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Abstract 

'l'he prililary obj(·(ti\c· of tlli:-. jJ,qW! is èI 10(11:-,('<1 illtroduction to 

Ih(· logi..,(il J'('gIC':-''iioll IlIod(·1 <llld il:-. IIS(' ill 1111'1110<1:-. 1'01 Illodelillg the 

J'C'I,II iOllship 1)('1\\'('('11 éI dicllotOIlIUII:-' uulcolIlC' \'étli,t111(' éllld a set of co­

\'<lriall':-., ï Ill' dPIJlOd( Il ,,'C' will ta"(' i)-o 10 d('\(·lop IIIl' 1II0de! fl'or.l a 

J'(',!!,J'('ssioll <llIalv)-oi'i poilll of \'i(·\\', ,\1:-.0 ill titis pclJ)('I, ail estil1lato!' of 

1 Ill' (0111111011 o<ld:-. 1 at iu ill OIIl'-tO-UII(' 111(11,( Il<'d C<lS('-( ont roi studies is 

propos(·d, 'l'hl' COIIII<'( t iOIl 1)('( \\'('('11 1 hi:-. (':-.t illJalol' (1I1d tlH' James-Stein 

('sI illlat ill,!!, pro( ('dUI (' i)-o liig,1t lighl ('d t 11Iol1gl1 th(' clrgl1lll<'nt of estimating 

IlInctiolls. ('olllpmisolls cll(' 11Iacl(' 1)('1 \\'('('11 thi)-o (')-01 illlcltol'. t.he condi-

1 iOl1al Iml,:illllllll lik(,lillOoc\ ('sI illldtol, alld Ull' ('sI illldLol' ig,noring t.he 
Illal ch ill,!!,. 

Résumé 

L' obj('l pri IIri pal d(' ('pl il! (id(' (':-.1 1111(' i Il 1 rod u('1 iOll au modèle de 
Il;,!!,J'('ssioll log,i:-.tiqu,-' <'1 d(, :-'011 III ilisa( iOIl delll:-' I('s 1 lI<"I,1IOc!('S d(> modélisa­

I iOIl des Il'Iatiolls ('III \'C' I('s (OIl)-o('qlJ('I)('(':; d'lIl1(' \'all"I)I(' dichotomique 

('( 1111 ('IIS('llIlll(' d(' cO\'ari,II(':-., L'applor!1<' <III<' 1I0llS utiliserons pst 

dl' dc'·\'(,lo:'lwr le' IlIo<li'I(· il partir dll poilll dl' \'U(' d'ull<' alJaly:-.e de 
1'<~g,I('ssioll, .\ussi. dall)-O ('('( arlicl('. 1111 (')-otilllal('llr dll Iclpport. <'lltrc' les 
probal>ilit(;s ('1 1(, C'ouplag(' \Ill ;'Ull dl' l't'I ud(' dll cas dl' contrôle' ('st pro­

pOS{~. La col\l\C'xiol\ <'litre' cd, (''itilllatc>ul ('\, la proc(·dut(· d'('stimatioll de 
.JalJl('s-SlC'in est lIIise' ('II IUl11ii'!'(, au 1 l'(\\'('\'S d(' )'drgllll\('lIt (\cos fonctions 

d'l'st illlat iOIl. L('s COlllpéH'aisolls fnil('s putt(, ('('t ('sI i 111 ilt,PII l'. 1'('sl imat.ellr 

dll maximllll1 de' \'l'élis('lIIblalJ('C' cOlldil iOIlIl(·1 ('1 1'C':-.tilllélt(,1\l' ignorant 
l'assort i 111('111 . 
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Chapter 1 

The Logistic Regression Model 

1.1 Introduction 

U!'gl'('ssioll 1ll<'lhod!o. have 1)('('0111(' clll illlq!,létl (OlllpOI1<'111 or clll\' dala analysis concerned 

wit.h d('H(') ihing t.IlC' r!'!élt,ioll~hlJ) !)('1 \\('('11 cl l'<'HI)(JlI~I' "dl icd,le illld (HIC' 01' IlIO),C' cxplanatory 

variahks, It i:.. ortC'1I III<' CiI"<' 1 liaI lh(· oul«J!1\(' val i,lbk is di~('\'('\(·. lakillg on two or more 

possibl(' \'a!II<';-;, 0\'('1' 1 Ile las\. (]('('(\(I<. 1 Il<' logi:..ll(, rq),)'('ssioll 1II0l:!'! lias !)('comc, in many 

[jpldH, t.lw sI éI ndél rd IlW! hod or alléllysi-; in 1 hi:-. sil lIat iOll, 

Wllr\t. disl ill!!,\Ii:-.h('s il logis1.ic \'(')!,\'('ssioll modd l'IOIll t,lw lilwar 1'<'gr('s:-.ion model is that 

Ihe' OIlt,(,OIlJ(' "élriahle' in !ogi~1 i( 1('1!,1'('~:..ioll is billal \' 01 didiOII"'lO\lS, III t.his thesis. wc 

C'XI)\'('SH hincll'y vill'iclh!(' as \>1'<'s<'11I (y = 1) alld absPlll (1] = Il), l'his diffc'l'C'!1cC bctween 

logist. ie and li 1\('C\r \'('gl'{'ssioll is l'dkel (·d hot Il i \1 \ 11<, ri 10\('(' of cl pM d llH't 1 Î<' mode! and in the 

assllIII pt.IOIIS, Oll{,(' t.his diffC'I'<'II{'(' i~ élC(,Olll\1<'d rOI, (1)(' lIlel hod:.. ('111 pl 0,\'('(\ in an analysis 

\Ising logisl ie l'cgl'c'ssioll l'ollow the' HallW g<'l\c'\'éI1 (>l'il\('iplc's lIs('c1 ill linC'ar \'C'grcssion. Thus, 

litt' tl'('hniqu('s us('d in lillcar 1<'g,r('~sion éll\alysis will l'loli\'ale O\\l' approach to logistic 

1'<'/.!,)'('SSIOIl, 

1.2 The Logis'tic Regression Model 

('ollsi<lc'I' a ('olier! iOIl of p illd('I)('lIt!('lIt yariabks ",hit h will 1)(' <1('110\('<1 by the vect.or 

x' = (,1'1,."1.", ''/'l'l. For Iht' 1llOllIl'lIt \\'1' will <lSSllIl1C Ihnl (,<ldl of t.h('se variables is 

al. h'élsi i Il 1<'r nd srcll('d, Ld 1 h<' rOlldi 1. iOlla 1 pl o1>a!Ji 1 i ty 1 ha 1 t.1l(' 011\('0111(' is present be 

:3 
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d<'llol,cd br PO' = II,/,} = ;;-(,1'), '1'111'11 1 hl' logil 01 1 hl' 1111111 '1'11' 11lpl,,1 J( II ,l!,l'l',,~i(l1l 11Iodt.1 

IS glv<:'n hy 1 Il(' <'qu.ll iOIl 

(1 1) 

in wl.i('h (,êl~l> 

( ',IX) 

r.(x) = 
1 + (,J(x) (1 :!) 

IfSOln<, of the iude[><'IIc!f'l1t \éll'i"hl(·,,, aIl' dl"l 1'1'1(\ l1()lIlill,d "l'alt'd v<tt'wl,ks Sltllt .,~ 1',\('(', 

g('x, treatlllt'nt. group, and HO l'Olilt. tl}(,l\ II 1" 11I.lI'Ptopti,1I1· tu IIHlndl' 11)('111 III titI' lIlod!'1 

as if t.!wy WN<:' il!t{,r\'cd sCéll('c l 'l'Iii" 1'" 1)('( dll"l' tlt<' Itllllll)('l~ Il..,1'<\ to Il'1'11'''1'111 tl\l' \'<lriIIiIS 

lcvels an> 1I1c'rdy jckllt ifi('l's, alld hct\'('Il() 1111111('11( :-'l,!!,llill( .tll( l' III 1111'0 :-'It Il.tl.ioll (1)(' 1IJ('t.ltod 

of choicc is to llSP cl ('oll<'diol\ 01 design variables (Ul' dUll\ll1Y véll'Îab\ps). SIIPPOS(" I()I 

('xamplp, Ihat. 011(' 01 t.1t<, ÎII<!I'[>('IIIII'111 \'élt i,d)II':; 1" 1<1('1" \\'hi( Il Il,,,, 1)('1'11 ('od('d .ts "\Vllit!''', 

"black" 01' "01 he!'." ln this case' 1 \\'0 d(·:-.igll vill'idhll·s ,III' Ill', l'''~dl \'. 0111' po:-.sil,11' (odill!!, 

st,l'at<,g,y is litaI wlt(ll\ the l'<'Spolld('1I1 i~ "whik", 1111' t\\'o d(·"I!!.11 \.IIIi1hh'H, iJl ill1d n~, 

wOl\ld botlt he' :-,('1 to Z<'I'O; Wh('ll Ih(· )'(':-' (>UII<lI'II 1 1.., "I,liI( k." /J, \\'ollid h(· :-.1'1. ('qllili 10 1 

whilC' D2 wOllld ,,1 ill ('!lnHI O. \\'hl'II t 1)(· t d( l' 01 t II<' 1 ('''I)(J1ld('IJI '" "(Jllll'I." \V(' \Voldd Il!-1(, 

Dl = 0 and Ol = 1. 'LII,\(, 1.1 ill\l"ll(Il('~ tlli" (\)(ltll~ u! III!' dl·"'~\I. \.III,I1,k:-.. 

Table 1.1 :\11 EXcllllph· of 111\> ('odill)!, 01 1 Ill' Ih'"il-',ll ""1 i;I]'I(·~ l'li 1 IL" (" ('t,dl'd ,lI '1'111('(' 

L<,vels. 

Iksi,!!,11 
rt A( '1': /), 

\\'!rill' () 

1~1(ld; 1 

0111('1' (J 

\/(1 

-

--

l'i,'') 1 (' 

/)2 
(J 

(J 

1 

JlvIosl lop,ist ie \'c'g,('(':-'SiOIl ~()rl Weill' will P,(·tlC':dt(· 1 lu' <ll'..,iv,1I \'dllcd'\(·.." <illd SOlI\(' plOp,ralllS 

have a choic(' of s(,\,(,l'ol dif[(')'('111 1I1<'11,()(b. 

In g,cIl<'l'al, if a Ilominal bcaIPd \'dllill,lC' IlcI~ 1 .. pO":-'I"I(' \';"11(''', t 111'11 / .. -1 d(·~ip,1I V;l! ial,l(.s 

will 1)(' Ilf'c'(kd. This i~ tl'ue :-.ill( (', 11111('..,,, "t,der! ullll'l'\Vl"('. idl (JI (;111' IlIod(·I~ have il 

• 
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l:J V/TTJ.\'(,' TIIJ'; U)u/,' .. n 1(' IU~(,'U1',SS'/().\' .'/ODE! . ,5 

SIIPIH1SI' thal tlJ(' lUI Îllfl('IH'IH1('IJ1 \dll,.1ll(', Il lICi" /'1 1<.\('].,. 'l'II<' ',,-1 dp .. ;jgll variables will 

Iw c!('lIo1<·d d:' !J)/I dlld t II<' < (ldfl( i(·llt.., fOI tll('''(' d(,"'I,!.!,11 \elll,dll('''' ",ill 1)(' d('JJotcd ilS !3JII1 

Il = I.~" ,", - l, '/1111:', t II<' logil r(J1 d III()( 1(·1 \\ Il Il fJ \'dll,tlll(,.., .11111 111<' /" "<II iclbl<' heing 

di:--n('\.p W()llld 1)(' 

~J -1 

(/(,1' 1 = ;-Iu -1- /il,1'1 + ,,' + L ,i'l/ f) /11 + ' , , + ,J/.,I"" 
11=1 

WItPIl disclIssillg t1)(, Ill1lltipl(' log,i..,llc l'cg,l'('ssioli 11lO<!<'1 W(' will. III /!,<'IIPl'ill, SUppl'CSS the 

Sllll\llH\1.ioll <llltl douhl<' :-'Ilhs( ripl ill)..!, IH,<'d<'d to illdi( dll' \\,\)(,11 (!t-Sigil \'c\riil]l\pS arC' heing 

IIspd 

1.3 :F'itting the Logistic Regression Model 

:\SSIlIIH' 1 hat \\'(' h<l\'I' a :-'é'llIph' of Il illc!(,]H'Il(klll oh:-'<'l'\è11 iOll:-' of t1lf' pail' (.'l'I'YI)' 1 -

1,2"",11 Fill illp, III<' Il)()d('1 I<'qllIr<':-' Illél! \\" (1)1 Hill (':-,1 illlcll<'s of 1 Il(' vPctOI' li' 
(/-IO.;-J I"" • li,,), 'l'II<' 1I1<'IIIud or (':-.III1I<1liOIi w,wcJ il' IIlil\illllllll Ilk<'lihooC!. 'l'Il<' likclihood 

r1\!ld ion is 

1/ 

1(/1)=11 71 (1,)"'[1-71(,1,)]1-<" 
1=1 

Il 

L (Ii) = lt t[ 1 L -1 ) 1 = L { 1/ , III [7i ( ,r , )] + (1 - 1/ , ) III [1 - 7i (,l', ) 1 } (1.3) 
1=1 

Tltcl'c will IH' 1'+ l lik<'ltllood ('qu,d iOIl:-' \\ hic!t élJ'(' ul>lc\ill<'d h.\ dirr(')'('IIt.ia.ting the log 

lik('lihooc! fUII<"1 iOll \\'1111 l'<':-'P('( 1 to 11](' /1+ 1 «H'lli('I<'llls. 'l'II<' lik('lillood (·qua.tions that 

rl'~1I1t Illtl\ IH' 1'\]>I'<'~s('d ,\~ roll()\\'~, 

1/ 

L::LII/ - iT(Xjl] = 0 
1:::1 

and 
1/ 

L ,1'1/[iI, - r.(xj)] = 0 
1=1 

for } = 1. ~, ' , , , /1, 
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T1H' sollltioll of Ill<' lik"liltoot! ('<!1I,111()11'" Il'(jUIlI'" ~pl'll,d 11Illlll)"I' "llll"'dl(' ",1111 II 1I1"~' 

hl' 1'0u11d ill méllly Ihlck,If',<,d pI'Op,ldlll'" LI'! ,1 dl'lI11l!' 1 Ill' ... ululllllI III III\N' <,qllalioll ... 

Thus. the fit h'd \(\It\('~ !Ol 1 hl' 1I11111 Ipl\' lugl ... llt Iq."lI· ..... "OII IlIod( 1 dl(, ;;-{Xj). 1 hl' \.dlll' ui 

t.he' C'xpl'l'-;sioll ÎII ('quell Î"ll (1,2) (1lIIlpU\t'd Il''llIg Î, .tilt! Xi 

Now we '"ill rOIl~l<kr the IIH'1 hot! nI' C ... ll1lldllllg 1111' \ cil id III t' .... \Ilt! t ()\ ,\11<1111 l'~ 01 1 Il!' 

('stilllat('d codhri('lIts follows 1'10111 \\'t'II-dt'\ t'IOIH'd 1 Iwoi \ ul 111<1\111\1111\ likt,ltllllod t'~1 1111,\­

t.ion. This tlwol'ystatcs Ihat. t!t('('stÎlllit!OI'" dll··,111.IIIWd !Il>!\\ III!' 111,1111\ llfS('IOlld 1><llti,t1 

d('rivat.iv('s of t IH' log likelihood fllilt 1 iOIl. l'hl'~(' pdl 1 1<11 dt'II\<l1 1\ t' ... Ild\l' 1 Il!' fui lu",i Il).!, )!,.l'II 

('ra 1 f01'l1l 

alld 

j)2/,( J) _ ~ ,! 
----c

2
- - - L ,1 if,( 1 -- iT,) 

(J,:J 1 ,=1 " 

iYI,(::J) 

rJrJ l rJ'l 11 

Il 

- L .l'~!,/',,,r.,( 1 -- iT,) 
,=1 

( 1. 1 ) 

for j, Il = n. 1.2 ..... jJ \\'11t'1'(, iT, t!('lIolt' ... iT(Xj), Lt'\ \ II!' (fH-I) 11\' (fI 1-1) 111<11.11\ 1 ollt.cli Il 1 Il)!, 

th(' llq~ali\'(' of tilt' krillS )!,i\('11 ill t'Cjllclllllll'" (1 1) dlId (I.!i) 1)( dt'lloll'd d'" I(/i), Thi~ 

matrix is call('d Ih(' infol'nult,iol1 llwtl'ix, l'III' \dll<llll ( .... dllt! 1 (J\'dlldlll ('S 011 III' 1·~t.illl.tll'd 

('opfficif'IIt.S art' ohtclitH'd ftOlll \'11<' 11l\('I~(' ur t hi~ 111<1111\ \\'IIÎI lt \\'1' wIll cll'1I011' .tS :[(fj) -

1-1 (;3). Ex«'pt in v('ry ~p('('ial (,éI~I':-' Il i-; Ilot IJ()~~·illll' 10 \\'IIII'cloWII ail ('xpli('it,l'xpl(':-.~ioll 

fOI" t.he ('I('lllc'nts ill this m:t\.l'ix. 1 kll(,('. \VI' \\'dl Il ... t' \.IIt, Ilot dt iOIl rr 2(;.J,) t () dl'llo\.l' !.I\(' lI. 
diagonal ('lelllPnf. of Ihis mntrix. wlIillt i:-. tl,(, \'dIÎall«' (J! ,J,. dlld rr(d"jJ,,) lu df'II(JI,('.t1l 

arbitra)',)" off-diagollal ('k1ll('1I1. ",llil It IS tilt' t (J\dlldlll l' (JI ,J, .tlld ,J" 'l'Ill' ('~\.illl.tI()l~ (JI' 

tllC' variallce!'; and ('o\"aliall(,I'~. \\,1,1< Il \\'dl 1)(' dl'llokd Il,\' ~=( J), <Ill' ()IJI"'Il<'d IJ,V I·V.lill.d,lII)!, 

L(j1) at }1. V'/e> will use &2(11)) êllld 0-( ,j")/I)' J. /1 = O.I.~, ,./1, I,J dl'IIOf« 1111' v.dllt; ill 

Ihis llIatrix. For tlH' 1lI0St. palt \\'(' willlIcI\(' t)(d'iI()11 tu 11 ... 1' ollh tlll' ('~Iilllat.('d st..tlldaltl 

<'l'I"OI'S of tll(' ('stillléltf'c! ('OclnCl('lltS. \\ 1111 It \\'1' will dl'IIOII' " ... 

fol' j = O. 1. ~.. , /1 . 
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A forllllllatio!l of 1 he· illf(Jllllêd iOIl IlleI! 1 i" \\'lli( Ir wrll 1)(' Il,,('flll \\'11('11 di"iclIssing modcl 

fit.t.illg é1l1d <I:-':-'<':-'SlIl<'lIt of fil j:-, Î(lj) = X'VX \\'11<'1(' X 1:-' r\ll 1/ h.,' /1+1 llIatrix containing 

t.lw dala for ('<tch :-.ul),wct, étlld V i" <III 1/ by 1/ diêl~ollal lIIal ri" wit.1r gcneral clement 

i,(l - i,), Tllat. is, III(' lIIiltrix Xi" 

alld the' lIIat l'ix V is 

v= 

X= 

.1' 1 1 

.r 21 

'/'1" 

./' 2" 

.11/1 ,"U/' 

i 1(1- id 0 
o i 2(1 - i 2 ) 

o 0 

o 1 o 

7r"1I( 1 - i ll ) 

Now wc' 1>1·('S('Ilt. ail (·xéllllpl(· !lrd! will illl\:-.Iréll(' IIH' fOl'll1l1lalioll of a Illultiple logistic 

J'('gl'('ssioll lIlod(·1 élnd t.he (':-.1 illléllioll of i\.s (odliri(,llls. W(' Il:-.(' fi slIhs<'l of the variables 

f!'olll 1.11<' délIa l'C)I' 1;1<' lo\\' hirtlr \\'('iglrt sllldy. '1'11(' goal of 1 Il.:, ,~t ud) \\'as to idclltify 

ris" fa('lors assoClrll .. d \vilh gi\'illg I,Îrl11 10 éI lo\\' birllt \\'c'ight b(lb~' (\\'l'ighting less than 

2500 gl'ams). III lliis st.udy dala \\('1'(' ('ollt'cl<'d 011 1~9 \\'OIlH'I\, III = 59 of which had 

low !Ji!'t." w('ight "rllli(·s éIllcl lIu = I:m of whicll Iwel lIormal 1.11111 \\'('ight babies. FouI' 

vfI!'iahlt·s ",hiclr \\'('1'<' 1 Irouglrl 10 be of impol't CI Il CI' \\'l'I'(' agl'. \\'e'i~lrt of 1 he" :;ubjcct al, her 

)ast. 111<'II:-.t nwl pt'I'jud. lélCt'. and 11111111)('1'01' plr,\':-.jc j,Ill ,'i:-.il:-' dut ing tllc' fir:;t. t.rim<,ster of 

t.11<' prq~II;lIt('r. III 1 Ili~ ('Xii III pk. t II<' \'éll ialll(> l'éI(,(' IlilS bC'(,11 l'('cod(·d IIsilig th(· two design 

vé\l'ié\hlc'~ showlI in Tclbl(· 1.1, 'l'II<' I(·"ult:.. of' fit t illg III<' logi"t ic rt'/~I'<'ssioll 1lI0dp) t.o these 

clHla al'<' gi\'C'1I i" Table- 1.2 . 
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Table 1.2 E~t.il1latC'd Coefficiellts 1'(11' ri Logistic Ikgrt'~"'l()ll \Iodd llslllg tht' \'éII'iahlt,s 

AGE, WC'ight al, last ~l('nstrllal Pt'riud (1.\\''1'), H.\('F .. 111t1 :-\1111d)(·1' of First TriJl\('stt'r 

Physicial1 Visits (FTV) l'rom 1111' Lo\\' Bill" \\'l'ighl Da!.\ SI'! 

E~I illlcll('d E~I i llIat t't! 
Va ria ble ( 't)('llicit'lIt Stillldcll'd EllOr ('ot'IL /S E 
ACE -0.021 O.O:J 1 -0.71 
L\VT -0.011 (l.OO7 -~.II 

HACE( 1) J. 00 1 O. 1!)7 ~.O2 

HAC'E(2) (). 1 :!:J O.:Hi2 l.:'w 
FTV -0.019 0.lh7 -O.:W 
COllst allt J.:!!)!") 1 • (Hi!! I.:! 1 -----

Log-lil.:c'Iihood = -111.2~(i 

ln Tahlt, 1.2 t.\w t'stimated codfirÎ"lüs for t II(' 1 wo (ksigll \'iuiabks for l'iU'(' ilI'(' illdicat.c't1 

in t.he lines dC'llotcd by "(1)" éllld "(2)." Tht' <,stillliltt·d lop,it i~ p,iVt'll hy t.1J(' followillp; 

expression: 

fÎ(X) 1.295-0.0~1 'Jo( :\(,'/~'-IU)II, I.II"/'+ i.()()1 x On 

+0.4:3:3 )( f).I~ - 0.019 x V/'\' 

wherC' /J3n i = 1,2, dellol,C's tl)(' (\\'0 desigll \'(ll'iabks roI' HA( 'l':. Bdt'r Tahlt' 1,2 fol' codillg 

D31 and 0 32 • The fiUed valu('s al'(' ohtaillcd I1sillg t II<' ('st illlilt('d lo).!,it. iJ(x). 

1.4 Testing for the Significance of the Model 

Once we h<\\'(' fit cl pari i( IIlal' 111l1lt ipl<· (1111111 i\'al i.iI") logi"'l il J(').!,lt·..,:,ioll IIIUd('l, \V(' Iwp,ill 

the P1'o('('ss of é\SS(,S~II)(,lIt of t ht' 1I111<1,,\' TIlt' ril'~1 ~1t'p ill t hi:, l''IJI'('~S j.., IIslIally ilss('~sillP, 

t.1\(' siglli{j('éIlIC<' of the val'iablC's ill tilt' JJlod(·:' TIlt' tt·~t i~ h":'('<1 011 tilt' slatisti(' (,' 

c = -'n [(lil.a'lihOOd \Vit 11ullt t 1)(' variilblt')l 
-' - Il (Iikl'Iibood ",itb tl)(' vmiéd,!t,) 

( 1. 7) 

Ond('1' the mlll hypot.l)('sis that tll<' JI "sloJl('" ('()('Hi('i('l1l~ lOI Illt' ('oVftl'iilt('s ill t1w tlIodt·1 

are cqllill 1,0 Zf'I'O. tlH' distlibuliOIl 01 (t' will \)(' dlÎ-"'qlléllt' \\'11 Il JI c1('gf('('~ of fl'('(!floJJl . 
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As ail px a III 1'1(', (OIl:,id('1' L1)(' fit t (·cI lIIod('1 \\'ho:,(' ('st.i lll.tt(,c1 ('o('ffici('lIt s arC' glven ln 

Tahle 1.2, Fol' that JIIod('1 t.IJ(' ,'aille' of the log likelihood is !. = -111.286. A second 

mod('I, fit. with t.he' ('()JI:'.t.allt tc'llIl ollk yi('ld~ /, = -II ï,:l:lG, IIc'lI('c' (,' = -2[( -11 ï.336)­

(-111.2~(j)] = -2(-(i.(J!») = 12.1. The' p-\'alllc' 1'01' t.!J(' tc'sl i:-. J)h 2(!}) > 12.1] = 0.033 

whidl is sigllifi( tillt. al the 0 = (J,W) 1<'\'('1. H('j('( 1 iOIl of t1)(' mill hypo! Il<'sis in this case has 

an illlc'I,!>J'('t.at.ioll all(t!cJgo1l.., 1.0 tllal ill 1111111 ipl(' lillNlr lC'gJ'('s:-.ioll; ";(' lIlay ('onclude that 

at I('ast Oll!', illld 1)('1 hclp:-' <lll fJ ('()('flici('lIls il\,(' difr('l'<'IJt l'rom z('ro. 

Bdol'(' ('Oll( Illdillg t.hat. ally or ail of 1,11<' ('o(,mei('lIls me 1I0nz('l'o. wC' llIay wish 1,0 look at 

t.h(· tlllival'ial!' Wald t('st st.at,ist,Ï<'s. II'J = !JJ/.'tr~'(jjJ)' '1'11(,:'.<-, arc' g,i\'C'n in t.he la8t column 

in Tahlp 1,2, 1 j IIdl'l 1 II<' hypot IlC'sis 1 ha\. illl illdi\'idlléll ('odrici('111 is zc'ro. t lI('s(' stat.istics 

Illay gi\'(' liS ail illdi( ft! iOIl of ",hi('11 of t II<' \'(lri(r!JIC'''i ill t Il<' 111O<lc'l lIlay or lIla~' ilOt. he 

sigllifkallt, If \V(' Il..,(' cl (rit.i( (d \'(.111<' of 2. \Vhi( Il \\'ollid ('c>llci Il de' 1 hat. 1 Il(' véll'iélhl('s L\VT 

allc! !>ossihly HACE al<' signifi«lIlt. ",Idk A(;E éllld FTV éll'<' Ilot :-.ignificélnt.. 

COlIsidc'rillg 1 Il (li. t.1l<' oV(,l'all goal is 10 oht(1Î1I 1 il<' I)('st fit j illg lIlode! whil(' mil1imizing 

1 1 If' IIIlIllIH'1' of péll'aIlH'tc'I'~, t he' IH'xl logicéll stc'!> is to fit él 1 ('<1\1('('<1 mode! cOIlt.aining only 

thos(' variabJc.s thoubll\. \.0 1)(' :-.igllifi('ant, alld ('01111)(11'(' il 10 t II<' full modd cOlll.ainillg aIl 

j he' variablc's, TIIC' J'('sults of fittillg 1 hl' l'('du('('d modc'I an' givc'II ill Table 1.3. 

Table 1.3 Est.iJII(II,c·d ('ol'ffiric'Ilb fol' a Logi:-'I il' HC'grc'ssioll ~Iod<'l lJsillg t.he Variables 

LW'!' alld HM'/-: liolll t.he Lo\\' Bilth WC'ight DaIa Sd, 

E:-. t 1 III cl \ ('d E:-. \ i IlW t ('d 
Va ri el bic ( :uC'!licic'1I1 St.éllldéll<1 En'ol' ( 'odr./SE 
L\\'T -0.01 !) U,()()(i -2.:n 
HA('E( 1) I.OS 1 0.,187 2,n 
H.\(,E(2) O.ISI O.:3!}() I,:l!) 
( '011:-.1 fi lit (J.~O(i O.81:~ 0, !)G 

Lo.!!,-like·lihood = -111.6:H) 

'l'II<' dirr('J'('IICP b('(.\\'C'('1I t.he' 1 \\'0 1II0dcls is t.11<' exdusiOlI of the \ariablC's AGE and FTV 

from t.Il<' full modc·1. 'l'hl' lik('lihooc\ rat.io t.('st. compélrillg j l1<'s(, \.\\'0 Illodels is obtained 

w~ing t.h(' dt'finit.ion of G gi\'<'ll in l'quat.ioll (1,7). It will 11~l\''' a distribution that is 
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chi-squôl'c wit h 2 dCgl'('l'S of fl'('(·dol1l l111dt'l' 1 lU' h~ï>ot !tt'sis 1 h,\1 Il](' ("(>t'lIicit'nl S fol' t.ht' 

val'iablC's {'xcludC'd are ('qual tü zero. Th<· \·"llIt' or 1 Il<' ! t'~1 ~! ,\1 i~1 Il' COlllpal'illp, t.ht' lIlodt·l~ 

in Table 1.2 and 1.:3 is 

(i = -2[( -1 1 I.G:W) - (-III.~:-;(i)l = ll.h~:-; 

which, with 2 de'gl'ees of f('('('dom, has a 'I-\',du(' of J)[ \ 2(:n > Il.lIKK] = O. ï 1. Sill('(' t.ht' 

p-valuC' is larp;C', c'xceedillg 0.05, wc' collrludt' t he\! tIlt' 1'(·du('(·(1 1110(11·1 is as good as t.h(' full 

modc'\. Thus IhC'l'e is no advanlag,t' 10 incllldillp, A(:1o: l111d FT\' in t.11I' 1110<1(·1. lIow('\'('r, 

we ITlUSt. Ilot. hase' our 1110<l<,ls t'Ill i\'t·I~· 011 I<'sl s of sI ,\1 isl Ît',d si.c,nilicHlI(·t'. As W(' will S(,C' 

latc!', thc'I'c' an' IIUIl\C'I'OUS ot.11<'1 rOllsidC'laliolls IIt,,1 \\ ill ittllllt'Ilt t· tJl11' clt'('i~,iott lu ittcllldt' 

or C'xclud(' \'éll'iahlc's 1'1'0111 a l1Iodc·1. 

Wlwl1('\,('r cl céllq!,ol'ical sCéll(·<I illdt'I){'lIcI('1l1 \'aria!>I<' is illclucl.'d (01' ('xclud('d) 1'1'0111 a 

mode1, ail of ib dc'..,ip,1I \'ariahl('s ~ltollid 1)(' illrlud('d (01' (';"( lu(h'cI); 10 do ollll'rwis(' illlplic's 

t hat wC' ha\'(' n'( o<lcd 1 Il<' variablc'. Fol' ('Xélillplc, if W(' ottl,\' ill( l\\Ch' d('~ip,1I Viii iahlc' /)1 

as defill('d ill Tabl(' 1.1, thl'11 l'cl(,(' is (·I11.(·J'{·d illto 111(' Il1ot!(·1 as a didlOt.OIIlOllS variahle' 

codcd as black 01' ilOt. hlack. 11'~, is 1 II<' Illlll!llt'I' of !t'w!s 01 " ('ill('p,ol'ical V<II'ielJ,h" t1WII 

the contribution t.o tll<' d('gJ'('('~ or rJ'(,('doll1 l'or Il)(' lik(·lillood I.e! 10 I.('~I 1'01 111t, t'XdllSioll 

of this variahle will he ~'-l. For (·xétlllplc·, if wc' ('xrlud<' l'ill (' h0111 1,1\1' Illod('1. alld 1,1«' is 

eodcd al, tlm-'(> le\'('ls lISillg 1,11<' d('~i!!,1t \'élI'iabl('~ SIIO\\'1I ill 'l'dbl<' 1.1, IlwlI t.hl'I'I' would 1)(' 

2 dcgJ'('C's of rrpedOl1l for the' test, 011(' l'or ('ad, d<'sig,1I Vcli iilbl('. 

Recaus(' of t.11(> Illult.iplc' dC'gl(,('S or rre'(·dOIlI wc' IIIIISt. 1)(' céIIl'flll ill 0111' IISC' or t.Jt(' Wald 

(IV) stat ist ies \'0 asspss the sigllifinlll(,(' ('xc(·('d ~, 1 hC'11 W(' mllld c·ollcll\(l(· UIHt. Ut(' d('sip;1I 

variahl('s élr(' sigllificallt. AltC'l'IIali\'('I\', if 011(' C'ol·ffici(·llt \tas CI Il' sl.al.isliC' of :tO ,II ICI t.Jt<' 

other a valllc' or 0.1, 111<'11 W(' C1-111l101 1)(' ~III'(' étlJOIII tll(' cOIII 1 il'III iOIl or 1.111' variaÎJl(' 1,0 

the modc'I. 'l'II<' (·..,lilll"I(·d codfiri('llt" l'or Il)(' "'llial,I(· H,\('Jo; ill 'l'al,I(' I.:J plovicl(· a p,ood 

example, TIt<· W(dd ~t.etl isl ic 1'01 111(' «)('ffi('i('II1. 101' 1 Iw fll..,1 dc'~ip,11 \,11 ied)I(' i~ ~.u, illld 1.:1.1 

for the s('('olld. TIte' lil\<'liltood ralio I('~I COIII(><IIIIIp, IIt(· II\tHI(,1 C'OIII"illillp, LW'J' elncl HA(:E 

t.o the OJl(' cOlltaillillg only LW'!' yi('lds (i = -~[-II I..ll!) - (_.; Il.G:lO)] = !'j.1:~ wlli('ÏI, 

with 2 de'gr('('s of fl'<·(·dolll, yiC'lds a JI-vaIlle of O,(.t(jG, St.1 i( t. aelll(') ('1\('(' 1.0 1 lu' ft = O.().1 I('wl 

of significallc(, wOlllcl jllstify exdudillg IV\CE 1'1'0111 t.1t(· IllOc!(·1. lIowc'v('r, H ACE is kttOWII 
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t.o \)(' a "hiolop,ically importallt" v<ll'iélbk. 111 tllis ('a~(' II/(' ()Pei"ioll 10 include or exclude 

HACE shollld \)(' ma<k ill ('OlljllJl('lioll wilh subj('ct Illatt,('r ('xpl'rl~, 

'l'Il(' mllil iVélrial(' i1I1,dog of 1 II(' \\'ald I('~I i~ oblail\('d 1'1'0111 \.11<' lollowillg vC'ctor-matrix 

caklllat.ioll 

"" 1 ,.. 

;i (X VX)rJ 

which will he' dist.rihutcd al' chi-h<jllaJ'(' wit.h p+1 d('gl('('s of frC'('dom undc'r the hypothesis 

t.htl\. ('a('h of t.1](' 1'+ 1 ('(}('fficiC'llts i:-. ('qllal t 0 Z(')'O, Tl'sts l'or jllst. t.hl' l' slope coefficient.s are 

oht.aiJwd IJ,v ('Iilllillalinp, ;ju 1'1'0111 ,] éllld III!' J'(·I(,\éIIlt, 1'0\\' (fil~t) <lIld ('olllmll (first) from 

(X'VX), 

1.5 Interpretation of the Coefficients ({3's and (3o) 

1.5.1 Interpretation of /j's 

Ld,'s considpl' "II ("<llIIpl(' of cl (011011 sI ud,)' (FrHllIinp,halll) of 11-,\-"<11' incidence' of co)'onary 

II<'(\rt. diS('<ls(, «'II J)) of ï 11 1ll<'11 <1p,('d ·IO-'I!> cIl starl of sll1d,\', 

:-;;8 of 1 lu's(' 11\('11 d(·\'('lo(>('<1 ('III) \Vil hill 11 ,\'('iII'S, \Vhi('11 or 1 Ir,· rollo\\'ing scv(')) factors 

Il](,(\slII'('d al illil,iéd \ isil dfl"(·('\ t.11l· ill( id('IH'(' of (:111). 

XI=ag(' (ill ~'('aJs) 

Y.I=chol(·st.(,1'01 1(·v(·1 

X,I=sYRt.olic blood pr<'SSlIl'<' 

X,.=r(·lat.ive wC'ight. 

Xs=l1C'lIloglobill kwl 

Xn=slllokillg(O=lIoll<" 1 ~ I/}(fcl.-, 1 = llwc/.',:l 2: lpac/,' IH'I' clay) 

.\' 7 = E( '(: (0= 1101'111<1 1.1 =a bllOl'I Il <1 1) 



• 

• 

12 ('1/. \ PTl~'1l l. 'l'II Jo.' I.OUIS'/'l(' IU.:( ,'Il/':SS/ON MODEL 

A logistic regression anaJ~'~is pro<!lIl"('<!' 

paranwt Pl" 

do 
;11 
th 
(1 \ 

;-JI 
j1f} 

Ilh 
8-; 

(''-\ 1 i Ill< Il<' 

-1 :J.~:i7.~ 
U,\ '2\ h 
11.0070 
O,OOli~ 

o 0'2:i7 
-ll,OUIU 
O,I'2:!,~ 

O,7'20f, 

lI.0\:\7 
O,IH)~,r) 

lU ll)( il) 
(LOO!) 1 
(1.0()!)~ 

0,1 ():Il 
n. !O()!) 

