.599, SD = 0.122 N~ n =59, mean =-0.035, SD = 0.159
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Case 3: Dead w/ dementia Case 4: Dead w/o dementia

N~ n =127, mean = 0.608, SD = 0.316 ~ A n=597, mean = 0.281, SD = 0.325
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Figure 4.4. Estimated individual frailty under four cases of subjects: alive without dementia, alive with dementia,

dead with dementia, and dead without dementia.
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