The Korean Communications in Statistics
Vol. 13 No. 1, 2006, pp. 177-190

Bayesian Modeling of Mortality Rates
for Colon Cancer?

Hyunjoong Kim2

Abstract

The aim of this study is to propose a Bayesian model for fitting mortality rate
of colon cancer. For the analysis of mortality rate of a disease, factors such as
age classes of population and spatial characteristics of the location are very
important. The model proposed in this study allows the age class to be a random
effect in addition to its conventional role as the covariate of a linear regression,
while the spatial factor being a random effect. The model is fitted using
Metropolis-Hastings  algorithm.  Posterior  expected  predictive  deviances,
standardized residuals, and residual plots are used for comparison of models. It is
found that the proposed model has smaller residuals and better predictive accuracy.
Lastly, we described patterns in disease maps for colon cancer.

Keywords : Mortality rate; Bayesian modeling; Metropolis-Hastings algorithm;
Posterior distribution; Disease mapping.
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2 =59 T8 53 dFY AILE U REEL Atsln Hrisiy, 733
o2 AYAEE vudted Yo 53 AFH S FAANGH EXHE Yo A
Sl &3ty 2t AHITE A AIEES oA ¢k ¥ 9] Metropolis-Hastings

]E_E o H v

daglEe FIY9 Eséi}ﬁ}ﬂx} gtoh, 248 93l B =& Nandram, Sedransk
ol &l
O

2.1 tloly HH

E =&dA ALE " dlolH = 19883 1992d Alojof m|ro A while AlmdEv A
o] 715& A vojEHwo] oA 7tA2 Aolt) dolEHolae FAHoRE A8,
AF, A, AFA, AIRAUEE AR £& &3, ©lE v3 National
Center for Health Statistics (NCHS)o| B ® AlgEm Ao 7123 Aotk BEH
AP E2 19883 7 199213 Alole) 5d7F FAALLE S AAEE Aot}

2ol A} 8E AHZFL 0-4, 5-14, 15-24, 25-34, 35-44, 45-54, 55-64, 65-74,
75-84, 85 o2 YFdn, 4zt 1, 2, 3, -+, 9, 109 £AZ FAEY (Nandram,
Sedransk & Pickel 1999). F37FA]9-& Health Serv1ce Area (HSA)#t= #& @9 =
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g countyE FHE Zolth wFoE F 780709 HSA7F =9 7z HSAO <%
county ] & 194 207717 BEZen Y FYFE 2/t F&AE A9sn
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HAYE 12709 dixYge g yUFen Nandram, Sedransk & Pickel (1999), 1a 1
Kim & Nandram (2002)2 w}37FA2 2 =& A dHo]z|¢t 22 7z} gixjddz
W2 st

2.2 dl°]l & 2] Correlograms

<O 1> <2y 2> 4 948EFEE 439 AlgEo E correlogrameol o). g+
7He] “bin” AlolZE 500U EN AHZo TAIG]l 2HI ANFe ALEAEHE A
AAA e ASE ¢ F 9\)\‘3}. 7509td ol o] 2R HHY FoAFE 017
0.259] HYl 1oy w2 %01]*1 FEAT7E H gode e ¢ F o o
71M A#BF 0-4, 5-14, 15-24, 2 T dEge] A AR %E dAHEFA BA
2 0-349 9 Foz FIFHAL “}X]E}Q_i AHF 45-54, 55-64, 65-74, 75-842]

correlogram< A2 Hl 3 FEHE o RS FFE £ Qo
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3. WAY ALRE B4
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b7k 2 ny= HSA it d8= jo <ot} Brillinger (1996)¢F Pickle,
Mungiole, Jones & White (1996)¢} =FolA AL&& A vpA/MAR AR F
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p(8)=1 182 n2~r(g ;) o714 b=c=0.002.
o] R¥e A2A9 ZEAA RBo] AgHE Aoz o34 EFolzk EIPLTh
Nandram, Sedransk & Pickle (1999)¢} Nandram, Sedransk & Pickel (2000)8] =+
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Carlin 1995).
Au=9] /|48 o 28 HSAY AFE Nz e (B doled Afdde
a=7 and N=780), 2¢#E1xgdse b 2o

P(B,un* | doc [T 1] expl(z ) B+vi)d;— n,e &8t ]
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a I3 t ) 2
v z .3
Al)=v; ) d;—e Ninge - 12
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SERER LR
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i=1 =1 n

e 21 2EFFoT gy A'(v)=0 ZEn
St =008t &9 9] FAANE 7 F QA B0t (Giks & Wild 1992).

ve ZAR BEASYFRE 1S FHOE 2% HIY FFL FYPste FHA
gow 2 BREY BAS 2= ATFEEZ 2AFL 2 5 AT
a ~ a t ” ~ a
~ ' z. 8 Vi1 + vy
Mean(v; | B,n°,d) =~ v/~ d,J—eU‘ nge ’ -—;]{——2+6U2n1]e£’ﬁ “171 (3.3)
j=1 i=1 non =t
1 ;- 2 B4
Var(v, | 8,n°,d) = [+ eV’Znijeﬁ’Q‘JrV'] L (3.4)
n j=1
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g mEsA P(AId7")E AE@% BRAEHY AolE HFeE gholoh weop
Ate myol AAATA o] FrE AL FE 24 ok VA d2g 7= F
R