[ Note that C1'lIdc' 7r = 88/712 = D,II ~(il 

rr = --------------------------1 +(-lllc,il+Olllh\l+ +Oi2llh\'; 

f'stimatf'!,; 1,1)(' probability of ('\1 \) ilJ 'id('lJl'(' ill 1 II<' 11<''\\ 12 ,\'('dl ~ fOI SOll\(' illdividllêll (1I1i11(·) 

with chélrélc!,C'ristÎcs (XI • .\".,h .. , Xi) 

Fol' ('xampl(>, to est.illlat.c' thc' plOhabilily of ('II \) ill 1 Il(' 11(''\1 12 ,V('ars for fi ,1:) y('ar old 

mali with cholf'::it<'rnJ \evcl = ~ 1 0, SBP = 1 :JO. n·J,1I i\'(' \v('I!!,II\' = 1 qO. IlC'llloglohill I('vcl ,= 

120, 11011 slllokf'r (.\r, = 0) and lIormal E( 'C (.\'-; = 0), \\'(' (Olllpiit (' 

"" " 
du + /;1'\1 + ... + (1i X i 

= -1:L:n,r):1 + ,l~IG( I:i) + ,O(J70(:!IO) + .. + ,I:n:\l)j + ,nOCi(O) 

= -1,9Kl:J 

Therefore rr = (-'2 USlj f( 1 + (-2 "Sil) = ,0 H.;:I 

For é\ IIHlll with tllC' SélllW ellal'act('rist ir:-. a~ a ho\'('. 1)111 who SdIOk('~ 1I10\,(' t.hillJ 1 park 

pCI' cla.y, 

,io + (!Il Xl + .. , + liix'j 

= -1:3.275:3 + ,I~I(;( I,i) + ,O()70(:!IO) + .. , + ,111:WQ + ,ï~O()(O) 
= -1.71,1,} 
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/..J. INTEnPIU:TAT/ON OF 'l'JI E ('OEFF/('II','Yl'S (/1S . \Sn t1u) 

TIt(·n·fon·, Il)('a~IIr<'S of a,,~ociali()11 fOI ~lJlokillg > 1 pack \'('l''II~ 11011(' are 

HI) 

HH 

OR 

.1:)1(; - .Ol::-;.~ = .IOI:J (l'i~k diffc'Jc'lIc<,) 
.IG1() .. -- = :l.ICi (nsk !',1I10) 
.0'18:J 
.1.52G/( 1 - .1!):U») . r:. . 

/ 
= .!,.):) (odds J'rl t JO) 

.048:3 (1 - .0.18:1) 

(Note' that. HH = :UG ~ OH = :J.!)I) Sil1(,(' ir il1 Il)(· b(\~('lil1(' (.Ol~:q is J'('latively rare) 

Not.i('e' t hat 

(.I id.!) (. IUI( Il = (1 2'; = :L.j.j 

Why is on =. (,{jr.Xr. .,., 

H('('illl t.hat. 

7r --

~. 

==} 

==} 

==} 

OH o! disc'c1s(' for sllIokC'r:-. of > 1 Ilrlck. 

(,IO+/J1.\' 1 + .+llk .\' k 

+(,10+11 1 \,,+ .+.1.\. 

1 
1 - 7T = --------:-:-

I+C,lo+.lt\'l+ +,;.\'. 

_7T_, _ = C"o+/i l \'1+. +II;\', 

'-7T 
1 7T v . 

11 -,-- = do + ri 1 • \ 1 + ... + ti,;. \ ï 
-11' 

= logil(7r) 

13 

'l'lwlI llti n'I)l('S('l1t~ t II<' 1l1l'i111 cl 1 clllg<' ill log;/( 7r) 1)('1' IIllit. r!JiIIl !;(' in Xl) whcn ail other 

val'iahl(·s (In' 11<'1<1 fix(·d. 

TIt(·J'(.f()J'(" for 1101l-SIJJok('1 ~. 

<111<1 for IlC'avy slIIok('rs (> 1 pack) 
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14 ClI. \ PTEU / Tl 1 E / 0(; [:'iT/( /( F( " [{ 1':S,4;/O.1\' 1\1 ODE/, 

Not<, thal (,Id., is t.11<' odds 1,,1 io 0\ di~('i\:--(' fol' h('a\'~' .... IlH)kl'l:-- 10 Illlll-SIllOkl'I'S iITt'spl'rt,i\'t' 

of the othC'1' dl<ll'act.<'l'il'>lics, ,IS 101111, <II'> (h(·~' .11'1' 1 h(· ~.1I1\(" 1\:0(1' t.h"t t bis illtl'I'IU,(.t.tf,ioll 

assumC's no i nt.eracl ion (crfcct.-lI\od di ( 111 ion), 

In g<'Il<'1'al, th<.' odds-ratio of di:--('as(' fol' èllI illdi\ idll,d ",it Il dl<l\',\('lI'ri:--1 ifs .ri, ,l'i, ... , ,rr 
to an indi\'idual with chal'act.(·l'ist.ics /l''I'~ ...... /'~ is gi\'I'1I il, 

TIl<' 11I0st common lIs(' of t.his ('('slIlt. is \\'hl'II .\/, 1'<'(>I'I'S(·I1I".I di('hololllOI\S "('XPOSIll'(," 

(1 =ycs, O=noI1c) and Wc' él\,(' in\.c'l'l':il.(·d ill 1 Il(' disl'ilS('-('X(>OSlIl (' odds-I'at.io fol' t.wo individ­

liais who arC' diff('J'C'lItly "expos(·d" éllld ('q1lal 011 Ill<' [,(·llIilillill,!!. 'lill'iahl<'s, This éldjust.l'd 

odds-I'at io is t.l1C'11 

In 0111' (·xalllplc~. 1.11<' odds-I'éltio (11I'él\'Y SllIok('1 10 IIUIi-SIIIOk(·I') il'> t 111'11 

I}' = I,i/,(I-Il) = l ril, 

In our (·xampl(·. 1 hl' odds-p\1 io (1II'av:, sllIol\('1 to 1101l-S\IIok('I \ is 1111'11 

1:' = (,ij,{'I-lJ) = ('lli~ 

1.5.2 Interpretation of I~o 

TIl<' logist.ic regl'('ssioll approc\cll \Vé\~ d('V('!O\H,d for ('O!tOI ( ,,1 "di('s \!.;('(' (II(' (·Xillll\>I<·). Wh"t. 

does j'Ju est.illlate '? 

(30 = [olJi/(71') whel'(> 71' is th(' prohé!lJilit\, or di"c'a~(' \\'11('11 ;dll~1( X\ ,II'C' 0 

S('l'ms unintel'< stillg" but it édlows lI~ to c·..,1 ÎlIlatc' plol,.IbiliI.Î(·:-- or dis(·tls(· (7i-'s) fol' 

individllélls with ('(l'taill Chéll'élctC·l'ist.i('s, FI'OIII tl)('~(,. wc' ('HII ('(JI Il pllt.(· HD, HH, OH. 

It. has b('('11 shown that logi::,tic IC'gI'('ssiolJ ('HII 1)(' """d fol' (,cl~(' 1 ollt.1'01 st.llc1ic·s wit.h t.11(· 

only diff<'\,('n('c' t.hat. /10 will change; 1.11<' 01 II<'I' rJI, /-J~, ... , rh will IH' t.h(· sa~ fiS ill ft ('ohol'l, 

study . 
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l.fi, INTElll\CTION 15 

III fael fOI il ('a~('-( 0111 roi ~ll1d,\, 

whel'('I1(~ = /10+ IJl(~), j10=j1() 01 (ohort ~t.lldy, Ol=sampllllg l'J'action for cases and 

O;!=salllplillg fi ad iOIl fol' ('(ml roIs 

TIH'I'C'fol'(', 1)('( êlll~(' \\'(' do 1I0! kIIO\\' .. iu (',élcl 1,\' (1Il1lpss W(' klIU\\' Of <\IIf' ,/l,d, wc cannot 

('st illlilt(' 7r'S ilild IlC'lIc (' wc' C c1111l01 ('~I illlél1c HI) ilild \{ IL 

Ilow(·VN. \\'(' kilO\\' (hat \w do Ilot 1\('('(\ 7r (0 «()ll1PI\(t· III<' on "1\\('(' OH = tL(J,(x:-x.'), 

wh ich d()('s \loI <I(·I)(·"d 011 110, 

ft. is pli'J('ipally for t.bis 1 ('é\SO\l tbal wc' havI' COli «'11 t1 <1tC'<I our (·rforts 011 the odds-ratio 

as our Ill<'élSlIJ'(' of t II<' (·xposur(·-dis(·(-\!->(· associatioll. 

'1'1)(' lop,ist.ic mod(') sl)('cifiC's 1 bal t.h!' pl'Ol),lhilil,\ 01 <11'>('''''(' c!('i\I'lIds 011 a set of variables 

.\h.\"'l, .... .\1. by 

Ti 1 + (.lo+,IIJ 1 +, +llk 1 k 

III -1 7r = /10 + ri 1 XI + ... + ; i ~ ,\ J. 
-7r' 

"--v--" 
l'H/II( 11") 

wl\('J'(' l';:) odds-I'at io of disC'as(' for " IIlIit (bélllg<' ill X, 

\V(' 110\\' (',\,II11ill<' Ilo\\' the logist je IllOd(,j (!<-,ds \\'il Il il1t.('leJ( 1 iOll, IlO\\' 1.1)(' parametcrs 

an' <,st irnah·d, ('sts of !->iglli!i('ë\lll'(' al'v condud('d <\lId l'olllid('111 (' IIII('n'als obtaincd, \Ne 

will i\lso ~('(' ho\\' 10 ~d-llp tllC' ('Ollll'"tl'l' loI' logisl il t('gl'('~~i()l)' 

1.6 Interaction 

""l'st. W(' IlHUlt. di:H'\IsS t.lw mnlt.iplicali\'C\ pro»(\l'ly or th(' logist.ic mocl(·\' Consider the 

followillg 1110<1(,1 

{ 
l pn'st'nt. 

\\' \)('1'(' XI = () ahs('lü ' 
y, = {1 pn'S('llt 

• '1 0 é\ bS('1I t. 
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16 ('Il \fJ'J'J.:U l. 'l'III': 1.()(,'I.""j'J(' IU':U/U':SS/ON MO[)EL 

SuppOS(' that X\ and X:.! al" hm dilr('\'('nt ap,('lIts ur t'''-(>USIII'I' (XI=SIllOkillp, . 

.\2=drillking) and W(' want tu cl:-'~('",,,, Iht' ('II'('l'!" uf '\1 rllld X2 :-'1·p.l\'att,I~' ,11\<1 joilllly fol' 

fix<,d valucs of X3 , .... X", WC' kilO\\' t 11<'11 111<11 1 III' (ldd..,·\ dl Il) lOI Yi . .Yi ln X;,.Y~ (01 h('I' 

X's l'<.'llulÎnjng, the sall\(,). Îs 

13y makÎIIg, X; =0 and X~=ll. 1 Il<' l'd'('1 Il'1I1 <:at('gul',\' (i,,', 1111""1'0:-'('" Ily bol li .\ 1 éllld 

X2 ) (non-slIlok<'l', lIon-drink('r) 

ThC'1l 

(Ill is 1 II(' ()(Id~- rd t iu rUI .\ l ,dollt' 

and 

Not (': (/11 +/12 =J e/II + ('/11 

Unlil,(' in lilWHI' l'<'gre'ssion wlt(·J'(· th(' dl('cI:-, dJ(' !.!!.hlil i".!.'. III IU.!!,I:-.tl( J(·.!!,J(·SSIOII, t.Ilt'y 

are tnl.1lt iplirat.i\'t' ill t.1lf' odds-rèll jlJ, i,t', 

.l, r -

Note: t his is 1 l'tl(' ollly if no int,('I'éI<'1 iOIl is pl ('0.,('111 , 

Int.el'act.ion ternIS in logistic' r<,,!!p·:-.:-.ioll (lJ'(' :-,p(·('ifi{·d III 1 II(' :-.illlH' ,,'iI\' dS ill lil\(,1I1' J'('­

gressioll. COllsicl<.'1' t.he fallliliar (,olll<,xt \\'11('1(' \'1 1'(·pl(· ... (·llh t IJ(' I)illal'.\' ('X(HJ:-'III(' (J or 

0) UIHl('1' sindy and '\"2' ... ,XI• <1\(' III<' poklilial (Ollfol\ll<!('I:-' 'l'III' "Iotl{·, \Vlt.h lil:-;I.-01'1I1·1 

Înt.f'ract.iolls of XI is giv('11 by 

log i 1 ( 7r ) = riu + I:J 1 XI + 1 j lX l + .. , + ! h \'1. 

+02X1 .\':,/ + (I\X I X'j + ... + (1/, XI \'" 
1. 1. 

= fJo +/1I X I -1- L:/:I,X, + Ln,X1X, 
<=2 1=2 
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1. ï. ESTIMATION 

1. 

(,:II + L (l,X,) 

Il 1 ..... 1101 0 (()// ..... Io/l! 

l ' O[II.( 1IIIIjIII O/'I II/Ii 
tI( 7)( IId ..... (JI! l'oLul ..... 

of X,!, ... , XI; 

The' Ofldfi-ralio fOI (·xpo .... llre (XI) is 111<'11 

17 

, 
XI + L·i,X, 

,=]. 

Note' Ihat. t!Jl' S,'s for ",hici, (l, 1 .... 11011-1.('10 cliC' Célllc'd <,fl'(·(·t-lIIoclific·IS of thc disease­

('X pOSIl 1'(' rc·lat.ioll~h i p. 

01\1 Illocld ('ail IIOW 1)(' spc'('ifi('d in t hl' follo\\'illg g,PIH'ral \\'c\~' 

[o.lJi/( rr) = (,l'j)() ..... /I1·1 + ('()II ruul/lh /'..... + (.rfc (1-I//()difi(1·.~ 

i.(·., t.lu· log 01 III<' odds rat.io is a lill('ar f'ullctioll of X 2 , 

1.7 Estinlation 

'l'II<' poinl ('sl illl,\I iOIl of 1 he pllrall1d('r~ in lop,I~1 il Il',!!,l (' .... ~Îllll Î~ 11\ hÎc·\'('d hy the Jl1et.hod of 

lIIé\xilllllllllil,pliIIOOc! (III l'Ollll'il~1 \\'Îlh Ihe IIwliiOd or 1('(1:-.1 sqUéllC'S ill lillPéU' l'cgression). 

This IlIpt.hod is bas(·d 011 1 Ill' lik<·lihooc! ftlllctioll of Ihe (rS t'or 0111' sé\lllpl(·. This funct.ion 

is Uu' prohahilit.y of ohs(')'\'i\lg, tlll' OU«'OIl\(' of our silmple ,\\Id t.hÎ~ prohahility (lik('lihood) 

is <1 t'II Il et iOIl of t.1H' Ifs. 

H('('é\\1 t.h~lt. \' is our OUt.COIII<· (<lc'pe'lIdl'lIl) ,·aria!>lc·. III 0111' SéllJlplc" \\'P obsC:'l've 

U"!l2.!J.\ •...• !ln ",lw\(·c'ach!1r is ('itll<'\' cl 101' li 0 with l'<·~I)(·(·ti\·(· plohahiliti(18 '7r},1l''2,'" ,'7rn 

of Iwi Il!!, 1. 
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18 ('1/ \PfFIl 1 'l'III" 1 ()(,'IS/'l(' UH;UFS,'·i!O.\' .\l01WI 

~ ) I-'Il - Il.! - )I-V" 
'II 

1/ 

II 7l';"(1- T,)I-V, 

,=1 

Exampl<' or Illaxitlltllll likdiholJd 1" .. 1 1111r11 1011 

1. = II ::-;', (1 - ;i,) 1 'Ir 

,=1 

\10<1('1: 7l', = 7l' fol' ,dl slIbj<'ch i= 1 ..... 11. 

1/ 

/. = II 7r;h ( 1 - il,) 1 - ", 

,=1 
7r )' ", ( 1 - 7r) 1/ 2~ ", 

In/. = L 'I, 11l(7r) + (II -- L 1/,) III( 1 il) 

\VI' \\'ish 10 filld 1 II<' \'alll(, lIr ;; ",lli( li Illcl\iIIlIZ(':.. 1 Il!' Ilkl·IIIItHHI fllll( t.ioll L. This is 

('qui\'alclll to lI1axilllisillg 111(/.), \Vl' IlS1' dl'II\'"IIVl'" (',1111111\:") !lI' 111(/.) wliill!, Whl'II "'1'1 

100, produ('(' Ihe mélxil1lumlik('lihood ('"lil1l,!\OI (1'11,\0:) of 7r, 

iJ III L 
iJ7r 

L!I, (/1 -- L.I/,) -- - ------ = () 
ir (I-ir) 

L .1/, - Ti L ,/, = /1 ir ir L'l, 
. L ,/, 1 \111' 1 ;; = --- 1'" t 1('. .', Il 7r 

1/ 

VariancC' of ir is oblaillc'd l'I'OIJl :"l'l'Ulld dl'I j\',11 i\'l', 

We ma)' re'place 7l' hy ils !\ILE if 

L ,1/ 1 (II - L '/,) 
--- - -------

il 1. (1_-7l')2 

L /J, 

L( '1,//1)1. 

1/1. 

(/1 - L.'I,) 
- --- ----~---'-

(1 - L'l, /1/ ) 1. 

/II. 

L!J, I,--L.IJ, 
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1.7. E8'J'/A!J\T/ON 19 

-II{~ __ I .} 
r. I-r. 

-II 
{ 

1 } 
r.(1 -r.) 

-II 

, 

\ .\ N( 7Î') 
-1 

r.( 1 - 7Î') 

.'1 

whidl i~ 1 II(' \\'(·II-kllo\\'11 \'cll icllll(' ('sl illllllol' 01 " hilloilliai J>IUJ>OI 1 iOll, 

III \.II<' J'('~I('~sioll ('01 1 I.('x(., wc' also 11iI\,(, aeldil iOlléll data XII' ... Xkl for each sllbject. 

WI' él~SIIlI)(' tl\(' followillg lIloc\('II)('lw('PII E(};) alld X,: 

lOI t.lw X's 01 III<' Ilh sllbj('tl ill 0111 "clllI»I(' \\(' (clii lIulin' flOlllll)l~ that. L, t.he likelihood 

fllll( t iOIl of 0111' ~"l1Ipk is illd(·(·d " IUII( 11011 01 1 1,(' ,r~. 'l'II(' 11lë\'\illllllll likelihood mct.hod 

pl'odll(,('s 1 II<' ;f~ (ill lact fi's) \\'111< Il clJ'(' the' !Il0"t. lik('I)' 10 have prodllcc'd our observed 

OI1t.COllH·S .III, .... li". '1'11(' (,()1I1plltal iOIl'i cll(' !IltH'11 1110)'(' COIllpl('x t.hélll ",hen 7T'1 = 7l' ail i 

'1IIcI J'('qllil'(' it<'l'al in' calculat.iolls p('l'fol'll}('d by il (,olllpl1l(·)'. 

111 g('I\(,I',d, ~I LF's of .,\ éll(' dPpl'oxilllttf(.J.\' 1I01'l1l,d \\'it Il \',III(1I1(,(,S produc(·d dil'cctly 

hl' t!1<' il<'rali\('I>I()«'dlll'(' [1\11, ('slillldtioli is ~illlpl': a \'('I\' PO\\'('I' l'li 1 loo!!]. 

Tlwl'('foJ'(', tll(· 1I1c\\illlllllllikellll()(HI pIO('('<lIII(' pl'O<lll(,(·~. 1'01 11.1 logistic lIlodel, /3, and 

d, for ('"c11 p<I 1',11 II<'I ('1'. B(·( "II~(' 01 1 II<' éIppl'o:-.iIl' (' 1I01'lIlctlil.\ ul ;\ILE's, éI (1-0) 100% 

(,()lIlid('I)('(' illl ('l'\',d for 11, i~ gi\ ('11 1)\, 

alld. t 11<'1'('1'01'<', élll i"lJ>J>I'OXilllilk 100 ( 1-(\ )(X ('1 for (1)(' odds-I'al io /!'/ IS 
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20 ('ll \J>'J'EU J. 'J'III,. 1. ()(,'IS 11(' u/·'(,'UE.'·jS/O.V .\/O/)FI. 

~lorc g<'I1Pra) formulae whi('h in\'oh<' "'<'\('1,,1 .J\. "'lnll\ILIlj('()II"!~ ,\1'(' p,in'II in Scld,'ssl'l­

man, page 2·17. TIJf'sC requin' 1101 0111,\" Ill!' \ê\l'iclIH ('~ 01 l',\( Il :1 hlll .d~o 1 hl' (,o'''\t'i(I1Il'I'~ 

bctw{,(,11 /1's which arc' also p\'o<ll\«'" by 1\ ILE. 

1.8 Discriminant Analysis 

Considcl" Iwo groups of indi\'iduals, (''''''('S .\tltl (Ullll()I~, Oll \\'hil Il \\'1' 11l1'<ISII\'(' .\I,··· . .\k 

SupposP \V<' \Vanl 10 disl illguish 1>1'11\'('('11 1 hl' group'" 011 1 hl' ha~i .• III' Ol\(' sillgl,' ,~_~~(~ f) = 

L. !3iX z, a lill<'éU' cOlllbillatioll of t 1](' \. 's. If f) > "'UIIH' 0 0 11ll'1l \\'(' sa\' 1 !t,,1 1 he IlIdi\'idll.t1 

is disC'él!'wd (a "cmi<''') and if f) < 0 0 i ... Ilol di ... (,,,.,(·d ("('0111 t'u\") Il\' lIlillÎlllizill,l!, tilt' 

pl'ohabilit.y of IIliHclc\Hsifyillg aIl illdi\·idu.t1, \\'(' u!'t.,ill "opl illl.d" ifs illlt! /) = L /",.\, is 

calicd tJ\(' lill(>ar discrilllillant. l'ullet iOIl 

UlId('\' Ill<' asstllllpliOIl or lllltlt.i'·illl"I(· Iiolln.dil\ rUI IIIl' .\1 ... ,.\~ (o.;illlldlllll(·(Hlsly) 

wit.h difrer<'llt mealls fot' t.h(· t\\'o gruup'" 1)111 ('qll,t1 ('0\ ,II icll\( (' IIl.lI.ri(·(·s, 11\l' 1 ()('lIi< i('lIb 

;','s al'<' ('quivalcllt. 10 Ihose oblaill('d \'i" l()gi~1 i(' ((·gt'(· ... :-.IOII. 

Proof: 

Lct 

P(XIJ)) 

P(.\ 1 J)) 

So, by Ba.\'('s t 1 )('01 ('III \V(' gel. 

{I(X) = plol) or \'" c1l1lllll,!.!, Ill<' ('I~\·'" (IJ) 

J(J(.\') = j>rul) (JI X'" c111101Ig 1 Il(' ('0111 l'ob (/») 

P(IJIX) 
Id \)e -------------- -. 

./d \ W + IIJ( \ )( 1 -, IJ) 

1 
= 

if X iH Ilormal, thm 

-1+ JIl! ,j! 1 -:.i'J 
Jd \ JI' 
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J.i( f)IS'('IlIM IN/\NT ANA U'SIS' 

siu('(' XID '" N{"O'(]'l) (\11() XIIJ '" N(,II.(]l) (rl:-':-'lllllptioll of di:-.( l'illlillr\JIt analysis) 

'1'1)('11 

aud 

{ -(-III.!..=E _. ("f -;'&) +~ 1 l 
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This is t Il(' logist ie 1110<!(·1. 
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Chapter 2 

Model Selection for Logistic 
Regression 

Forlllai JlIod('1 s('I('c1ioll 1I1('!.II()(b ('rlll J)(' hél~('d ('il IH'I' 011 !-.1('J)\\'i~.;(' Ill('\,hod~ 01' finding best 

slIhsC'ls of variahIPs has('c1 011 SOIll<' (1'I1('l'iOIi ('.g., Akaik("s illfoIIJlat.ion). Fitting lots of 

1II0<1«,ls filll 1)(' V('I',\' ('XIH'lIsi\'(' I)('('(IIIS(' cadi rit 1'C'<lllin's an it('l'at i \1(' pl'()('('dl\J'c. Stepwis~ 

1IH't.hod:-; ilJ"(' S('«(IH'IIt.iéll, h(,I\('(' cheap('J' t.ltall h('st. :-OIlI>S('\ 1llC't.hods 11(,1'(' wC' only introducc 

st.('pwis(' IIwl1l0<l, 

St.('pwis(' M'le('t iOIl 01 varial)lcs IlilS IW('II \\'id('ly IIse'c1 ill lilWill 1'C'g,rc'sslon. Most major 

soft.wéll'<' pil('k.tgps hil\'(' l'itllC'1 ê\ ,-:('p<ll'al(' pl'Og,I'c11l1 01' élll optioll to pC'l'fOI'1ll this type of 

éllléllysis, At olle 1 illlC'. "lC'p\\,i...,(, Il')!,!I':-o...,ioll \\'il:-O ill! (',\11('111(,1,\' populm 111<'1 hod for modcl 

hllilding,. ~Ic,t l!ud()l()g~ lOI 1)(,l'rOl'll!ill~ ...,tc'p\\'i,,<, lo!!,i~1 i( ('('gre'sw.J:! has IW(,1l a\'ailable fol' 

nllieh l('~s t.i Il \(', :\ IllOllg major :-oort \\'lIl C' pilclwg,l'!-. unly B 1\ 1 J) P oH'I'I!"I él progrc\JIl for stepwise 

logist.i(' !'('gl'<'ssioll, Wl' 1'(,<,1 t.hat t It{· :>1 Oc<'dllJ'(·IH'O\'id(·s él w.,c>flll and <'Irc'ct iv(' dat.a analysis 

t.oo!. III parI i (' III a r, t 11<'1'(' éll'C t i Il WS \\' 1 t<' /1 t h(' 011 1 ('Oll)(, ),('i Il 1-1, si IId i<,d is )'<,1 a t i vC'ly ncw (e.g., 

:\lDS) illld !,h(' illlpOI't.allt rovariél\('s Illet,\' Ilot 1)(' kIlO\\'1I éllld i\~so('!al iOlls wit.h t.he outcome 

Ilot Wt,lIulld(,l'stood, III th('s(' ill!-.lfllI( ('-'; IIlOS! st lIdi(·~ \\'ill ('ol\coct Illéllly po!-.sible covariates 

illld S('I'('('11 t helll fol' slgllilicallt <I~"()( iat iOIlS, ElIlpIO,\'ill~ êI sll'p\\'i,-:(' s<'lf'ctioll procedul'e 

<'''" prO\ idc' il fa~! éllld ('[('('cl in' Il)('.111:-0 t,o S('I'('('lI il léll'g(' 11111111)(,1' of variables, and Lo 

si III \lit éllJ('OIl~I~' lit .1 1t1l1l11)('1' of logisl ie n'gJ'('s~ioll l'qllat.iolls. 

Ali)' sl('\>\\'ls(' pJ'()('('dul'<' for !"IC'kel iOIl 01' ddd iolt nr variallks 1'1'0111 a model is based on 

il st.at islirill .llgOl'illllll \\'bich checks fOI' 1 IH' "illlportall(,('" of \'éll'iahlt's, and either illcllldes 
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or ('xcI ud('s t hem on 1 he basis of cl li X('t! dt'cisioll 1 111('. 'l'hl' "illl po l'I.I 11('(' ,. of a \'a 1 iallil' 

is dC'f1I1C'd in t.('rms of a llwa:'lIr<' of tll(' stdlistiuli ~igllilic(lIl<'I' of t l\(I cot'llicil'1l1 for tht' 

variable'. 'l'II(' statislic ns('d (kp('nd~ 011 tIlt' ISSlll11 pt iOlls of t II<' Il,o(h'l. III ste }>\\'isl' lill<'ill' 

fegrC'ssion ail F-tc'sl is lIsc'd silll<' tll<' 1'1101'" al't' a~~lllIlI'd 10 hl' 1I0111l.tll.\' dist.tihlltt'd. III 

logistic r<'gl('ssion tll<' ('!rO!'S an' d~~t\II\1·d to 1'0110\\' <1 I>illollli,d di:.t ('illlit iOIl. ,\lltl Sip,llIficêllI(,(' 

is assess('d \ic\ tl\(' lik('lihood rat io chi-sqlI<lI(' tl'st Tltlls. at ,III,\' ..;tl·p III tll(' plo('('dtl\'(, tilt' 

most inlporliHlt véll'idhl(', ill l'Ital i:-.t i(',t! 1<'11111'1, will 1)(' tilt· 0111' Ihal pl'otltlcC's 1.11<' p,lt'at.c·sl 

change in Ih(' log-likl'Iihood l't'lat Î\'(' to a l1\odt·lllol t'olltaiIlÎIlp, III<' \,<lI'iahl(' (i.c., t.1\(' 01\(' 

that would 1'('sult. il\ th(' Icll'g<'St. liJ..:('liltood ratio st. .. t i:.tir, (/). 

Wc ha\'(' poilltcd Ollt t Itat. fi polylolllollS \,(l\'iablc' ",ith k I('\'('b, i:-. ilppl'Opl iat.t-Iy IIlod .. kd 

thl'ongh its ~'-I dt':.igll \'élriahlt,~. Sillt(' tltt' IIlagllillldt' of (,' dl'(H'wls 011 its dq!,l'e'c'~ of 

f l't'edoill. all~' pro(,(,(!tl l'(' ha:.t'd 011 1 1 J(' 1 i 1.:<' 1 i "ood l'il t.IO t ('st '-i 1 li t ist i t'. (,', III Il st. at ('01IU t. fol' 

possible' dilf('I'('II('c's ill degl('t':' or rll·(·dolll 1It't\\'I't'lI \·ill'iilhks. 'l'ltis is dOliC' hyassc'ssill)!, 

significalH'(' thl'ough thc' p-valtlt' 1'01 (,'. 

Wc will d('scril)(' alld illllstratc tlt(' algol'it.hll1 roI' fOI'\\'<trd St·!t,('tioll follo\VC'd hy Im('k­

ward (·limillat.ioll in stPIH'Vise logis .. \(' \'(',L!,I('~:-.iOIl. Ally val'iallts 01 this alp,ol iU1I1I al'c' simplc' 

modificatiolls of this pro('('dll\,(', 'l'III' IllI't hod \\'ill 1)(' d(,s(,l'ilH'd br cOlIsidc'rillg 1.1)(' stat.is­

t.ical computat iOlls tltat Ut(' (,Olliputt·(, 1II11'-it pt'I 1'01'111 al ('(1('1. sh'p ,,1' 1 lit' pro('c'dll\'(', 

Stcp (0): SUpPOS(' \\'(' hél\'(' a\'clil,"llc d lolal or Il pos:-.ill"· i"cIl'JH'lIdt'lI1. val iahlt·s, ail 

of whicJl an' ju<lgc'd to 1)(' (lI' plc\ tt~illl(, "I)iolo/!,i(''' illipOI t il IH t' 1'1 ~t \l(h ill~ t.lt<' otll (01l1C' 

variable. SI('p (0) lH'gills with d fit or t II(' "illt(,1'< ('pl olll.\' 1111)("'1" fllld ail t·vaillat.ioll of 

it.s log-likC'lihood. /'0, This i~ follo\\'('d !,J' littillg c'flCIt of tl)(' Il p()~~lhlt· IIllivrlli.ll.t' lop;i:-.t.ic 

regl'cssioll lIIodc'b alld (Olllparill!!, tl!t'il' \'('sIH,ctiv(' 10v,-likc,lillood .... Lt'I III(' valtl(' of the 

log-likdihood fol' t.11I' 1I10d('1 cOIlt.aillill,L!, variabl(' '/'J <II stl'p hC'1'1I 1)(' <lc'lIol<-<1 hy II~()). 'l'II<' 

suhscri pt. j J'(.f('rs t 0 t ha t. "C\l'i,lblt· \\ Idc11 Il cil' bt'('11 fi c1d"t! t () 1 II(' rll()d< ·1. illid 1 II<' StllWI ~( 1 ipt. 

(0) refC'rs 10 tlae st(·p. 'l'hi~ lIotcltioll will ht' dSt'd tlll'Otl!!,llotit tll(' dIStU:-. ... ioll 01 :-.t.c'pwi~(· 

logistic regrc'ssioll to k(·(>p tra(k of IHlt It ~t('P 1111 Il tlH'r illld \·,ui"I)"· ... in III<' IlIod(·1. 

Let Il){' value oftll<' lik('lihood ratio t('~t. fol' Illod(,1 (,ollt<iillill!!, .1'/ VI'\'~tJ'-i III<' illl.('IC'C'PI. 

ouly mad('1 he dClIot('d by (,'~U) = '2(1/~lI) - I.u), and its JI·valllc· he· d('II(JIc'd hy l'~(j). 11(:11(,(', 

this p-vah«' is dC't('rlllillcd by the lail plobahili:.f !Jr[\2(11) > (,'~I')J = J/~()), wllere Il = 1 if 
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.T} is contilluOllS and v = /,. - 1 if .1"/ is polytolllOU:-- \Vith ~, cal Pl!,(, , i('s. 

'l'he rnost import.allt variabl(' i.., t Il<' 011(' ",it Il t he ~lllilllt,..,t /l-\'éIltl<'. If we dCllote this 

vmiablp hy ;/''1' t.1H'1l ]I~~) = III/II (IJ~(J) J. wht'I'<' "Il Il Il'' st.alld:-- 1'01' s('I(·( t i 11!; t.he minimum of 

III<' <jUilllt.iti(·s (·lIdos(·d ill 1.1)(' IJI ,H k<'1'î, Th(· sllh:--cript .'( 1" is IIS('d to denote that the 

variahle' is a ('alldidale' for ('Iltry at 'île'p 1. Fol' ('Xéllllpk, if \',H Î<lllle .rl had the smallest p­

vahw, tlwll 11~()) = 111I1I(1l~U»), alld ( 1 =~, .J \1:--1 I)t'célllse .1'(1 i:-- t II(' 1lI0st important. variable, 

1.11<'1'(' is 110 p,lIal'étllt,(·(· t\tat il. will 1)(' "statist ically significélllt." Fol' eXél111plc, if pi~) = 0.83, 

wc' would pl'obably cOIlC'IIIc!(' tllélt t 111'1'(' is littl!' point. ill cOIlt.illllillg, t.his analysis bccause 

1.11<' "1lI0St. illlpOllélllt" \'<-lI iabl<- i:-- Ilot J'(·ldtl'd t.o t 1)(' out (,OIlIC', 011 the othcr hand, if 

jJ~(:) = o.om, W(' \\'ollid Id,(' to look <II the' logisti( l'c.!!,I(·ssioll cOlltclinillg this variahle aud 

sC'(' if 1 h(·J'(· al<' ut II('I \'ill'i<lhb ",hi< Il ilrc illl!)()ltanl gÎ\'('1I tlJaI ,l, 1 IS inti\(' mocle\. 

A Clll( i,t1 a:--pc'cI of IlSillg s\'('pwis('lugist ie \'('glC':--:--ioll IS 1 Il(' c\toi,'(' o~· an "alpha" Icvcl to 

j IIdg(' I.hc' illl port.a \lC(' of "éuia bles. Ld JlE d('lIo!.l· OUI dlOÎce' \\' "(')'(' t.he' •• E" st ands fol' cntry. 

