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Hierarchical Bayes Analysis of Smoking
and Lung Cancer Data
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Abstract

Hierarchical models are widely used for inference on correlated parameters as a
compromise between underfitting and overfitting problems. In this paper, we take a
Bayesian approach to analyzing hierarchical models and suggest a Markov chain
Monte Carlo methods to get around computational difficulties in Bayesian analysis of
the hierarchical models. We apply the method to a real data on smoking and lung
cancer which are collected from cities in China.
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EAFEY 7B AL ¥F X #EA x% X9 E¥E ZAHFE 25 otk It 4
oy & B4 g7k & R ol Ay A 6;,5=1,,/,4 W o] OF EFE Aloj7t £
olgtd I EFES /AL 2L wEsde ¥ deEes e €& Aotk oy od
AL v SE gREe Ao s B4 dd &0l EAstEd olg & E WY
3l AYFEREYH L TASE He g war. ol EAE A MAsy] fF wHe=
% 2 (hyperparameter)2t Ao HE ERFFT 4o 7Me Fu AFHoz 2y st A
29 8 (hierarchical model)©] &&3tA A}&25 1 At} (Good, 1965, Mosteller and Wallace, 1964;

Hill, 1965; Lindley, 1971).
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AGEELE Agsldg (R E AFAF7]N FE£ BEFE 7FA D dos FHo] gloy A A
BAoA da] 2ol1 vt (Fay and Herriot, 1979; Dempster and Raghunathan, 1987, Mollie
and Richardson, 1991; Richardson and Gilks, 1993; Meng and Dempster, 1987, Gelman et. al,,
1995).

2 =ddAe T3 A8 EACGAN F£3E F44 HY HAE AEE AF B3
o]t 71 & AlEslY Bt doh ole Axe FHErF 2E& FA| otdA FRHYoY
ME & A2t 3040 FRERem g vo)x ¢t WEFEA (meta analysis)d] YFo|gt &
4 At} (Carlin, 1992).
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2gdz 27 e BEe A6, Bae) 2 #EAY Be 2o

4 JFEEE G2UL oAk

y,| 8, ~ N6, 5%,
6;| w, & ~ NCp2), i=1,.., n; j=1,..,J

ol Wl g5 A Aoy 4,9 Eg pst & 2ES (hyper-parameter)gt FEct.  #]o]
Aot =28 Y5t RS dF AAHREEZ WA o AHAEEE (9t sl b FARL
wWopo AMHEEE p(ho F9. p(YDEE BE AT FREAE BEFSE, F, pdo)=1
& AHEET b 49 o ARARLESTE plu, D=p(ul| 0 p(Dxp(r) 9 Zo] Aot

o2t BAL B ALFER ZAGT. 28 AF BFEY B AFEEI AL FH
2 FoAA v A¢7F gFE-Eolt. oF Ay AT WHeR EHZAZ JYPE AHEsHd
Eo AIFRES A4S o]E AFHES V|92 & dojXQt 7Ije] FE AIEH I Qlth
metx BEo AR EE Ao & =FdA tiFe BA4VIHY rdtelgt & & ok (Gelfand
and Smith, 1990).

olAl AF EY oA Z} 25 AFEE AL AT AIFEZE FE& 2 WA As7}
FARE W B §=(0,,...,0),p,7 9 ZEAFTLEEFE

oi-“:

20, 1, dy) o< p(u, Dp( 8y, 1, 7)
o< plu, ) p(A0) p(Gu, 7)

o< p(7) p(36) p(Qu, 1)
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o< d((u=WNV,)

ddf o] =
2yj 2
—~ =1 r°+ 05
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olth (Oh, 1999). 91 412 Ao pof st HUHEE p="p 2 oW,

o« 1/2 o i (= w)?
o) e o0V, I (03 e P en(— 2t

Ad oAl 9 e vl$ B33 HHE AT ok o)A ANM FEFT AE %%
ol&3te], LalE B4 g uro ATREE ﬁﬂl A F ok AL A9A p(dy)i a=1
AAsted pldy)d 4o #ad Hert ofpvirnz e -717F 9 (Accept-Reject Method)a

o] &3t} (Rubinstein, 1981). A4 @ o7} Fo42 A oA plur, 2FEH pE AL o3
pQp, 7, 2RE 65 BAsHE Dot olg€A BAE p,7,09 AFEEE 083 4 EF

g AFFES FU5E A
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3%. $9% AY TAE AR 24

co] BAellXe T3 87 EANA ZAME FAAS) B FAA Atole HYg HAHRF g
Y A8E 2%y AFRIFE o83t EMstuA stk o8 XolA Rold A8 E djye F
Aote) AFAA EAstHE RS oeE Y (meta analysis)ol2ti dt=d|, 2 EAER o HL
JAsAT, 58 & AT FFS 7 AAF R (prior) & 71UHEHA] g1, & EXAE 5 F

datttn 7Hg e
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E 1 F3Ud9 F4% HdAE (Lig, 1992)

