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Ui B340 WM (sensitivity) EAI7E ASA oFeth w@, o)z HIWE B4 £4L
AL MOMCS} 2 8318 A4 AR} Sk HOLM2 o8 $419 3¢ 248 97}
G, MOMCHI} 2Hast S22 531 <47 £92 4 Aok olA 4Rs) TahaQ 24

o] 2 4 9t} (Kim 5, 2011; Lee 5, 2006).
2297 EE A A7 A A@AA o] Q= 23 (spatially correlated model) S whz ¥
23} (random effect)@ Frhd, ¥ 4AA Q] AL TE £7 23 A9 A tfst EAA
AT 4 Stk olE S, wlolA| el A= AFAGTE FH S ADH I (random walk) FE| =
3}3t CAR (conditional autoregressive) R8-S dwtdgoz ALgsly gt 2 A= CAR
3o 49 FeE 3748 ABASE 7HAE MRF (Markov random field) 23S 123kgich.
MRF 232 thitA 250 o3t JIHE B3 789 R 917]A spaMM (Rousset, 2014)3} dhglm
Noh&} Lee, 2011)S &3] 48 4 ;. #o]X]¢ CAR 2382 WinBUGSS} 22 j7|x =2 +&
T JARE, FA7EA] MRF 23S A7 4 e wlol A -2 glrh
H Ao A, Ay, oz A3t 53} AFYH] (SMR; standardized mortality rate) 7} A&
S PRAFEE olm@ Aol & HoleAlol thal £ AHA B 4BALS /AL HGLME
2toith. ol& 9% AFARE 2005U% 7)E ASE5EA] 411709 A Foll w4l 2005-2008'd
147 508 A9, AT, ol hE ATAES BRI 7 249 99 BAFUE 20054 7]
—i‘—&i B 2] 4= (deprivation index; Townsend, 1987)& W& (covariate), 22| FE z}o]& HHF
7} (random effects) 2 12istuct. FH= &9 W Haye] 24 SaA, 4 2297 AEAge]

AL AYAE (disease mapping)®l FENZ e} soralnal dhek. AdBAeIA BAhale
Nl 45 Tols RES BEDR RS, 2 249 AdAALe] AdR gk engew
9 WFaze] 247 SMR g vt
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B Aol A vk 2005-2008'd 47 FHE F2 AR AFERE 5= (AAL, ALLAL, AN
olw, At ez polth. T £ W FA4 udt BHAE F7] A 1d A
AFee 32 AR YE SEtete] Hojx 4dE SR AR A8 Ao wddrt. e AR
A}“H} Tt TARY 2 E T 4117 FEE AL dskon, R SE Ao AlS A, FA A
& THHoE Uil Aot old sigHs T HEATE 4
D‘r Aléﬂﬂ% AFAM A 2AR] 10% Z2AR7E 238, 2005-2008'd 493 ARgA} ol oﬁﬂﬂ =
A FE AIEsH] A3 AR AL 2005 AFAAL 10% ERAR W, FAES 2 E T3l AT
oke. vt A]eE Choi 5 (2011)9] Aol 2A38te] 3l A5 14 7H Hl&, A7Ho] fle 7t
T HlE, Gl FARA] 7 HlE, opstETL ofd Mg, oA S Tk HlE, 1 v R
F7E AT HE, =AU HIE, THEE 1S W AR v, o] A A HlE 5 97 74
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S5 L] vg (N AAA S0 )L Ansil, Fo glo] THF Ekrol B (A
AAA fz0] W8)S 2B} (Yoon, 2003).
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Figure 2.1 Seoul’s deprivation index based on 2005 census
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Figure 2.2 Scatter plot of deprivation index vs crude SMR for disease (left), accident (middle), cancer (right)
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yB i (=1, ,n= 41105 229 Bl 200595E] 200897442 =4 APl (2, A}
2, Holl ik APERE ek TR W), A (2.1)3 2 BES vET 5+ k. & 2R 2 o7t
FolRe o yiv AR 7VIUEST pie 7 Xoks X & wetha 7t vie F27HES 5t
7] wj&ell, Eoks HGLMo] Hth o]2idt 32 £3] BYM (Besag &, 1991) 23 olgta HEr}.
wiol gt AA%4 (link function)E 2342 & 4 (2.2)8 28 gL 1331, ow n=
;o et A8 o= (linear predictor) W47} Hth

yilvi ~ Poisson(u;) (2.1)
i = log pi = log(Es) + Bo + frxi + vi, (2.2)