TI\(' c1loic<' fOl /lf'; will dd,('\'lllill(' how 111filly ,'al iable's will ('\'('111 tlally 1)(' includcd in the 

lIlod(·\' B('Jl(Ie'1 amI Afifi( 1 !}ïÎ) have' st IIdiC'd t Il<' choi('(' of ]JI,: fol' ~tep\\'is(' lillear l'cgl'<'ssion, 

éllicl Cost.all~a alld Alili( 19ï9) hc\\'(' st lI<lied t Il<' rhoi«' roI' stcp\\'i.,(, di~('\ illliuant analysis, 

'l'Il<' \'(':--1I11s of t.lli'î \'('s('arch Ild\(' :--lltJ\\'1l 1 b,1I tilt' (IlOIl'(' ur /'1, = o.O!) is too stl'illgen1., 

oft('11 ('xclllclillg illlportalll \'(lIiahlc:-, frolll Ihl' 1l1()(h·1. ('hoosill!!, d valllc' for]JE in the 

l'allg'' O.I!) 10 O.:W is 1110)'(' higld\' 1'{·(OIllIlH'!l<lcod. \\'hile' !>r('\'iolh !t'''('élICh considered only 

Ilmmal t.h(·ol~' Illo(\coI~ (i.(·., lill('ar I('i:'l'ssioll 01' disCl'ill1illc-llIt. êlllaly~is). Ihcre Îs rcaSOll 

t.o 1)('lic'\'(' th,11 liSe' of JI/: ill tll<' sail\(' raug(' \\'0111<1 1)(' a slIitahlc' ('rit('rion for stepwisc 

logist Î<' r<'/.~I (':-,:--1011 si 11('(' logi:--t ie 1 q,!,r('ssioll lIlil,\' b(· \' i('\\,('d a:-- a' 1 off shoot of 11lC' normal 

t.lH'ory disnÎlllillc\\l1 fUll< t iOIl IllOdpl. ~Ioi ('{J\(·r. Il:--(' of /'/~' i" 1 hi.., ",lIlge will p\'o\'ic\(' some 

aSSIl\'all(,(' th,lt 1 IH' .,tl·p\\'I:-'(· 1>10('('<1111'(\ will ..,1·1(·ct \c1\'1ahl<·~ \\'11()s(' ('()('frici{,llt~ al'(' difrerent 

fi Olll ZC'\'O, 

SOIlH'tilll(,S th(· goal 01 the' allctl.\sis llla,\' he' hloêld('r, éllld lllOd('ls contailling more 

varia Il \C'S al'(' sought t () provicl(' é\ III 01'(' Will (>1<'1.1' pÎ('t.UI'<· of possi hl(' mod(·ls. 1 n these cases 

use' of JI/;' = 0.25 might he a l'<'élSOllélhl(' choi('('. \\'hal.('v(·r t he' rhoice fol' ]JE, é\ variable 

will h(· juclg('d important t.'llough to ÎI1Cllld(' ill tll(' lllo<1C'1 if t 1)(' /I-ndu(' fol' G is lcss than 

J'J.:. 'l'hns. t.h(' progrHlII procct'ds 10 "t('P (1) if /I~(:) < 1'1:; 0111<'\,\\,1"'('. il. st.ops . 
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St.:l~: Stcp (1) ('OIl1I11<'IJ('('S ",it h il lit of thl' lugistir l'('gl'l's-;ioll ll\mll'I nllltaillill~ 

.re ,- Let. L~!) denotC' tll(' log-likl'Iihood of titis IllOd,'1. '1'0 d('1 ('l'Ill 111(' ",1H'tht'l' éllly of t.11t' 

l'cmaining p-l val'iabl('~ ar(' impollélllt OIlC(' tht' \'.lli.d)Jt. '/"1 IS ill tilt' llIodt'1. W(' lit p­

l logistic regn'ssion mOllld('l~ COlll<linill!!, .1"1 alld '/'".J == 1,2,.1,',/1 élnd J i= (1' l'l)\' 

the 1I10dei cOlltainillg ,l'q alld .1', 1<'1 t h(' log-lik,'lihood 1)(' d"lloted Ily I,~:~, and Id tIlt' 

likC'lihood rat io chi-squar(' stéltisi ir or t his 11Io(h'l \'('rsus t hl' IlIod,'1 nmt "illillg onl,\' .1"'1 hl' 

dcnotcd by (,,~I) = 1( L~:~ - l,,)~)), 'l'Il(' IHalt\(' for titis stalisli( ",iIIl)(, (1('lIokd hy l'~I), 

Let the variable with lll(' SI1\é\lkst l'-\'cdu(' at sll'p (1) 1)(' '/"2 wltt'J(' I/~~) = /l11II(1/~I)). If 

this value is less Ihan IJl~ wc pro('('('d to st.e!> (1); oll)(,l'\vi~(' \\,(' ~t(}p. 

St.('P (2): SU'p (1) Iwgills with a fit of tilt' IIlOdl'l cUlllélillillg hol h .1''1 éllld ,l'", II, is 

possiblc' 1 hat 011('(' "''''2 has b('(,11 add('d 1,0 1 Ill' IllOdl'l, ,/', 1 1:, 110 IOIl!!,('\' i 1111'011 .lIlt. 'l'blls, 

st(·p (2) ÎllcllI<!C'S cl. ch('ck for Iw(k\\'c1ld c'lilllÎllalioll, III P,('I\(,I',II Ihis is .\('(,('llIpli~ll<'d ",v 
ftu ing Illod('ls thal <1el('\(' 011(' or tIlt' ,«-\!'iabl('s adtbl ill !.I)(' pl'<'\'ÎO\lS sU'ps alld ass('~sill1!. 

t.he cont.inuC'd importallc(' of Il)(, \'Clliahk J'('1I10Vl'd, At. st,'1' (~) I(·\' /,!},IJ d('lIo\(' t.h(' I()~­

lik(,lihood of the moclel with ,l'() 1'(·1I1o\,('d. III silllilal' f .. shioll 11'1 tll<' lik('libo(){1 lat.io t.1'~\. 

of t.his 1110<1<>1 versus tht' full Illo(kl al. slt'!> (2) \)(' (,'<'!/J = '2(1,~~!, - 12.>J) "lIeI IJ":}) 1)(' il s 

lJ- va lue. 

To aS('('l't aill wll<,t,11C'1' a Vat iablt· sllOlIld 1)(' d(·II·kt! 1'1'0111 1 lit' IIll/d"1 \.11<' l'IO,L!;I'<1I11 ~.;('h'ds 

that variahle \\'hich, ",1)('11 1'('1110\'('<1. ,'i('ldi'l t IIC' IIIi1xÎlIIIIIII/J-\,alllt', !)('lIot ill}!, t.hi~ vilrial,I(' ilS 

.f r2 , t,1)('1l p~:) = ,,/(/,r(p~}\\ IJ~}J)' Tu <keid(' \\'111'11)('1' '/'1, sh(lIlld 1", 1('1\10VI'<I, tilt' prO)!,1<I1I1 

COn1pal'('S JI~;) 10 éI sc'c'olld \>re'( hos"11 "alpha" 1<>\'c'I./'JI. wllich \\'dl illdint\,(' SOlllC' IlIillilll,tI 

IC'veJ of cOIlI illll('<! (oJlt.l'ibut.ioll 1,0 titi· Illodc" will'I'<' "H" Slélllds fol' 1'('1l10VC', Wllatl'v('" 

value wc' dloos(' for l'H' il. Illllsl c':\('('('<1 th(' v,dtl<' of 1'1; 10 )!,llill'd . ll!,clÎIIs1 t III' possihility of 

having t h(' plogram ('111er and 1'('1110\'(' 1 1)(' ~all)(' \'iII'iabl(' al. i'lll(,('( ·,-;i\'c· ~I ('ps, 

If wc' do 1101 wislt 1.0 \'xcludc' IlIcllly val'iclhlt's (111('(' t111'.\' Ilfl\fl ('lIt('l'pd, wc' IlIip,ht liS/' 

PH = 0.9, A I\lOI(' st.rillg<'tlt \'a\\l(' \\'oll\d 1)(' m.,(·d if CI ('011\ illtl!''' ',ip,lIifi<'allt" c Ollt\ ilmtioll 

\Vcre 1'C'quirC'd. For C'xalllple, if \\'(' 11~('d IJII = 0,10, 111('11 \\'(' 1Iiiglit dloOS('lJ/l == O,:W. If 

the môxilllllln p-\'alll(' to l'<'llIov(',fI!~I, ('XC('(·<!-; JIll t 11<'11 ,/', J i .... \(·IIIII\,(·d /'1'0111 lIl(' lIlod('!. /1 

p~~1 is IC'ss than Pli tlwn ,1'12 l'Cllwillh ill tilt' 1II0d(·1. III pit"('\' (,iIS(' t II<' progralll Pl()('(~('cls 1,0 

thf' variabl(' sC'I('ction phase, 
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At nI<' ro/,\V(u cl ~(,I(,ction p!Jd~(' ('rl('h of 1 hl' jl-2 logi,-il j(' 1 (W'('s-,ioll 1I10<l('ls are fit con­

t.ainillg .1"'j' ,l''l éllld ,f] lOI J = j.~.:J.", .11.) =1= {l,Cl.' TIJ(' pl\l!,l'alll pvaluates the log­

likplihood fol' (,étch l\Iodd, COIll»Ut.<'l-> t.lw lik('lihood l'at.io t('~1 \'('rSUS 1 he' llloc!pl containing 

only :/:CI alld ,1"2 alld dC'!.C'l'mill('s the' COlTc'sj)(JIIdillg p-vah\(', L('I ,rel d('llot(' t.JJ(' variable 

with the lIlillilllll/TI ]J-vaille, t.!Jill is. fJ!~) = 1I1l1l(]J~'2)), If t1li~ lJ-\,!lllf' is smalle'), than ]JE, 

1'~~) < 1'[.;, 1.11('11 IIJ(' pl'ogl'êllll pr(Jc<,(,d~ 10 !>tc'P (:!); ot.h<'I'\\'ÎsP. il l'llops, 

St.e" (:1): Th(' l'w(('dulc' for :--Ic'I' (:3) is idc'lllical 10 Ihdl 01 'it.cp (2), The' program 

p(·)'fOI'IHS il d",ch fol' IléIckwal'd ('Iilllillill,ioll follo\\'C'<! by fOI'\\'éIld selc,ction. This process 

cOIlt.illl\('S ill t.his l\Ii\lll\(,1' lll\tii tlw las\. step, s(.('!> (S). 

St.e!> (S): Tllis :--Ic'I' occurs wll('lI: (j) ail JI ':iHiablc' ha\'c' ('lIkl'('d tl\(' ll1od('1 or (2) ail 

variahl('s ill 1 II(' IIIO<lc'l have p-vah\(' t () J'('IJIO\'(' which arc I('ss t hall IJR, and the variables 

ilOt. illdud('d in t\w 1110<1('1 ha\'(' jJ-vélhl('S to <'IIIt'1' \\'hi('h (''\('('P<\ JI],;, The mod,,1 at this step 

C'ollt.aiIiS t.llOs(' variahJc.s t1lcll an' illlpol't.ê11l1 l'plal i\'p t.o thC' cri 1<'1 ia of PE and PR, These 

lIlél'y 01' Illél," Ilot 1)(, th!' val'ia!>I(,!> I<'POI'It,<I ill a lilial lIlodc'l. FOI illsté'lIlCC, jf t.he choscn 

véllll<'H of JlE {JIul JlH ('or!('spolld 10 our Iwlid for sl(\lisIHïd sigll:firall("('. Ihell the model 

al. ste'!> S IIhl,\' \\'dl cOIlt.aill t.1J(' sigllificélllt. \ëll'Îabks, 1I0\\'('vc'l" if we have' llsed values for 

1'/,: alld Pu ",hich arc' Ic'ss stringc'III" 1 \t('11 wc' should s('le'cI. 1 \)(' \'Hriabl('s rOl'il final model 

frolll a t.abl(' 1 h,tI Slllllll\é\l'iz('s 1.\11' J'('Sttlts of t.1l<' st.epwis(> p\'()('('d\ll'(>, 

Tl\C'rc' il\'(' t.\\'o llJ('1 hoc\s t.h,,1 lJ)a." 1)(' lI~('d 10 select \"élriahl('s 1'1'0111 a sllllllllary table; 

th('sc' m'(' (,olllpm',J!>I(' 10 Illdhod!'l COIIIIIIOIII,\' Il!'lC'd ill stl'p\\'is(' lilJ\ a\' \'egrc'ssioll. The first 

lIwt.hoc! is has(,d 01\ 1 h<' jl-\'ahl<' 1'01 ('Ill \'~' cIl. PélC" sl.('P, whi!!' I.I\(, SN Olld is bascd on a 

lik('lihood ralio I('st of t.h(' Ill()(kl cil the' ('11\'1('111 sU'j} \'(,l'SII!> 1 II<' IllOc!pl al Ihe lélst stcp. 

1,('1. "q" d(,llot.c' ail drhil\'m.\' sl('!> ill Ihe Pl'O('('dlll'(', III lit<' lil'sl lllC't.ltod wC' compare 

11!,/-1) to a pl'{'('ho~('11 SiglliIÎrllll(,(' 1('\,('1 sll('h as n = O,l!), If tlll \'aille' p(q-I) is less than 
'1 (q 

o. t,}wn W(' 1II0\''' tü s!.('1> q. WC' stop a t, tll<' :olLe» ",lwll ]J~'1-1) c'xCI'<,ds Cl. Wc consider the 
q 

1II0<lc'l al, Ihe PJ"(·\·jous stcp for fllltlwr éllléllysis. ln Ihis 1IH'lhoc! the crit,C'rion for cutry is 

has('cI on il tc'st or III(' signifirilll("(' of tll(' ('odliri('1l1 for ,1'", cOllditiollal 011 ,rel' :l'E2' "', 

,/', q_1 !will!!, ill 1 hl' II10ckl. 'l'II<' (kgl'<'( ':-' of fl'c'('cJOIl1 for t hc' I.('sl ilr(' 1 or J..- 1, dcpendil1g on 

\\'ll<'t h('1' ,l''<j is ('0111 illllOIlS or pol,vlolllOIlS \\'itll /. (al('gorÎ(':-', 

ln t.h(' s('('OII(I 1Ill't hOlI. ,,'P COllll>lll'<' thl' Illockl al, 1 he' ('IIIT(,111 Sl(')) <J. IlOt, to the mode} 
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at t.he' pr{'vious st!'p. ste» q-l, bu II\) t hl' lllod(·1 aIl hl' la~1 sI ('1'. sll'p (S). \V(' (','aIllaI<' 

t.\1C' p-value for the li kcli hooc\ ra tio 1 ('st or 1 !te:-'l' 1 IYO models a lit! proCt'I'<\ i Il th is f~lshioll 

until t.his JI-value exc('eds Ct. Thi:-. t<'i'!ls t belli \tc' rodli( i('lIls l'or t1h' 'Miahl('s (\(1<1(,<1 to t.ht' 

mode'1 l'rom stC'p q to st.<.'p (S) art' ail c'quéll 10 Z(·w. Al ail," gi"('11 slcp il will havI' 111')\'1' 

degrce's of ('rC'('dol1l t.\téln the lest ('lllplo.,·('d ill 1 Il<' III ,,1 1Ilt'1 !tot!, FOI 1 !tis J'('é\~01l 1 lU' s('('()lId 

melhod l1Iay possihly splect él Img('r 1ll1l11IH'IOf "<tri"hl(·., 1 IIdll 1 hl' lirsl 111<'1 hot!. 

It is wc'I\ kllOWII t.hal t1l<' /1-\,,111('''' célklll"l<'d ill sl('p\\'i,,(' ,,(,1,'('1 iOIl plo('('.1IIlI'S ,li'(' ilOt. 

p-values ill II\(' tl'aditional "ypot.!lt'i'!is 1(':-.1 illg ('Olll.(·Xt.. lllsll'at!. 1 Iw,\' shol\ld 1)(' t.hol\ghl. of 

as indicéltol's of rdativc' illlporla!lcc' clillOllg ,'êll iélblc·s. W(' l'C'(,OIllIlWIHI 1 hal OIlC' ('l'I'or ill t.1\(' 

directioll of sC'lc'clillg a l'<'IaliV<'ly l'icll 1110<\(·1 ('ollo",illg skpwi~.;(' s(·h'lioll. 'l'Il<' "ilriabh-s so 

i<lC'IÜific'd :-.hollld 1111'11 1)(' subj('( 1('c1 10 I.h(· Illon' illl('II:-iÎ"(' ,IlIill,\'sis c!('snih('<1 PI(·ViOllsly. 

A ('0111111011 modification of tllc' slc'p\\'i..,(· i'!(·I('rtioll 1II'()('('dlll'<' .I11"t. t!1'snil)('d is t.u 1H'J!,ill 

wit.h él 1110<lc'l al. slc'p Z<.'I'O which cOlllaills \.:110\\'11 iIllPOl'I'"11 (,o\,"l'ial('s S(·I('('l.ioll is t.III·1I 

p<,rfornwcl l'rom HIllOllg otll<'1' ,'éll iabl(·s. 011(' iIlSlall«' \\'111'11 1 hi·, applOadi ilia}' 1)(' ww('" 1 

is t.o sete'ct ÎntC'racliolls frolll aillOli!!, III0s(' possihl(' l'HJIII il Illilill ('Ir('di'! IIHH!<·1. 

One considerahlc' clisadvanlagc' of 1.11<' sl('I)\\'is(' i'!('kctioll PI()('('dll(,('S jlls\. d(·snil)(·<! IS 

Ibat. tll(' lllélXilllUllllikc'Iihoo<! ('St.illlill<'~ fOI 1 II<' ('()('ffic i(·IIt.s of ,dl ViiI iahl('s Ilot ill Ut<' l\IodC'1 

must he calclliated at t'aeh BtC'p. Fol' larg\' cial cl lil(·i'! wil Il lar!!,!' '1111ll1)('I'S or vill'iabl(·s t.llis 

l'an he quite· toslly hoth ill \.el'lI1S of lilll<' alld IIl011<'y. '1'\\'0 <tppl'O\illlclliolls 1.0 t.ltis 11\('l.ho<l 

availélbk in. or ('()uld 1)(' illlplc'I1J('lIkd illio. c'xist illg P l'Og l'ill ilS. 011(' 1Ilt't.hod, availahl(' 

ill B"MDJ>. IIS('S a lill('HI aPPl'oximatioll to III<' li\.:(·li!tooc\ Icllio 1('..,1 .. 'l'II<' 1(·Sltlt.illJ!, I.(·s\. is 

similar to 1 hc' 011(' IIs\'d fol' Vfll'iHbl(· s(·I('ct iUIi in il 1 \\'0 grollp ~l<'p\\'i~( dise ri Il IÎllil1I1. clllillysis. 

This is \.c'I'IIJ(·d Ill<' oo,\('E" IIwthod ill Bl\IDI'. 'l'II<' s('('olld 1>I'(J('('dlll(' splc'C'\s IlI'W vill'iahlc's 

h'tscd 011 Ill<' score' l('sts fol' tll<' \'é1l'iablc's 1101 illcllld(·d ill III<' IIlO<!(·1. A vrIJ'ialll. of t."i~ 

Illcthod usillg a H1l1lt.ivéll'ial.t' \Vahl i->t.at i:-.li(' hdS 1)('('11 pl'OpUS('c\ iJy l'(·dll"-zi, Iltlldy, alld 

1I0lford( lH80). To dalC' tlJ('l'(' Iléls 1)('('11 110 \\'(11 k pltI,li..,lH'd wlll(!t lias ('OIlIPil('(·d IIl('s(' 

diffcrpnt. s(·I<>ctiolllll('lhods altho"gll il <l01'i'! ~('('Ill Iik('ly t.h.11 rlll illll)OII<1I11. v,lrial,Ip wo"Id 

be ide'ntifi( d, ilTC'spc·ct.ive of Illet hod "..,('d. 

Fl'c'cdmélll (198:3) lIl'gc'S cautioll ",11<'11 (ollsid('l'illg" 1110<1(·1 willl 1I1.11ly "al'ial,Ic·'i, lIotillg t1lat 

significant lincal' rc>grf'ssiolls lIIay 1)(' obt.aill(·d fl'olll véll'iélblc·s (·olllpl('t.c{~' 1ITII'(·lat.ed t.o t)t( • 
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Ollt(OIll(' "lIoi:-w" \'arial>Ie', FIi1('k alld CllcllI.u, (1 (J~7) ha\'(' :-,howlI silllilélr J'C'sltlls l'<'sarding 

t.lte fl'('<\u('ll<'y 01 sc·lpctioll of "lIoi~(''' \'é1l'ial)k~. Tllus, éI thOl'oll,Q,l' al1ab'~is t!t(it. eXéllI';ncs 

stat.ist.ind éilld \Jiologic sigllifiCéIIl(,(' is C'~I)('( iall.,' illlportallt. follo\\'illg élll." ~tepwise ll1ethod. 

As an (·xaillpl(·, wc' apply thc st.epwis(' véIl'iablc> ~d('('1 iOIl PI'O('('<I\II'(' 10 II\(' lo\\' birt h wcight 

dat.a. '1'IH' l'('slIlts of this process al'c' pl'<'~e'II1c'd ill Tahl(' 2.1 ill t('I'III-; of t!t€' li-vaIlles to enter 

alld l'('IIIOV(' (·alculatc·d at eacb ~t.(.p. TI1<'s(' p-\'<du('i'-> al(' t.hos(' of tlH' 1'<,l(>vant likelihood 

rat.io t('sl d('!'>cril)('<1 pr('viollsl.v. 'l'Il(' ortlc'r of 1 II<' \'cli iabl<'s .u,i\'('11 collllllllwise in the table 

is t.he ordc'r ill whidl tll<'Y \\,('1(' ~,('I('( 1<'d. III ('(wh 1'0\\' (11(' \'altl<'s lu 1.11(' Ipft of the vertical 

lill(' an' Pli valtH's aile! valu('s (0 tll<' ri.u,ht of th" H'I'1.Îcallill(·S ar(' /1/.; \'alllcs, The pl'ogram 

was 1'1111 IIsilll!, J1/~ = 0.1,1) alld Pli = 0.20. 

Table 2.1 Ikslllt.s of Applyin.u, St('!>",i!'>(' Variablc' S('I(·ctioll llsillg t.he' Maximum Like­

lihood l\kt hoc! 10 1 Il(' Lo\\' Birl.ll Wl'i.u,1t1 Dat.a PI'<,:,('III<'d dl l':ilf Il SI!'!> in Terms of the 

11·va!tJ('s 10 EIII('I, 10 IIt('ln~ht of Ill<' "c'rlic,d Lill(', and tll<' JI-Va 1 11<' H('ll1ove, to the Left 

of t.!1<' V<,rl ind Lill(' ill Eac!t Ho\\'. 'l'Il<' :\!'>I(·ri..,k Ikllot(·.., 1 Il<' Jlaxifllllll1 JI- Valul' to HClllove 

al. Each SI('IL 

Stc'p # PTL LWT Il'1' BA('\<: S~IOI\E \11 AGE FTV 
() o,om) 0.01 :> 0.01:> O.O~:! tl.on 0.0:!1 o.mn 0.:379 
l 0.009 O,():J 1 O.ll:J~ t1.0h!) (J. ()7~ O.tlK·J n.0!)7 0,441 
2 0,022 O.O:J-\-I O.OOG 0.0!)7 O.O!JO 0.1 :J9 0.12:> 0.589 
:1 0.02:P' O.OO() {) OO(i U 07~ lJ.O!J:~ O,OKh O.IG:! 0.731 
,1 O.OU) (LOO!) (J.UU!) (UI7~' 0.01:) 0.1/, Î O.:W8 0.873 
:> 0.OG7 t 0009 ll.O 1 0 0.01 h O.Ol.i U.O;-.;.:-\ 0.:37·1 0.905 

----
() 0.1 ;J!) ~ O.OI:J U.UOh O.Olh 0.017 O.OKK 0.1!)5 0.927 

St('P (0): At st(·p (0) LI\(' pl'O~rdll\ s(·I(·('\.:-; as a calldidalc' l'III' {>nl,ry at step (1) the 

varii\l>lt· wil h 1 II(' slIIallest p-\'(\Iu(' in II\(' fi!'sl J'()'" of Table' 2.1. 'l'his is t he' variable PTL 

wit h (\ p·\'ahl!' of O.O()!). Silln' t his p,\·a!tt<· is Ip!,>s t !ta Il (L!!), 1 II(' plOgrall1 pl'oceeds to step 

( 1 ). 

St.'p (1 ): :\1 ste·p (1) 111<' pl'Ol!,l'êIlll will 1101 1'<'1110\ (' Ill<' \,-lIlable' jusl cntel'cd since 

l'Il > 1'/.: alld t II(' /I-\'ctllll' 10 re'lIlm'(' Ht skp ( 1) is ('qllal 1.01 Il<' p-\'"III(' 1,0 ('ntcr at st.ep (0). 

(This is 11\1(' for (he \'ariable' ('111<'1'<'<1 at ally stl'p-lIol .ill~t t.he first stpp.) The variable 
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with lhe smal1est p-valuc' to ('111<'1' at ste'!> (1) h \,\\' r \\ It II cl \'el111(, of O,O:J l, whirh is lt's:-. 

than O,LS 1-.0 I!J(, progralllm()\'CS to st(·p (2), 

Stc'!> (:2): 'l'he' l'-values lo 1'('11\0\'(' app('dl" lil:-.t ill ('al h 10\\'. l'ht' lar,l!.c·sl ,'"IIIt' is ill­

dicalcd ",ith al! ..• ," :\t stcp (:2) tilt' larg(':-;t /1-\',,1\1(, to It'III0\'(' i" o.():~ 1. which ducs nol 

('xceed 0.20, thus t.1H' progl'éllll 1110\'('S 101 II<' variahl(' :-.('1('('1 iOIl pll;l:-.t', TIlt' slllallc,:-;t.IJ-valu(' 

t.o enter éllllOIl!!, the relllélillillg, ,ariahlt·s Ilot ill 1 ht' IIludt'l 1:-. 1'01 tilt' \ (\J'iahlt' liT alld is 

0,006, Thi~ value' is 1('8s thall U,I:)..,o tll<' \>lO,l!.I'lllI plou·('II:-. to skp (:n 

stc'p (:3)-sh'p (5): At. st.cps (:n to (!i) t.11C' pl'llg,r<llll 1i1ld:-. t Itat \1t, \'tI\'iahlC' (ail 1)(' \'('llIowd 

from Hw modd becaus(' cé\ch of jJ-\'etllH'S, illdi('al('d wilh .. ," ill IO\\'S Iltrc'c' 10 livc' ill Tabl(' 

2.1, l('ss than 20. The pl'ogl'éllll ddc·l'millc·s. ill t.hc· :-.('!(·ctioll I>lIa:-'l" 1111' ",lIiahle' wit.h t.11I' 

slllal1c'st. p-valt1f, to enter <llld, fooincc' il. is l<'ss t.hall U,IG, t hl' pI'O,l!.I'.1111 plo(,('t'c1s t.o t.lw Il<'xt 

stc'p, 

SI<'p (6): At ste)) (H) t!}(' progralll lillds t hal t II(' Illêl'\illllllll/l \, .. ltH· 10 ('('IIIOV(' is n.la;, 
fol' PTL. This Ve\llIe is Ic'ss 1 hall 0,:20, so l'TL is Ilot \('1110\'1'<\ l'Will t hl' lIIodd, III t.1H' 

selection phase' t hl' prog,réllll lind.., t II1It t.1\(' lllillillllllli IJ-\"t1II1' loI' ('lIlr,v is 0.,1:):) fOI t.1l<' 

variahle' AGE. Sinn' this vahl<' C'xn'"ds 0,1 r"~ IIU furll\('l' \'ari.tI,I('", '1Ic1,\' \)(' l'lIt.(·J'('d illt.o t.11(' 

model, éllld l,II<' pl'ogl'élll1 st.ops, 

Sincc' t II<' pl'op,ralll ,,'as l'lIll \Vit.h IJ/,; = O,I!i, cl valllc' \\,(' !J('Ii('\'c' will S('I<'('1, véll'i .. hlc·s wit.h 

signifieant. ('()('!licipllt.s. il. is IlOt. 1-.tricl.ly IlI'lC'~Scll~ tu p,u tu tilt' ~lllllI11.lry t.ahl(· 10 s(·I('('1. t.IlC' 

val'iahlc's t,o \)(' Ilspd ill a fi Il li 1 IllOd('1. WC' \\'ill. 11l)\\'("'('\'. illilst Icdt, II\(' c,t!nI!at.iom for t.!w 

two 1ll<'t.llOds of variable' scle·ctioll 1'1'0111 tl\(' :-'11111111111 \' LIbl<-, '1'1\('..,(' cl\(' giv('11 ill T.lbll· ~,~. 

For nwl hoc! 1 W(' COlll\)é\l'(' thc' JI-valuc' luI' ('lit I,\' at ('d( Il ..,t Pp t CI Olll (hO:-'I'11 I<-vc" of 

significancc', For pUl'pOSl'S or illust.ratiull ollly ,,'C' \\'dl IIS(' tll<' \',dll(' of Il.or,, ('W'II t.ItOIJI!,It 

wc notC'd (,élrliC'l' in this chaptC'l' tllat it i" 1.00 st 1 ill!!,I·II1. 1'01 clct Il li 1 pl a('t.in', 'l'IIC' illfol'll\clt.ioll 

fol' 111<'t.ho<l1 is in the second pallPI of 'l'é1b!,, :t~ . 
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Table 2.2 !'og-Lilœliltoo<! for t11<' 1\luc\('1 dt Eae I, S!('I> <11 ICI Lil.;(·lihl)()(! Hat.io 1èst Statistics 

(0), D('gl('('s of FI'('(·dOlIl (df), alld 11- VaIlle':, for '1'\\'0 ~kthod:- of S('lce! illg Variables for a 

Filial Mod('1 fl'OIII él SUllllllary 'l'cible. 

Variablc' 1\1C'thod 1 l\'1d.hod 2 
St.e!> # EIII<'I'('<1 Log-Likelihood (r' dl' p- vcd u(' Ci df p-value 

0 -Il ï .:~ 1 :3:~.()9 ï < 0.001 
1 PTL -ll:U).j G.7~ J 0.009 2!UH Cl < 0.001 
2 LW'!' -11\.70 1.1~ 1 ().O:~ 1 21.12 G 0.001 
a Il'1' -lOï.I)K 7.11 1 o.non I:L98 ·1 0.007 

" IL\( !E -lOG. 1.\ ,j.IO 2 O.()i~ ~.dG 2 0.012 
.) Sl\'IOI, E -102.1:) G.9!) 1 lJ.O I!) 2.91 1 0.088 
G \1\ -100.!)\) :U,ll 1 ll.O~~ -

'l'IIC' valll(' of tl1<' Iik('lihood ral.io \.c'st fol' llu' lIJode'l al sl.c'p (0) compal'(·d to that 

(,ollt.r\illillg PTL al. st.e!> (1) is 

G = G.ï~ = 2[-1 1 :U) Ih - (-lli.:nG)] 

'l'II<' l'-Villll(' fol' (J'il' 0.009 which i" I(·"s 1.l1all 0.0:) l'O wC' cOII('lud,' t.hat the coefficient for 

l'TL is sigllificont and IIIOW' 1,0 st(·!> (2). 'l'II<' IJ-\'alup fol' t.lw WII iabl(', LWT, entered at 

sl.c'» (2) is O,O:J 1. This is the jI-valu(· fol' the Iik('lihood J'cll.io test of t.h(' significanc(:' of the 

(1}C'([icic'l\1 1'01 1.\\''1', g,i\'('l\ lhal PTt, is in t II<' l\loc\C'1. 'l'Il<' vahl<' or t.he t(,Ht stat.iHtic is 

(,' = 1.19 = 2[-111.701 - (-11:1.9IG)] 

SillC<' (1)(' I)-\'(dll(' fol' (; i:- ks:- tllnlJ 0.0:) \\,('1110\,(' 10 skI> (:n ('"dculal.ions pl'ocecd in 

il silllil,lI' filShioll <11111 wc {'Olllj>élJ'(', at (,1\cl! ,,11'1', Il)(· IJ-\'édu{' I.(} 0 05. AI step (/1) we find 

t.hat. Ill(' \'1\1\1<' of lik{'lihood l'alio 1(':-1 of tll<' 1110<1(·1 al. sl('1> (1) \,('lSllS tltat aL step (3) is 

G = 5.10 = 2[-IO!i.I:J - (-IOï.B8)] 

l'(·slIlt.iIlA in a p-vah\(' of 0.Oï8. This \'alllC' is gn·at.cl' t.hi-lll (J.()!) so wC' conclude that. RACE 

c1o('s ilOt. pl'ovidC' il sig,lIifinlllt addit iOIl 10(1)(' \'alÏablc's aln·éHI.\' srl\·('fc·d al. sl.c>p (3). Bence, 

t.1t!' filial llIode! wOlild 1><, the Oll<' ",ilh ail \ariélbl('s ('lIt('I'('d throllgh s«'1> (3) even t.houg,h 

t.he' vill'iabl(' ('IIt,('l'ed ill stC'p (5). S~IOI\E. bas il p-\'idll(' of I('ss th'lII 0.05 . 
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The infol'mation fol' llwlhod :2 i.., III Ihe la ... 1 p,lIl1'll)(' L\hk.~ '2. III Ihl' S('(,oll!l Illdhod 

t!w 1110<1,,1 at (-,élch Hlep is compm't'" ln 1 lit' Illodt'I ,,111\('\,,:-.1 :-.11·p \'i.l (\ likt'Iihood rat io ksI. 

This is il tC'st of the joint. Higl1ifiCé\l1t'l' of \'i\\'iahlcH addl,t! al :-'UhSI'«Ill'llt :-'(,l'pS. \VI' êl,!!,ain 

pro('('('d \Inti! the p-valtlC' fol' t!I,' tI':-.1 ('x('(,(·t!s t ht' ('hos('l1 HÎp,IIÎIil'allt l' 1(·\'(,1. Fol' pUl'pOSI'S 

of illustration only wC' willus(' 0.05. '1'11<' \'alul' uf (,' al ... Il'I) (Il) ':-' 

c: = 2[-IOO.!)(H - (-II ï.:::\Ii)] =- :~:.!.!>!J 

wit.h a p-vahl<' of < 0.001 1>as('d 011 Î d('P,I('('H 01 fll·(·dolll. Sill('t' 1 Itis /i-vallll' iH It'ss Ihan 

O.O~ we procc('d 1.0 stcp (1). AI HI('p (1) 1 hl' tt'sl 01' 1111:-' 1110lkl \'('1"'1\:-' Ihal. al. \.1\1' las\. H\'('P 

IS 

(i = 2[-100.(l9:~ - (-II:UlIG)] = 2.").DI 

wit.h a p-\'ah\(' of jO.OOI haHPd on () dt'Poll'I':-' uf IH·(·d()1I1. Sil\( (' 1 III' /I-\'alllt' i:-. I(,ss t.ltan Il,0:) 

wC' pl'O<'('('d 10 st.ep (:J). W(· ronlilll1(' in thiH 1I1dllll<'I' \I\ltil s1t-p (:l) 'l'Il<' /1-\'all1l' roI' \'1\(· 

lik<'\ihoo<! ratio t.est or tll<' ll\olH <lt :-.Il'jl Fl) \'('l'''I\S Ih.1I ,II :-ol('\> (h) is (),\)K~. Thil-> vallll' 

C'xc('<'ds 0.05, so wC' st.op alld 1I:-.(' 1 II<' ,'al'iahl(·s i Il 1 If(' IlIodl'l <II sI t'P U'»). 

lit tltiH pXélmpl(, 1llC'lhoc\s 1 alld 2 hé\\'(' idt·llt.il\(·d dil!'('I('II! "('Is of véll'iaIJIt·s. Eadl 

llH't hod provides a t('Hl of a di{('c'\('111 h~'polltt':-ois nt. c'acl! skp, 'l'III' I\I\IIII)('\, 01' pal allH't.\·\'H 

\wing t('stN! in 11\('1 hod 2 is, ('xc<'pl. (01' 1 IIC' last :-.t ('p, l,li g('I' 111,,11 1 Ilill. fol' III{'\,ho<l 1. 'J'hIlS, 

Tlwt.hod 2 mél)' s('ket, as il. <Ioc's ill t.lli:-o (·Xilillpl(·, 11101'<' \'éll ialll(·.., 1 ltdll IIll'\.ltod l, III ('aSI'H 

wh<'l'(' t.his O(,(,lll'S. Olh' sho\lld ('"rd'l\lIy c'xèlll\ilW t Ill' "dclIt IOllal \'il\ I.dll{·:-, ,ll\d illrllld(· 1.111'111 

if tll<',V S('('1lI hiologically rele\'allt. 111 Ilti.., nl..,l· \\'(' ll'oilld Illldolt1dclhl,Y opt fOI 1.1\(' ridH'1' 

lTIod(·! s('lt'ct('d b~' Ill<'l Itod :l. 

At tll<' ('ollclllSioll of t.Iw :"I~<'I)\\'i:-.t· ~d('('\ioll pIO('('SS W(·lti\\'(· ollh' id(·lltifi(·d a ('olkrt.ioll 

of variahl('s \\'hich :-0('('111 10 b(· st.êlli~t.i(édl'y illlpOl'lall1.. TIIII!-t. élll\' kllOWII biolop,it'étlly illl­

port.altt variables. sudl as AGE ill 0111' t'Xéllllpl(·, Hltollid 1)(' "ddl·t! IIt·fol·(· Pl'O(·(·(·ding witlt 

th(' st.<'ps 1l<'«'HSéH'Y to obtaill tliC' filial Illilili (·1('('( 1:-. I!lotlt·!. /\:-0 1101<'1\ ('alli('r, t."i~ shollid 

incllld(' dC'I('1'I1Iillillg the' appropl i,dl' :-oc (.1(' of (0111 illllOll'-l (O\'illlil!(,,-, 

On('(' t II<' sCédC' of tJw cOlltillllOIl!-t «(J\'eli iid(·!-t ilil:-O 1)('('11 (·Xillilill<'d. ,,"d (OI'l'(·l'tI·" il 111·(·1· . ..,-

sary, wC' lIlay ('ollsidel' élPplyillg ,>It'p\\'i:-.(· :-o(·k( 1 iOIl lu id<'III il\' 1111('1 ,I( t i()II~. 'l'Ill' candidat.!' 

illteractioll t('l'ms ar(' those that ~('('1I1 IJiolop,indh' J'(." '>0 Il id lit· ,l!,i\". J, III<' lIIaill (·ff(·('ts Vil 1 i-
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11\'\I'S ill t!1(' III(H!(·!. \V(· }H'gill at ... tc·p (0) wit!1 t II(' IIlciill (,[Jc·(·t:-. IIlOdd and sc'ql\('ntially 

HC'lc'ct 1'10111 1tIIJOlig t.1J(' po:-.siblc· ill!<'] il<'l iOIl .... \V(' ... (·il'( t the· sigllificélllt. 01\CS lIHing either 

1IH't.hod 1 (JI' IJId hot! ~. ('OIl:-.<'qll<'lIt I.v 1 II(' fill,d Illoc!('1 will (0111 dill j)r("viollsly idcntified 

fllaill c·ffc'cl,s alld :-.igllifi(,élllt illtc'ract iOIl t<'I'II1S. 