<2y 1>o] BAH 3t Fol AL e =A] 8Reltt. HolHE <X 1>0] FoA 3l

olg} e W=y zgo AL 7 EAEZ 212 ZH(log odds ratio)oll Wt HFEX AL
2 A48 £ =Y $yE o] 2ae=uld tdd HF AE: BYE sHFET wolAet ¥4
S 3 }

2 239248 AHER. ;8 U EACA FAxF AL 2™ A
&, npE HA EXGA FAAF gl ¢ 2P A F, ony,& j8A EACA ¥HEFAA T
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olf, BRIt E A% ZAHHLR y; ~ MO, 05 otk (Hel4, o5, 1998). wWahA 2%
Mg ol AE B¥ = 6§, ~ N, ) & 7188 4 Uk
AZ EF Hol lJ B £97171 Mol 2202 E 2>3 2ol

-2R= <E 2>9 o=uZRY Yt & F
Aol AR 2= FoE Rolg. &3], ¢
H]7} 15882 7Hy v},

F39 A NgFolMg gL gung g E °1%&
7t #2 GulEo Hgd dE FEo Ci does dFZ23E 21 ‘PT‘Z-I“—B zZd, \}% ‘?}HHE “x%
o] Y& MYolt et A 22 ¥e o ?1?‘ Ao 438 F

olA 2o zuld dig AFEEF 2% 1*1 71€3 WolAt EAE 43 }04 B o] x|t
A& 9t 79 APHEEIL 8 FFHE, o oA e FAHE AHEX =1 AS
712 st E4E AFERS 27 Asted o, 4, 69 €02 AFEES 443z @
ok AT upel Fo]l o] FRHAZEE p(dy)e T FHZ ok 2R AY-7A7HE AL
gotel AASLA Y AY-AZ ] EINE BERSY Ado] AR Fast (HuF, o
%, 199). A% 5T HdES fstd p(dy)E a2i2Y <" 2>9 2 o] pldy) st
BoFo] HEEHEAM AP0 e FEFFZ fEE o8 AYReE AAH NO,0.2H)5 A
stk o BEEFE ALEE V1Zh-Ad P ozRE 3000702 r d5E HAAA JAELY
& a#E A2F p(dy)dl wis 2HEES 4 F AUh

oA AAY Z 7} Fo4X =7 oM plur, A NCp, V,) 25E po] G55 A
g g 7h FR 23 SN p(Gu, 1, )Y MG, VYREE 6,8 A4stan

Mz e £ 2322409 HF7F 4,9 AFEREE el &7 GA vlzE) fs 9o
A AZE 6,9 d5E AT AAIEE 28¥ <29 3>F 2o 99 ARadEs B2E A
Mo 6 WAol ohd oz 7lgold REE s: 9x, Wes 7MY B EAE 78 EA(ge)
eholn 71 22 T Al 29 ZA|(Astohelrt agla, 29 EA(AEe])Y 3| EAI(AY)Y &
27F 433 AFHA e Wolth AR FLEE 08 e Exdo. ZEHoE HaAd
7 ENEE 48 69 2ol o= FE Aot 4 ¢ & Uk

Fd ARE BHL fete] 2 EAE 6,9 4TRSS EEAA (KE 3>) 293 wdFE
(skewness)$} A & (kurtosis) (KE 4>)& T3, <F 3>& 2Y gojgko] Ad Bo] HAQ
Aslo] 7 A HAA HAYSS ¢ F Ut v dl A E(skewness)E <F 4> A A4HEH A
o ZAgwt Wz hAE 0d e e HNER, qARGS Fnt YA IHH AF,
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220 olg0 B8 dEE nesy] WE) 2 002 RAATE FEH (pooled) FUTE
ge A%e o
A v, o odds;
1 o] 7 0.78663 0.0629 2.196
2 ’g3to] 0.76219 0.0058 2.143
3 A 0.77715 0.0071 2.175
4 A 1.04744 0.0356 2.850
5 st w1 0.8412 0.0186 2.319
6 B xS 0.46245 0.0360 lA.588
7 Efo] ¢t 0.86253 0.1409 2.369
8 fiec's 0.69475 0.0962 2.003

¥ 2.7 =AY Z9 =uv)e A

® 5>oA HE upeh o] Aol A EFe 7HA
A

23l dE var( gl o,y =V, o AFTE AE sdlulr,»E o 3

HES W} g sdlp] e 007195 ot}

@

° o ©° e 0 0 © ©06 o0 O =
£ - N [ ] -] ~ o o -1
L L L 2 f L L ; X L .
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TAU

a9 2: @ plry), @ N(O, 0.04)
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A 2.5% 25% 50% 75% 97.5% EFHA

