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Abstract

Elderly suicide rates tend to be high in Korea. Suicide by the elderly is no longer a personal problem;
consequently, further research on risk and regional factors is necessary. Disease mapping in epidemiology
estimates spatial patterns for disease risk over a geographical region. In this study, we use a simultaneous
conditional autoregressive model for spatial correlations between neighboring areas to estimate standard
mortality ratios and mapping. The method is illustrated with cause of death data from 2006 and 2010
to analyze regional patterns of elderly suicide in Korea. By considering spatial correlations, the Bayesian
spatial models, mean educational attainment and percentage of the elderly who live alone was the significant
regional characteristic for elderly suicide. Gibbs sampling and grid method are used for computation.
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AE IEe AHET YDA E VEor A, At 22 ARl wEt e Age 7SS woA
G ASH BPg o8] &4 AHe mEI ATES ST 2, A G fiRES diwe] %
Aol A AE] EA YL, FREAIZF XS 9l AFAFolA FHH R AHdEo] W
Uehdth. 53] 3EAAE e wlol Xt AS A B o]83dto] SMRE FAS wl, A9
o] o FosH yesth. fie B9 PR AREo] 108 o4 Apolrt drhs Bk gl

(Levi 5, 2003), 22 =7} WollX & AAEL A G7tel 2fol7F v A gjgtd o g 727] o FH=
23t} (Gunnell, 2005). #]=9] A% FEA 0] v Y& vblch $f 2parg2 vFoA /Mg =2
Nuty 24,5 g Wl &5 7.6W o2 YEREI (American Association of Suicidology, 1999)
AN EAA G} A FA A Abolo| MY AES Hladte] AREEEE 7 o] ZAde| vl A= S
& FEAGo| AN G A o Hu7t

esag (1974)°] A Fst 2AF A7|FAR
FollA AFET} ol A AFA G
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A A7l 5& o] &8l FgT = Ut o] = A= Besag (1974) 0] A st CAR 23S &4
3l simultaneous CAR modelS 112 3}31 2} 3}
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o

AR ZANA A3 A Gl 2 JYP = st A58 FAFS HSFAHA 2AS 253
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e Wo| At A QRS Tefstaa} st
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A RS yiEt L FHEFE x Bl T uf, 2 GRFL 4 (2.1)37 Zrt
Yi| s nd Poisson(p;), i=1,...,n,
log(pi) = log(E;) +log(vi) + xiB, (2.1)
A7INA v £AG eI By ZF A G 7[R E R Fo|X AAFAA AET 5 Ut 8 =
= Agolm, y = (y1,...,yn) = n/h ZEZXZ n2 G N5E ou]gict.
o]z ¢ 225 A FolX Bpol IEjE = ARREE Thad) 2
v "% Gamma(n, n),
B ~N, (B, 022) . (2.2)
o] 7)ol A Gamma(a, )= ZPHEEE JEY (S, f(z) o 2 Y exp(—B)), ¥ = (71,...,7n) 12}
—'1:—1} Tl T3 3|7 A Boll tid AR EES] B9l B log(i) = log(E:) + xiBE 7143
S u yo =342 AEE 89 HY$=FA X (MLE)o]1, pIRS H-3) & (Hessian matrix)2] 2zt
KER = o Ry 8
B = (X'diag (E1,...,E.)X) ' (1,X/'(y — E)), (2.3)
3 = X'diag (Elexlﬁ, o Ene"'nf’) X. (2.4)

ol RYAA (o2, m)ell e 2AARER A2 59 1/0” ~ x* (1)} 7(n) = 1/(1 +n)*& 7H33
o} ol me BEES] APAFEE n(v, 8,07, nly)E 4 (2.5)9) 2k

7 (v,8,0%nly) = Hﬂ (yilyi, B) w(vilm) () (Blo®) m (o°). (2.5)

Yi| i o Poisson(u;), i=1,...,n,
log(pi) = log(E:) + ui +log(v:) + x;8, (2.6)

oA71oA u,= FHYS]EFZ simultaneous conditional autoregressives ARE3SIITE (Claytoni}
Kaldor, 1987; Besag, 1974).