'1'1)(' vélriablc's iclc'lItifiC'd by 1,1)(' :-.t.c·pwisc· s('I(·( t.ioll J>)'O(,(,~S ill the low birt.h \\'('ight data 

an' Ut(' salllc' OII('S idc'lItificd ('al'Iy Il,)' plll'poscoflll :-wlc·('tioll. TI](,I'!'i'orC', the vmrk llecessary 

1,0 c})('( k I})(' sc a 1(· of cOllti 111101lS ('o\'dI'ia 1 ps i:-. ilOt, 1 ('p('(11 (·d ,lIIcl wc' hegin stepwisC' selection 

of inl('radiolls usillg tl)(' lIIodel gin'II ill T,tI)l(' 2.:~ dllcl t 11(' illl<'),rIC't ions Iisted in Table 2.4. 

'l'II<' J'('sl\lls of :.t,q)\visf' ~i('I(·ctioll of iut('rad iOlls cll (' gl\'('11 ill Tabl(· :L5. 

Table 2.3 Estilllal('(1 Co(·lfici<'lIts. Estill)(Jt!·d St<llll!éll'd \<:1'1'01:-', and Coeff.jSE fol' the 

7\1111t.ivariatC' 1\10<1(·1 ('olllaillillg LW)) and PTD. DichotOlllO\lS \ al'iahles Created fro111 

LWT <HuI PTL. 

E ... t illlal.(·d E~ 1 i 111<1 t c'd 
Variabl(' ('()('{fi( i('lIt St (1IIda)'(1 E\\OI' < \)('fl'. /S E 

.:-
:\(;1-: -().OIG O.O:lj - 1 • ~J) 

L\VU (),~ I:! O. 10:) :! 08 
I~A( 'J.;( 1) 1 Oi:\ 0.;')11 :! 09 
BA< 'E(~) O.~ l!j 0.111 1.81 
S~IO]\E O.KOi 0.101 :!.OO 
PT\) 1 . :!~:! O. 1() 1 :! ï8 
Il'1' 1.·1 :JJ) O.GI; :!. :!:! 
trI O.G!j8 O. l(;(i 1. Il 
(,ollst.,ml -1.1.1 ï O.~),j 1 -1.28 

Lop,-likelillo()(1 = -!J8,ïK 
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Table 2.4 Log-likelihnod, tHT SI,lli..,ti( (,'). Ikgl!'('''' (JI FI'l'(·dllll1(dr). ,\lit! 1'·\',1I11l' :"lI 
Possible Int('ractolls of Int('n·..,t to 1)(' ,\d(kt! tu t IH' \1.1111 EII,·('", Old." ~lod,'1. 

,-,--, 
IIII('ractioIl Log· Li k('1 i h()od (,' dl' /"",1111,' ------_._-----
t\lclin Errect s 0111."" ·~)H, j'H 

AGExB:\CE .!)~, r):~ () ,!')() :! O.j'~ 

J\GExSi'dOl\E ·9H,:)} D.:) } 0, \(i 

AGExIlT -q~ .. l!l () j'~ O.:l~ 

AGEx\TI .~)~ j'b o 01 O.~I 

AGExL\VD .'lj'. -)0 :!. ,-)(i Il. 1 1 
A(;l~x PTl) .'l~ :~b (l,~ 1 o :Hi 
HACExS~IOI\E .!)j' ,(,) :! ,{ 1 .) 0.:\ 1 
HACExllT !}~,<>:l lUO '2 Il. ~(i 
HACEx\JI ·!)i.h~ l,:LJ l O.:ll 
HACExL\VD ·'Ii.OH .1. lU '2 (l.1 ~ 
HACExPTD -!l~. r){) () :)(i l O. i(i 
SMOKExIlT ·I)S.i 1 li 1 1 O.il 
SMOKEx{J! ·!)~,I ~ 1 :t! O,l:) 

Sl\10l\Ex L\VD ·\ji.(,) " ~ 1 Il, 1 :l 
S~fOI\Ex PTD ·I)S, \ 1 Il,1) 1 Il. :\:J 
L"'Dx liT .I)S.:U 1 Il Il.:UI 

,\GExL\\'D+SMOI\E/L\\'1) 1)( i () 1 ;) ,-) 1 l () Oh 
-- ---- -------- ----, 

Table 2.5 H(':-'lIlts of Applyill,l!, Skp\\'is(' Vclri"I,I(· S(·I,·('I iUII 10 11I1"ld( 1 i()l1~ 1'101111 II(' J\'J"ill 

Eff('cts ~lod('1. tlsilll!, tlt,· Maxillllllll Lik('lihoot! l\Jtollloc! 1'1(''''('1111'<1,11 EtH Il St(·p III 'l't'I'III~ 

of t.he p-ValllC's 10 Elll('I', 1.0 Ill<' Hi/!,IJI of 111<' VC'rli"t! LilJ(', dllrl III<' 1,·\',t1I1(·~ lu Ikl\lOV(' 

to tl\(' L(·n of 1 II<' \'('1'1 iull Lilll', 'l'IJ(' :\~It'I i..,k D(·llut(· ... 1 III' ~LI\IIIIIIIII JI \',dll(' lu IkIIlO\'I' 

éll, Each St.('p. 

-- ---- - -- . -- ----- -- - --, 
St,!')> # A <: E x LW \) IL\('I':/L\VD Il'1 ' L\\ \) S \ 1 () hi':,/ L\V 1> 

---------- ._-------

0 0.110 0,1 S:i (1. ~()J () ln 
0.110'" O.O~\ O:2;"')l IUISI 

2 0.041 O.O~ l' ILl 1 ~ (J.(i 1 .... , 

:1 o.o:w O.O .... ):~ O,II'l~ O':')h~ 
- ,---_._--_. 

Of t Il<' l(j po~si hl(' i Il t ('l'élcl i 011 ~ .., (1C'(, i r IC'rI i Il '1 01 1,1 (' ~, 1. 011 h 1 III ( '1' "'('n' 1 Il ( N'II, III tI IC' 1 ét~t. 

COIUIllII of Table> 1.!) W(' hav(' g,i\'('11 t II(' /1-\ ,dl\(' lOI (·II\(·t itlil, 1 lit' S.\1()\' E/ I.W\) ill\'('rad.ioll 

terril, TI\(' r(,~IlIt.s al st('P (J) ilHlicdt(·tllill t IJ(' 1(,\( 'J', /1,\\'1) ilt1('1 tI( t iOIl j., JJ('l!;lil!;ibly 1110/'1' 
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sigllilinllll t hau tlt<' SMOI\ Jo: /.. LW\) illt('r;ld jOli ,\Ill\' Olll (' 1 he' H ,\CE x L\VD intcraction 

is ÏlI< lud('cI illto 1,11<' Jllod(·1. 1,11(·](· is littk addit iOllétl illl]H)I 1 allCl' ill tll(' Sl\'IOI\Ex LWD 

illl,eracl.iCJII. At. :-.t(·(> (:J) Wc' .,(·c· t"cll tll<' 11'1';</'\\'1) illIPl'éldioll ('nt('l'~ the mode} with 

l,-vahl(' of 0, H~, 

Wl' 1I0W fan' SC'V(' l'a 1 (kei:-.iolls ill\'ol\'ÎlIg tlw ilJlC'I'élctioll~, \Ve ('on~idered this same 

plOhl( III c'cllli('1 of (,Olllpl<'1.(>IIC·S~, \\'C' l'('()('at t 1)(' clllcd~'~i~ ill the' (\IITellt (ontext, To fur­

t.1)('I' ('xplol(, tllf' 1.I,\(l<-oll' 1>('1\\'('('11 illcllldillg the' S;\10I\ExL""D 01' tll<' IL\CExLWD in-

1,('l'ilCtioll. il IlIodc'l 1 litt 1 rOI('{·d tl)(' S~IOI\E .. d,\\ï) illl{'l'rlCliOIl illlo tll(' Illodc'I éllld then 

adelc'eI tlw HA<~ExL\vJ) illll'lclctioll was rit. 'l'II<' )'('stdts :-.lIo\\'('d. a~ ('xpC'ctl·d. that the 

HACExL\\'J) illl{'l'flCtIOIl ,\'tt~ 110 IOIlI!,"1' illl(Jolt<1I11 OIH'C' tllC' S\IOI\ExL\VD illtC'l'action 

was illdlld,·d ill t lu' Ill()(lpl. \V(' 1111 ..... 1.1 IIc'll'Io!'(', d(·('iel,· ","id, 01 t I,,·s(· two illle'l'adions to 

illdlld(', WC' ('''oosc' t.11C' Sl\IOI\ExL\\'J) illt('l'élctioll as tll<' 1110)'(' importallt frolll tll(' hio­

logie sl.lIl<lpoillt ill ,'j('W of tll(' kllO\\'1l l'l'httioll:-.hip I)('t \\'('C'II \\'('igltl alld smokillg. ]>otc'ntial 

JéU'ia 1 h.\' w('lgh t d i rrc'rc'II(,(,~ a J'(' J'( 'gel l'd(·c1 il~ 1 H'i Ilg, of 1 l'~~('I' i III pOl 1 a II<'C' 10 clOClIlII('IIt, 

WC' IIOW Illll~t d('cidl' if t lit' Il'1' x. L\\'D illt ('1 <ld iOIl ~hollid 1H' .:dded t.o t.he Illmlc·!. The 

/,",'élhl(' for tll(' illc Itl~ioll of tlll"i illl('ldet jOli al't('1 t Il<' Si\IOI\Ey 1 \VI) interaction tc'l'm is 

illdlldc'd III ,II<' 1110<1(·1 i~ O,lhO. <lg"Iill a \'alllC' (Io~(' to tllC' [>1 <'I('I'I('d <llpha of O,l!>. At thh. 

poillt wc' lIIust kt'('p ill lI1illd t Irat t Itp fUlldall)('lIt al n'a~oll for d('\'C'lopillg a modd is to 

pl'Ovid(· ilS (1('<11" a d('~('IjptÎ()1I as i~ possihlc' \\'ith thc' él\,(lilahl(' latél of thc associations 

hd.wc·(·11 Olltc Oll\(' alld ('o\'aJ'i,II('~, If C·"tC'1 ill!!, illl aeldit iOll'll t('J'1lI illto t II(' lllod(·1 illlproves 

Olll' (·stilllat(·s of tll<' J'('!c'\'rllll as"i()( icltiolls tlrC'11 \\'C' slrould l'"I Ilrat t('I'111 into the' model 

J(·!!.al'<lIC's~ 01 Il ~ ~t.ll isl i( ,li ~i!l,lli(l( <111('(', If Cl krill do('~ IIul (01111 iIJlII(' to t Il<' o\'('l'all goal 

1. 1 \('11 it IIIH,\' 1)(' ('\l'hl!lc-d, III titi., l'a~e' \\'(' ddc'l'lIlil\(' tiraI il)( III"iioll of UIC' I1TxL\VD 

illt('radio" 1c-1'I11 dl)\':-' 1101 1\('11' ulll' tllldc'l'st,lIldillg of t II<' cl.,.,o('iétlioll b('\\V('('1I low hirth 

wC'ight. alld t 1,,· \ cHiahlc's ill tlrC' 1110<1(·1 so \\,(' dlOos(' to ka\'(' it out of tll(' mod(·!. 

III nllle! IISiOIl. st ('p\\'iM' sC'\('l'\ ion id('lIt i (jc's \'H rÎélhks as n\lld idat<·s for a In()(h·1 solcly 

011 stat.ist i( cll gl'Oullcls, Tlllls. followill!!- slC'p",isC' sC'I('ctioll of III till erre·ct.s ail variahles 

shollid Il(' ('arc·fully SCl'lItilliz('d for biologie plausihilit,\', III g(·I\('ral. illt.f'l'actiolls must 

al tnill at. I('<lst " 1I1O<lc'lat<, 1(,\,(·) of ~talistiral ..,igllifiC'éll\('(· 10 alt( r tll<' point a1let intC'l'\'al 

(·sti11lat<·s t'roll1 él !llaill dr('cb Illod(·1. Thus, st<'pwist' s(·h·ctio" or lllt.t'iactions ran provide 
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a vall1ahlt· contrihution to 1l1()(!<·1 idl·lIlilitcllioll. {'''pl'( iall\' \\'111'11 t 111'1'<' ,HI' larp,(' 1IIImh,'rs 

of bio\ogically plausihl(' in!<'rarl iOIl" .l!,1·1I1·lclll'd !ruIII 1 III' Illcllil 1'11'.·( Is . 
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Chapter 3 

Assessing the Fit of the Model 

3.1 Introduction 

WC' Iwp,ill 0111 disCIIS~ioll of Ill<'tbods fOI assc·ssillg. th(' fit of ail ('st illlat('cllogistic regression 

III0d('1 \Vil h t.11<' assullIpt.ion that. wc' 01'<' al. Il'ast pl'('limillal'ily sill Î"ficd with our efforts at 

III<' lIIodc'lllllildillp, sl.é\P,(·, By 1 his W(' 111('(\11 Ihal. 10 the b('sl of om knowl('dg<.', the model 

(,ollt.aiIlS t.h()~(' v,lliahles (Illain <'ff(·(I:. as \\'(·11 as illt('l'adiolls) lllill should be ill the modcl 

alld t.hat \'al'i,lhl(·~ h,I\'(' IH'('II ('III('I'('c1 ill 1 II(' ('OJ'l'('cf l'Ullet iUlléll 1'01'111, No\\' wc' would Iikc 

1.0 kilO\\' hu\\' ('1('1'('( in' 1 II<' 1I10d(·1 \\'1' ha,'(' is ill d('snibillp, III<' ul"('OI11<' variable, This is 

l'{'[('I'I'('<I lu a~ if'., goodness-of-fit. 

If wc' illlC'11l1 10 c1~:'('!'!S 1 II<' g.oodIH",s-uf-fil of 1 hl' IJlod(·1. 111('11 \\'(' should have some spe­

rific id('as aholll ",hal it. 1II('èlll!'! 10 Sd,\' 1 hc\l. Cl 1I10dc'l fits, Suppo!'!(' wc dC'llote the obscrved 

sampI<' \'alll(,s of Ih(' oulCOIIH' "é\l'iahl<' in "('dol' 1'01'111 as y \\'h('l'<' yi = (YI.Y2dJ3, ... "lIn)' 

WC' d(·lIo\.t' 1 II<' \'1IIu('s pn·dict.('d hy 1 h(' 1II0d('1. 01' fit !c·d valu(·!'!. clS y \\'11(,l'e y' = (YI, !h, 
!I~", ,'. !ÎIl)' \V(· will cOllclud(' 1 hal t II<' lIIod(·1 rit s il' ( 1) !'!l1ll1l1lc1I',' 11J('aS\II'C'S of t.he distance 

1)('1 \\'('('11 Y and y al(' sllIalt <lIHI (1) 1 he' cOllt ri bul ion 01 <'oeh pa i l' (!i Ji,). 1 = 1,2,3, ... ,n to 

111<':';(, Sil III l1léll'y Il WélS 1I1'('!'! i ~ UliS,' !'! t ('111 cil ic (\JI d is s 111111\ 1 ('la t i V(' 1 () l 1 J(' ('l'lor structure of the 

IIIO<Ie·\. 'J'hIlS, a compld(' (lSS('sSI\\('1I1 or 1.11(· fit.l<'d 1110<1(·1 will illvol\'(· bot.h the calculation 

of :-illlllllléll',r llH'éI:-iIll'<':-! of the distéllll'(' Iwt,w('{'u y éllld y, ami a t,!Jol'OlIgh examination of 

tll<' illdi\'iclllai ('OlllpOll<'lIls of tlws(' 1l\('astlJ'('s, 

The' cJ(·,'('loPIl H'lIt of 111<'1 lIods fol' èlSS('SSIlH'llt or p,o()<hl<'~:.-of- fi t wi Il follow wha t we fl'el 

al't· tll<' lop,ic,\1 !'!tl'p!'! "1'011 COlllplC'tioll of tlH' llJod(,1 hllildillg. sta,!.!,(·, 'l'Il<' components of 

:li 



• 

• 

('IU/'TEU :J, ,\S,",'/':."181.\'(,' TIIJ.: F/T OF 'l'liE MOf)EL 

t.h(' propos('d approach are ( 1) l'Ol\l l'lit a t iOIl illId \ '\'jt! lId 1 inll of 0'. I·('.dl llll'i\"iI\I'I'S of fi t. (2) 

('xalllinat.ioll of tlw indi\'ic\ué\1 (01111>011('111 "i of 1 III' ~lIlllllljl(',\ ~t .11 i~1 Il!'>, ,l1ld (:J) (·X.Illlillat iOll 

of ot her 11JC'é\SUl'C'S of the dill'(,I'I'IH (' 0(' di:-iI.III1I' 1)('\ \\"1'1'11 1 III' ('OIl\IHJlI\'lIls of y alld y, 

3.2 The Goodness-of-Fit of the Model 

3.2.1. Sigllificance Test 

Ov('ralllil..:diho\)(\ ratio t('st (LB'\') fOlllld ill ~I(lllda('d plillt()lIt~ \('('ili('s 111111 h,vpothc'sis: 

lIu 1Il('élnS "NolH' of 1 II<' indl'p('lIlklll \'i1riablt· is ~i)!.lIili( <1111 .I~ <II i .... k LI( tOI' 1 hlls illfol'lIl,lI,ioll 

ahout. thpir \'alu('s c\O('s 1I0t illlplo\(' .... i)!.llilkjlllll,' Il\(· pH'dictioll of ollt(()IlW", 

TlIns, 110 I<'sh·d by oven"l LHT is ('qlli\'jlh'lIt 1.0: "'1'1\1' l)I'sl l'll'dict iOll for ail ('()\'miat.c' 

pat tc'l'I1S is based 011 t.hC' oV<'I'élll proportioll" 

( Iln '" 1 L .l, 110 : 7r = ---
1 -t (,io /1 

L!J, = # suhj('cts wit il ); = 1. /1 = lot id Sillllpl(, siz(', 

"'(.chllÏ<'ally" il. is t.C'~t('d b,\' ('0111\1.\1 ill~ lo).!, lik('liltooc! III 1./, "I,t aill<'d hy full !\Iocl"1 

IlSillg (k+ 1) parélllH't('rS (1..: illd('I)('lId('lIt \'dll.",I('~) t.o lo)!. lib'lilloud III /'0 o!Jt"ill(,<! \Vit.h 1 

pamJl\(,t.C')' /io, St atist i< : 

Noh>; sille(' t.l)(' lop, li\.a'lihoo(\ is Obt.i,ill<'d Il.'' SllIlllllill~ "l' 0\'('1 idl ol,s('I'\'It.iolis t II(' illll'art. 

of Ut<' sélmplc' sizc' Oll LB'!' is V('ry st l'OlIg, 

EXéllllpl(': élSSll1I1C' we have' GO ddl<l p()illl~ (11111 rOI , .. =,j \\'(' ohlillll' 

(,'r;u -2[111 1'0 - III l,,,] 

-2[ -2~ - (-:m)] = 1 ,....., \;' (ilOt. ~if.!,lIt1i(jIIlt.) 

Now aSSlltlw our sam pic is in l'aet. tlt~· ('xat'l "llIilliatlll'l," of il lar)!..'\ ~H\lIpl(' of GUO pat.ie·l\l.s 

('arh ('oval'iate pat.tC'l'Il is )'C'pcat.ed 10 t.illH'S Hlld !'C'SIH'( 1 ive' 0111< Ollll'S éll'(' 1.11<' SilIIW), '1'11<'11: 

(;r,ou = -2[10 x :30 - 10 /.. 2K] = 10 ,....., \ ~ (lli)!.ltI.\' "iif.!,lIififilllt.) 
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'l'II(' Lltl' is the kst of wllC't 11('1 t II(' lIIoel(·} lI~illg t!J('s(' k CO\'(lllc\tcS is able to J'c1iably 

difr'·I'(·lItiilt(· t1J(' )>l'obability of out ('Olll<' (}' = 1) fol' diff'('J'('lIt ('()val iat.c pat.terns, 

3.2.2 Observed/Predicted Discrepancies 

COlIsidpl' tllC' followillg ('xampk: 

CovélJ'iatC' XI X2 Xi ohs('I' \'('<1 
p\'OpOl t.ioll of Y = 1 --

1 1 0 1 :3/10=0,:1 
-

:l 1 0 0 2/1 ()=O,2 

:3 1 0 0 ~)/lO=O,!) 

oI>S('I'\'('<I 0\'('1'1111 plOpOl't iOIl IIj:m = O..J'i 

Let '8 aSSIIII)(' 1 Il(' logistic modc'I basc'c1 011 .\'1 t 0 S'i (k=:l) 1>1'0<1 III C'~ t hese est.i mates, 

Péllt('\'I1 ObSPl \'Pd P Estimat('d p 
10 101 n, :J O.O!i 
lU 100 0,2 0,1:) 
10 110 0,9 O,W) 

IIle'(\1I = 0,17 

('I,'ady t.J)(' lIlodf'1 providf's ('sI ima\c>s Lhat. arc' lIJuch ('Ioser to t :IC ohscl'ved proportions 

t.hall 1.0 1 II<' llH'élll P = OAï (this \\'ould 1)(' (/iO!( 1 + r/ iO )) fol' 1II0d('1 wil h the intercept 

ollly. St.ill 1 IlI'l'c' al(' pl'Ohkllls wit.h III 1.0 illdl\'idual cas('s: 

III patt.(·J'lls 1 (101) Ih('J'(' is éI lolal 01':1 ohSC'I'\'Htic))ls fol' \\'hj('h )' = 1 but pJ'cdicted 

pJ'ohahility of o!l:-'('I \'('d 0111 ('01I1<'=O,O!i ol1ly, 

Th(· PI'OI'].·1I1 or illdi\ icllla} \<lltH'S Iwillg hadl~' fittc'cI is, ho,\\·vel'. illherC'lIt for these 

dat.a: ",Ilt'IU'\'('I 101 1 Il<' :-.êllII(' CO\'éll'iat(· pat,l<'l'Ils c1iff'('rcllt olll('OIllCS élJ'C ob:';(,J'vcd, some 

Ohs('I'\'alioll:-' will h(' lIIislit.ted. Alld if tht'J'(' é\l'(' only f(·\\, dis(T(·pallt. observat.ions, theil' 

]>n'dict.ioll willlH' \'('1')' pOOl". 'l'Il(' 0111,)' possible solutioll is 10 look for addit.iolléll coval'iates 

",hiclt ('ollid ('xplaill th('s(' dis<T(·péllH'iC's. (',g, for patt(·1'Il 101 \\( ma,)' ho»<' th al. thel'e is 

XI slIclt t hat.: 

Sol - 0 for II\(' only o!>s('l'\'atioll wit h )" = Il and 

XI 1 for 9 (11)(.1' OhS('I'\·êtl.ioll \Vit.h )' = 1 
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This is rarely t.he case. 

The issue' of goodllC'ss-of-fi t is Ilot 1'('1<1 \cd di ('('ct 1." 10 

1. significancC' 

2. indi\"idual discrepancics wit.hilJ <1 gi"('11 ('O\'(\l'i,II(' 1><Ilt('111 

Goodn<,ss-of-fit l'C'lat.es to t 11(' dio.;{'I'('pilll(·Î(':-' 1)('1 \\'('('11 olls('\'\ (,tI illld p\,('dickd propOI'­

t.ions fOI' "subs<'ls" of observat iOlls Ill)lllOgt'IH'OIlS \Yit Ir l't':-'P(·('t to t'O\'éI\'iatl· (indl'llt'II<1('IIt. 

val'iabl(·s). 

These "subset.s" a\'C' ca lied "c('lIs". If ail illd<,\lt'lId('lIt ",ll'iahles an' cat.('gorieal ('.wh 

covariat<' pat.t.t'\'11 I\lé\y be a "('dl". Ot.I\('\'wi:-w ('('lIs ha\'(' to IH' ('I(·,I1('t\. 

In ou\' ('Xci III ph,. LHT asks wllt't II<'\' p\'('dicl!'d pl opo\'1 iOlls (O.()!i. 0.1 :). O.!)!")) .11't' dosl'I' 

to tl'll(, O\'S('I\,(,<I plopol'tiollS (O.:J, n.::!. 0.9) Ihall an' (01Isl<1111 plllpol'tiollS (O,lï = O..tï = 

0.47 = o\'<'l'éllI \>IOpOI tion) aft,('\' Ita\'ill)!, c,djllslI'd loI' d<')!,1 ('(':-' lI\' l'n'pdoll!. (LBT tl'sl.!-; 

significallcc ). 

Goo<lIJ('~s-or-rit t('sts V<'rir~, \\'I)('t 11<'1' !>1't'dÎc\('d pl'Opul'liolls (00:). O.I!"), 0.9!;) i\('(' dos(' 

enough \'0 ohs('l'V<'d p\'oport.ions (O.:~, 0:2, lU)). 

3.3 Summary Measures of Goodness-of-Fit 

\V<' I)('gin \Vith thc' SlI III III é\l'j' IIWé\:-'lIl<'S of p,oodlll':-,s-ol-lll. as t h('\' cll(' l'OlItilll'ly provid('d 

(\s output \Vith éllIy fitte·d \1Iod(·1 (illd p,Î\'t' illI o\I'rédl illdlC,1I i\)1. ur t,he, lit or t111' IIIOt!t·!. 

B('caus(' IlwsI' an' slIllllllélry st ati:-,I ics. th".,' Illll,\' Ilot 1)(' V('I \' ~P('( ifi(' <lIJOII\' UH' illdividllal 

('ompOII('lItS. A slIIall Védu(' for (1)(' of 1 h('sl' sI al ist Îcs <10(':-' 1101 11111, 0111 1,11<' pos:-,il,ilil,y of 

sorne substallti.\1 and thus int(,I('~tillg de'vial iOIl l'rom lit l'or il kw sllbi('ds. 011 1.111' otlwl 

hand, a large' \'élltIC' for 011(' ofthc's(' ~talisti(s i~ éI clc'''r illdicatioll uf a SII\'~tillll,iall)Johlc'1I1 

with t II(' \1Io<!('1. 

3.3.1 Pearson Chi-Square and Deviance 

For a givc'II j-th (,ovélriate patt('rlls. III(' J>('al~()11 1'I'"i<lIl.1I i:-, dl·ftlll'd a~ l'olJows: 

• !J, - 1I1)1f') 

/' (!J J' 1f')) = --r========= 
VI//;,lf;(J - iJ} 
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m) is t.11P fl1I1II1)('1' or ob~er\'étti()IlS \\'il li paUc'l ilS i; !JJ i~ the 111I1I11>C'1' or ohsCI'\'at.ions with 

y = 1 étlllOlIg 711) obsel'vat.iolls ilJ pat lC'1'1I j; il is pl'<'dirlc'd J>robability of V = 1; thus, 

1fl)1fJ is ('xl)('C't(,d "'''lIber of OI)~(,)'\, ... 1 iOIl \Vith}' = l, So 1 hat, 

• l (O{,8( 7'PU/ - ( .1'])( cl Cd)l 
[1'( Y 7r) 1 = ~-----'---:--

)' J (1(/ /' i (11/ cc( t'.l']J( cl cd) 

By SlilIIllIillg Pearson squarcd rc'siduals [r(YJ' i/)]2 ov<.'r all.J covariatt.' pattel'l1s, we obtain 

the PC'CU'SOII chi-squar(' goodll('ss-of-fit stat.ist.ic 

./ 

Xl == L[7'(JJJ' iJW,...., \~-k-I 
/=1 

.J is total IIUIIII)('I' of dif('c'rellt ('oVctl iellc' pal tel Il:', 

Fol' él giwll j-t It cO\'éll'Ïat(· paUe·nl. t hl' d('viHlJ('(' J'psiduéll :,qlléll'(' is dcfincd as follows: 

COl1lpélJ'('S log lik('lihood for a gi\,('Jl llIodel wit,h t 1)(' log lilœlilloo<! for a hypotll('tical "sat­

ul'at,(·d 1II0d(·I" which would ('olllaill ets 1Ilc\lIy l)(lI'allH'l<'rs as t.hc\'(· are distinct coval'iate 

paU,c'I'IlS (.J), SIIC" él "satul'élt(·d" l1Iodc'l \\'ollid 1)(' cll,I<, 10 pl'('djct ('xélctly cach 7rJ' 

'l'II(' sllmlllary slalistic. ba:,('d 011 1 II<' d(,\'jall(,(' 1C':,idual squalc' i:, tlJt' deviélllcc 

,J 

J) = L d(y,. i,) '" \Lk-I 
1=1 

'1'1)(' prohlc'I\l \Vith (PC'anmn) X 1 
é1l1d f) is t.hat tll<',\' wOJ'k \\'(')) ollly ifeach ceIl (covariate 

pilt.t.C·I'II) lias ohs(·l'w1t.iolls léll'p,c·J' thml G, Thus if J ~ Il (whieh Itappens with continuolls 

illc!('P('lIdc'lIt, \'ill'jelhl('s) t IJ<',\' IIlél\' 1)(' «uitc' ulIl'<'liilbl('! 'l'II<' lI\osl lIé1tural solutioll is then 

t.o group t III' obsc'I VéI t iOlls! 

3.3.2 The HoslUer-Le111eshow Tests 

,,( ;oodll('ss-nf- fit. ch i-S<JUél rl' (1I0SIIIC'I'- 1,('IIH'show)" is basc'cl 01\ discl'epancy betwccn ob­

s(,l'wc\ éllld (·xpc·ctf'd proportiolls ill al't.ificiall~' ('J'c'illc'c1 ('('lIs-ol>taillcd by grouping obser­

\'iltiolls i\c('()J'(lillp, 1,0 (>stima1C'd prohaLilit.ic·s i" 

\TslIally 9 = 10 g'ollps arc' lIspd (in :-,talldard pa('kap,('s): 
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lst. Group: colltains IO IX of ohsc'I\'atiolls for ",hich tl\(·('~tilllakd i, is tilt' low('st (lst l'isk 

dC'cÎ 1(' ) 

2n<l Grollp: Bext 10% witl! TI) higl\('1 t h,lIl III I~t glOlIp hllt Iuwt'\' than 1'01' any ot.ltl'l' 

group. 

etc·· '. 

Last, Group: 10% wit.h highest lOt Il ('stilllé\tc<l 1 i~k dccik, 

Exampl(': N = 50, th('n: 

lst. Croup: i): 0.02; O.O:l; 0.0 1; O.OT: 0.11; 

211<1 Group: i): 0.1:3; 0.1,1; 0.18; l),lx: O.IK: 

101.11 Grollp: TI): 0.88; 0.9·~; O.!>:l; lU):~; 0.9T; 

1 los tll C' 1'- L(,I11<'sIlO\II st.a t.istic: 

g = # glOllp"i (lIsllally 10) 

0 , == OhSNVC'd # .II = 1 ill Î-t.I1 g\'Ollp 

11: == # c1irr(,I'('lIt ('o\·,uiat.c' pnt tc-\'II~ III i-t Il gl\J1\l' 

if , = Il}('illl (él('('J'OSS Il, »att.<>l'IIs) c·~t illlclt c'd l'l'oh" hilit \. III t hl' glO.lp 
1 

Il, 

= L m,ir,ln: 
J=1 

111) = # o!>sNvatiolls in ccII j 

Note: silice' ail GoodllPss-of-fit X'l t.c·st.s arc' hasc'd 011 disn C'pill1<'~' IIl<'aSIlI'C'S, lal'gc' valllc'l{ 

of .\'2 allcl corresponclillg sllIalljH'éduc's illdicélt(· poo\' Iii. i ('. /II) = ,'t he· IlIo<lc'l rHs t.lu' 

data pC'l'fc'd I~'" alld ally di~('\'('I)(lIl( jl'" M(' dllt' tu ~HllIpljllg ('l'lor olll,\'. 

3.3.3 The Brown's statistic 

This st.at ist.ie ('OI\lIM\,('S nt,kd logist jc· 1110<11'1 \Vith il pOh'lIl ially 1I101'C' (·olllplc·x éIIul mort' 

gf'ncrôl llIod(·1 tlllls it is Ilot ('xactl} a tc·~t of ah~ollltc' g()odl1c'''is-of-fit with r(·soc·ct. 1.0 t.llC' 

data, but ail aS~(,SSIIlC'lIt of thc' léllW'1' I()gi~t Î<' él~."lIl1lpt.i()l1. It i~ liS!'" 1.0 illn('aM' (,ollfidc'IICC' 

t.hat t.h(' lo!!,ist,ic l\lodc·1 (as é\ das<., of 1110(1<01..,) i~ 1(',I~{)l1étl,lc' fol' /!,i ,1('111 dat.a, 

General strategy to use goodness-of-fit: 
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J. LH-Ba.sed (2 x 0 ,;( IIl(O/ H)) i~ applOj)('Îat(· 0111)' if .J ~ Il so t.hat cach covariate 

pattern is «'plicat.(·d al, Ipcl~t 1) 1 ill«,~. If:,o 1 h('1l il is 1.11<' I)(,"it to use. 

2. lIosll1<'r-L('llwshow is Iws\. ",il Il C0l11 illllO\lS illde'lH'lld('llt vélriahles but 111 t.heOl·Y 

wpa).;('r t.hall ill LH alld t.1r(·J'(· is SOI1)(' (ll'hitl'.Il'jIH'SS. H, i~ ('('COllllllf'IHlcd to inves­

tigat.(· illdividllHI l'earsoll residuélis ~in('(' grouping Illa,)' ohsllre ve'ry pOOl' fit. to few 

cas('s. 

:1. Browll llIily he llsed as "~e'(,olldlll'y" stati~ti(' to C'Ollril'lll 1\'''t,lts from 1 or 2 . 
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Chapter 4 

Logistic Reg for Matched 
Case-Control Studies 

4.1 Introduction 

Wc' HI'(' ill t hl' eOIlI(',1 of a Ilwt c1l1'd C(-lS('-('Ollt roI st IIdy \\'IIC'I'(' .J l".tS('S alld N controls have 

1)('('11 !wl('ct(,(1. \VI' lin' illt.l'I"l'st,('d ill t.h(' ('st iJllat,i011 of 1 III' n,lot ive risk of disease for a 

(or SOIlI<') sPI·cilie ('xpmmrl's \Vllil<' cont.lOlIing fol' pot('111 i,1I ('on!o\lll<!('rs and testing for 

i Il t Na ct. iOIl . 

Review of the matched design: 

• Eacl! CélSI' is lIlélt.c!t('d 10 ~I cOlltro!s l'él~('d 011 sl)('cific llIatcltillg \"iniablcs, e.g. age 

cal('gori('s, g<'lld!'r, d,!llli< ity or n'sidl'Ilu'. 'l'Il<' cas(' alld il S l'ont l'ols 1"orm a matchcd 

set.. 

• 'l'II<' 1Il11lllwr of cases and COll 1 l'Ols an' fix('<! h.\" <!('sigll. 

• Th(, cross-tahulat.ioll of 1 !te' l\Iéll,c!tillg véII"iabll's dpfilll'S êI (l'l'tain Humber of st.rat.a. 

Th('I"<' will IH' f('w ras('s alld tl!l'il" mal r!wd eOIlt.rols ill ('aclt ;-;1 rélt 11111. A special case 

of 1 his i~ will'Il ('ach Illéllrll<'d s<'l ddill('s a ulliqu(' sI 1",,1,11111. 

For example: I,l'ls say Iltat W(' an' looking at. t.he J"(·lat.ionship Iw1.w(,(,!1 death from 

ast.hllla and liSe' or h<'la-ag,onists (dl"lIgs lIs('d t.u t.l'<'at asthllla). Th<> matrhing variables 

('ollld 1)(': 

1;') 
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• ag(' (from 5 to 51): 10 5-yt'ar cdt<-gori('~ 

• g<'lId<'r: 2 cat.egories 

• s('ason of t!1<' ('v('nt: "1 ral('gol'i<':-, 

Thel'e ar(' a t.ot.al of 10 x 2 x:; x ,1 = 100 pos~il)1v sllcll" 

Stl'lttUI11 # Ag<' (:1'11<\<':' 1 ks J( It '11<'1' SI'.ISOII 

1 G- !) ~l.lIt, Big t'it.y \ \' IlIlt'l' 
1 10-11 \\,111' Big (il~' \ \ï 1111'1' 

1 \.~-I !) ~\.d(' Big t il\' \ \' 111\('1' 

:'w-:ll \1,lIt, Big ril\' \\' 11111'1' 

~:).~() \Ial<' Big t Il,\ \\' 1111 t'I' 
:Hl-:~ 1 ~ \ fi lt, Big cil" \\ïllll'\, 
,~:)- :~!) !\I aIt' Big til,\' \V i III ('f' 

1 \0· Il r.. [é\ lt, Big (il)' \Villlt'l' 
,IG- I!) 1\ 1 aIt, Big t'il,\' \ \ï III ('J' 

TiO-:; 1 l\\al<' Big rily \ Vi 1111'1' 

;)- !) Ft'lllalt' Big t'il \' \Vlllll'l' 
10-1 \ F('llIal(' Big t il \' \\'lIlkl' 
I:)-:W Ft 'II 1" It' BIg t il,\' \,y1111 t·1' 

4.2 Several Considerations 

4.2.1 Why do we need a regression 1110del with a rnatched 
sample? 

As in tb<> t'ontext of a cohol'1. stud,\'. IllOdt,lill,!!, ill il Illilt( 11(·<1 ('t1:-'I' (Olll!'oi st.lldy is IISI'<I t.o 

OVCl'COIllt' the limitcltiolls of a ~t.l'alili('d illlal\,~j~: 

• Est.imal(' t.11<' d[('ct, of cl ('olllilillOIlS (·XP():-.IIJ'(' \\,;1110111 Il.1\ IJI~ \,r) {,élt.(·p,ol'is(' il .. 