g iR Ao AL B
Ei iR Aol 2] 7ljEs
wi AR 2A ol A x5

vi AR Xl ThE HRFa L

ojml, yi= iR A HFY AA| AR 5 AulEiH, EiE iR &R 99 Qo) thEk AE A
o AMYES AN ZIHARAF 7 H 1, log(Bi)v LZA (offset) 22 RH3} 3ty SMR+= ¥
A 29 AAE uASAE o, iR T Jd=g dib] 5= HlES Uit SMR; 7t
L8 =W AAgAE T A9e) AR Bk A2 o njse, LH Aow s s A
Awck 3 Ae] AYAGI Ao 2 vigt. olg Sol, tuA 5] SMRo] 1052, o,°)
BNE GRS W, DA ASAFY A7} AR T AT -’F% vl gt o & AT ARG
o] 1054 =T & 4 Qirk. olgd, SMRiE exp(vi) & T

A9 K0 — (01 )T SRS AR 9 193 2ol SEY (M1), 504 4
A& 183 MRF (Markov random field) 23 (M2)E 1&g 4 9J

M1:v; NN (i=1,---,n), BEo2 = 238, MRFM p=0

M2:v~MRF, 2" = [var(v)] ' = (1 — pN)/A

o710 A, N& A& 4117050 tet AFARE D Y= 411 x411 FP=2A, vk ii1x) 53} )
Fol AP FE N9 (4,5)HA Aot 1, AFEA Fstow 0 71tk MRF EFoA p=

F24 @M g Uehfie 4aAS52A 19 /1SS 2 58 4840 ®ou 09 Phess g
o] QI ~10) keSS gRe) IAE AL 2YS ouiaict. wlebdl, MRFOIA p7t 00"
[var(v;) 71 = 1/A5]0], M128 Z, v, & N(0,))2 E3¢ m8do] Hr}.
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2.2.2. B4 23

B2y (21)& A7) AA, wSHE y = (g1, yn)” (B 0o =411)0] Oig F 295
(marginal log-likelihood) m-2 4] (2.3)3 Zo] FJHtt.

= log f(y (

oZlA, FH 22 f(y)v ZIEE f(y,v)olA E‘i‘%’ﬁEJ} vell sl 223t Fefoirh. wek v =
(v1,++,o0) T 7F AR S M13} 22 23 0] 7145 = A (24)9) 22 JE7L = H, SAS-/]
NLMIXED ZZA|AA AlFst= GHQ (Gauss—Hermlte quadrature) ¥H-E AL&3lo] R4E A
61- /‘ ]Tq,

I'Es

f(yilvi) f(v ))dv) (2.3)

"= Zlog ([ exptrtutonseonan ) (2.4)

a2, AFAGZE T FAEE A
7] W&o, GHQ Wiozol A%t

okt webA, taA e 9%
ol Zold & AUrt.

= h(/807/817p7 A;ﬂovﬂl Z ng yl"uly/BO:/Bl) +10gf( ) (25)
log f(yilvi; Bo, B1) = yimi — exp(mi) — log(ys!),
log f(v; p, A) = f%vTEfl 210g\27r2\ D =(1—pN)/A
A ()1 i sk Yol T i ARG Aels)) s, nek ek Reg 34
g 4= otk WEEY o= hE, Hd 25 (o, f1)= £8-vH 9% (adjusted profile likelihood) <l
A

po(h)E, A 24 (p, \) = Al FE& (vestricted likelihood) py 4 ., (h)E HHE sk Fhe FHA
(Lee 5, 2006). olu], &4-TH 5 p,(h)+= 4 (2.6)F Zo] A=, vpx7}=] v
WOR py 5. (R)E BT 5 Tk
po(h) = h— %log \D(h, v)/27 |0 (2.6)
@, D(h,v) = —9*h/dvd’, T : Oh/Ov = 0L TE}= gt

2.2.3. WE & 2EL B WAL 24
o

HGLMol A WF&} 5] F4A9 0. B 2% h= 0, hi& ANZ St &8 AN 7
¥ slon, 4T 2N ATAO G = Loy B B= (Bo, B)T9 7 — ve] A2

FEA 33 (asymptotic covariance matrix)2 4 (2.7)3} 22 Hessian 2@ ¢l He| JidzRg o
o} At} (Lee2} Nelder, 1996).
*h 9*h
a3 28w XTwx XT'wz
H(B,v)=— = (2.7)
*h 9*h Z'wXx Z"WZ+R

Avop o
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71, Xt Z+= Z42F 8, voll tiek 28 E (model matrix) oW, W = diag(us;)E 71X 123
= (weighted diagonal matrix)©]™, Rgxq = diag{—32 log (f(vi,av) /31}-)} ojt}. O]EEH, v—ve &
AP A (27)9] H(B,v)9] dAPM 2% ofefiE (right-hand corner)?l 4] (2.8)& 53l
A 7% % 9l