(wilur, ki #i) ~ N | ¢ Cowur,6” |, (2.7)
k#1

H BZA Ce nxng thH dolth. IE nxn GP Pzt 3t B =1 — ¢C2L
Rk EEH AN << S B Cel el S @7k AT < ¢ <A > 08 WS ) B
A X (positive definite) F+E311 ue] AFAIZEZE u ~ N,(0,6°B~ )7} At T3t 529} ¢of o
MM A2 Akt gdRZR PSS9 o= vdvER AR E Co 1R T
7P AL ARH(A)H 7P 2 2rE(n) e 019“3}04 ¢ ~ UM AHE 73T (He9} Sun,
2000). °lefl wh s ARAFEE n(u,y,8,1,0%, 6%, ¢ly)E 4 (2.8)F 2tk

l‘

™ (w7, 8,m,0°,6%, ¢ly) = H?T(yiluzw%ﬁ)ﬂ(uwz,¢)7r(%'\n)ﬂ(ﬂ\az)W(GQ)W(52)7T(¢)7T(77)- (2.8)
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2.2. HIOIXI2H AL

T 2o taiA Hlo]x ok 28-S 317 YA 2 ®47](Gibbs sampler)E ©o]-&313itt. 24 2
oﬂ g 273 AFFEE (full conditional distribution)‘; B2 AASYTE AR B =
(3,0°)5F £A% FURY 5 F (10,0% ) VA AL WEE 222 Y2 FI71% 55
deE AR & dARE YA BeEl] B 227 23 FHE UEhA] oot thE e o835t
o] Y42 AABATE B 2 AR AT R oA 8 D (Taylor) A7 (P ~ (1+x,8+ (x]
g3l At AFEEZE AQHEE (proposal distribution) 2 3 HEZZ2]2 |82 (Metropolis-
Hastings) €a18]&S o]&3ich 2 2o A AxE AR = o33 2t}

N, <<XAX+12‘1>1 (x’(y—a) % B) (x’Ax+O_122‘1)1). (2.9)
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(n,¢)= HA7F BAHA U w2l ARG B (grid method) a3} e W g > 00)A W
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2, w(nly)E AV w(wly) 2 RE w0 < w < 1)& AL Aste] Ty AAE mae AxY )
He 1HSES dr)

1. 0olA 1Abo] 77+& 100709 77ko = B&stal, 72t 77k AA™E I, k=1,...,1010]2} 314}
2. 7 e F2hke AR ( My, k= 1,...,100).

3. ZF SRR M) ol T3t 2 AREE F4ghes P (ar = 1(Mgly), k=1,...,100).
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Figure 3.1. Standarized Mortality Ratio of the elderly suicide
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(a) Model 1(Without spatial effects) (b) Model 2(With spatial effects)
Figure 3.2. Estimated SMR of the elderly suicide

Table 3.1. Bayesian estimates and HPD credible intervals

Parameter Model 1 Model 2
Mean SD 95% HPD Mean SD 95% HPD

51 —0.0204 0.0029 —-0.0258 —0.0139 —0.0203 0.003 —0.026 —0.014

B2 0.4624 0.0652 0.3139 0.5912 0.4618 0.068 0.310 0.597

o2 3.9871 19.5177 0.0675  12.4631 4.4416 31.559 0.069 13.276

n 19.5934 3.3526  13.1137  26.0877 19.5513 3.358 13.114 26.000

52 0.0000833 0.0000076 0.0000690 0.0000985

¢ —0.0077 0.038 —0.084 0.064
olgelo] B4E 2 oi7loIA BUNARE VLA 9 ma(2AR)T FUARE B
83 29 (249 302A)S LA B 2AJ2AT 29 FUAANN 2EH AT ASE
a5FEo] 24 —0.0204, —0.02030.2 AK{FFEO] ES5F A QY g B A0 ey,
AL W2 Zh7} 0.4624, 0.46182 FA =l Bl E0] HE4F X H AdEo| 2 HAE /A&
Ao g vepgth Eg ZF BYoAN FHE BEIATES o8t AMAEE AT A3, ¥
4 SERITEE HAT £ sl SLYIPAE nelsle W 28 Aol BuE Wigosn, ¥
FA B, T 5 TY AFolA mEsA sl & AL FAE 4 A3tk (Figure 3.2).
et mele mas W) s Al A AES wmANSIch A WAL Waller 5 (1997) 0] A
013+ EPD(posterior expected predictive deviance)o]t}. y™*P= MCMC AAto| A wrEz oz Ait
A ke SJulse, kg Aol ek qle) 228 y'rE olgdko] ALY, ki WMBASE ojul et
(k=1,...,#of replication).

Py 7y = /g(yre”Iu)h (1aly*™*) dp. (3.2)
Ay, ™) & ALl el Thee ANT ol Y AE B

E [d (yrep7yobs) yobs:| 7 (3.3)

7]l 4 EPDE A4 918 B4 dB Aol ok 0% F NS Teisigch el
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AF<

o
o

e ( obs yTep)2
dy ( ) Zk: ( Y 5) (3.4)

£ dao(y®,y" ) = 230, {w?" log(yi"® Jyr s — (9" — yiSE)}elth
L AN & 9 mhedl, A2 wee AL et Aok

do (yobs’ yrep> =2 Z {(yfbS + 0.5) log (:;igg) — (yfl’S — y;c}f)} . (3.5)
k Y,

T WA Z Gelfand®} Ghosh (1998) 7} A<+t PPL(minimum posterior predictive loss approach)<
AN E Y. PPL = G + P22 49 H, G113} P12 th3 2ol Zojdth