M

wo] | 0.56293 0.721155 | 0777998 | 0.83806 1.02998 0.1076%4

&skol| 065214 0.732905 | 0.771519 | 0.811845| 0.88976 0.06118

Ak 0.65383 0.736181 | 0.776943 | 0.820317 | 0.90278 0.065498
haed 0.66522 0.75978 0.815626 | 0.888345 | 1.09739 0.109813
st Rl 0.6381 0.743136 | 0.792564 | 0.844697 | 0.98911 0.084841
xS 041767 0.659378 | 0.739464 | 0.791619 | 0.89357 0.118558
Elo] ¢+l 0.54828 0.726362 | 0780388 | 0.838732 | 1.04772 0.11952
s 0.51464 0.714904 | 0.77239%6 | 0.827438 | 1.01141 0.114529
£3 74 248 6 A5RAcs BEUA
T A skewness kurtosis
1 o] A 0.142624 2.046571
2 g 3to] -0.07315 0.278323
3 A -0.03108 0.297455
4 @A 0.901144 1.466277
5 54 1 0.390352 1.338345
6 BT -1.09965 2.008515
7 Elo] ¢t 0.24988 3.048353
8 bty -0.20848 2.700613

¥ 4. 4 =AY v A =(Skewness) ¢t A = (Kurtosis)
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Schematic Plots
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FA4 A 25 % 25 % median 5% 97.5%
AT, p 0.64276 0.73572 0.77553 0.81787 0.92234
EEFHA, 7 0.00269 0.03257 0.07116 0.13396 0.31555
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a2y B34 AgoA sute] 9L AAEE A Bu= 23AMe wddle $EA
€ :MEE AAske ol o vEAS dojgk & 5 YA

(1] =Fejd,0]5<d(1998) T™FFAE 84, . AL zAfFelatd.

(2] W7, o8t%(1995) T2HZ=2 A&, . AL 2AFolzhuA).

[3] Carlin, J.B. (1992) Meta-analysis for 2x2 tables: a Bayesian approach, Statistics in
Medicine, Vol. 11, 141-158.

[4] Dempster, AP. and Raghunathan, T.E. (1987), Using a covariate for small area estimation:
a common sense Bayesian approach. Small Area Statisticss An International
Symposium, Platek, R., Rao, J.N.K., et. aleditors.

[5] Fay, R.E. and Harriot, R.A. (1979), Estimates of income for small pilaces: An applicationof
James-Stein procedures to census data, Journal of the American Statistical
Association, Vol.74, 269-271.

[6] Gelfand, AE. and Smith, AFM. (1990). Sampling-Based Approaches to Calculating
Marginal Densities, Journal of the American Statistical Association, Vol. 85,

398-409.
{71 Gelman, Carlin , Stern , Rubin. (1995) Bayesian Data Analysis. London :Chapman & Hall
, p.119 - 156.

(8] Good, 1]. (1965) The estimation of probabilities: An essay on modern Bayesian methods,
Cambridge, Massachusettes, MIT press,

[9] Hill, S.E. (1965), Inference about variance components in the one-way model, Journal of
the American Statistical Association, Vol. 60, 806-825.

(10] Lindley, D.V. (1971), The estimation of many parameters, Foundations of
Statistical Science, Godambe, V.P., Sprott, D.A. et. al. editors.

[11] Liu, Z (1992), Study on smoking and lung cancer, International Journal of Epidemiology,
Vol. 21, 197-201.

[12] Meng, C.Y.K. and Dempster, A.P. (1987), A Bayesian approach to multiplicity problem for
significance testing with binomial data, Biometrics, Vol. 43, 301-311.

[13] Mollie, A. and Richardson, S. (1991), Empirical Bayes estimates for cancer mortality rates
using spatial models, Statistics in Medicine, Vol. 10, 95-112.

[14] Mosteller, F. and Wallace, D.L. (1964), Applied Bayesian and classicial inferences: The
case of the federalist papers, New York, Springer-Verlag.



128 Man-Suk Oh, Hyun-Jin Park

[15] Oh, M-S. (1999). Estimation of Posterior Density Functions from a Posterior
Sample, Computational Statistics and Data Analysis, Vol. 29, 411-427.

[16] Richardson, S. and Gilks, W.R. (1993), A Bayesian approach to measurement error
problems in epidemiology using conditional independence model, American Journal

of Epidemiology, Vol. 138, 430-442.
{17] Rubinstein, R.Y. (1981), Simulation and the Monte Carlo Method, Wiley, New York.

[ 2001 114 A<, 2002 28 A H ]