• 501llt' illlportallt confolllldc'r:. 1I1éIV 1101 bel\'t' 1)('('/1 UJIIsid('IPt! ill III(' IlH1I.ching. 

• To test. for inte'raction I>c\'\ve'<'11 tlleeXposlll'<' of i/lt(·I'('St. alld 'jOIJJ(' IIwtchillg vétriable~H . 
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4.2.2 Why do we have to use conditionallogistic regression to 
analys(~ matched studies? 

Fol' PUJ'IWSC'S of véllidit.y (to plOdll«' éllI llllbiil:-,(·d (·:-,t,illl,11 C' of 1 II<' ,cldl iv(' risk), wc need 

t.o takl' t11(' /llatching i/lto c\C(,OUllt ill 1 II<' rlllêll.\'si .... 

YOH ('ould he' te·/IIpt(·([ to lIS(' t 11(' I()gi~t ic l'C'gl(·..,,,io/l éllléd.\'~is \\ it Il é\ lI10dcl including a 

péll'all/dc'r for C'é!cII /lIat.c1](·d :-'('1, in orelc'r toI ilk(· i/lto él(,(,oU/lI, t.1l<' dC'sign in the analysis 

(You kllow 1 Il,,1 tlJ(' logistic model ('<III 1)(' u:-,('<1 \Vith il ('(-Ise-coIII roi sampl(·). The modcl 

"Vou Id 1)(': 

log(P/(1 - /))) = nIMS'/ + 02M.'I2 + ... + n,MS) + !il/~' + ;11,(' + li·IR 1< C 

wl)(,l'c' --t .1= 1I111111H'r of lJléllc!lI'd sC'ts 
, {I if t II<' ... ubj(·ct i" i/l 111(' .J''' 

--t '\/", = 1 o ot. IC'I \\'I~(' 

Note: MS stands for Matched Set. 

'l'II<' 1II<'IIIOd of ('stillléltioll lIl-1(·d III III<' llllCOIHlitiollallogist.ic J'('gn'ssioll, i.C'. the maxi­

/1111111 Iik('lihood,works weil \\'1)('11: 

1. 'l'II<' 11111111><'1'01' subjC'cts ill ('1Ich l-Ilratu/II is largc·. 

or 

III a IllillrlH'd nll-l('-('Ollt roi study ",ll<'lc' ('é\( Il (,HS(' cllld its lIlatclu'd (ont,rols form é\ unique 

st.rat.ulll, these assumptions are lIot respected. 

FOI" example: ('oll~id(·)' alto 'llllalcllCd (,él~('-(,Ollt/'OI dc·sigH looking at. the l'elation~ 

ship 1)('1 W('('lI II/Ilg nll)('('l' élllc! cigéll'C'I 1(' hlllOki/lg. 

• 'l'II<' ('out,rols Ira\(' b('('11 Illatrl)('<! to 1 II<' Cél:-,C'''o b.\' "g(', J!,C'IIc!C'1' alld ellvil'Onmental 

('XPOSlll'<·. 

• !)() ('élSl'S of lUllg ('(\lIcel ha\'!' 1)('('1\ l'i('l<'d('d. 

• \V(, WHllt to ('st illlatC' tl)(' n,lat iw' risk associa(c'd wit.h IIH' lIumher of cigarettes 

SlI1ok(·d »('1' day ",hile adjustill!!, for ~ pol('lIt i(ll ('011 l'ou 11<1('1'''' . 
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1. To respect tlH' stratili(·d d('si!!,Il, \\(' \\'o\1ld h,I\(' lu l'~tllllall' r)o (~Ir.lt.tl + 1 

('xposlIr<,) + 2 (confoullt!('I") = ~I,~ pilldllH'II'r~, 'l'Ill' IlIlIdl,l w(lIdd 1)(' 

2. 'l'II<' sélmplC' sizl' is ,~)() " .~ = l '~)() "lIlljl'( I~. hlll 1111'11' It'I' 1I111,\' :\ ~lIh.l(,('t'i 1'('1' 

strat.um, 

;1. SinC'e tll(' ll1<üchillg, is lill('. 111'\\' l',I~('~ ",ill ploha!'l\' f,dl ill il Il''\\' htl,ltlllll, 

tlt<'rcrorc t.hc Ilumlwr of parall\('\('rs will illl'I('a,,(' "" 1 h.' hillllpl(· ~iz(' 1I1('\'I',ISt'S 

4.2.3 What happens if UllCOllditiollal allalysis is nscd wH,h a 
matched case-control sé\luple'? 

First considel'aton: The model includes olle IHU'é\IIH't l'l' fOI' t>(\eh Illat.d".·d !wt.. 

III sil \\<\( iOllh \\'I\('\'(' (II(' 1\\(1111)('1 or 1><11 ,\1111'1 l'\,:-' 10 1',,1 illl,III' Il,\''0 1 hl' :-;,11111' DI d(', or 1I1.I,!!. 

nitud(' as tl\(' Iltlllll)('\, of sub.i('cts. il i~ kllo\\'1\ Ih,d III<' 1('( IIIII(!'/(' (JI IlIwo;illllllll lik('lihoud 

fan yi('ld :,w\'iollsly hias('d (·stilllal.<·s, 

Fol' t \te· sp(·cial CHSC' of 1 (0 1 pail' IlInl ( Ilill~ \\'11 Il ,1 ~illl-',l(· 11\\1.," \' ('''l'USIIII' va, i,d)h', it. 

CHIl 1)(' show Il that.: 

wlJ('J'(' 1111I=nlllllbe'r of pails \\,1,,·1'1' tl", (,,~(' i~ ('''IHN'd ,llId 1 III' (,olltlOl is IIIH·XpOs(·d 

and llUI=IIUlIlh(,1' of pairs \\'1 w\'(' Il)(' ("S(' is 1I11(·xpo'i(·d ,,"d III<' 1'1111\'1'01 j" (·xIH):-,('d. 

11 III alld 1101 a1'<' ('al!(·d t11<' discordallt pairh, 

So ail odds ratio of 2 \\'ill 1('11<1 1(1)(' (".,1 il Il il \t'd dh 1 Ihllig 11\1' 111I('OIIClit.iollcd illlidy:-.is. 

The hias \\'ill IH'I':-.ist.. to il I('ssl'I (·xl(·III. r(J1 111111'1 111,,1( 1\I'c1 d('''lgllh. '1111' I)iclh will t.11I'1I 

d('pend :-,1 ig,hl Iy 011 

• the proportioll of the cOlltml populatioll ('XI)()~c'd 
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• UU' 11'111' odds ratio 

• t.11C' 11111111)('1' of (,Ollt ) ob 1)('1 lIlilt ( Iwd ..,<'\ 

For example: 

• 1'02111<11(1((·<1 d('<.;igll. 11'11<' OH =:! cllld j>lOp, (JI (0111101 ... (·XI)()~(·<I IS 10%; uncon­

dit.iollal OH = 2,H (hicls uf l.j(Â) 

• 1 t,o 10 1IIé1t.c!({'d d(·:-,igll. tl'lIC Ol{ = !) alld l'l'Op, of ('0111 l'ob cxpos<,cl is 10%; uncon­

diliollill OH = G,G (bias of :J:tif) 

Biml ill('J'('as('s wit.h IIH' sizl' of III<' tl'lW ()(Id:-. Idtio. bul d(TJ'('cl~(,:-' wilh t.he number of 

n>lltt ols 1)p1' s('1 <11H11 Il<' pl'Oporllull of cont 1 ul.., l'\( pO:-'I·d. 

Second consideration: The matching is sim ply ignored. 

If~OIIl"OIJ(' igllo)('<'; t!t"lIIal('hillg éllld Il:-.(':-, III<' 1III<oJl(litiollallogl:-.tic J'('gl'C'ssion (without. 

illdlldillg in III(' III ()(k 1 é\ IHll'élllll't('1' fol' l'al Il Illiltc!u'd ..,('\) ln élllètlySI' a matched case­

(,ollt.1'01 silillpl<·, 1 II<' ('sI illlell (' I\Icl~ tH' "ié\~('d, 

11Ild(·)' ('('11 ilIlI colld i 1 IOIlS 1 hl' da 1 é\ fl('l'OS., Illai rlwd spi s lIla~' 1)(' pool(·(1. If the matching 

\'ill'iahl(·s (\1'(' ('it 11<'1': 

0)' 

• ('olldil ionally illdep('n<!('1I1 of t II(' ri~l\ fc\rtors !!,i\'('11 di~('e\!-J(' stal us 

hot Il pool('d alld lllé\l('h(·d é\llal~'sis p\'O\'id(' clppl'oxilllê\\(·ly 1II1bié\!-J('" est imales of the l'cla­

t ive' risk fOI' a dirhololllollS e''\pO~lIl'<', 

III 11I.lle lu'" st lIdi(·s, l!tl' fll:-.I rolldit iOIl is 11101'1' 1(·1('\'(\111 ~ill(,(' III<' lIIatching variables arc 

p,Ili\l'êIll1c·('d 1(1)(' lIllcol'\'C'la!cd ",it li di'wéls(' ill 'Il<' ~illl\pl(· a~ él \\'ltoh'. Of course this does 

1101 C'IISIlJ(' Ihat th('~' lIa\'(' III<' -;alll<' (hslriblltiol1:-' el1l10llg c(\~('''' êllld cOllll'Ols conditionally 

011 calC'gol'il':' dl·lill(·d hy t II<' risk factors, 

\VII<'II It~ill~ .111 111111\<1' ('!tl't! a11é11~'sis \\'it!t data ('oll<-c!(·d III a matc!l<'d design, the 

('slillw!c's will he hia~('d tO\\'é\I'ds t II<' lIull. 
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We need then, a special method of analysis which will be able to take the 

olatching iuto account, but at the SaIne time will only focus on the estimation 

of the parameters of interest, i.e., the betas associated with the exposure, the 

conrounders and the effect modifiel's. 

4.3 Conditional Logistic Regression 

Context of the analysis 

''vVC' a\'e ill 111<, (,ollle''\1 of a III cl 1 che'cI (a~e'-c()111 10) si IIcI,\' \\'11<'1 (': 

• TI\(' 11I1I1l1){'r of cases alld ('onl rob clIC' !i:\('d by dl'si/!,II 

• Ea('11 matchC'd sd co1I1 aills ('xarl I.v 1 Cl\o;(' and ~l ('()1I1 lOLo; and ('iKIt Illal.r1\C'd SI'\' 

d(·fÎlJ('s a unique> strat.UJn 

Th<.> i IIdep('Il<lent va \'iahle's X = (X 1 ..... X,,) J'(.,,\'(.~( 'lIt 11\1' C'X pt/S1\ 1'(' va ria 1,le's, t.he· ('011-

foundc'I's and t!l(' d[C'cl l11odifie'l's: 1 h(·)'(· é11(' P ind(·I)(·IH\c·\lt. "ill iabl('s of int(·I(·st. (This 

v('d.o\' do('s ilOt. include the lJ1é1tching \'éll'iélblc·s). 

For example: C'ollsider alto 2 lIlatrlH'd (,élsl'-colltrol stlld\' wit.h 10 111,,1.<'1)('(1 sPl.s, 

looking al t!J(' er[('ct of d\'lIg A ill re·I,1I iOIl tu disl'a:-l' 1> \\'bill' l'Olit loililll!, fol' g('nel('\' (malt = 
1, .fc1IIalt = 0). 'l'Ill' r(·('tol' of inde'I)('\ld('1I1 \'ari(tI)I(·~ Xji. \\'111'1(' i sI a\ld'i 1'01 1 II(' Illrltdu'cl 

set (j = 1. .... 10). i stclllds fol' III(' pali('lIt \\'ithill 1,1\1' 111<11<"111'<1 spi (1 = I,~,:l wllC'l'(, 

1 = ca8C alld 2.:1 = ('ol/frul .... ) ('ail 1)(' <!1·sniIH·d il:- folio\\': 
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MATCIIED SE', J»){\'(; (;E~J)EH XJ1 

('a,>(' 1 :J F (I.:J, 0) 
COllt 1 (JI U.i ~I (O,ï, 1) 
COlltl {JI (J.!) ~1 (0.9, 1) 

:! Casp :Uj M (:J.G. 1) 
COlltrol 1.·1 ~I (1.1. 1) 
( :01111'01 l.!) Jo' (\.!),O) 

:1 ( :as(' ~.!) F (1,!I. 0) 
('Ollt 1'01 l.S ~I ( 1 S, l) 
('olltlol ~,:I ~I (1.t 1) 

,1 Ca~.;p 1.0 F (.1.0, 0) 
Cont.rol ~.I Jo' (2,1, 0) 
COIII 101 :tO F (:J.O, 0) 

10 ( :as(' 2.\ F (1,1. 0) 
( :011 t 1'0 1 0.9 ~I (Ü,H. 1) 
('0111.1'01 1 :2 ~I (I.'.!. 1) 

• \"'C' <11'(' illt.c'I'('skd ill t.h!' ('sI illJalioll of III<' 0<1<1.., ralio of di"il'ils(' . 

• 'vVe' slill aSSlIlIIP that t.!w pl'olHlhility of h('illg. diS('éls(, ('0110\\'" a logist.ic modd i.e. 

\\,1)('1'(' n=illt,{'rccpt (also 1'<'f"I'J'C'd 1.0 éli'. /10 ) 

Note: Fol' i'.illlpli('ily "'(' él:-'Slllll<' 1.11<\1 ('adl 1I1i1t.dIPd s('1 (,()Iltaill,~ ('xactly M+l subjects, 

but. \.II(' t ll<'()r~' ha" 1>('('11 gCIl<'r,dized II) sil lIélt iOlls \\'1\(,1'(' 1.11<' 11111111)('1' of ('mws and controls 

Véll'ÎPS Heross 1 II<' st l'al 1I1II. 

Conditional Likelihood Function 

As ill t.11(' 1I11«)JJdi\.iollal logisl ie n·gr('s:-.ioll. t II<' 1ll<'1 hod of lIlaximum likelihood is used 

to (·St.illlcll(' 1111' 1'<,!.!,J'(·ssiol\ parilllwt('IS, Il is pJ'('('i:-.(oJ.\' 111'1'(', ill (~I'filling the lilœlihood of 

tlU' (hlta. Ihal II\(' ~ IIl1'lhods (collditiollé\l <1Il<lI1I1COIICliliollill) dill'(,I'. 

Fil'st.. W(' filld t hl' Iikplihood or olN'I'\'illg 1 hc' dat éI ill each matched set separately. 

'l'II(' Iik('lihood or t.hc' dcll a ill tl\l' .J t Il 1I1i1t.<.!t(·d spI i:-.: 
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XJI is tJ)(' vector of indcpelld(,lI\ \'c\riahl(·~ 1'01 11)(' ('é\S(' in \ I\(· Jill Illalrllt'd St·1. 

X)2," , ,X)M+l art· Ill" \'(>('Iol'S of indt'p('IHlt'1I1 \'dt i"hlt,:. for 1 lit' ~1 ('ollll'ols i" tIlt' Jt Il 

matcJ.ed sd, 

Note that in a cohort setting, we ObSCL've Y givcn X. 

But ('V('11 if wc obsC'rve P(Xjlll') "'(' a\(' inlt'It'slt'd ill tl\(' ('stilllat.ioll of t.11<' l't'Iat.i\'(· 

l'isk (tll<' odds ratio) of discélse gi\'('11 tIlt' ('~pOSlll'l·. i,(', 

IJO' = 11,\ )/( 1 - /J(\ = Il,\ )) 
PO = 11.\")/(1 _/J(\' = Il.\'')) 

Uy t he' l'tilt- of cOlldit iOll é\ 1 pl'oba h il i I~' \\'t' (' ,Ill ('\ P J'( ·~s Il (X,i 1 P ) i Il 1< '1' IIIS of t II<' (!t'si l'pd 

probahilit.y: 

whel'c 

t Il(> logist. ic 1II0d('\' 

(".i+ L:::= 1 !ik \'J'k 

+ ("j+L::=1 dk \'/'1. 

Nol(' thélt. t.he Înt,(,I'(,(,Pl. Cl <l1'j)('II<1o..; 011 j. wltil'It stélllds fol' 1 IH' 11Iclt.d)('d S('\' huI. 1,1)(, l'J's 

do 1101 .. 'l'lais II1callS litaI. tl)(')'(' is cl dirrcl'('llt int('l'«'pt fOI ('cH It Illcddl('d St·l., huI. 1.11t' /1\; 

arc> aSSlllll<'d 10)(' consl.allt éH.'I'OSS t II<' stl'ata, 

By n>1lditiolling 011 the U110I'dt'1 (·d ob~('rv('c1 v"hw!'> or t II<' ~Il-I v('cI ors X ill t.J)(' j'" 

strat,llIll, wc will gel, the following ('oJldit.iolléll likt'liltoocl: 

\VherC' t.h(· slIllIlIIat.Îoll in t.he dellollli 11111.01' Îs ()\'t'I' ail possillilit i(':-, fil s(·Il·('1 illp; 1 cas(' illllolIg 

M+l slIhj('ds i,l', Mtl possi)Jilit,i('s, 

W(' H('(' t.haL, aftc'r simplifi(,éltoll. tll<' cOllCliliollal li).;('liltooc\ d('IWII<h; ollly 011 t.11<' (-l'li 

pal'élnwt.C'I'S élnd PJ{X), PJ( }') éllld t 1)(' (lJ pr·t'(IIII('I('I'~ Itm'('I)(,('11 ,·Iilllillill('d . 



• 

• 

1,:1. ('ON DITION:\ 1. /'(JUJS'I/(' Il J . .'( 1·U1~SSJ().\' 53 

TIH' collditiollill lik(·liho()d 1'01 Ih(· ~éllllpic' i.., 1111' l'I'0dllcI. 01 thc·.J st.ratum specifie 

li kel i ft oot! : 

J 

L" Uh , , , , , dl') = II [,; (th .. .. , /111 ) 
1=\ 

EX8mpie 1: The special case of alto 1 matched design 

In t.his sit lIatioll 111('1(' an' '2 suhj('( t ~ ",ilhill ('(11'11:.1 l'alUIlI (1 CélSp and 1 control). Let 

X)I IJe I.h(· V('dol' of ill<!c'P('II<!('1I1 \',11 iclbl('s for 1 II(' ('(ISC' éllld X/Il fol' I.h(· control in the ph 
lIIat.du·d spI, alld li = (fil,"" /11') j.., 111<' V('( loI' of I<'/!,I('ssjoll pal'éllllet,pl's. Fol' this special 

d('sigl1, 1111' n>lldilionallikl'Iihood of II\(' j'h :-,11 al 11111 1'(·d\H'('S 10: 

(L~= l ,1k \'1" + ( 2:::"111k.\'JO~ 
(2:::=1 ,ik( \'JII. - \'1(1) 

1 + (L::=I,ik l 'J11.-\J[lI,1 

Example 2: The case of a unique dichotomous exposure 

(:ollsid('I' t.he CélSe' ()f il 1 Lo ~1 Illal ("11('d ('a~(·-(,()IIt.J'()1 Sllld,\' wil Il ollly 011(' dichotomous 

('XPOR\lI'(' v,wiabl(' cod{'d X = l fol' ('xpo~l'd and X == 0 for IIIIl'XI)()s('(1. TIl(' mode} is 

"J' t/1.\' 
( , 

/)(\':= 11.\) = -----:~ 
1 + ("j+!i X 

T la' ('olld i t.ional li kplihood (in Ilw j t. 11 ma 1 cl )('c\ sI'!) ddill('d él bol'(' l'('cl uces to: 

1.; (:1 ) 
.iX'JI ( . 

whl'I"(' \1 1 is t k ('è\:-,(' (':\)lOSlIJ'(' ill t Il<' j th Illai cl )('<1 S('1. 

Fur (·xalllpl<'. Ids Lak(' a Illclldl<'d "t'\ \l'il Il 1 ('as(' élllel :~ fotlll'Ols, \\'11('1'(' t.he case 15 

('XPOSl'c! (X = 1) and only 1 of the' :1 C"olltl'Ois is (·xpoM'd. Th(· eonditional m:l'lihood of 

Ihis llléllrlH'd sd would 1)(': 
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'" 'j _ OH 
'J (, ) - 20 H +:! 

OH -----
20H + \ 

The data can also 1)(' PI'(,s(,IlU'd clS a S('I i('s 01 2 x :! tahl('s, L(', 01\(' for ('arh mat,dwd 

s('t: 

Mat.clwd set j 

( '.1:-'(' (~()lIt 1'01 
Exposl'd (/, h, 11/ 1 1 

{JJl('X\Hh('d c-, d, III Il 1 

\ 1\1 M+ \ 

Th(' fad. of cOllclit.iolling 011 111<' ('XPOSUI"(' lIislor~' (1iIIOrd(·I(·t! X v('dors of illdep('lId('IlI, 

variablps) in this particulal' situat.ioll n'quin's tll<' kllo\\'I('dp,(' of III<' total 11111111)('1' or ('x­

pos('d in tlJ(' t.ahh' (IIIIJ alld Illus kllo\\'I('<\g(' of ail 111(, IIlal'gill.d tOt.é"S ill t.h<':! x :! t.ahl(' 

(since t.l)(> IIl1mh<'1 of CélS('S alld COll! lob (Ire Ii'\('d h,\' (ksi)!,II), 

If yOll ('(Jlldit iOIl 011 t.h<' 1I111111)('J' uf (·x\>o:-,(·<I il! il 2><:! table' lik(·t his 011(', t.11<' dat.a 1111.111' 

table are ('0111 pl<'l (-I,\' d('fillc'd Ily t 1\(· 1I11l1l!J('r of c'x\H)~('d (,ISC·S. 'l'III' ('olldit.iolli.l prohahilit.y 

of observillg (l, ('xpos('d Célses is: 

( 1 ) ( ,\1 ) OH" 
(l, III" - Il, J 

P(AJ == (LJIA.! + HJ = '"I,) = ( ) ( - ) L l ,\1 OH" 
" l' 11/ 1 1 -- l' 

This cOlldit.ional pl'Ohahility is lIsccl ill tll<' Fisl)(· .. 's ('Xilet t (',,1.. 

I('ts t.akc' the sallw ('xall1ple as 1)('1'0(,(', wlwJ'(' t.he' CilS(' is ('XI'0S('<I ilnd ollly 1 of t!1<' :1 

cont.l'Ols is C'xpos('d: 

Matdwd sPt. j 

('élS(' ( '0111 roI 
).:, (H)'>('d :! 
l: II('X (Jos(·d () 2 2 

1 :1 
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. ( : ) ( ~ ) OH 

P( A 1 = liA) + Il] = 2) = ( 1 ) ( :l ) ( 1--.,.----,-) (---:--:3 ) 
1 1 OH + 0 2 

, 

Wc <:HlI S('(' t.ltat. tlti~ nJllditi(Hldl probélhility is pl'o»Ol'tiolléll to lit<' condit,ional likeli­

hood W(' jl1st (·olllput.ed. 

Interpretation of the beta coefficients 

As in HH' IIIH'Ollditiollétl logistic l'egn'ssioll: 

Sp('rial nui(': OH fol' il didlot()fIlOll" ('''I>O'''UI'<', a~slllllillA t Ilat ail 01 hpl' co\'al'Ïates are equal. 

OH 
po" = 11.\'1 = 1. .\'2." .. Xp )/( 1 - /)( l' = Il.\'1 -= 1, .\'2,' .. , Xp)) 
P(l' = I1XI = 0, ,\·2 ... ·• Xp)/( 1 _/J(l' = IISI = 1, .\'2,'" ,Xp)) 

- ( .l'}J( 111) 

EstiInatÎon of the pat'ametel's 

TI\(' hd.as M(' <,stllllilt(·d hy IllélXilllit:cltioll of t.h .. rOllditiollaI 1!1\(,lihood (CMLE). This 

is dOIl(' I!,(' 11<' l'a Il Y h.\' clll it,('l'éüi,'(' IH·O('(· ... ~. usillA Cl COli 1 pU \'<'\' , li"(' N(·\\'toll-HaplIsoJ1 mehtod. 

This IIlf'lltoc! of ('stilllcltioll (l'ILE) pl'Ovidcs clii (·stilllitt(· fol' ('é\clt I)t'tél, ai, and ail cstimatc 

of it.s \'ariélllCf' t1i' 'l'II<' 1\'1 LE of /1's M(', in gPII(';'(-d, approxilllêll<'ly Iionnal. 

Inference 

• ('ollridC'I\(,(, illt.C'l'\'als for l', 

• \Vald test.: 110 : j'J, = 0 ,·s III : d, =1= 0 

• Lik('liho()(\ rat.io «ost (LHT) 

Suppm;(' W(' llin(' th(' mode! JO!Jil(P) = /10 + /3 1X 1 + '" + ;'l'X1) olld we waut to test 

th(· hyp()t.I)('si~ /Jo : rJ. = /1.+1 = ... = ri,. = 0 (a suhset. of 1H't.as éll'<' ('<ll1al to zero) . 
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The LHT req\ jn's the comput at iOIl of t \\'0 ('olltlit i01l,11 lik(·liltoods: t hat of t.1lt' full 

modd, L·Uh~l'Ld, élnd that of 1 he' J'(·duc(·t! ()J\(', 1,·(.JfI/o./lI'("'), Th(' h'st is giV<'1I by: 

• G stat.isl ic to I.l'st t.\1C' sig,lIifinlll(,(' or the model (Sp('rial ('a~(' of LHT) 

For the s("('OI\(llllod('l whcl'e ('nch 1)('1 a ('<lII<lls Z('I'O, thl' (,()\lditio\lallil",lihood J'(·dlll't·s 1.0 

L'" = 1/(1 + ,\Id 1/( 1 + '\/'2) '" 1/(1 + ,\l,il 

H M, l,Il<-' nl1lllber of control s, is 1 II(' 'iélllW ill ('(\ch IIldlcl\('d !-t('1 111<'11 1: n'duccs t.o (1/( 1 + 
M))J, 

Consequences of the conditioning 

• \\lC' Céln Ilot estillléltC' t.he pl'Ol>abilily of dis(·a:-.(· fOI il ~i\'('11 ( '\P()~iIJl'(' \'('(,(IIIIi(' 1.lu·il' is 

no estima!.(' or thc' illte'l'('ppt (n), 

• Only tlJ(' odds rat io of dis('ali(' fOI "II,\' lip('('ifi('d ('XpOlill\(' ill 1.1)(' IIICH"·1 (',III 1)(· (·st.i­

ma t,('cl. 

• \\le cali ilOt. estilllat.e the OH a~lioriat(·d \\'it.h t.!1(' IlIatdJillp vHI'iahl('s I)('(,(IIIS(' I.h(·11' 

paranH't('rs have' been ('lilllillal('cI b.v rOllditi()lIill~, Tllis illlplil's t.hat. W(' cali 1101. 

v('rify if a llIatrhillg val'iabl(· is ill fael. éI ('()lIfolJlld(·I', IICJ\V('\'<'I', yOIl (',III (·st.illlat,(· !.II<' 

intel'act.ioll !)('twC'en t.lH' IJlélill ('XpOSIlJ(' alld 1.11(' IJlalrilill~ \,fII'irlhl<'s, 

• The ('stimation ili only bclS('d 011 dis('ordallt IIIi1tclll'c! :-.l'1.Ii, 11 III fi IlIat.dwd lid. ail Uw 

suhj('cts ( the cases and LI\(' ('olltrols) é11'(' ('ith('1' ('xpowd 01' IIIH'XIH'SPc!, t.IWIJ t.lw 

cOllditional li)wlihood of tlli!-t IIwtclu'd S('1 is ('<1 lia 1 1.0 (HI<' <111(1 d(J('s flOt, (,(Hlf.l'ilmt.e 

any inforlllation to the estimation of 1.11<' 1'" 1'«11 W\(ol'!-t, Tllis (,é111 1(·(\(1 t,O il. loss of 

effkje'I1<'Y, 
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4.4 U nconditional logistic regression with 1 to 1 
match 

As W(' saw IH'C'viollsly, tIlC Wlldit iOllal likdihood of t Il(' /11 ~t lat 1I11l for alto 1 matched 

salllpic' is id(·Ilt.iCéd to t.11<' ul1(olHlit iUl1al lik(·lilloo<! of a logist ic ('('gl('~siol1 model with the 

illt.(·l'n·pt ('«(11111 to iwro (111<1 t 11<' ,'('dol' of iJldc'!H'IHkllt. vmiahl<'s l '[liai 1.0 t.h(3 value of the 

('as .. IIIjl1l1~ tll<' vahl<' of the COllt.rol. 'l'Il<' 1 i kC'lihood is: 

= 

wl\('J'(' h}1. = (XIII. - X}OI.), 

(L~=lljk( '\)1~ - '\}04) 

1 + ( L~ = 1 /1k ( '\ JI J, - \' J')" ) 

( L~=I lik/'J~ 
"" l' ; '/ 1 + (L....I.=l' k"'JI. 

This illlpli('s .. hat standard logi~t ic regn'ssioll soft.wcl\'C· (,élll 1)(' us"d to analyse 1 1.0 1 

llIilt,d\('d casc'-cont 1'01. III ord"r to <1(,(,Olllplish this tllC' dat.a IIIUst he' tl'ansformed as follow: 

• Th(' salllpic' sizC' is defin('cl as tl)(· 1I111111H'1' of J>air~. i,l', (,élch pair becomes one 

OhS('l'Vél t.oi Il, 

• Each ohsl'rvat iOIl has a st.at 1I~ of rase': t.h(' OU!.('OIlH' variahle is set. 1.0 one for each 

obs('J'\'at iOll, 

• 'l'h" \'('('Ior of i 1\ <1('1)('11 dl'Ilt. \'cl ria hlc's, Z. I)('('olll('s t.hc' di rl'l'rcl1n' l)(lt we'en the case 

\'<llu(' alld t h(' (ont 1'01 valuc', 

If <111111111," \'cll'ia!)ks ha\'" 10 1>1' lIs('d to \IIod(·1 il ('ategoriea! ('xposmc, they have to 

hl' (,Ollst 111< It'd loI' ('aeh ('asc' alld (,Ollt 1'01 III st alld aft('1 \\'"rels t.hc'il' diff('I'('llccs will 

he' tak('I\. FOI (''';(\lIIple" if t lu' ('XPOSll\,(' is ddill('d ill 1 ('al<,!!,Oli('~.:} clUlllllly variables 

will !)(' fC)lllu'(1, te'ls Sely I~\, F,t c\\ul I~',I \\'It(·)'(· I~'I = 1 if t.1l<' ~lIb.i('ct rails in exposure 

('(\t t'go l'y 1 and 0 ot.hc'I wise. '1'11\'('(' IWW "é\l'idhl(·s ('(dl('c1 /.1. Z2 alld Z3 arc formcd; 

1:, = I~/Cf/lf( -/~'''',,"/l'ol, Thc'S(' YCll'iahlC's ran take:3 possihle' \'ahl<'s (-1,0,1), ZJ, Z2 

and Za will he> pnl<'n'd in t h(' cOlllputer as if t II('Y \\'('1'(' ('Ollt illllOUS variables . 
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Chapter 5 

The Use of Concordant Pairs 

5.1 Introduction 

011('-1 O-OIH' Ilwt.c!wd d(·~iglls r('Il)(l i Il 011(' or t11<' IIlost populm 1'01 Céls('-contl'ol st udies in 

whidl tlte possiblc' associatioll bct\\('('11 a di,,('c1~(' ,\1\<1 il billar,\' lisk facto .. is of int.erest. 

DaIa ('(III 1)(' silll»l)' slIlIllllariz(·d ill a 1 x 2 tabl(' 

( 'ollt 1'01 

+ 
+ ô b 

( ~élS(' 

(' d 
Il 

wl)('r('. for (·x;IIII\>I<,. b l'<·p\'(·~t'Ilts tIt(· 111111\1)('1' <lII\OIlp, 1/ = CI + 11+ (' +- d pairs fol' which cases 

an' ('Xpos('c! alld cOlllruls éll(' ilOt. 'l'II<' ('OIllIlIOII h('Ii(,r i~ tllat IlIal('II('<I dC'siglls require 

lllilldlC'<! allalysis, Tite' prcl'(·rn·d t'stilllat.or of' 111(, ('0111111011 odd:-. ratio, ~', is thcl'cfore 

~~I = hl (' illst {'<ICI of t hl' pool<'d ('sI i ilia te, ,j.l = «(( + iI)( b + d) 1 [( CL -t (')( (' + (/)], which ignures 

1 II<' lIIat.chillg. A pl i lllary 1'('êISOIl fol' !10t. using '~'}, is t.ltat. il. is hiase'd ('XC('pt when 'IjJ = 1 

or 1 Ill' lIIat.chillg is ill<lc·(,<I UIIII('('('s!-.ary. Aliitougll Ih('I'<' is 1'('('('111 I('sc'arcll 1.0 support the 

IIS(' of I!~l' il is lIJ1(I('I'stcIIHlclhl) l'rllstr.ttillg for q)id('llIiologi~ls (0 lIS(' ollly the discordant 

pairs Il ilnd (' gi\'('11 t II<' ('tl'Olt IlIcl<k to ('0\1('( 1 data 011 ail /1 pair:-.. 

TIlt' di~t ill('\ iOIl hct W('('II êl :-.( l'HI ili(·d Hlld pool('d éllléd,vsis Îs nin{\' illust l'ôtcd with data 

frol1\ aillaI dll'd ~I lIc1y of ('II<1011\('t rial catH'('\' and ol'HI ('olljug,at(·d ('S( \'og,<'l1 tise l'cpol'ted in 

Sdd('s~,i('llIlêlll (191'12). Tht' 2 x 1 tahl(' Itas ('lIlrj('s Il = 12, b = ,1:3, ( = i, éllld (/ = 121. Less 
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than olle-thinl of 18:J pail's ,Hl' dbnm\,lIlt. '1'1)(' ('~t illl.,tt'S ,lIId !) .• )% <'l>lllitlt'II('(' illlt'n',\ls 

of 1/' fol' t.h(' matchf'd and poolt'c1 (1I\(\I~sis an' I;~I = (i.11 (~.i() to 1:l,(i!i) and ~~l = :J.i1 

(2.10 to (>'56), The familial' (.l'ild('-orr 1)('1 \\t't'II bias ,1111\ pn'CISHJlI is dt'<II'ly pl't'St'lIlt'd ill 

Ihis case. While 1/~1 may b('less suhjt'ct to biil~. It o.;lllJ'<.l's l'rolll tkt'l't"'~l'd pl't'('i~ioll dUl' 10 

1 he small 1I111l1hel' of discordallt pair~. 

A simulation compal ÎlIg tÎ'1 êllld 1.'~2 III t Ilis ('.I~(, I\'as (ulld,,( kt! alld t.h(' l't'slllt.s ,l\'(' 

summari,wd ill TclhlC' G.I. Dat a \\'('1"<' gl'lIt'l "h'tl 1'1"0111 a di .... ll'illlll iUII ",it h t.\1<' pal'ê1nH't,('1' 

valucs obs('l'\'('d fol' 1.11<' ('lIdolll<'l,l'i,,1 da ta. III f(,\(,I1("('~ "1 (' Il 'poll<'d 1'01' ,; = In( Il'). 'l'Ill' 

sÎmulatioll shows 1 hat. both /11 and :il an' sllbj(,(,t 10 St'l'iOIIS hi as ill 1 his ('ast', li']. is 

more })n'cist' wit lt \'ari<1l1c(, abOlit olw-(,hird t hill ur fll. TI\(' IIq.!,at.iv(· hias alld ill('l'I',ISI'd 

pl'ecision, hO\\,(,\'('l', \'('sult ill pOOl' ('O\'('l'lIW' proll"hilitil's fol' ,JJ' 'l'l\(, lIolllillal1,GIJ(, 10\\'('1' 

and llpp<'l' Illt('I'vals fol' fil ha\'(' act u,d ('lTul l'illl's 01 (JtA "Ild 1 !)t,'{ 'l'hl' l"olllidl'II('(' illt('n'als 

fol' ;31 haVI' ('\'l'or nüps of ·1% eUH\ 0.:-)\;( . 