2
G1 = Z {E (y:’ip|y0bs) — yngs} , P1 = ZV&T (y;iﬂy()bs) ) (36)
k k

A7 Gi 7t P2 4 (32)2 ol &3] AN, G1& RBATEE oIvshvl, P2 A0 (penaly
term) 2., Wt Rao] HaFA wi HUFANA NH A @S AN HBw ghol 1245 FL
2HAL oy,
Gelfand 5 (1992)-2 cross-validatory (= “leave-one-out”) *H <l CPO(conditional predictive or-
dinate) & A 3Tt WAt AYA T FFHoJ|A leave-one-out cross-validatory density: ThH:-3}
=y
PY =slye) = [ 1Y =slye @) (@) de (3.7)
A71A yit i8R BFZAE AT AL v, Q = (u, 0% n)olth. MCMC ALEHE o]
sto] CPOE Alidshe A2 vt 2
e H
CPO, = > wnP (Y - y|Q(h>) . i=1,...,n, (3.8)
h=1

h=1,...,H.

u2bA], CPO Zrol 45 3o i £2-L 9ujstt}. “pseudo marginal likelihood” 2 CPO Zkel
= A9E7|E =t Sl ALY HYE f5 2adeE o8t 2(CPO)Y Bd= STt
webA LCPO+ gto] 4S5 $2 B3 Y-S gt

LCPO = -~ > log (cﬁb,-) . (3.9)
E7F 28 S A5 E o] 83te] AXNARYH £A Y FNREFS vaPye uf 9 Al 7K H=e gt
o F7hE

KeR
ATHE Table 3.29 2t} ARAoz FRAVBAES T2 44 Ho & Asle Aow
B
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Table 3.2. Model comparison for two models

LCPO EPD(Chi-squre) EPD(Poisson) PPL
Model 1 164.1 523.7 508.2 23381.4
Model 2 163.5 523.2 507.9 23361.0
4. B2
# EEoAE T LA sl 2HY BES ATER AYAEE APesIch BEIAY
£ FA%7) A FFABAE LH6HA 4L £ B0 FFABAE 3 aXS F
e Dtk 5o, 27 FURPAE o128 AIEe] ARE UL 5 I simulta-
neous CAR model& ©]&3F Hlo]z| ¢t 22 T3t I A3}, 2R FEFo] A5 o &
Agohs 2o yehgen 23 PgEC] e AU W2 A oA T A G ol
219 Zhol] 2EIAEEY] WF o] EolE AL AT 5 Ak BT 229 FARF | hafA] Heek
Sun (2000)°] A<t due]ES AT ZH BEH QA AloAIL FES T 5 AT
2= A: MLE and H-matrix of 3
Be NAEEE SEFSE T} o] ARHL 0 B AThSEFFA Homatrixd ol 853ith,
L(B) x Hexp {—Eiexw} EY exp {xiByi} , (A1)
i=1
log L(B) = = > E:ie® + 3 !By, (A.2)
i=1 i=1
0 S 1 xiB S /
B log L(B) = f;Eixie 4 ;xiyi =0 (A.3)
& Z Eix; (14+x;8) = ngyi (by Taylor series), (A.4)
= i=1
2 n ’ ’ ’
257 o L) = - Y Exixie*f = —X'diag (Elexlﬁ, o Enexnﬁ) X, (A.5)
B = (X'diag(Er, ..., E.)X) " (1,X'y - X'B) (A.6)
£ = X'diag (Ele"'lﬂ, .,Ene"’nﬂ) X. (A7)
9= B: 279 ASRE
22 ZRRo] el A Aa BH1E A8e7) A8 2ARATRTI)
’ ’ T
(@) [uly,8,6% ¢] ~N, (5°B™'(y — A),5°B ™), where A = (Eyuexlﬁ,...,En'ynex"B) . (B.1)
ind x/ Wi
) [yilyi, B,m] "~ Gamma (y; + n, Ee*P T +n). (B.2)
2 ind n 1 ’
(c) [6%u, ] ~IG 5—1—0, Zu Bu+d|. (B.3)
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() [Bl7,B,0%] x exp {— i By Pt 4 ixgﬂyi - % (ﬁ - B)' s (ﬁ - 3)} . (BA)
© (18] ~16 (252 3 {(5-8)' 57" (8- 8) +1}). (B5)

1 1
(f) [¢lu, 6] o< [(T—¢C) ™| 2 exp {—%Qu'(l - qu)u} , forpe (ATHL ALY (B.6)

n

(8) [nl~] o {gﬁ)ﬁem { (% - 1) go}r, where go = Z%%; g1 =
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