Var(@—v) ={(Z"WZ +R) — (Z"WX)(X"WX) "(x"WZz)} " (2.8)
webA, A HFgH o9 95% AFHFHE A (2.9)9 Zon, oju] =24} (SE; standard
error) F3 2= HMFEH o0 het AT A= FAHAE AFs Fo} (Lee2t Ha, 2010).
0; £1.96 X SE(0; —v;) (2.9)
&, SE(U; — vi) = y/var(0; — v;)
3. A4

Table 3.1 2 HEALE FHFOE T3PS W, ZF AFFAQE M1, M29] AFA3E Yepl
Atk t-values FHX|/EEFELA} (estimate/SE)E S]], 247} 00]eke 757 st A 24
o7 BERAGFRELE et BEAo) )3 t-valuert 1.96 T} b vtz 5% fol4F &
oA SAHCE FosiA SMRe| 4¥F= okl & 5 ok M1, M2 23 g 7;_‘?%011/‘1 e = Al
=L poosr 0 (h)= ARSIl Ho @ p = 00 thE 7MdAAE 3T = ok Ho : p = 0°f] ths)
A $%H8] A (LRT; likelihood ratio test) A B2 LR = —2(RL(Ho) — RL(H1))2.2 Aol= 1,
Ho : p = 03toll A AHr=7} 191 ZholAlsg 325 weth olul, RL(Ho)9t RL(H. )& 22 71774
G714 S| A AL T HS JERATE Table 3.1614 B ule} zro] 29, A}z, o Abgol o3
A Ho:p=00° tgt 2xu] A4 A3} AAR A7 57H2 AFAA o] o} 93t Aoz Vgyrh p3
AR APALL 5 =0.150, ALZAPY p =0.146, AP p =0.152 & Yepgth. 3703 Ad4dS
23 M2 ZolA AR BAI A #2& whgdshs A Fo AR SMRO| fo ot 4TS
I PFE &5 Ak S, A AAAA w0l = AR 2A RS Aol njste] 12 AW,

u

rlu

al
=
-

Figure 312 A&7k 484 1eist MR Gol 4] A58 Fogos neds e B3 ()
B e B (9)2 AR F SMR FHAE UL k. HEASE BUFOR TeshA sk
2 W 2xelel S 7 AREE SMR &

MR 3277} F518 ol /AR e o), Faos
A olef @ Aols} Ak 2g & % gtk 3, Figure .18 4 54
£ uEA 57k A SMR) 58 Aol & 45

Table 3.1 Parameter estimates from M1 and M2

Cause of Death parameter M1 M2
estimate SE t-value  estimate SE t-value
Intercept -0.211 0.00579 -36.46 -0.193 0.01213 -15.9
Disease deprivation index 0.014 0.00083 16.69 0.013 0.00084 14.89
log A -4.57 0.11 -5.02 0.12
LRT for Hyp: p=10 LR=74.6 (p<0.001)
p 0 0.150
Intercept -0.375 0.00951 -39.39 -0.376 0.0159 -23.65
deprivation index 0.021 0.00142 14.81 0.020 0.00151 13.38
Accident log A -4.35 0.17 -4.77 0.18
LRT for Hy: p=20 LR=14.7 (p<0.001)
o 0 0.146
Intercept -0.14 0.0063 -22.43 -0.13 0.0121 -10.72
deprivation index 0.008 0.0009 8.7 0.007 0.00097 6.73
Cancer log A -5.03 0.15 -5.57 0.18
LRT for Hy: p=0 LR=37.9 (p<0.001)

P 0 0.152
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Figure 3.1 Disease and accident mapping for SMR estimates fitting MRF models
(left: without covariate, right: with covaraite; top: disease, middle: accident, bottom: cancer)
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Abstract

SMRs (standardized mortality rates) for major diseases, accidents, cancer are con-
sidered in small areas of administrative units such as Eup/Myeon/Dong from years
2005 to 2008. Due to small sample issue in small areas, the precision of directly es-
timated crude SMR for each area can be low. In this study, we consider the HGLM
(hierarchical generalized linear model) with MRF (Markov random field) to account
for the spatial correlations among the small areas. The effects of covariates for cause
of mortality by Dongs in Seoul and disease maps based on the estimated SMR are pre-
sented. The results suggest how we analyze and interpret the difference in mortalities

by small areas such as Dongs by revealing the spatial patterns.

Keywords: Disease mapping, hierarchical generalized linear model, small area estima-

tion, spatially correlated model.
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