Table 5.1 Simulation rPHtllts fOl (,Olllp<lI'IlIg t III' 1 olldit IUlidl :\11 1,:. Ill, poo!t·d ('Ht.illlal.OI', 

;;2, éllld .Janws-St('in ('stilllat.or, 11:1, l'or a populat 1011 li"(' t Ilill 01 t III' t'lIdol1l<'t.rial ('all("('" 

('xélJl1ple wlt('I'(' j3 = l.81, rjJ* = I.Gi. Î = O,!)(). alld t hl' saillpll' Hizl' iH 1/ = ll-tL 
A . 

rJ I ;JI. .JI 
A 

EU') 1,01 I.r)!) un 
Val'(;j) . 1 ~!) .0 Iii , IO:l 
Bia.H(% ) U -1 ~ :l 
rd S E .1 ~1 ,oq:l ,llli 
El'lor ral(' (IX) of Ilolllillal 
2.G% 10\\,('1' C.1. I.:~ 0 1.0 
1-:11'01' ral(' (IJ() of IIOlllill,d 
2.G% tlPP('" ('.1. .r) 1 !),1 :~ 0 

\V(· will discuss('s éllJ altcmat.iV<' to /11 alld ji l t hat is" (OlllpJ\llIlis(' IH't.W(·(·1I (,olllpld(' 

stratifieat iOll alld compt('t(· pooling. Th(· id('" is 10 U:-'(' illlolllléil iOIl in t.11t' '2 /.:!. t"bh' ahollt 

t.h<, lu,t,('rog('ll<'itv aillollg 1IIé11dl<'d pdil"s tu dl't l'I"IIIÎ 1 1<' 1 III' (·x1.('111 tu ",llidl IIlat.c1lill~ ~,dlOllld 

he' rct.aill('d in t.!w éllléllysis, H(·(,(·IIt.I,\'. Li<lllg (J ()Kia) d('1 i\'('d il I(H ,dl,\ 1I10St. pow(·r!1I1 l.<·s1. for 

t !J(' hypol h('si~ that rnatdlillg (ail 1)(' igllor<·d. It. It'j(·( Ih (h(' 1111111..\ pot.\){'sis if tilt' !-.t.at.i!-.tir 

S' = ad - be, artel' stanclélrclizatioll. i!'l !'luffiri(·nt.ly laI g('. III S(·<tioll '1., a II<'W (·st.irnat.ol', (i'lI 
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which illcorpol'êLlps t11C' ~COle ~télti~l.i(', S, i~ pl'Opo..,(·(l. It \I~('~ ,..,. 10 compromise Sl1100thly 

lu·t.w(,(·11 t9J alld /J2 , WIJeIJ t.h('r(' i~ lil11(· ('\'id('II«' of Iwu'l ()~(·Il('ily. fi2 is prcferred; when 

IIH' pl'ohallilil:, of ('XpO~IJ!(' \'é1l'i('~ ","b.,lalllially ,-\( I()S'i j>éliIS. ,jl is pn·f('lrcd. The last 

COllllJlII of Taille 5.1 shows thal fol' t li(' C'lldollldl'ial Célll(,('f" (':\élll1p1c, ;3.l is ncarly unbiascd 

alld tlte' JwrforllléllJ('(' 011 coverag(' prob'lhilit.,Y illljlIO\'(,S lIjlOIl bol h IiI alld /12 . In Section 3, 

Ut(' fOIlI1<'ct,ion of /i'l wit.h the w('ll·kllowlI .h .... s-Skill (·st.illlillin~ pro('(·dme is discusscd. 

Mol'(' simlllat.io\l l'(1slIlt.s are pr('~(,llt(·d in Se('tiolt .1. follo\\'('d hy disC1lssioll. 

5.2 Proposesd Estimator 

5.2.1 The Mixed Model 

LPI. (XII' X, .. d !)(' 1 II<' hi Ilétl'y OlltcOllH''i roI' ('XpOSIII (' of t.h(· li 11 cas(' amI the mat,ched 

con1.\'OI, 1 = l, .... 11. (~onsi<l(·J' I.h(' llIode'1 

logi/[P,,(X'J = 110 , )] = n, + :;('2 - j) (i = I, .... //:j = 1,2) 

wll('J'(' {Cl ,} is élSSllllH'd Lo \)(' a "('q 11('11«' of 1I11()h~('I'\'('d i IJd(·p(·I.~ il'Il t a Ild identically clis-

1 rihul('d rallclo\ll véll'iabl(·s \Vlti( II 10110\\' élll 1l1l~1)('('irl<'d disl 1 ihllt iUIl. F. \Vith meall Q abd 

variall<'(' O. 'l'hlls, /1 is t.!w ('0111111011 log-odd:-. l'Cl 1 Îo ,\11<1 0 cha l'cl ct ('l'Î;ws tlle' variation among 

st,1'ëlt.a in prohahilit i('s of (·XPOSIlI'<'. \Vltc'Il 0 = 0, III<' IIH11.chillg is IIIlJWCCRsary and ~2 in 

S<,dioll 1 is t ht' .. rricic'Ilt. (·stilllal.(' uf .i. 

TIt(· s('ot'(· sI ,II isl ic, ,..,. = (Id - !Je, fOI' t( st.illg tl\(' hypot.lH'sis f) = O. One justification 

of this st.a1istÎ( \\'hi('h l'dl('('ts tll<' fact thal 1'32 is cOlIsisl<'ltI 011" \\'11<'11 Il' = 101' 0 = O. 

Allot.It(·1' jusl III('al iolt. \\'ltidl will he' u:-.<'I'ttl fol' lélle'r d(·\·C'loplJ)(·IIt. is t.bat ,~' is propol'tional 

h ad/(lIC) - 1. ",hidl (,oll:-.islclltl.\ (·:-.Iil\lë-\I!-:-. 

",IH'I'(' 

P r( .\ 1 = l, X'2 = /,,) (1. h' = 0.1) 
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Note t.hat. (j> = 1 ",lwll 0 = 0 ,11H10> 1 \\'!tell () ::-- 0, tI ~illlplt' \ (}IISt'qlll'IH'(' of llijldt'r's 

incquality, Wc also 110t<, t.hat lH'cau~(' Jo' is Ilot SP('( ili('d, T = (Il, b, C', d) ,\l'(' tI\(' lIIillillllllll 

suffici(,llt. stat.istics, which havI' a I1IlIlt illOllli,d dist 1 ihllt iOIl ur ~il.(' Il alld ('(·11 prohahilit il's 

P = (Pli, PlO, POl, Poo), 

A 

5.2.2 Estimating Functions for .J, and ,J'2 

This section (\('\'('Iops éI COIIlIlIOII lill" \'1'1\1('('1\ ,-JI ,111<1 .12 t \rclt (,1., 1)(' (''\ploilt'd to ohtaill 
, . 

t.1J(' compromis(' ('st ilnalo!', rJ,l' ~,'ir:-,t, ,-JI is t II<' solllt iOIl ur t hl' t'qll.lt iOIl 

This i:; simpl," tll<' S('()J(' <'qllat iOIl ha:wd (lll t III' (,lIlIdit iOII," lik('ld'uod dl'I i\'('d l,,\' BI'('~llIW 

<'l a\.( 19ï8) alld cali 1)(' ('xpn'sscd ill \('l'IIIS 01 T c1~ 

h ( ( " 

-,-- - --- = () 
(l' + 1 (,1 + 1 

The pooled C'stima1,or, ('il, cali 1)(' <1('11\'('<1 cl:-' 1 Il<' :-'01111 iOIl 01 1 III' lollowilll!, (·st.illlat.illl!, 

('quat.ioll 

I! " (, '/'d('/~I'l + ,1'1.2( 'l'''l) L L .1" - --(-,-j '-11-+-(-'-' '-'/.-J-

1=11,0=1 

" Il 

L L ".J. (fi) 
/1 

(o+b)(h+d) 
(II + 1 

() 

ifi + l')(l' + li), Il 
( il + 1 

1'0 oht.aill this C'quatioll, t.JH' rondit jOllal ploh,!I,ilily dl,!.',IIIIlC'111 'Idopt.<·d ill BJ'(·~I()w t'\. 

a\.( Wï8) is app1iC'd to ail po,,~ibl(· 1/2 ('a~I'-( Ollt 101 (011111111,11 HIll., J'('g,éIJ'dl('~s 01 wllt't.J1t'1' 

th('y are frolTl the sallie pail' or ilOt. Tlti~ i.., (()II~i~I('111 witll Il](' /lotioll lllé1t ('i'l is d('l'iVl'd 

hy ignoring the mat,ching . 
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5.2.3 The Proposed Estin1ator 

'1'0 obt.a i Il {-l,j, 1('1 

If,(1) = h~(1) + [1 - ll'(T)) ["//(,'1) - h~(,J)l 
1/ 1/ 

(5.3) 

1 ... 1.11<' ('Olill'ibllt.ioll 1'1'0111 lIte ilh petir 10 a IWW ('sl illlalillp, fUll( tion for /3. lIerc w(T) 

is il fllllctioll of T 1 hal ('OIl\'('IW'S to 1/'( Illl • rIO. nll • f)oo) él:-. Il -t 00 ill slIch a \Vay that 

(i) 0 ~ 1/' ~ 1; (il) 1/' = 1 \\'11<'11 () = O. dlHI (iii) Il' -4 () ,IS (1 -4 00. Equation (3) is 

illtl'o<1'J('(·d 10 1'011I1"'OIlIIS(, 1)('1 \\'('('11 ,JI ,IIIc1 li' 'l'h(· IIS(' 0\ c·:-.111I1il1 ing fllnctiolls instca<) 

of (H,lilllillor!-t i., (1'Ilciéll h<'l'c' \'(,('(111"(' Il)(' (·:-.Iilllillol' oJ' ,-1 J'IOIll ('a('h pail' is IIlldcfillCd for 

OIw-Io-ol)(' 1l1<llchillg: "0 SlIdl 1'1'0111('111 (·'\i:-.I:-. \\'11<'11 ('"Iilllalillg ftlllct.iolls arc adoptcd. Ail 

<,stilllalillg l'ullclioll l'(ln of ;J is ill'I'i\'(·d al b,\' :-'lllllillillg U, (J\'pr pairs, i.e., 

" 
LT(d) = L ,',(,:1) 

1=1 

'l'II<' \\'('ighl f,,"('\ iOll Itt{T) W(' ('oll:-.id(,1' Îs 

he 
II'(T) = -

(/(1 
A 

Il POS:-'(':-'S('S pr0l't'rlJ('s (i) (hi) <!('''llihc·d alJO\'(' FOI tlli:-. ('!.oin' or Il', Ih<, solution, {33, of 

(!(d)=Oi:-. 
• 1 [ /)( (li + b)( il + fi) / Il + ((/ d - /)(') "1 
iJ,= Il J Iw(a + c){t- + d)/II + ((/d - 1)( Je 

5.2.4 The ASYluptotic Distribution of JI 

whid, is idt'Ilt ical to /1 \\'1\('11 (·il her ,1 -- 0, ill ",hich {'(Ui(' PI\) = nI, or whcn 0 = 0, in 

which ('aSt' 1)1'I')U = l)llJHlI. 

Bt·C' {\ IlSt' of tilt' l11ult i Il 0 III i.t! :-.1 111<'1 \1 1'(' of T, j" h,l ~ <III as,' III pl 01 ira Il ~' normal distri bu-

11011 wllh 11\('<111 ,;\ <\\Id \éuic\II(,(' ~i\l'l' ill ApP('lIdix l. TIlt' sallH' éll'g,Ullll'lIt. cna be applicd . . 
10 ,'1. êlud .il 1I:-. ~p('ciéll CélSC'l'! \\'h('11 Il' = 0 or l . 
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~ 

5.3 Connection Between !3,J and Jalnes-Stein Proce-
dures 

H is of thc'ol'C'tical illten'st to 1'('\'11(' .1 1 to 111(· "',,II-I\IIo\\'1I ,),IIlJ('<;-Slt-in (.I-S) l'st.illlat.ill!!, 

procf'dllr(> (.Jal11<'s êlnd Stein. 19(i 1). Fol' t hi~ 1'('''''011. "'(' hridly 1'('\ Î('w 1 II<' .I·S pn)('('dlll'(' 

for t.h(' Gaussial1 local iOIl pl'oblc'lI1 alld as èI h.\'-pwdlll'l pl'O\·id(· ,\ IIc'\\' jllst.ilical iOIl fol' il,s 

use. 

Let x = ('/'1,' ,., ,1'/1) he /1 ilHh-pc'IHI('1I1 nOl'lIli1l \'cIl'ielll'S \\'it h J1\1'élllS 

(,ll,.,.,lllI), and COllllllon kllO\\'1l \'<ll'iall(,(" a 2. 'l'III' ,I-S c'slilll<l\UI' of Il, (1 = l,. ,. ,II) is 

• [ (1/ - 2 )(Tl 1 
Il, = ,/' + 1 - L" ,_ .)1 (,/', - .r) = .1' + [1 - II'{.I')](./', - ./') 

,=1 (./ , ,1 

On(' just.ificat.ion for t.11<' IIS(' of IÎ, is p,i\'c'lI by \0:1'1'011 illld ~loll i~ (1 q7~), who sltow t.ltat. Ii, is 

appl'Oximat.ely the Bay('s estillléltOI of IÎ, W\l('ll {,I,} I~ assllll\('c! 10 folio\\' a Gilllssiall pl'ior 

distrihllt iOIl. Wc now off(')' an al1.(,l'IIélt i\'(' .ill~t ifi('al iOIl wit Il t II(' Jlol'lllality a~Slllllp1.ioll 011 

{/l,} rdaxc'cl. Wc' fi)'st asslIlIJ(' that {,I,} is g(·l1l'1'a1<·d fmlll illI IIl1spc·cili .. d dis1.rihu1.ioll \Vi1.1t 

!l1C'ill1 l' ilml ynl'ian('(' O. Follo\\'illg Li'llI).!, (1!)K7a). \\11' ~(OJ'(' "\,,ti~li( for tcst.ill!!, 0::::: () is 

. 1 ['1 (l, - ./') 
1 

Il 1 . . ..... = - ""'" - -- = ..... 1 - .'-\ 2 
~ ~ (TI (T2 

1=1 

Note t hat. 

...... 2 1/ 
-=--II'(.I')---t (/ .... II---t'X 
...... 1 11-2 \+O/a l 

(JUi) 

This l'atio is (,«uéll 10 1 \\'hell () = 0 éllld (,oll\'('rg('~ to Z('I'O (I~ () -t XI. Eitl)('r 1 - .".'d ..... '1 (JI' 

l-w{.r) ('etH 1.lle'11 h<, cOI1~idel'('d a~ il ~1110()tlt w('i)!,llt ed,tdl'llI'd to ,l'I \\,\)('JI bot.h .1', dllel./' ilJ(' 

cOlllhill<'<1 to ('!.tÎlIlatc' Il,. t\loJ'(' dC'lilikcl d('l'i\'ilti()ll~ or (;')) ,llId (Ii) alc' ,!!,iv('11 ill ApP('IHlix 

2. TI\(' .J-S (·slil1léll,(>. IÎ" CclII IIO\\' 1)(' \\'1 il t('11 éI~ 111(' "0/111 i011 or Il,1' ('st illiat ill,!!, c·(Jllat.ioll 

.i' -II, + [1 - II'(./')][./', -1'1 - (./ -II,)] = () 

which is ill direct. alléllogy to t 1)(' ('~t illlélt illg ('«Ilat iOIl for :i \. 
Thc'rc' i~, Ito\\'(·ve'l'. ail intrillsic dif!c·rc·II('(·IH'I\\'c·c·1I li\(' .l-S <lIld oltr (·stiUlilt.illg 1'1'0('('­

dures. While' tl\{' focus of J-S plon·dIJl'(· i~ <HI tll\' (·~t.iJllillioll of {,I,}, 0111' fonls Îs on t.he 

('stima1.ill,l!, flld iOIl of /1 as {(l,} HI'I' IIlIi~all('(' \><1 iii 1111'1 ('1 ~, 
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Table 5.2 Ca:-.('s roI' sirnulat.iolJ :-.t lId\'. '1'1)(' 1'i11'<l1lH'l<'I'S /" = III( J'IO/ PUI ), 

1)- = 111[/JII/Joo /( /)lo/JUI)] éllld A, = /)11) + 1)11 d(·t(·l'Il1ill(, t III' 111111 t i Ilom i al prohahi li tics, 

1)11, PIIl , I~)I, Hw 

;1 c)- Î /)11 IJlll flui IJuu 
0 • (JO .1 .n 1 .m) .OH .Kl 
0 .00 .:~ .O\) .:n .21 · l!) 
0 .00 .G .~G .2:") .25 .2:; 

0 .:25 .1 .01 .on .OH .~1 

0 .:25 .:J .10 .:W .:W .GO 
0 .1.") }j .)-

.-1 .2:1 .2:J .)-._1 

0 1.0 . 1 .02 .OK .08 8') .l _ 

() 1.0 .: 1 .11 .1 () . 1 (i .:>1 
0 l.O .' ) .:11 .19 .19 .:J 1 
1 .00 .1 .02 .2 \ .O~ · (i~) 

.00 .:1 .1(; .:~S .11 .:~2 

.00 1) .:s; .:n .1 :l · \.l 

. :2!J .1 .0:$ .20 .07 .70 

.:lG .:J .1 j . :lÏ) .1 :J .:~!) 

.2!J .!J .:Jj . :I!J .1 :J · 1 !) 
1.0 .1 .01 .17 .()(i .n 
1.0 . :1 .20 .28 .10 .12 
1.0 .r) . :Jl) .:m .1 1 .21 

2 .00 .1 .(n .11 .(1) .. I!) 

2 .00 .:1 .2.1 .I):J .Oi .1 i 
2 .00 .!J .11 .11 .QG .OG 
2 .:2:") .\ .0:) .:JK .QI) .!J2 
2 .:l!J .) .2.1 .1) 1 .Oi · 1 !) •• J 

2 .:lG .!J .11 .I:j .on .Oi 
2 1.0 .1 .0(; .:n .01 .!J!) 
2 1.0 .:1 .21 .1:1 .O() .)-

.-1 

2 1.0 .. ) .l.i .:I~ .O.~ .12 

5.4 Sinlulation Results 

Th(· Iillit('-séllIlplc' pl'opPl'ti(·s of ,il .111<1 iJl alld illC' .léllIH'S-St(·ill ('stilllator, /13 , have bcen 

("olll\HII't'd in a simulat iOll st.udy. Fol' gin'II "alll(':; or P = (Pli' P llh POl, POO)' 1,000 in­

d('I)('II<I«'1I1 l'(·,,lizat.iolls of T = (a. h. c. d) \\'('J'(' gC'II('1ï1 \(.(\ frolll ct 11 IIIIt illomial distrihution 
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with prohabilitips P alld l-!ampll' si;.'l' 1/ = hO,IOO,ur :WO FOI t'.,ch Il'aliz.llioll, III<' t"n',· 

('stimat.ors 01'.3 = 111(1/') alld tll<'ir ilsnuplolic \iHIiIIl("I'S W('II' (,II·ld.llt'tI ,llItt stOlt'll. Th,· 

finite-samplc' ('xlwcted valut' alld \',11 iallc(' ot t'rI( Il t'~1 illléllor \\,('1 t' t'~1 illlcllt't1 h~' 1 hl' ~rllllpl(' 

mean and variancc' of the 1.000 1 l'alizal iOIll-!, 'l'hl' (o\'t'ra!!.l' pl'oh.lhilil i,'s of clS~',"ptot il' 

confid('r1("(' int('rval~ alld their 1I1<.'clll h'lIgl!ts \\'(,l'l' "Iso d('\l'lllIilll'll. 

Tlwl'(' arc> a 1111 III b('r of ways t () p.1 l'Clllwl.('rizt' t ht' Il \\(' prt>ha hi 1 i 1 it's. P. \Vt' havI' dlOSI'1I 

the following parallwt,('rs: /~ = 11l(J>lo/Pod. 1 lit' log,-odds l'éltil>: cJ" = IIl[J>'ln(l/(J>IU/~II)], 

a mcasur(' of hetc'rogt'lIC'ity a('\'o~s !lélil~. alld Î = ni + /JII . 1 lit' probahilily or 1'''\lOSII\'(' 

for a control. 'l'Il<' silllulatioll illllt\(I('~ 1 II<' ca~t'S :J = 0, I.:!; (,)" =:: O. '~:" 1.0; alld Î = 

.1, .:3 (/./u/ .:" Tclbl(' ;-),2 list.s th,' Illllltillollli,.1l'éll'illlll'l<'IS. P. 1'01 Ill<' <asl's SI'Utlil'll. 

Tablp 5,:1 !ln's('II1. Ilw hias l'or t 1111'1' l'sI illl"llIl'S, 'l'II<' t'l",c1il iOllal likl'lthood ('st.illlalo .. , 

/jl' is t.llC' h'a~t hia'wel bllt. III<' ,Jalll<'s-SI('ill al!l'rllali\'t' I>I'rforllls III'clrly as \\'t'II. TI\(' hi as ill 

/i2 is rnuch p;rcall'r èllld illnc'élsc's \ril h ~.)- éllld Î' Tilhl(' :). 1 <lisplil,\'s t 11(' Il)('''" sqll.lI'I'd ('ITOI s 

(MSE). 'l'lu' poolc'el t'sI illlalol', /1},. is ('1('<11'1," Iwsl élS bicl~ COli 1 l'illliks I('~s 1 hall \'ariélllt't· al. 

the sam piC' sizc's st "dil'cI ('x('('pl al, 1 II(' lillI . .!,(, ... 1 \'.dlll'''' of ,J \\,111'11 1/ = :WO. Nol l', hllwI'v('" 
A A 

that./~a has slllall<,1' MSE Ihall ,'lI in Illo~1 «()llli)!,llléltioll~ \\'11<'11 cil' > Il illltI,J > Il, 

Tabl(' 5,5 pres('llls ('()\'C'l'élp,<' pl'olwbilil it'~ fOI 1 ht, Ilolllin,d !)!")(i; inl<'l'\'al. l';''l'h ('111.)')' is 

tl)(' diffC'J'('Il('(' betw('c'Il the' o])St'I'\'('<I alld ,'xlwc!('d 1 lIV('I'éI)!,(' (:l.!'/,{.) in illt('!!.I';d ~t.élndard 

(!c'viatiol1 units. Th(' st.alldard d('\'iat.ioll i~ .:)% 1'0)' Ihi~ ~illllllilliull wilh l.Otll) )'('plifilt.io.ls. 

11pp('1' and 10\\,('1' covC'J'agf'S al'c' l'<'IH)I'IC'd ~('pdl'cltc'I,\'. :\11 1"1'<'(' ('sI "llIédo)'s I)(')'fol'ln silllilarJy 

for the 10,\,( !' Iimit, t,C'lldillg to IH' sligld Iy (OIlS('l'v,,1 iv(', Th(, pl'Ol,,,bility of failinp, t.o COV('I 

c\pCl'casps as !~ and 6- increasc'. Fol' t.1lt' "PP(')' lililil. :J I i ... ilpplo:-.illialt-ly IIl1hias('d fo)' illl 

casC's. 'J'IIC' pookel estilllator, /12, "a~ )!,1'O~"h il\(lI11('( 1 IU\'('lil)!,(' \1'1)('11 tll<'l'<' is ~I1I,~1.allt.i;d 

1lC't.crogC'II('ity alllong pcli .. ~ (t',g .. 0- = 1,0), 'l'Id ... Il,, .. ,,11 ... 1'1 Il Il 1 'l,,· Il ('!!," , iv(' I,ia~ (·vid(·II\. ill 

Table' :).:t 
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Table 5.3 Bias( x 10) ill âl , (olldit iOlJêd !\I LE: th 1'001('<1 (·St.illlfltol': and /33 , .James-Stein 

estirnatol'. A blank ('111 l'y ('('I)J'c'~c'lIh O . 
. 

,il 

.1 .' ) .1 .5 Il 11 ç~. -f=.1 .:J .. ) 
(iO'--O-. ..".O.,-O-'-------------

.21) 
1.0 

1 .00 
.25 
1.0 

2 .00 
.25 
1.0 

100 0 .00 
.25 
1.0 

1 .00 
.25 
1.0 

:2 .00 
.20 
1.0 

:WO 0 .00 
')r. ._.) 

1.0 
.00 

l.u 
:2 .00 

.25 
1.0 

-1 
-1 -2 -2 

-1 
-:J -1 -1 

-1 
-2 -2 -2 

-1 -1 
-.J -:, -1 

-1 -1 
-1 -2 -2 

-1 -1 -1 

l 

:2 

-1 

-1 -1 
1 

-1 -1 

-1 -1 

-:J -1 -·1 -1 -2 -1 

'1'1((' .j,lIl1(·s-Stc·in t'st illléltoi. il' i~ I)('arl.\ as ~()()d as .'il ill upJ>('r-lilIIit coverage exrept 

wht'Il o· IS largt' ilnd Î = .:). III t his ('(1SC'. t 1)(' pool('<1 C'st ill1cltor, Il2' pcrforms very 

ponrly allcl 1 1)(' \\'('i~ht in~ l'ulld iOIl, II'( T), I1S(·<I ill ;l3 assi~lI~ SOllle posit.ive weight to the 

pool('<1 t'st illlat iJlg ('quol iOIl (2). Ex('(·pt. ill this illst.allce. ho\\·(·\·(·I'. I~:) Illélillt.ains reasonable 

('o\,('ragt'. 
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• Table 5.4 Mean squél1'cd ('l'1'01'S 1'01 :i l , l'olldit iOllal ~ILE; .J 2 • pon!c'd I·st illléltol'; éllld ,{I. 

. James-St(·in (>stimato1' 
. . . 

.11 .12 ,1:\ 
11 11 6* Î =.\ . :l .. ) .1 · :~ .T) .1 .:~ .r) 

()Q 0 .00 .':;1 .I~ .1.; . Il) .1(; .11 .r,:. .I~ · \ :, 
.25 .:' 1 · 1 ~) . Hi .I~ · Hi . \ :\ .r):") .\~ .\ ;) 

1.0 ,r')8 .1.j .11 .11 · 1 :\ .11 -~ .21 .\7 •• ) 1 

.00 . 11 · 1 ~) .1!\ .:\;) · 1 () .\ ;) . Hl · I~ .1 ï 
.)-
.~;) .1·\ .21 .:W .:l!l · IIi .11 .·12 .U) .17 
1.0 .-I:! .1H .:W .:Hl .Ii .1:) . :\1) .21 .21 

2 .00 .11 .:\:J .\0 .:Hl .17 .)-._1 .:\h .2\ · :l:\ 
.2!1 . 1:\ :\.-) .10 .. HI .Ill .'11 .. Hi .~I .:\1 
1.0 .11 .10 .:Hl · :\:) .:HI .:.W :.11 .:\0 .:Ul 

100 0 . 00 .2(; · 10 .m) · '2: • · 10 OK 1. .10 .OB '- , 
.1)) .:W .11 .O!) .:! 1 .09 .O~ .)-

.~I .10 .OH 
L.O .:0 · 1 :~ .11 .11 .07 .Oi .1!J .11 .10 
.00 .21 .11 . 1 :1 · 1 !l .(J!) .10 .21 · \ () .11 
.25 .2;) · 1 :1 .1 :1 .I~ · 1 () · (I!) .~'\ .11 .11 
1.0 .:W .IG .15 .18 .1 :1 .12 .:t~ · 1 :t .12 

2 .00 .19 .11 .2(; .1(; .11 .1:) 2:S .1;) .20 
')1': 
.~.J · :1:1 .2:J .2(; · 1 (j .11 .11 1:, · Hi · 1 !) 
1.0 .:j 1 .1:' .2!) .)~ 

.~.) .2K .2!i .,-
._1 .21 .2:1 

100 0 .00 .12 .0:) .0·1 · 1 :! .0;) J) 1 I~ .n!) .(H 
.2.1 · 1 2 .0;) .0 1 · 11 .(J!") · 0 1 I:! .0:) .(H 
1.0 .11 .0, .Oh · 1 () .01 .0:1 .n .0:) .0·1 
.00 .m) .0':; . or) .OK .0 1 .()!", · Il') .01 .O!) 
.)-

._.) .10 .Of; .O() .OK · ()!) .0:) • ( 1) .O!) .O!) 

I.U .12 .07 .Oi · 10 .(J() • (JI) .1 ! .O(j · (Ui 
2 .00 .12 .OH .11 .Oi .0:) .Oi .01) .!Hi .os 

')1': ._.) · 1 :J .10 .12 .OK .Oe, .07 · O! ) .(Jï .lm 
l.U .li Il 1:1 .I~ .'11 .:ll .11 .11 .12 ---------- -----~---

• 



.').4. Sgllll.:\T/O.\' Il ESPLTS 69 

• Table 5.5a Âctuili Ct h·\'(·1 of 1l011lill,d 2)jI/{, !o\\,('J' ('ollfid('J1cC !inlil fol' ;3. Entrics arc the 

(·st,illlat.(·(1 l'at(· aL which t.he 10\\,('1' 1 i III i t. fil i Icd t 0 (,0\,<'1' t 1 J(' t 1 lJC> ; divided by 0 .. 5%, the 

stall«lard d('viatioll of the ('sti Il litt 01' l)(Ise'cI 011 1.000 l'(·plicilliolls. Elit ries are rounded to 

tI)(' IU>arest. i 1\ t.('g(~I'. Blallks rel)\'('~('llt O. 
. . • 
JI dl tJ.~ 

Il li <jJ. ., =.1 .:3 .5 .1 .:3 .!) .:1 .,) 

fiO 0 .00 -1 -2 -1 -1 -2 
.2!) -2 -:! -1 -1 -2 
1.0 -a -1 -1 -:1 -1 
.00 -5 -2 -:1 -2 -1 -} , -1 -1 -1 

.25 -·1 -1 -~J -2 -1 -:l - 1 -2 -2 
1.0 -!) -:3 -( -( -:1 -( -1 -·1 -f> 

2 .00 -!) -!) -5 -1 -1 -.~ -:1 -:3 
2!) -!) -!) -5 -2 -:1 -1 -1 _.J -4 
1.0 -!) -:) -!) -1 -5 -1 -.) -1) -5 

100 (J .00 
.25 
1.0 
.00 -1 -1 -1 1 
.25 -2 -:3 -2 -1 -:3 -1 -1 
1.0 -!) -1 -:3 -!) -,1 -·1 -- • -2 -4 

:2 .00 -;) -3 -1 -1 ) -1 -3 -~., 

.25 -!) -·1 -1 -2 -:3 -2 -( -1 -4 
1.0 -r) -1 -.) -1 -G -r) -:) -5 -5 

200 0 .00 -1 -1 -1 
.2G '2 :l '2 
1.0 '1 -1 :1 -} '2 -1 
.00 -1 -1 -1 
.)r': ._,) -1 -1 -1 -2 -2 -2 -2 
1.0 -1 -2 -1 -r, -,1 -·1 -:l -:3 -:l 

'2 .00 -1 -1 -2 -1 -1 
.2;) -:J -2 -:3 -1 -:3 -1 -·1 -2 
1.0 -2 -2 -2 -!) -r, -!) -( -:, -:1 

• 
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Table 5.5b Actual (\ levd of Ilomillal 2,.1>% UPIW\' (,oldidt'Ill't' lilllii fol' [J. Ellt.ril's an' t,lU' 

est,imat('d rate at which tht' Upp('J' lilllit fai "'t! 10 (O\'t'I 1 lit' 1 l'Ut' ,J di\'idt'd by 0,;)%, t ht' 

st.a IIdard dcviation of the' ('st illla \.<. hast'cl 011 I,OOU l'l'pl iC<I t iOIl~. Bla Il ks l't'Pl't'Sl'IIt.S. B1é1l1ks 

represent O. 

-
,JI .-Il IJ,I 

n j3 4>- Î' = ,1 .:1 }) ,1 . :l .,') ,1 .:l . .1 
GO 0 .00 -:3 -1 -1 _.) 

.25 -2 _. " -
1.0 -2 -'2 1 '2 -:1 -2 1 

l .00 2 '2 -1 1 -1 
,2,) '2 :l :1 ,) '2 :1 
1.0 1 1 ~ 1 :) Il ' , :l 2 

2 .00 1 -1 -1 -2 -2 
.25 ,1 1 1 (i 2 1 1 
1.0 1 20 ,1 :) :11 ,1 7 :l 

100 0 .00 -2 -1 -2 -2 
,25 -2 -2 
1.0 -1 -2 -2 1 -,) -~ 

1 .00 1 -1 -1 

.25 1 1 r) 1 2 1 
1.0 '2 10 2:\ 2!) :1 ,1 r> 

2 .00 1 -1 -2 -2 
.2,) 1 1 (i ~ Ji ., :l 1 ,. 

l.Ü -1 1 1 :m 71 ~.) 

.)- :~ 11 10 
200 () .00 -2 -2 -2 

,25 -1 -1 -1 
1.0 -1 1 -1 1 -1 1 

1 .00 1 
.25 1 1 1 !i 1 2 
1.0 1 1 1 :) 1:) :I~ :1 ;-; !) 

'2 ,DO 1 1 -1 -'2 
.2!) :\ 1 lU (j 'l 
1.0 '2 1 .il 1'21 !) 1 '1 17 Ir> - ---_.-

Tabl<' 5.6 lists t.h(' rat.io of tllC' él\'('l'ag<' (olllid('11< (' illl('I'ViIi 1('lIgtlls fol' /J I éllld /Ja. The 

.James-St.ein estimat,ol' b 0101'<' ('ffi('i('lIt ('X( ('pt \\'111'11 /1 = O. III IIlftlly sit.llatiolls the 

gain is appl'(·ciab\c. Fol' exalllpl(', w\1t'1l ;J = '2 Hlld (;>. = ,'2Ji t II<' aV('l'ag.' (;ollfidt'II('e 

i ntel'va 1 1C'lIgt.hs fol' jj,1 l'ange fl'OIII 0% t 0 !) 0 (X, I('so, t IléllJ 1 !Jo,;(' l'III' /jl' Th is Sil bst,ant.ial 
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galll ill (·(fieic·lIey is ach ievpd \\'i t.hout SCl'iotls dq!,wda 1 iOIl of 1 11(' covc'ra~(' probabilities. 

III SIiIIIIII<II'y, t111' simlllat.ioll illdicéllc's 1 hat gélins ill <,[hci('IH'y c"n 1)(' achicvcd by using 

/j:1 withotlt stlbst alll iéd C'I'I'OIS ill ('(}\'('l'age rat<·~, Tllis io.; 1)('(,11\1:-;(' 11:\ ud,('s éHI\'éllltage of 

illfol'llwllOIl in cOllcordallt pairs ill (·St.illlélt illg 1.11<' log-()dd~ l'al io wh('11 t.h(· data indicatc 

Ilu'I'(' is IiI I.)c· 11('1 ('l'OII,('I)('ity él< r()~~ IMil'~, 

5.5 Discussion 

'l'II<' ('()J)dit.ionaJ IIwximulII lili:<'lihood (·st.imat.ol', ;jl' has IOllg 1)('('11 m;pd 1.0 estimate the 

C'OIllIIIOIl ()(Id~ l'a t io i Il casc·-collt.loi st.ud ic's, Ils pol (·IIt.ial pl ohlc'! Il : 0.; t II<' l'isk of 1 cd ucing er­
f(·d.iv(· Séllllpl(' sizc' hy igllorillg COli cordant pail s, 011 t Il(' 01 111'1' Iralld. 1 II<' J>ooled cstimator, 

Ij'l' is ~"tI).i(·( 1 10 ~('\'('I (' hiél~ lllOligll il ~ \'é1ritlll( (' is IlIlIell 10\\'('1', '1'11(' IH'\\' proposcd estima-

1.01", li" M'I \('S é'o.; CI «()lIlprOllli~(' hd\\'('c'll bias cllld pl'(·cisioll, 'l'II<' (,olllU'ctioll b(·t.wccn this 

('st.illlator alld 1 II(' .Jalll('s-St(·ill (·st.illlat.illg 1)J'on'dmc' is (·lllpha~:'I,(·(1. l'Il(' H'pl'csentat,ion 

of (2) fol' IJ/. llll'ough t.he condit.iollal scur<' argullH'llt. is 11('\\', It ... (·rvl's to lillk ;31 and ;32 

t.ogd,lu·r so tiraI, 1.11<' Jam('s-St('iu p\O('('dmc can bc' adopkd in t Iris OIl(·-tO-OIl{, matchcd 

spI t illg, 

Wc' "XI)('('l the IH'W estimatol', JI. 10 1)(' II1os1 lI~(oflll ill Sllldil's wit.h [('\V('I' discordant 

pail's, WII<'II t1l<' 1I1lI1I1)('1' of di~l'()l'd,\Ilt pail's i"l \'('l',\' larg(·. ill\'(· ... t i~,lt.OI'S arc ulllikely to 

tH'('('PI. ('\,('11 small ilmOllllt.s of hi,l~ \0 d('('J'('tls(' \(lriall<'(', lt. i~ in situations whcre the 

('vid('lu'(' ahollt. Ii is hordl'r1ilu' 1 lr,11 t l'ad('-off is d('sil'élhl(l, .\11 (·xéllllpI(· is in occupational 

('pid('llliolop,y, wlH'J'(' lal'g<', (l"I)(·II~i\'(· coltOl't st.tldic·s arc' I)('C('SS,II'y 1.0 obt.ain cven 50 01' 

Ion ('aS('-cont 1'01 pairs fol' lc'ss 1)J'(·\'étlc·llt. disCêlSC'S, 11(,1'(' lal'~(l odds rat io C'stimates, say 

1)('1\\'c'('11 !) alld 10, Ill<\~' ha\'(' sléllldaid <'II'OI'S of III<' Silll\(' magnilud(' whell concordant 

pélil's arc' ip,llo«·d, 'l'hl' illt.rodllc1 iOIl of él SIlI,"1 hirlS is just in"blc' il il slIb!-.talltial l'cduction 

in variallc (' is .Khi(·\'(·c\. Tahl(' ;').:J éllid .j,G d('l\lOlIsl ralc' Illat ill sI "dies ",il h less titan 200 

('as('-nmt 1'01 l>.Iir~. t Ill' biél~ inl IOdll('(·d by llsillg JI is slllélll J'(·lélt.i\'(· 1.0 t II<' large rcduct.ions 
, . 
111 \'éll'JéllU'(· . 
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Table 5.6 Hat io of average COllfidt'll< C' iIlkl'\'al I(,IIgI Il for t'tllldil iOllal ('sI illlator, Jil , 1.0 

tll(' Janws-St.<'ill c'sl imalor, /J3 

Î 

Il .) o' .1 .:~ .f) 

GO U .00 100 1 .OU 1.0U 
')r: ._.) ,H2 I.O!) 1 .(1) 

1.0 I.on 1.1 1 1.1 :) 
.00 1 .OU 1.1 ~ 1.0B 
.25 1.0i 1.1 !) 1.1 i 
1.0 1.1 (i I.:t~ 1.1!) 

2 .00 1.21 1.:J~ 1.:Hi 
.2;; 1.2:) 1.:):J 1.:J:) 
1.0 I.:.W 1 .!):J 1. 1 1 

100 () .00 .!1I 1.00 1 .O() 
.15 I.UO 1 .ll!) 1 . 1 () 
1.0 1.00 I.(H) l. 1 :) 
.00 I.OK l.()!) 1.0!) 
.25 I.O~ 1.0~ l.lï 
1.0 1.1t-: 1.29 I.:H 

1 .00 l.:n 1.:W 1.1!) 
.25 1.:W 1. Il 1. 11 
1.0 1 .:J 1 1.11-\ 1. 1:) 

200 () .00 I.OU 1.00 I.(JO 
.2:) I.OU 1 . 1 U 1 . (J() 
1.0 1.09 1.()1-\ 1 .)~ 

.~I 

.00 1 . OU 1 . 1 () 1 1 () 

.25 l.m) 1.1 ~ 1 . (J() 

1.0 1.1 1 1 ')'" .~I l'r .-1 

2 .no I.lï l'r .~ 1 l·r .-1 

.25 1.2:J 1 .:J 1 I.:H 
1.0 l·r .-1 1.11 1. II 

ThC' l'or1ls has l)('c\1\ 011 olw-Io-OIII' IllatC'\lillg rOI Il 'iill!!,h' IJlII<lI,': ('X1H)SI\J'(' val'ial,h', 'l'II(' 

extension of/j.! 10 llIo\'('gellcl'al Spéll'SC' dal" i~ ,,>tréli!!,llIfol'\\'illd. Lt'I XtI, ... ,XIlIt"Z .. ,.,., 

Z,k, be t.llC' sC'ts of Illultiplc' l'isk ()ut(,()IIIC'~ 101 1.1)(' Ill, ('a~(',,> éllld l,', cOlltl'Ols ill tlH! ZUI 

stratum, , = 1"., .//. If t1l<' pair\\'i~c' éIJ'!!,t1Il1C'lIt ch'snilH'<! ill Sc·ct.ioll 2 for t.!J(' logist.jc 
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n'gl'('ssiolJ IlIo(h'l is adopt(·d, tllC' (·~tilllatillg l'lIl1ctioll fol' f-ltléltifiC'c! est.ill1at.or is 

(5.7) 

TIIC' poo!c'd (·stimat.ol' is the' SOlllSioll of 

(5.8) 

A .JeullC's-St.c·in ('st.illlating fUlIctioll UIII 1)(' dC'liv('c\ by cOlllhillillg ('quat.ions (7) and (8) 

foJ\owing the IH'occ'<hm's deRni bed i Il Sc'ct iOIl :Ll. 