Pdobs d#w ZZ dobs_ #w (d#w+05)

P(d?,d™ ") = V12233 e,/ (a+ 1) = 0.5 Hdef* —d7 ™),

© 48329 ol (a=7), cij=rank(d;’]¢s—d;w)°]‘3]-.
j=1}
H

a7 +0.5

P(d*,d*v)=2 {d"b6+05 —
e T +osm

- -4z}

Fhol Al Wie] s del AlgEE Aoln FYWHS Hettmansperger (1984,
Chapter 5)0] A3t Aoz YFE HFao 7|xdte FAHUT. FolswH e Fo}
& ZEZE 7FAs Waller, Carlin, Xia and Gelfand (1997) 7} Al¢tg AHolt},
FholAlF HHF Fokd B G EE oJENHRE fAsltdm EEA v ol
A7 A FEE AHEstY 7 2y ARE vud dds <E 1>o v g o7
2 3 AR EA4 dodaxn 78S on ). <H

EE gAY =M B3Ry 43

4.2 53 A (Standardized Residuals)

F R EyFspEen ohgr Zol AFosHw FFE FAE AMEstzAt g
(Gelman, Carlin, Stern, Rubin 1995). ©] W& o] &3l THES v Wtz & o
o= #HA3te] EAE F&tr] st natelgA (cross—vahdatlon) U s AL 8sho
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<E 1> AFNRAEAE ol T F 2 43 Hw

4] FholA & W &9 W Xolg Hhy

TRyl L) 281 23 2 23 1 23 9
1 567.23 339.24 2275.02 1725.67 475.34 309.90
2 1342.39 823.78 547554 4281.73 1145.97 760.47
3 832.67 624.41 2592.96 2237.64 709.15 551.84
4 2116.61 1569.18 6885.92 5976.54 1859.90 1452.58
5 1568.84 1399.86 425268 4058.79 1336.82 1211.71
6 24292.14 182271 8011.16 6700.34 2133.38 1631.87
7 639.08 615.51 1447.00 1376.72 554.52 516.95
8 1516.79 1428.26 3487.29 3297.82 1304.56 1222.31
9 2143.97 1828.79 5733.44 5123.67 1819.89 1565.42
10 719.08 575.10 1884.89 1645.96 619.70 513.89
11 512.29 530.95 840.55 812.47 44431 42421
12 1148.23 715.43 4539.05 341299 | 101022 661.48

HFAUA Elryld ;) ek viadct o]Hd &3 BAE o] &3t Atd BHo] 4
A Age doiy & A¥HE=EAE B F Aok
Rhek (Gij)AA JRAT7L |IDRES)| = ¢8 H5EHH o] #FHS BHo] B AFA

12 #she oldel AYHTRI G F A ods1M g8 F2 3 FE 4F A8

Ny

FEs W @stazt q}u}. 15 Sk 74 AHSE o3 A &4 dAHE o
A9 AeE vudt. <F 2>9 <F 3> oo g ARE Holm U 97
A< 2>e 74 dEFHEE <E > Z dAGHEE o g ste HSAY A

28 AHgsd EF3 #sh vl 2 HSAY A7t Za
180 of ¥& 23olet 2E8XE F Ut
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<E 2> A% 3E XF8 TAE o83 F 2¥9 A7 v
9] |DRES,| > 3 IDRESz-jI =4

231 23 2 231 23 2
1 11 2 8 0
2 29 6 16 2
3 14 5 5 1
4 46 17 23 5
5 21 8 9 1
6 46 11 23 1
7 6 4 3 1
8 15 6 7 3
9 29 10 11 2
10 10 2 6 1
11 2 5 2 2
12 28 3 16 0

<E 3> gREE FF3 AAE o)L F 3 A ww

O |DRES,| = 3 |DRES,;| = 4
LRCRCN = S
2% 1 2y 2 231 2y 2

<4 110 21 77 8

5 32 36 11 21

6 8 11 0 0

7 52 9 22 1

8 16 9 7 2

9 12 7 3 0

10 27 12 9 5
Xobd £X9 A $4E v A AHEC] & HSA9 34 2E0A
E1 7111711 vt OIEE 29 Mev FYPshA] B 2] 2gE A @5 <2

44 FEA =X

<a¥ da)>E 75-844 dHF dFG AEEY BEHE o439 AYAEE O
d Aot 3 22 dHFoM B 29 BFFAG AFEEY HaEghe o4&
AR ES dEXE el AEAEE <Y 40b)>o EFIHJT AALEL 571 A

doz gEFHAeT AF 109 T L Al RS 0-4909, 491-5609F, 561-62078
621-6909, 69198 o449 AR g Mg WA} 2E 19 ZFEFAHZE ol &3 AF
FE APAET BF 29 =9 FARIY AFsden o d3Sd did AR
T 9 At dEHoz B 20 o3 AlgEe AWMALE FURFA

e o
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AAEE AYste BIY APES 2AR AWAE9 waddon, FHERE
dstel Y FAZ ¥ AYASS o nde dUE AW AgE 2y B
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