Not.c' tllal. l'or a sillglc> billary ('xpo:-,tlJ'(' varial,ll', (7), (8) and t.I](' wC'ight. function, lU, 

J'('c1 Itc'C' 1,0 

Il' = 
L::'=d·I', +::, - h,(L: ,/'J)/(L: h',) - III'(L: .:,)/(2:: 1/1,)]2 

(L: .r,)(L: h', - I>', )/(L: "',) + (2:: :-,)(L: 1/1, - I: =, )/(L: ml) 

",11<'1'(' ,1'1 = L, .1'1) and ::1 = LI :::t/. TII<' ('orl'l':-;polldill~ ,Jéll1ws-St,<,in <,st imat.or for ef3 is 

t 11('11 

w(l::.l'.)(2:: kl - 2:: ::,)/" + (1 + ll') L:[.I",(I.-, - -;,)/(~'I + 1:>,)J 

W(L:III, - I>',)(2::::,)/1I + (1 + 11') L:[(/II, - '/'I)::./(~·' -t III,)] 

Fi lia J1,\'. furt.I\('1' WOI''' is ll('('{kd 10 élIlS\\'C'1' two qll('stioIlS: (,) Cali somc criteria be 

(·st.ablisllt'c1 to )('ad liS 1,0 êllI "optillléll" choin' or II'(T) êllld (ii) Do('s the' ide'a of shrinking 

(·st,Îllléltill.!!, fllllctioll l'a 1. 1)('1' t.ltélll ('f-ltilllél1ol's have' clpplicéltioll ill othcr cont.cxts, 
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Chapter 6 

Appendix 

APPENDIX 1 

Th(, AS)'lllptoti( Variallc('s of t.Il<' /j\ 

Note, t.hat Ij.,/j'l, and lj are l'lIudiollS ufT = ((/,h.c,d) and that vn(a - P1I,b- Hu,e­

nll' d - IJou )' (,OI1V<'I'gC'S as 1/ ...... 00 t.o ô mliit i\'al'ialt' lIonllal dist \'ilHltioll wilh meôll 0 and 

cova 1'1 élll ('(' 

wh('I'(' Q = 1-p, The (h·lt.a IIH'I hod ('an Ih' appli('d 10 ohlaill 1 he' asymptot.ic distributions 

of t.11(' t.hl'<'(' ('st illlators, Siu('(' bot Il Ijl élud :12 ('ail 1)(' regard<'cI ilS :-,p<,cial cases of ;33 with 

Il'(T) = 0 alld 1. 1 (':-'(>('ct ivel.". 0111,' t he' ",II'iClII( (' of IJ:1 is prc:-'('II1<'t! 11('\,(,. ))efiJ\(' 

( '1 
iJd 1 

(JlJII 

f) /ja 

= 

--= 
(JlJIO 

/JllJfJUI(PIO + /Juo ) + !JIO!JUU 

A 
PlU J1cJl ( Po 1 + Hm) + PUI Poo 

JJ 
Pli PUU( POl + 1) + 2(1)11 Pol + Pul Puu - J~J1) PlO + :1 POl Plo 

il 
Putt PlI + Pud( HJI + nu) - PJI 

Jj 

7I) 
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• --= 
PlO Pol (Pli + /'1(,) + /)11 !Jlll fJ\l) !~11 ( ni + nll) + I)II/~II 

- ---------------\ n c, -
(}Puo 

where A and 11 are given ill (.1), 'l'hl' 'lS."lllptot Îe "cl 1 Îclll(,(' or ,j,1 Îs 

• 1 

1'(1/'(;1) = C Le 

• 
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APPENDIX II 

/)('11\ ,Il i(JlI~ of (.i) dlle! (G) 

FOI p,iv(,11 JI" Il)(' ,l', is 1101'111,,1'" di..,t 1 ilJllt('d ",it Il dC'lI:-,ity dC'lIotc'cl as f,(,I",; IL,)' The score 

:-t.ati:-,t.ir S for t(,:-,tillg tll!' vcll'iclll«' of {l"}' (), Iwillg, ze'lO is 

l''{[') ]2 Y } s = :; L -:-)( III f,(·I',:IÎ, = .1') + ')(2 III r,(.r,:IÎ , = j') 
- ,=1 ( l', ( Il, 

~ ~ [(.r, - ,r) 2 _ _1 ] = (!)) 
,) ~ (11 (12 
- ,=1 

Fi Il ally. 

hy 1101 i IIg 
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APPENDIX III 

E'\(>lallalloll 01'111(' .\llcI(!tI'd D,llil SI'I 

Th<' attadl<'d dalél sd is colleclI'd hy TII~·II ... 1'1 ,do (I!)ïï) ill 1 \lI' FI't'III!t dt'j>art,lIH'nt of 

Illc-ct-Vilaine' (Brit t any). ('c\S(':-' ill III i:-. sI lId.,· \\'1'1 (' ~O() 1ll,Ih-s di"p,1I0:>l'd ",il h ol' ... ophil~('al 

cancel' in OIU' of t!Je r('gional ho~pilab l)('t\\'('('11 ,Jallllcll'\' 1!ln ,,"d April 1!)71. Controls 

\Vere a sampl(' of 778 adult. mal('s dla\\'11 1'10111 ('1('('lol',\lli~ls ill (',H I! ('011111111111" of W!tOlll 77;, 

pl'Ovidf'd sllfficient dala for allal"si .... BoIl! 1 \'p('~ of :>lIl>j('('1 \\'('1(' c1dlllillisl<'ll'd ,1 ddailc'" 

dictal'y int.c·l'\'i('w whicit contailll'd qll('sliollS al)(JIII tllI'ir (,OIl~lllllpli()1I of t.ohal'I'o and of 

variolls a!co!Jolic hC'\'('l'ag('s ill tiddit iOIl III 1 !tll:>(' ,dHIIII 10l/d:-., 

1 lIS(' S,\S alld B~IJ)P LH 10 l'lIli 1 hi:-. dala ~('1 ill OId('1 11/ dl'III1II1,,1 l'al(' t IIC' ''1>plil'i11 iOIl of 

logist.ic regr(':-.~i()lI. Firsl.l \I~(' S,\S 10 <lIlpl\' c\,n., ... H ~J.,"t(,I-I"\('I:-'/I·llll('\ hodolo,!!,\' III st.IIII.\' 

t!Je' joint (·rrects of t.\\'o risk factors, ail ohol alld 101'iU'I'O, 011 1 III' !l'I,t! i\'c' l'i:-.'' of ol'"opl IiIppa 1 

callc<'r ill IIIe-f't.-Vilaine. Both factors \\'('1'<' parI il illll<'d illlo f01l1 Ic'\'(·Is. '\('llIally 1 Irallsf('r 

alcohol into t,wo I("'('ls, yicldillg 8 li:-.k (,ê1lq!,Oli(·~ ill ,dl. 'l'III' 111:-.1 i'PPIOtl( Il is 10 (,O'"[>lIt(· 

s('paratl' est.imat(·s of t.!J(' agl'-cHljll ... I(·d J'(·lcI! i\'(· 1 i:-.k fOI (·,,1'\1 (dlC'l!,OI,\'. L.It,(·1 1 (':-.\.illla\.(· 

rI'1ati\'(' 1 io;ks for each éllcohol 1e'·I'\. :-'11111111 "1I('ul",l\' dclpl ... t ill).', 101 ,"col 101 alld "I-!,t'. This 

procedlt\'1' I<'quirl's to (,ollstrurt éllld SlIlIlIllélriz(' "'('\'('1," dilf('1 ('111 ,,('1 il'''' of 2 /. 2 tahl<·s. 

Thl' rC'lali\'c' risks ohtailled fol' ('<lch ct kohol dlICI lul'cll«() 1('\'(·1 \\'(·I(·IIIIII1.ipli(·" logl'!.lu·l'!.o 

('stimat<:' thC' joillt. C'f['C'cl of tl)('s(' \ \\'0 \'clricd,I('~. S('roll(\' 111:-'(' IL\II>P LB 10 dC·llIollst.r,tI,(· 

uHcondit i()lIall()gi~1 ic' rq!,l'('ssioll cllialysis \\'it II 111111",1 ~(·I<'cl iOIl éllld 11l(/Ch·1 élSS(·SSIII('IIt.. 'l'hc' 

starting poilll Îs 1 II(' glOlIping of 1 1)(' (,('S('~ éllld ïï:) ('(JIll lUI.., ililo l '/ ,1 ,.,. (i = !)(j ('(·lIs, ('(tch 

of which 1'('P\('s('lIls (J (olIlhilléllioll or III<' (dt<·,E!,OI'l(·'" 01 ;"(011111. lol'il«() ,,"d a,E!,c'. Eillll ('(·11 

are trC'al('11 ill 1.11(' slalist.ical clllitl.\..,I ... <t~ illd('p('lId('1I1 l,iIlOllli,dlJlr"('1 \·,,1 iOIl~. wlli( Il ('"s('~ 

represC'llt illg 1 II(' IIUII}('ratOl éllld cd:-.(· ... +colIll'ols 1 III' d('1I011l1lI,t1UI TJI<' ail iI( IlI'd (Olllllll!.(·' 

printouts 10 this pap<'\' gÎ\'C' 1 II<' i1l1al~ ... i:-. '(''''Idl ~ (JI' :-'('\,('1 ,d difl('1 ('111 1I11,d('b . 
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ALCOHOL-OESOPHAGF.AL CANCER DATA: INDIVIDUAL OUTCOMF FORMAT 

• OBS AGE ALCOHOL DALCOHOL TOBACCO STATUS COU NT 

1 1 0 0 0 0 40 
2 1 0 0 l 0 10 
3 1 0 0 2. 0 6 
4 1 0 0 3 0 ~) 

5 1 1 0 0 0 '; / 

6 1 1 0 l 0 1 
7 1 1 0 2 0 1} 

8 1 1 0 3 0 1 
9 1 2 l 0 0 ? 

10 1 2 1 1 0 1 
11 1 2 1 3 0 '; 

12 1 3 1 0 0 l 
13 1 3 1 l 1 1 
14 1 3 1 2 0 1 
15 1 3 1 3 0 2 
16 2 0 0 0 0 (,0 

17 2 0 0 1 1 1 
18 2 0 0 l 0 1 J 
19 2 0 0 2 0 ., 
20 2 0 0 3 0 8 
21 2 l 0 0 0 l', 
22 2 l 0 l 1 1 
23 2 l 0 l 0 ?O 

24 2 1 0 ? 1 1 
25 2 1 0 '; 0 11 
26 2 1 0 J 0 H 
27 2 2 1 0 0 11 
28 2 2 1 l 0 (, 

29 2 2 1 2 0 '; 

30 2 2 1 3 0 1 
31 2 3 1 0 1 2 
32 2 3 1 0 0 1 
31 2 3 1 l 0 '3 
34 2 3 1 2 1 ? 
35 2 3 1 2 0 ;> 

36 3 0 0 0 1 1 
37 3 0 0 0 0 1) ~) 

38 3 0 0 1 0 Hl 

39 3 0 0 ;> 0 10 
40 3 0 0 3 0 1} 

41 3 1 0 0 1 {, 

42 3 1 0 0 0 l? 
43 3 1 0 1 1 " 44 3 1 0 1 0 1/ 

45 3 1 0 2 1 " 
46 3 1 0 ? 0 10 
47 3 l 0 1 l " 
48 3 1 0 3 0 ? 
49 3 2 1 0 1 3 
50 3 2 1 a 0 11 
51 3 2 1 1 1 6 

52 3 2 1 1 0 8 
53 3 2 1 2 1 1 

54 3 2 1 ? 0 " 55 3 2 1 1 1 ? 
56 3 2 l J 0 ? 
57 3 3 l a 1 " 58 3 3 1 1 1 
59 3 3 1 1 0 
60 3 3 1 2 1 ? 

61 3 3 1 2 0 1 
62 3 3 1 3 l " 61 4 0 0 a 1 ? 
64 4 0 0 a 0 41 
65 4 0 0 l 1 'l 

66 4 a 0 l 0 1 q 

• 67 4 a 0 ? 1 'l 

68 4 0 0 2 0 q 

69 4 0 0 1 1 4 



ALCOIIOI.-OESOPIIAGEAL CANCER DATA: INDIVIDUAL OUTCOME FORMAT 

• OIlS AGE ALCOIIOL DAI.COIIOI. TOBACCO STATUS COUNT 

la Il a a 3 a 2 
Il il 1 0 0 1 9 
7') il 1 a 0 0 31 
/3 Il 1 a 1 1 6 
/4 4 l 0 1 0 15 
7 ~) 4 1 0 2 1 4 
76 4 1 0 2 0 13 
77 Il 1 0 3 1 3 
/8 4 1 0 3 a 3 
79 4 2 1 0 1 9 
80 4 ') 1 0 0 9 
81 Il 2 1 1 1 B 
87 Il 2 1 1 0 7 
81 Il 2 1 2 l 3 
84 Il ') 1 2 a 3 
8!) Il ') 1 3 1 4 
86 Il 3 1 0 l 5 
87 Il 3 1 0 0 5 
fl8 Il 3 1 1 1 6 
89 4 3 1 1 0 1 
90 4 3 l 2 1 2 
91 4 ] l 2 0 1 
9') 4 3 1 ] l 5 
91 4 3 1 ] 0 1 
94 ~) 0 0 0 1 5 
9') ') a a 0 0 43 
()6 'i a 0 1 l 4 
97 !J 0 0 1 0 10 
98 ~, 0 0 2 l 2 
99 ~ a 0 2 0 S 

100 :, 0 a 3 0 2 
101 ~l 1 0 0 1 17 
ID;> ~l 1 a 0 0 17 
10'J ~) 1 0 1 j 3 
104 'l 1 0 1 0 7 
10') ~ 1 0 2 1 5 
106 ~ 1 0 ') .0 4 
ID J !) ;> 1 0 1 6 
lOB ~ ;> 1 0 0 7 
1()1j ~ ') 1 l 1 4 
110 ~ ') 1 l 0 8 
111 ~ ;> 1 2 1 2 
Il'' '> 2 1 ? a 1 
111 !) ') 1 ] l 1 
114 ~ 1 1 0 1 3 
11~ !:l 3 ] 0 0 1 
116 !J ] 1 l 1 1 
11/ b 3 ] 1 0 1 
118 b 1 1 2 1 1 
119 b 3 1 3 1 1 
170 6 0 0 0 1 1 
1')1 6 0 0 0 0 17 
ln 6 a a 1 1 2 
1')] 6 0 a 1 0 4 
1111) 6 0 a 3 1 1 
17~ fJ 0 0 ] 0 2 
17(, 6 1 0 0 1 2 
ln (, 1 0 0 0 3 
1')8 6 1 0 1 1 1 
Il9 6 1 0 1 0 2 
110 6 1 0 2 0 3 
111 6 1 0 3 1 1 
13') 6 ? 1 0 1 l 
113 6 ') 1 1 1 
114 6 1 1 0 1 2 
1 l', 6 3 1 1 1 1 • 



ALCOHOL-OESOPHAGEAL CANCER DATA: CASb~-CONTROL FOHMAT 

• OBS AGE ALCOHOL DALCOHOL TOBi\C'CO ('I\SES 'ONTHOLS 

1 1 0 0 0 0 40 
2 1 0 0 1 0 la 
3 1 0 0 '1 0 6 
4 1 0 0 1 0 ~) 
5 1 1 0 0 0 21 
6 1 1 0 1 0 1 
7 1 1 0 2 0 1\ 
8 l 1 0 1 0 1 
9 1 2 1 0 () ; 

10 1 2 1 1 0 \ 
11 1 2 1 ? () 0 
12 1 2 1 1 0 ? 
13 1 3 1 0 0 1 
14 1 3 1 1 1 0 
15 1 3 1 '1 0 1 
16 1 3 1 1 0 ) 
17 2 0 0 0 0 hO 
18 2 0 0 1 1 1 J 
19 2 0 0 2 0 1 
20 2 0 0 3 0 A 
21 2 1 0 0 0 1') 
22 2 1 0 1 1 )0 
23 2 1 0 '1 1 11 
24 2 1 0 3 0 il 
25 2 2 1 () Cl Il 
26 2 2 l 1 () (, 
27 2 2 1 '1 () ) 
28 2 2 1 1 0 1 
29 2 3 1 0 ? 1 
30 2 3 1 1 Cl 1 
31 2 3 1 7 7 7 
32 2 3 1 1 () 0 
33 3 0 0 0 1 " ~, 34 3 0 0 1 0 1 fi 
3!J 3 0 0 2 0 1 () 
36 3 0 0 1 0 " 37 3 1 0 0 (, 17 
38 3 1 0 1 4 Il 
39 3 1 0 2. " 1 () 
40 3 1 0 3 " ') 
41 3 2 1 0 1 11 
42 3 2 1 1 6 Il 
43 3 2 1 ? 1 1) 
44 3 2 l 1 ? ') 
45 3 3 1 0 1) 0 
46 3 3 1 l 1 1 
47 3 3 1 2 '1 1 
48 3 3 1 3 " 0 
49 4 0 0 0 7 

" 1 50 4 0 0 1 ] l '3 
51 4 0 0 '1 3 '1 
52 4 0 0 3 1) ') 
53 4 1 0 0 q 11 
54 4 1 0 1 6 li, 
55 4 1 0 ? 1) Il 
56 4 1 0 1 l l 
57 4 2 l 0 <j '.1 
58 4 2 1 1 Il 1 
59 4 2 1 2 
60 4 2 1 l /j r; 
61 4 3 1 0 I, ') 

62 4 3 1 1 6 
63 4 3 1 ? ? 
64 4 3 l l ') 

65 5 0 0 0 c, "'! 
66 5 0 0 1 " Ir; • 67 5 0 0 2 2 " 68 5 0 0 3 0 ? 
69 5 1 0 0 1 7 1 1 



III ,CO 110 1.-0 ESOPHIIG EIIL CIINCFR DATA: CASE-CONTRO J. F'ORMAT 

• Ofl~; IIGF. ALCOfiOI. DAI.COHOL TOBACCO CASF:S SONTROLS 

10 c) 1 0 1 3 7 
Il ~ 1 0 2 S 4 
77 ') 1 0 3 0 0 
11 ') 2 l 0 6 7 
14 ~ ? 1 l " B 
I~ S ? l 2 2 l 
16 ~ 2 l 3 1 0 
17 5 3 1 0 3 1 
18 b 3 1 1 1 1 
19 ~ 3 1 2 1 0 
80 5 3 1 3 1 0 
81 6 0 0 0 l 17 
81' 6 0 0 1 2 4 
81 6 0 0 2 0 0 
84 6 0 0 3 l 2 
El ~l 6 1 0 (1 2 3 
86 6 1 0 1 2 
81 6 1 0 2 0 3 
BB 6 1 0 3 l 0 
Rf) 6 2 1 0 1 0 
c)Q 6 2 1 1 1 0 
91 6 " 1 2 0 0 ,-
'lI' 6 2 1 3 0 0 
91 6 3 1 0 2 0 
C)4 6 3 l 1 1 0 
C) ~l 6 3 1 2 0 0 
'lb 6 3 1 3 0 0 

• 



• 

• 

SAS 11:07 Thur!>day, Seph'mlwr 10, l<)q1 

TABl.E OF DAI. l'Y GROUP 

JAL GROUP 

Frequency 1 

Col Pet 1 caq Icon 
---------+ -------- .. -------- t 

hig 96 1 

48.00 1 

109 1 
14.06 1 

---------+--------1-------- 1 

'1'01.11 

/O~ 

low 104 1 666 1 -110 
52.00 1 B~.94 1 

---------- t -------- 1 -------- 1 

Total 700 77:') 91', 

STATISTICS FOR TJ\Hl.!. OF DA_ BY GHOU\' 

Statistlc 

Chi-Square 
Likelihood Ratio Chi-Square 
Continuity Adj. Chi-Square 
Mantel-liaenszei Chi-Square 
Fisher' s Exact Test (Left) 

Phi Coeffici.ent 

(Right) 
(2-Ta.i l.) 

Cont ingency Coefficient 
Cramer' s V 

Stat istic 

Gamma 
Kendall' s Tau-b 
St ua rt' s Tau-c 

Somers' D CI R 
Somers' 0 RI C 

Pearson Correlation 
Spearman Correlalion 

Lambda Asymmetrie CI R 
Lambda Asymmet rie RI C 
Lambda Symmet rie 

Unce rtainty Coe ft i c lenl CI H 

DF 

Unce rtai nt y Coe ft i ci enl Rie 
Uncertainty CoC'ffi cient Symmel ri c 

VdIIH' 

110.7!>!, 
96.431 

108.271 
110.14? 

O. 116 
0.119 
O. J 16 

Va lut' 

0.699 
0.336 
o .n1 

O. III 
0.119 

0.116 
0.116 

0.000 
0.000 
o. aoo 

0.091 
0.096 
0.091 

l'rob 

0.000 
0.000 
0.000 
O. DO () 
1.000 

1.0JE-?? 
1 • OBI·:-,1,1 

I\S/': 

O.OI\!) 
D.O 16 
0.07 1 

0.0, 1 
0.0-1 1 

O. (l'!f) 

0.0 l f) 

0.00 () 
0.000 
o. ooa 

O.O?O 
o .O?O 
o .O?O 

EstimatC's of the ReJ at ive IHt.k (!<ow1/I'ow?) 

Type of Study 

Case-Control 
Cohort (Coll Rlsk) 
Cohort (Co12 Risk) 

Sample Size 975 

Value 

5.6110 
3.467 
0.61'> 

9'l% 
Conf irJpnu· B()IHI(J', 

" • 001 
? . 7 '..J3 
O. cl 39 

1. g() 1 
Il. 16 1 
ü.IQl 



• 

• 

Sil'> } 1 :02 Thursday, Scpte1!'bcr 30, J 993 

SUMMARY S'rAT Isnes r O!~ DAt. BY GROUP 

Cochran-MantC'! -flaons/e: StaU"t i cs (Based on 'J'able SCOfPS) 

StaLl~t.ic 

1 
/ 
1 

Il lter na t ive Hypothes i s 

N()n7(~ro Conelation 
Row Mean Scores Diffrr 
(,cnpra] lI~soci atlon 

DF' Value 

110.142 
110.141 
110.141 

Prob 

O. 000 
0.000 
0.000 

f;slimatC's of the Common Relative Hisk (Row1/How2) 

Type of St udy Mct.hod 

Caso-Cont.rol Ma nt.C' I-Haon!'lc 1 
(Odds Ra t. i 0) LogiL 

Cohort Mantel-Baons/pl 
(Coll IUsk) Logit 

Cohorl Mant.cl-lIacns7cl 
(Col? Riskl Logi t 

Vaiue 

5.640 
5.640 

3.467 
3.467 

0.615 
0.615 

95% 
Confidence Bounds 

4.083 1.791 
4.00 1 -'.951 

2. /49 t,. 173 
2.753 4.367 

O. S61 0.6-' 3 
0.539 O. le 1 

The con fi dencc bounds for the M-II pst. imaLE's arc tost -bd ~('d. 

Totdl Samplc) Sile = 9/J 



• 

• 

DAI. 

TABLE 1 OF Di\\. !'Y GROdP 
CONTROLl.INl, IOH TOB-O 

GROUP 

t'n'que ncy 1 

Col Pct Icas Icon 
--------- ~-------- t ---- ____ • 

hig 3~, 1 
44.81 1 

~,o 1 

11.19 1 

------ ---t-------- t ---- ____ ~ 

low 43 1 
55.13 1 

397 1 
88.01 1 

---------t-------- t --------1 
Total 7B 441 

Tot d 1 

440 

STATISTICS FOR TABLF 1 OF [)AI, BY CIWUI' 
CONTROLLINC, fOH TOB 0 

Slati5tic Va l'le Il'11. 
------- ---------------------- -- - --------- --- --- - ------
Gamma 
KE'ndall' s Tau-b 
Stuart' s Tau-c 

Somers' D CIR 
Somers' D Rie 

Pearson Corn'la t ion 
Spearman Correl ation 

Lambda AsymmC't ri cCI R 
Lambda Asymmetric Rie 
Lambda S ymmet rie 

Uncertainty Coefficient. CIl<. 
Uncertainty Coefficient Rie 
UncC'rtal.nty Coefficient Symme't ri c; 

o. 13-; 
O. 32~, 
0.1-/0 

O.1H 
O.]] 1 

O. 12~, 
o. 32~, 

0.000 
0.000 
0.000 

O. 101 
0.096 
0.098 

0, Oh 1 
0,0',4 
0,0 Il 

0,0',', 
o ,(J'lB 

Cl,O',4 
0,0"4 

0,000 
n,ooo 
0,000 

() ,() 11 
0,010 
0,0 II 

EstimatC's of the Relative Hit.k (!{owl/Howl') 

9',% 
Type of Study Value' Conf i dunce' BOIJflcJo, 

---------------------- -------------------- ------ - ------
Case-Control 
Cohort (Coll Risk) 
Cohort (Col? Risk) 

Sample Size 525 

6.463 
4.213 
0,6',/ 

1, -/81 
?,8 18 
0, SI} 1} 

11 .O/fl 
f, • 1 (,1 

0, lAI 



• 
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SflS 11:(\2 Thursday, Septcmbf'r 10, 1993 

TABLE 2 OF DAL BY GROUP 
CONTROLLING FOR TOB=l 

DAL GROUP 

Frequeney 1 

Col Pet 1 cas 
---------+--------+--------+ 

Total 

hig 31 1 36 1 67 
.)3.4~, 1 ?0.22 1 

---------+--------+--------+ 
low 27 1 142 1 1 69 

46.55 1 79.78 1 

---------+--------t--------+ 
Total 58 178 236 

STATISTICS FOR TABLE 2 OF DAI. SV GROUP 
CONTROLLING FOR TOB=1 

Statistie Value 

Gamma 0.638 
Kendal J' s Tau-b 0.317 
Stuart's Tau-c 0.246 

Somers' D CIR 0.303 
Somers' D Rie 0.332 

Pearson Correlation 0.317 
Spearman Correlation 0.317 

Lambda Asymmetrie CIR 0.000 
Lambda Asymmetrie RIC 0.060 
Lambda Symmetrie 0.03? 

Uncertainty Coei ficient CIR 0.084 
Uncertainty Coe ffieient RIC 0.079 
Uncertainty Coefticient Symmet. rie 0.08? 

l'ISE 

0.096 
0.068 
O. 0~,7 

0.067 
0.072 

0.068 
0.068 

0.000 
0.110 
0.060 

0.036 
0.034 
O. 01~, 

Estimates of the Rel at i va Risk (Rowl/Row7) 

Type of Study 

Case-Control 
Cohort (Coll Risk) 
Cohort (Co12 Risk) 

Sample Size = 236 

Value 

4.529 
2.896 
0.639 

9:,% 
Confidence Rounds 

2.406 
1.881 
0.507 

a. :,?4 
4. -1 ~,B 
0.806 



• 

• 

SAS 11 : 02 Thu rsdilY, September 30, 1993 

DAI. 

Tl,BLE 3 OF DI\J. AY GROUP 
CONTROLLI NG FOR TOB=2 

GROUP 

Freque'ley 1 
Col Pct 1 cas 1 con Total 
----------1 --------t --------t 
hlq 13 1 15 1 28 

39.39 1 15.15 1 

---------t---------I --------t 
low 20 1 8 4 1 1 04 

60.61 1 84.85 1 

---------t--------+---··----t 
Total 33 99 132 

STATISTICS FOR TABLE 3 OF DAL BY GROUP 
CONTROLLING FOR TOB=2 

Stat lstic Value 

Gamma 0.569 
Kenda 11' 5 Tau-b 0.257 
Stuart' s Tau-c 0.182 

Somers' D CIR 0.272 
Somers' D Rie 0.242 

PCé'rson Correlation 0.257 
Spcdrman Correlation 0.257 

Lambda Asymmet rie CI R 0.000 
Lambda Asymmetrie Rie 0.000 
IJambda Symmet ric 0.000 

Unccrtainty Coefficient CIR 0.054 
Uncerta inty Coefficient RIC 0.058 
Unccrtainty Coefficient Symmctrie 0.056 

ASE 

0.153 
0.095 
o. on 

0.102 
o .092 

0.095 
0.095 

0.000 
0.000 
0.000 

o .039 
0.042 
0.040 

EstJmates of the Relat i Vc Ri sk (Row 11 Row?) 

Type of St udy 

CaSE'-Cont ro 1 
Cohort (Coll Risk) 
Cohort (Co12 Risk) 

Sample Size = 132 

Viilue 

3.640 
2.414 
0.663 

95% 
Conf idence Bounds 

1. 497 
1.379 
0.464 

8.850 
4.226 
0.948 



• 

• 

SAS Il : 02 Thu r Sdily, SaptambC'! 30, 1993 

01·.L 

TABLE 4 OF DAL BY GROUP 
CONTROLLING FOR TOB=3 

GROUP 

Frequency 1 
Col Pet 1 cas Icon 
---------+--------+-------- t 
hig 17 1 8 1 

54.134 1 15.69 1 
--.-------+--------+ --------t 

Tota: 

low 14 1 43 1 5 " 
45.16 ! 84.31 1 

---------+----··---+--------1 
Total 31 51 81' 

STA:lSTICS FOR TABLE 4 OF DAL BY GROUP 
CONTROLLING FOR TOB=3 

Statistic Value I\SF. 
---------------_ .... _--- .... --------------------------------
Gamma 0.734 0.122 
Kendall' s Tau-b 0.412 0.10!' 
Stuart' s Tau-c 0.368 0.099 

Somers' o CIR 0.431\ 0.109 
Somers' o RIC 0.392 0.103 

Pearson Correlat io.1 0.412 0.105 
Spearman Correlat.ion 0.412 0.105 

Lambda Asymmetric CI H 0.290 0.136 
Lambda Asymmetric Rie 0.120 0.209 
Lambda Symmetric 0.214 O. 1 ~,4 

Uncertainty Coefficient CIR 0.127 o .OM, 
Uncertainty Coefficient RIC 0.137 0.011 
Uncertai nt y Coefficient Symmetric 0.132 0.068 

F.stimates of the R~] ative Risk (Row1/Rowï) 

Type of Study 

Case-Cont roI 
Cohort (Coll Risk) 
Cohort (Co12 Risk) 

Sample Size = 82 

VaIlle 

6.52'1 
2.769 
0.424 

9!)\ 
Conf.idenc(' BOllnds 

2.320 
1.632 
0.235 

18.362 
4.697 
O. 7 6~) 



• 

• 

SAS 11:0/. Thur~day, Septcmbc' 3D, 1993 

SUMMARV STATISnCS FOR DAL BV GROUP 
CONTROLLING FOR TOB 

COChTéln-Mantel-Haenszel Statistics (Based on Table Scores) 

st,ltistlc Alternative lIypothesis DF Value 

1 
2 
3 

Nonzero Correlation 
Row Mean SCOTes DiffeT 
General Association 

1 
1 
1 

96.9'l:> 
96.922 
96.922 

Estimates of the Common Relative Risk (Rowl/Row2) 
95% 

Prob 

0.000 
0.000 
0.000 

Type of Study Method Va l ue Confidence Bounds 

Case-Control Mantel-4aenszel 5.257 3.778 7.315 
(Odds Ratio) Logit 5.313 3.747 7.531 

Cohort ManLe I-Haensze l 3.18] 2.526 4.004 
(Coll Risk) 1.0git 3.190 2.537 4. 01~ 

Cohort Mantel-Haenszel 0.628 0.572 O.6B9 
(Co12 Risk) Logit 0.636 O. :'59 0.724 

"ho confidence bounds fOT the M-H estlmat.es ~re test-based. 

Breslow-Day Test for Homogeneity of the Odds Ratios 

Chi -Squa re = 1.617 DF Prob 

Total Sample 3i ze g-; 5 



• 

• 

SAS 11:02 Thursday, ScplcmbE'r 1O, 1993 

TABLE l OF DAL BY GROUP 
CONTROLi,ING FOR AGE= 1 

DAL GROUP 

Frequeney 1 
Col Pet 1 cas Icon 
---------t--------t--------t 

Total 

hig 1 1 1 9 1 10 
1 100.00 1 7.83 1 

---------t--------t--------1 
low 0 1 106 1 106 

0.00 1 92.17 1 

---------t--------t--------t 
Total 115 116 

TABLE 2 OF 01\1. BY GROUP 
CONTROLLING FOR AGE=2 

DAL GROUP 

Frequeney 1 
Col Pet 1 cas Icon 
---------t--------t--------t 

Totell 

hig 4 1 26 1 30 
44.44 1 13.68 1 

---------t--------t--------t 
low 5 1 164 1 169 

55.56 1 86.32 1 

-------·-t--------t--------t 
Total 9 190 199 

TABLE 3 OF DAL SY GROUP 
CONTROLLING FOH AGE= 3 

DAL GROUP 

Frequeney 1 
Col Pet 1 cas Icon 

---------t--------t--------+ 
Total 

hig 25 1 29 1 ~llj 
54.35 1 17.37 1 

---------t--------t -------- t 
low 21 1 138 1 El9 

45.65 1 82.63 1 
---------t--------t--------t 
Total 46 167 n 3 



• 

• 

SAS Il:02 Thursday, Scptembcr 30, 1993 

DAL 

TABLE 4 Of DAL BY GROUP 
CONTROLLING FOR AGE=4 

GROUP 

Frequeney 1 
Col Pet 1 cas 1 con 
---------t--------t--------t 
hiq 42 1 27 1 

55.26 1 16.27 1 

---------+--------7--------t 

Total 

69 

low 34 1 139 1 173 
44.741 83.731 

---------t--------t--------+ 
Tolal 76 166 242 

TABLE 5 or DAI. IW GROUP 
CONTROLLING FOR AGE~5 

DA!. GROUP 

Frcqueney 1 
Col Pet Icas Icon 
---------t--------t--------+ 
hig 19 1 18 1 

34.55 1 16.98 1 

---------t--------t--------+ 

Total 

37 

low 36 1 B 8 1 12 4 
65.45 1 83.02 1 

---------t--------t--------+ 
Total 55 106 161 

TABLE 6 OF DAI. IW GROUP 
CON'I'ROLLING FOR AGE=6 

DAI. GROUP 

FrC'queneyl 
Col Pet 1 cas I ... on 
---------t--------t--------+ 
hiq 5 1 

38.46 1 
a 1 

0.00 , 
---------+--------+--------+ 
Low 8 1 31 f 

61.54 1 100.00 , 

---------t--------t--------t 

Total 

39 

Total 13 31 44 



• 

• 

SAS Il:02 Thun',day, Scptemba" JO, 1993 

SL ,1~~ARY SThl'lSTI"::!l r OR DAL BV GROUP 
CON11'JlOt dNG FOR AGE 

Cochnlr·?· .. ,.,; ... ~". nszel ~tatl1)tics (8ased on Table Scores) 

Stat!stl DF Value 
--_______ ~ .. ~ ~ tir

y 
10 .. __ JIffo ______ <r ___ ... - ___________________________ _ 

1 
2 
j 

"''': .:~ {j (. >f're la,ti on 
Ktrt; Mf':!", • ores D.lfflf'r 
G'ene'r~l :. ""ociation 

1 
l 
1 

85.009 
R~).009 

8~).009 

Es,timàtes of' 1'. F '0') Re l at i 'le ~ \ sk (Rowl J!~ow2) 
%\ 

0.00.1 
0.000 
0.000 

Type of ~Ludy Valuu Conl idcnce BoundR 
~----~-------------------------

Case-Control 
(Odds ~at 0, 

Cohort 
(Coll Riskl 

Cohort 
(Col2 Risk) 

~~~ ... t,l, ~:..,'''' 

r f.,r,:! fi l" 

~.f'+;.;-l-""",··, ''!lI 
.. ogit 

5.158 
5.100 

2.888 
2.947 

0.644 
0.780 

ï'. 30~) 
'.111 

1.310 
7.40 1 

1.618 
3.66'j 

O. 107 
0.8')9 

The confidence bounds for the M-H estimates are lesl-basad. 

* ùenotcs that the logit estimators use a correct ion 
of 0.5 in every cell of those tables that conLain a /(>r'J. 

Breslow-Day Test for Homogencity of the Odds RaI ios 

Chi -Squa re = 9.323 DF l'rob 0.09 7 

Total Sample Size 975 



SAS 11 :O;J Thursday, September "'l, 1993 

• TAB!.!=: OF GROUP BY ALe 

GIWUP ALe 

Frcquencyl 01 11 21 11 Total 
---------t--------t--------+--------t--------t 
cas 29 1 75 1 51 1 45 1 200 
---------t--------t--------+--------t--------+ 
con 386 1 280 1 87 1 22 1 775 
---------t--------t--------+--------t--------+ 
Tolal 415 355 138 67 975 

TABLE OF GROUP BY TOB 

GROUP TOB 

Frcquency 1 01 11 21 11 Total 
---------~--------+--------+--------+--------~ 
C,lS 78 1 58 1 33 1 11 1 200 
---------t--------t--------+--------+--------t 
C'on 447 1 178 1 99 1 51 1 775 
---------I--------+--------+--------t--------+ 
Tolal 525 236 132 82 975 

TABLE OF GROUP BY AGE 

CiTmup AGE 

F'rcqucncyl 11 21 31 41 61 'l'otal 
-.-------t--------t--------+--------+--------t--------1--------+ 
cas 1 1 9 1 46 1 76 1 55 1 13 1 ;JOO 
---------t--------t--------+--------t--------t--------t--------+ 
con 1 115 1 190 1 167 1 166 1 106 1 31 1 775 
---------I--------t--------+--------+--------t--------1--------+ 
Total 116 199 213 242 161 44 975 

• 
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BMDPLR - STEPWISE LOGISTIC REGRESSION 

Copyright 1977, 1979, 1981, 1982, 1983, 198:" 1987, 1988 
BMDP Statistica1 Software, Inc. 

BMDP Statistical Software, 
1440 Sepulveda Blvd 

rnc.1 RMDP Statistl<-al Softwarf' 

Los Angeles, CA 90025 USA 
Phone (213) 479-7799 

1 Cork Technoloqy Park, Moekl Farm Hd 
1 Cork, Ireland 

Fax (213) 312-0161 
1 Phone +353 21 54?722 
1 Fax +353 '1 ~4?822 

Telex 4972934 BMDP UI 1 Telex 75659 SSWL El 

Version: 1988 (IBM PC/DOS) No Math Coprocessor Rf'qulrcd. 

Manual BMDP Manual Vol. 1 and Vol. 2 . 

Digest BMDP User' s Digest 

Updates: State NEWS. in the' PRINT paragraph for 'lummary of nf'W [('al un">. 

09/20/93 AT 13:36: 03 

PROGRAM INSTRUCTIONS 

/problem title is 'alcohol-uesophageal cancer: loqistic rcqrpsslon'. 
linput variables = 6. 

format = free. 
file = , scc.dat' • 

/varlable namas = age, alcohol, dalcohol, tobacco, ca!,es, c-onlrol:,. 

Ireqress scount=cases. 
fcount=controls. 
model=dalcohol. 
dvar=part. 
start=out. 
move=l. 
method=ml r. 

PROBLEM TITLE IS 
alcohol-oesophageal cancer: logistic regrcssion 

NUMBFR OF' VARIABLES TO READ IN •••••••• 
NlJMIlER OF VARIABLES ADDED BY TRANSFORMATIONS. 
TOTAL NUMBER OF VARIABLES • 
CASE FREQUENCY VARIABLE • • • • • • • . • • • 
CASE LABELING VAq~ABLES • • • • • • • • • • • 
NIJMBER OF CASSS 1'0 IŒAD IN. • • • • • • • . • 
MI SS fNG VALUES CHECKED BEFOHE OR AFTER l'HANS. 
BLANKS ARE. • • • • • • ••• 
INPUT FILE ••• see.dat 
REWIND INPUT UNIT PRIOR TO READING •• DATA. 
NUMBER OF WORDS OF DYNAMIC STORAGE.. 

VARIABLES TO BE USED 
1 age 2 alcohol 3 dal cohol 
6 cont rol s 

INPUT FORMAT IS 
FREE 

4 lobacco 

MAXIMUM LENGTH DATA RECORD IS 80 CHARACTEHS. 

DFPENDENT VARIABLE. 
COUNT VARIABLE. 

SCOUNT VARIABLE. 
FCOUNT VAR 1 AB LE • 

METHOD TO SELECT NEXT TERM 1'0 REMOVE OR ENTER 
li 1 ERARCHICAL TF.RM INCLUSION RULE USED • 
RF.MOVE LIMIT (P-VALUE MUST BE GREATER). 

6 
o 
6 

1'0 END 
Nf:ITIIP.R 
MISSfNG 

o 
o 

YF.S 
16298 

~) ca!>cs 
6 eont ro l!. 
mlr 
SING 
0.1500 O.l'lOO 
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i NTEIl LIMIT (P-VALllE MUST BE LESS) • O. 1000 O. 1000 
TOLERANCE 0.0001000 
CONVEI~GENC~: CRITERION 0.0000010 
MAXIMUM NUMBER OF' !'l'F:RATIONS. 10 

S'I'EP HAl.VINGS 5 

NUMflF'R OF CASF:S 1'0 lU: PRJNTED 10 

CIISF: 2 3 4 5 6 
NO. aqe a] cahol dalcohol tobacco cases controls 

-------- -------- -------- -------- -------- --------
] 0 0 0 a 40 
7 0 0 1 0 10 
1 0 0 2 0 6 
4 0 0 3 a 5 
c, 1 0 0 0 n 
6 1 0 1 0 1 ., 1 0 2 0 4 
8 1 0 3 0 ., 
9 2 l 0 0 2 

la 2 1 1 a 1 

••• DATA EI~ROR'** CASE NO. 97 WILL BE DELETED. 
WIIII,F I~EI\DING VARIABLE 1, 2 RECOHD(S) WOULD BE READ. 
AS DEFINFD HY CASE ONE, THERE MUST BE 1 RECORDIS) PER CAS~. 

NtJMBlm OP CASES READ. • • • • • • 
CASES VlITH USE SET TO NEGATIVE VALUE 

REMAINTNG NUMRER OF CASES •• 

TOTAl, NUMBER OF' Rf:SPONSES USED IN 1'118 lINALYSIS 
casE'S 
conLrol& . 

NUMIlF:R OF' DISTINCT COVARIATE PATTERNS 

nFSCRIPTtVE STATTSTICS OF INDEPENDENT VARIABLES 

VAHIABI.F. GROUP DESIGN VARIABLES 
NO • NAM~: 1 ND EX FREQ (1) 

3 dalcClho] 0 770 0 
] 205 1 

ST~:P NUMBFR a 

LOG LIKEl.IHOOD -494.744 

97 
l 

96 

97b. 
;.00. 
ln,. 

r.oonm:ss OF Pl T CHI-SQ (2*0*LN (O/E» 
GOOllNf:SS or rI'f Cill-SQ 1 C.C.BROWN ) 

96.433 D.P.= 1 P-VALUE= o.rlOO 
0.000 D.F.~ 0 P-VI\LUE~ 1.000 

s'rANDARD 
TEHM eOEFrlCTENT ERROR COEFF/S.E. EXP(COEFFICIENT) 

CONSTANT -1.1~45 0.7931E-Ol -17.08 0.2581 

STA'I' 1 ST les '1'0 ENn:R OR REMOVE 1'ERMS 

APPROX. APPROX. 
'l'EHM CIII-SQ. D. F'. CHI-SQ. D.F. 1,0(, 

ENTER REMOVE P-VALUE LI KF.I.i HOOD 

d.ll('ohol 96.43 0.0000 -446.5278 
CONSTANT 362.15 1 0.0000 -6/~.8185 
CONSTANT IS IN MAY NOT HE REMOVED. 

!,'l'FP NlJMBEI~ 1 dalcohol ts ENTEIU:D 

LOG LII<ELrHOOD -446.528 
IMPROVEMF.NT CIII-SQUARE (2*(LN(MLH» ~ 96.433 D.P.= 1 P-VALUE= 0.000 
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TERM 

dalcohol 
CONSTANT 

STANDARD 
COEFFICIENT ERROR 

1.7299 
-} .8569 

0.1752 
0.1054 

CORRELATION MATRIX OF ÇOEFFICIENTS 

dalcohol 
CONSTANT 

da Leohol 

1.000 
-0.602 

CONSTANT 

1.000 

STATISTICS TO ENTER OR RF.MOVE TERMS 

APPROX. APPROX. 
TERM CllI-SQ. D.F. CHI-SQ. 

ENTER REMOVE 

dalcohol 96.43 
dalcohol IS 
CONSTANT 457.76 
CONSTANT IS 

COFn IS. r.. 1')..1' (COFFI- ICII NI) 

lN 

IN 

9.81? 
-17.61 

',.6 Ill) 
0.1',62 

J) • 1.' • IOr. 
l'-VAl.lJlo 1. 1 K}o' 1. 11IOO\) 

0.0000 -/l'lI]. 11]1]7 
MAY NOT m: RFMOVI',lJ. 

0.0000 -hl~,I]060 

MAY NOT Ill-: IU,MOVEn. 

NO Tf~RM PASSF.S THF. REMOVE AND ENTER LIMTT:' 0.1~)00 0.1000) • 

SlJ~MARY OF STFPWISE RESULTS 

STPP TF.RM LOG 11'v1I'ROVEMr~NT COOIlNl-:!i!' m l' 1'1 
~O. ENTERED RPMOVED DF LIKELIHOOD rH I-SQUARE l'-VAl. CIII-!'QUAHF l'-VAl. 

o -494.71!4 CJ 6.411 
1 da 1cohol 1 -446.528 96.413 0.000 0.000 

NlJMBFR OF INTEGF:R WORDS OF STORAGE USFD 1 N PRECl-:1l1 Nr. 1'1<01\1 1,:1'1 6'l16 

Ircgrcss scount-cc1ses. 
fcount=control s. 
modcl=dalcohol,age. 
dvar=pa rt. 
starl;in,in. 
move=O,O. 
method=ml r. 

TOTAL NUMBF:R OF RESPONSES USED IN 1'111: ANl\LYS J:; 'l", . 
cases ?OO. 
controls . II~. 

NUMBER OF DISTINCT COVARIATE PATH,HNS 1;; 

DFSChIPTIVE STATrSTfCS OF INDEPENDENT VlIRIAIIJ.ES 

VARTABLE GROUP DESIGN VAHIABI.ES 
NO. NAM E T ND F.X FREQ ( 1) ( ;) 1 ( J) 1] ) 

3 dalcohol 0 770 0 
1 205 1 

1 age 1 116 0 0 0 0 
2 199 1 (J 0 0 
3 213 0 1 0 0 
4 242 0 0 1 0 
5 161 0 0 0 1 
6 44 0 0 0 0 

STF:P NUMBER 0 
---------------

',) 

0 
0 
0 
0 
0 
1 

(J.OOO 
1. (JOO 
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LeG LIKELIHOOD -HI!,46, 
GOODNF."S OF FIT CHI-SQ (;;>'O'LN (on)) 11. 041 D.F.o ~) p"V/II,Ci- -
GOODNESS OF FfT CIII-5Q (IlOSMf Il-LEMI-,SHOW) 1,650 D.F. - '/ P-V/I.'.t> 
r;OODNr:SS OF FIT CHI-5Q ( C.C. BROWN ) 0.69'/ [J.F. ? P~V/l.J ~J:-

STANDARD 
TEI<M COF.rT 1 CI F.NT EHI<OR COEF'f'/S.E.. EXP (COIITTCfFN1') 

da IcohoI 1.6699 0.1896 8.807 ~. 31 / 
cI'lf' (1) 1, ',4/1 1 • 066 : .441 4. 6 1 ~l 

(2) 3,1'lA8 1. on 3.126 24.S0 
(3) 3, Il '!" 1 . 019 3.646 41.00 
(4 ) 1.CJ6fi9 1.0/3 3,817 ~/. 87 
(',) 1. CJ677. 1. 06~ 3.720 ~2. :l' 

CONSTANT -'J. 0',1\ 1 1. 009 -5. AD, O. fi38/E-02 

COIHlELATION MATIUX OF COEFFICIENTS 

dalcohol age (1) ago (/) aga ( 3) aga (1\ ) ëlgo (S) CONSTI\N'I 

da 1 cohol 1. 000 
rlCJ('I (J) -0.019 1 • 000 
il 'If' (.2) -0.018 0.931 1. 000 
aqp (3) -0.009 0.935 0.9/4 1.000 
d'JI' (4) 0.010 0.911 0.9/0 0.974 1 • 000 
d'JO (5) 0.013 0.894 o . 931 0.936 0.932 1 .000 
CONSTANT -0.060 -0.947 -0.982 -0.987 -0.984 -0.946 1.000 

STA'IISTICS 1'0 ENTER OH I<F.MOVE TERMS 

APPHOX. APPROX. 
'l'I-:HM CH 1 -5Q. D.F. CHI-SQ. D.F. LOG 

ENn:R REMOVr; P-VI\LUr,: LIKhI. 111000 

d.ll coho 1 79.52 0.0000 -414. ~no 
d.tlcohol 15 IN MAY 1\10'1' m: IU'MOVED. 
aq(l 104.13 5 0.0000 -446. ~,?7B 
clC)<' 15 IN MAY NOT liE IU'MOVED. 
CONSTANT 169.44 l 0.0000 -4/9.1807 
CONSTANT 15 IN MAY ~'OT m: I<FMOVED. 

NO 'l'EHM l'I\SSI~5 'l'liE H~MOVE AND ENTEH LI M l '1'5 ( O. 1~00 0.1000 ) . 

/ :f'qross scount~cases. 
fcounl=controls. 
mode 1 ~dill coho 1, age, dalcohal * il<Je. 
dvar-pa rt. 
stclrt~ln, tn,ln. 
move:O,O,O. 
method=m 1 r. 

TOTAL NL'MREIl OF RF.5PONSES USE!) IN l'liE ANALYSJ 5 97~. 
cases 200. 
contrals . 77~. 

NlJMBEH or' DISTINCT COVARIATE PATTF.IlN5 1/ 

DFSC'IlII'1'IVE STA1'IS'I'IC5 or INDr;PENDENT VARIABLES 

VALU ABLE GIWlJP DESIGN VARIABLES 
NO. NAM E INOFX FREQ ( 1) (2) (3) 4 ) 5) 

O.O~l 
0,819 
0.,06 



• 

• 

3 dalcohol 0 770 0 
1 ;;>05 1 

1 age 1 116 0 0 0 
2 199 1 0 0 
3 213 0 0 
4 242 0 0 1 
5 161 0 0 (1 

6 44 0 0 0 

DESIGN VARIABLES FOR INTERACTION TERMS J\RT: GF,NFHJ\TFll 
FROM THE DESIGN VJ\RIAHLES OF MAIN EFFECTS. 

II 
0 
0 
0 
1 
() 

FOR EXAMPLE WITH TWO VARIABLES, VARIl\H!.F U HAVING l DFSIGN 
VAR IABLES (NAMED lJ (1 ), U (2) AND U (3» AND VARII\!1!.f V HAV 1 Ne; 
2 DESIGN VI\RIABLES (NAMED VIl) AND VI?»~, THEIR IN'lï:RACTION 
lJ*V WILL HAVE 6 DESIGN VARIABLES U*V (1) U (1) • V (1) 

U*V (2) U(2)' VO) 
U*V (3) U(l) * VO) 
U*V (4) U(I)' V(2) 
U*V (5) U (2) * ',,' (?) 

U*V (6) U (1) • V (2) 

AFTF.R la ITERI\TIONS CONVERGENCE CIUTF.RION' 0.10981'-0:' • 
'l'OU MIll' NEED TO INCREASE THE NUMBER OF l 'l'EHATlON!; 01< 1 NCHI:A!i\o' 
THF CONVERGF.NCE CRI TERION IN THE REGI~FSS T ON PARI\GRI\I'II. 

STEP NUMBER a 

-3BB.fj',1 

0 
l' 

0 
() 

0 
1 

GOODNESS OF FIT CHI-SQ 
GOODN~SS OF FIT CHI-SQ 
GOOllNESS OF FIT rH 1 -SQ 

LOG LIKELIIIOOO -
(2*0* LN (O/E) ) 

(HOSMER- LEMESHOW) -
( C. C • BROWN ) 

o.on D.I'. 
o. DII D. Jo'. 
0.000 1).1 • 

1 l'-VA!.UI' 
Il l'-VAl lJI 
o l'-VAl tJl' 

STANDARD 
TERM COEFFICIENT ERROR COEFFn;.E. Jo:XI'(C OI':I''I'!C 1 Jo:NT) 

da lcohol 7.0107 1.131 6.200 11 OH. 
age (1) 5.7nO 0.6029 9.499 la 1. 0 

(?) 7.3169 0.4603 1 tJ. 94 1')36. 
(3) 7.8115 o . 4400 1 ,. 1:, 2469. 
(4 ) 8.1258 0.4429 lB.80 4179. 
(5) 1.8650 0.0000 o.oaoo J60!, • 

THF. I\ROVf~ TERM DID NOT PASS THE TOLERANCE n,ST. 
d*a (1) -!J.3869 1. 331 -4.046 O. ~ 'Ji 610:-01' 

(2) -S.ïï64 1.187 -4. r1 ~ 1 0.',111E-07 
(3) -!J.1608 1.173 -4.400 O. " Il IE-O? 
(4 ) -6.0678 1.194 -!J.O Iï o .n2BI'~-07 
( ~) ) 4.5467 73.47 0.61B9E-Ol 9~.lï 

CONSTANT -9.2196 0.3962 -21.27 0.990Br:-04 

CORRFLATT ON MATHIX OF COEFF'I C lENTS 
----------------------------------

().!lB 1 
1.000 
1 .000 

dalcohol age (1) age(2) age(3) aq<,(4) age(',) d*d(1, d'dl?) d'dl!) d'd(~) ,l'd(',) 

dal cohol 1.000 
aqe (1) 0.230 1.000 
age (2) 0.302 0.566 1. 000 
ilqe (3) 0.316 0.592 0.775 1.000 
aqe (4) 0.314 0.588 0.770 0.806 1. 000 
age (5) 0.000 0.000 0.000 0.000 0.000 0.000 
d*a (1) -0.8~9 -0.453 -0.256 -0.268 -0.?66 0.000 1 • 000 
d*a (2) -0.953 -0.219 -0.388 -0.301 -0.299 0.000 O. BO'l J .000 
d*a (3) -0.964 -0.222 -0.291 -0.375 -0.10? 0.000 O. Al') 0.919 1. [JOU 

d*a (4) -0.947 -0.218 -0.286 -0.299 -O. i Il 0.000 0.B04 Cl.90ï O. 'j 1 1 1.00!) 
d*a (5) -0.014 -0.000 -0.000 -0.000 -0.000 0.000 0.011 0.011 O. () 1 1 o.on 1.000 
CONSTANT -0.350 -0.657 -0.861 -0.901 -0.8% 0.000 O. ;'9H 0.33'1 O. < IiI [). 'j'j;' 0.000 

CONSTI\NT 

CONSTANT 1.000 
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STATIsrICS TO ENTER OR REMOVE TERMS 
-----------------------------------

APPROX. APPROX. 
1'F.RM CHI-SQ. D.F. CHI-SQ. D. F. LOG 

ENTER REMOVE P-VALUE L J KF J' 1 HOOD 

dalcohol IS IN MAY NOT BE REMOVED. 
<l'JCl IS IN r-lAY NOT lU. liEMOVED. 
dta 11.02 :, 0.0510 -1911.4609 
dta IS IN MAY NOT BE REMOVED. 
CONSTANT 146.93 0.0000 -46;1.4i42 
CONSTANT IS IN MAY NOT BE RFMOVED. 

NO TERM PASSES THE AEMOVE AND ENTER LIMITS ( 0.1500 0.1000) 

AfT~:R 10 ITERATIONS CONVERGENCE CRITERI0N= 0.1098E-05 • 
Y~U MAY NEED TO INCAEASE THE NUMBER OF ITERATIONS OR INCREASC 
Til E CONVERGENCE CR 1 TER ION IN THE REGRESS 1 ON PARAGRAPH. 

IrClqress scount~cases. 
fcount=controls. 
intprva 1 =aqe. 
modplrdalcohol,age,dalcohol*aqe. 
dvarnpa rt. 
st.art=1 n, in, in. 
move"'l,l,l. 
method~mlr. 

TOTAl, NUMBER OF RESPONSES USED IN THE ANALYSIS 97~l. 

cases 200. 
cont.rois • 77~l. 

NtJMIIER OF DISTINCT COVARIATE PATTERNS 17 

DESCRIPTIVE STATISTICS OF INDEPENDCNT VARIABLES 

VIIRTABLE STANDARD 
NO. NAM E MINIMUM MAXIMUM MEAN DEVIATION SKEWNFSS KURTOSI S 

1.0000 6.0000 3.2718 1.3867 0.0170 -0.9050 

VAIHAflLE GROUP DESIGN VARIABLES 
NO. NAM E INDEX FREQ (1) 

3 cia 1 cohol 0 770 0 
] 205 1 

f)F'SlGN VARIABLES FOR INTERACTION TERMS ARE GENEHATED 
FROM THE DESIGN VARIABLES OF MAIN EFFECTS. 
FOl~ rXAMPLE WITH TWO VARIABLES, VARIABLE U HAVING 3 DESIGN 
VARIABLES CNAMED U Il), U (2) AND U (3)) AND VARIABLE V HAVING 
2 DESIGN VARIABLES (NAMED V(l) AND V(2)), THEIR INTERACTION 
U"V WILL HAVE 6 DESIGN VARIABLES U*V (1) U(1) * V(1) 

U·V (2) U(2) * VO) 
U·V (3) U(3)· VO) 
U*V (4) U(1)· V(;1) 
U·V (5) U(2)· V(?) 
U·V (6) U (3) • V (l') 

STFP NUMBER 0 

LOG LIKELIHOOD = -404.905 
GOODNESS OF FIT CHI-SQ (2·0·LN(0/E)) 31.929 D.r.- 8 P-VALUE= CI .000 
GOODNESS OF FIT CHI-SQ (HOSMER-LEMESHOW)- 19.558 D.F.= B P-VALUE- 0.01;1 



• 

• 

GOODNESS OF FIT CHI-SQ ( C. C • BROWN ) = 17.856 D.F.= ? P-VALllF~ 

STANDARD 
TERM COEFFICIENT ERROR COEFF/8.E. EXP (COHF1C 1 I-:N1') 

dalcohol 1.7510 0.6384 2.743 5.761 
age 0.61368 0.8531E-01 7.193 1. 847 
d*a 0.77896E-02 0.1642 0.4743E-01 1.008 
CONSTANT -4.0913 0.3611 -11.33 0.16771-'-01 

CORRELATION MATRIX OF COEFFICIENTS 

dalcohol age d*a CONSTANT 

dalcohol 1. 000 
age 0.539 1.000 
d*a -0.956 -0.519 1. 000 
CONSTANT -0.566 -0.952 0.495 1.000 

STATISTICS TO ENTER OR REMOVE TERMS 

TERM 

dalcohol 
age 
d*a 
CONSTANT 
CONSTANT 

STF.P NUMBER 

APPROX. 
CHI-SQ. D.F. 
F.NTER 

l' 
1 d*a 

APPROX. 
CHI-SQ. D.F. InG 
REMOVE P-VALllE LIKI-:L11IOOD 

18 IN 
lS IN 

0.00 1 
219.51 1 

IS IN 

IS REMOVED 

MAY NOT Br: RF.MOVF.D. 
MAY NOT nE HFMOVED. 

0.9626 -404.9061 
0.0000 -514.6605 

MAY NOT Br: RFMQVED. 

0.000 

IMPROVEMENT CHI-SQUARE 
GOODNESS OF FIT CHI-SQ 
GOODNESS OF FIT CHI-5Q 
GOODNESS OF FIT CHI-SQ 

LOG LIKELIHOOD = 
( 2* (LN (MLR) ) 
(2*O*LN (O/E) ) 

(HOSMER-LEMESHOW)= 
( C.C.BROWN ) 

-404.906 
0.002 
31.931 
19.620 

7.072 

D.P.= 1 
D.I-'.= 9 
D.r.= 8 
D.F'.= 7 

P-VAI.lJF.'" 0.963 
P-VALUE" (J. 000 
P-VALlJE> 0.012 
p-VALm:= 0.029 

STANDARD 
TERM COEFFICIENT ERROR COEFF/S.E. EXP (COEFFI C 1 r.NT) 

da lcohol 1.7800 0.1871 9.514 tl.930 
age 0.61579 0.7291E-01 8.446 1.851 
CONSTANT -4.099B 0.3141 -13.05 0.1658E-01 

CORRELATION MATRIX OF COEFFICIENTS 

dalcohol age CONSTANT 

dalcohol 1.000 
age 0.170 1.000 
CONSTANT -0.365 -0.936 1.000 

STATtSTICS 1'0 ENTER OR REMOVE TERMS 

APPROX. APPROX. 
TERM CHI-SQ. D.F. CHI-SQ. D.F'. LOG 

ENTER REMOVE P-VALUE LTKI::LIHOOD 

dalcohol 92.3B 1 0.0000 -4~1.0978 
age 83.24 1 0.0000 -446.5278 
d*a 0.00 1 0.9626 -404.9050 
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dOa 
CONSTANT 
CONSTANT 

15 OUT 
283.55 

IS IN 

!~"y NOT BE ENTF:RF.D. 
0.0000 -546.6801 

MAY NOT BE REMOVF:D . 

NO TERM PASSES THE REMOVE AND ENTER LIMITS ( 0.1500 0.1000) • 

SUMMARY OF STEPWISE RESULTS 

STF.P TERM LOG IMPROVEMENT GOODNF:SS OF FIT 
NO. ENTERED R~;MOVEI) DF LIKELIHOOD CHI-SQUARE l'-VAL CHI-SQUARE P-VAL 

o 
1 dia 

-404.905 
1 -404.906 O. 002 

31.9/9 
0.963 31.931 

0.000 
0.000 

NUMliF.R OF INTF.GER WORDS OF STORAGE USED IN PRECEDING PROB/.F.M 69°6 

/reqrcss scount-casps. 
fcountccontrols. 
Interval-age,tobaccc. 
model mdalcohoI,age,tobacco,daIcohol'aqe,dalcoho1>tobacco. 
dvarmpart. 
start~in,ln,in,in,in. 
move a O,0,0,1,1. 
method~Ml r. 

TOTAL NUMBER OF RESPONSES USED IN THE ANALYSIS 975. 
cases ~OO. 
contraIs • 71~. 

NUMBER OF DISTINCT COVARIATE PATTERNS 18 

Df:SCRT PTIVE STATISTTCS OF INDEPENDENT VARIABLF.S 

Vf\llI I\BLE STANDARD 
NO. NAM E MINIMUM MAXIMUM MEAN DEVIATION SKEWNESS KURTOSIS 

l age 1. 0000 6.0000 
4 tobacco 0.0000 3.0000 

3.2718 
0.7651 

1.3867 
0.9778 

0.0170 -0.9050 
1.02/3 -0.1576 

VARIABLE GROUP DESIGN VARIABLES 
NO. NAM E INDEX FREQ (1) 

3 dal eohol a 770 a 
1 205 1 

DESIGN VARIABl.F.S FOR INTERACTION TERMS ARE GENERATED 
FROM THE DESIGN VARIABLES OF MAIN EFFECTS. 
FOR EXAMPLE WITH TWO VARIABLES, VARIABLE U HAVING 3 DESIGN 
VARIABLES (NAMED U(1), U(2) AND U(3)) AND VARIABLE V HAVING 
2 DESIGN VARIABLES (NAMED V(l) AND V(2)), THEIR INTERACTION 
U*V WI Llo HAVE 6 DESIGN VARIABLES U·V (1) U Il) * V (1) 

STP.P NUMBf:R 0 

GOODNESS or FIT CHI-SQ 
GOODNESS OF FIT CHI-SQ 
GOODNP.SS OF FIT CHI-SQ 

U'V (2) U(2) Ir Vil) 
U*V (3) U (3) * V (1) 
U·V (4) U(1) * V(2) 
U·V (5) U (7.) * V (2) 
U*V (6) U (3) Ir V (2) 

LOG LIKELIHOOD = 
(2*O*LN (O/E) ) 

(HOSMER-LEMESHOW)= 
( C. C • BROWN ) 

-391.123 
69.442 
12.592 

9.596 

D.r.= 40 
D. F.= 8 
D. F.= 2 

STANDARD 
TERM COEF FICIENT ERROR COI:FF /5. E. EXP (COEFFTCI ENT) 

P-VALUE= 0.003 
P-VALUE= 0.127 
P-VALUE= 0.008 
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dalcohol 1.7331 0.7230 2.31)7 :1.658 
age 0.66621 0.8964E-01 7.432 1. 947 
tobacco 0.49397 0.1101 4.485 1. 639 
d*a 0.17661E-01 n.1704 0.1036 1.0 18 
d*t -0.73182E-01 0.1889 -0.3874 0.9294 
CONSTANT -4.7075 0.4120 -11. 4 3 0.9027E-07 

CORRELATION MATRIX OF COEFFICIENTS 
----------------------------------

dalcohol age tobacco d*a dOt CONSTANT 

dalcoho1 1.000 
aqc 0.530 1. 000 
tobacco 0.252 0.215 1.000 
d*a -0.933 -0.526 -0.113 1.000 
d*t -0.443 -0.125 -0.583 0.217 1.000 
CONSTANT -0.570 -0.930 -0.443 0.489 0.258 1. 000 

STATISTICS TO ENTF.R OR REMOVE TERMS 

APPROX. 
TERM 

APPROX. 
CHI-SQ. D.F. 
ENTF.R 

CHI-SQ. D.F. LOG 
REMOVE P-VALUE L1Kl·:1.1IIOOD 

dalcohol 
age 
tobacco 
d*a 
d*t 
CONSTANT 
CONSTANT 

STEP NUMRER 1 

IMPROVEMF.NT CHI-SQUARE 
GOODNESS OF FIT CHI-SQ 
GOODNr.SS OF FIT CHI-SQ 
GOODNr.SS OF FIT CHI-SQ 

d*a 

IS IN 
IS IN 
IS IN 

0.01 
0.15 

237.63 
IS IN 

IS REMOVED 

LOG LIKELIHOOn ~ 

( 2* (LN(MLR) ) 
(2*O*LN(O/E) ) 

(HOSMER-LEMESHOW)­
( C. C . BROWN ) 

STANDARD 

MAY NOT BE RFMOVED. 
MAY NOT BF. l~r.MOVED. 
MAY NOT BE REMOVED. 

0.9177 -391.1;1 /9 
0.6991 -391.19/3 
0.0000 -509.9365 

MAY NOT BE RFMOVED. 

-391.128 
0.011 D.F.o 

69.453 D. F. 
12.484 D.F.-

5.851 D.F.' 

1 P-VALUF - ,1.918 
41 P-VAl.uF: 0.004 

8 P-VA!.lJE- 0.131 
7 P-VALUE~ 0.0:14 

TERM COEFFICIENT ERROR COEFF/S.E. EXP (COEFFICIENT) 

6.068 dalcohol 1.8030 
age 0.67113 
tobacco 0.49527 
d*t -0.77418E-01 
CONSTANT -4.7285 

0.2609 6.911 
0.7627E-01 8.800 
0.1095 4.521 
0.1842 -0.4203 
0.3599 -13.14 

1.956 
1. 64 1 
0.925!1 
0.6840E-07 

CORRELATION MATRIX OF COEFFICIENTS 

dalcohol age tobacco d*t CONSTANT 

dalcohol 1.000 
age 0.130 1.000 
tobacco 0.411 0.184 1. 000 
dOt -0.684 -0.014 -0.577 1.000 
CONSTANT -0.364 -0.906 -0.448 0.180 1. 000 

STATISTICS TO ENTER OR REMOVE TERMS 

TERM 
APPROX • 
CHI-SQ. D.F. 
ENTER 

APPROX. 
CHI-SQ. D.F. LOG 
REMOVE P-VALUE LIKl';J.11100D 
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dalcohol 
aqe 
age 
tobacco 
dOa 0.01 
d*a IS OUT 
dOt 
CONSTANT 
CONSTANT 

STF.P NUMBER , 

IMPROVEMENT CIIT-SQUARE 
GOODNF.SS OF FIT CIII-SQ 
GOOJ)NESS OF FIT CHI-SQ 
GOODNF.SS OF FIT CHI-SQ 

1 

15 IN 
92.77 

18 IN 
IS IN 

0.18 1 
302.43 1 

1S IN 

d*t IS REMOVED 

LOG LIKELIHOOD = 
( 2* (LN(MLR) ) 
(2 *0* LN (O/E) ) 

(lJOSM~~R-U:MESHOW) = 
( C. C • BROWN ) 

STANDARD 

MAY NOT BE REMOVF.D. 
0.0000 -437.!:Jl'5 

MAY NOT BE REMOV8D. 
MAY NOT BE REMOVED. 

0.917/ -391.1/76 
MAY NOT BE EN'n:RF.D. 

0.6748 -391.7159 
0.0000 -542.3448 

MAY NOT BE Rr:r~OVr:D. 

-391.216 
0.176 D.F.= l 

69.629 D.F.= 47 
11.717 D.I-'.= 8 
6.627 I).r'.~ 2 

P-VALUE= 
P-VALUE= 
P-VALUE= 
P-VALUE= 

TEaM COEFF' 1 C l F.NT ERROR COEFF/S.E. EXP (COEFFICIF.NT) 

dalcohol 1. "'83 0.1907 9.061 5.631 

" <JO 0.6708!> 0.7619E-OJ 8.805 1.9.,6 
t obacco 0.46882 0.8980E-Ol 5.220 1. tl98 
CONSTANT -4. '/074 0.3536 -13.30 O.90/4F.-0~ 

COlm~:LI\'I'lON MNl'R1X OF COEFFICIENTS 

dalcohol aga tobacco CONSTANT 

dalcohol 1.000 
ilqc 0.165 1.000 
tobacco 0.072 0.714 1.000 
CONSTANT -0.33'-, -0.920 -0.425 1.000 

STNI'ISTICS 1'0 ENTER OR ~EMOVE TERMS 
-----------------------------------

APPROX. APPROX. 
n:RM CHI-SQ. D.F. CHI-SQ. D.F. LOG 

ENTER REMOVE P-VALlJE LIKEI.II100D 

dalcohol 83.76 0.0000 -433.09'76 
cialcohol IS IN MAY NOT BE REMOVED. 
aga 92.84 1 0.0000 -43'/.6151 
aqc 15 IN MA Y NOT HF: IU'MOVED. 
lobacco 27.38 1 0.0000 -404.9061 
t obacco IS IN MAY NOT BE REMOVED. 
d"a 0.04 1 0.6467 -391.J9/3 
d*a 1S OUT MAY NOT RE ENTERED. 
d*t 0.18 0.67118 -391.1779 
d*t lS OUT MAY NOT BE ENTERED. 
CONSTANT 309.85 1 0.0000 -546.11129 
CONSTANT IS IN MA Y NOT ln: R~:MOV::D. 

NO TEHM PASSES 'l'HE HEMOVE AND ENTER LIMITS ( 0.1500 0.1000) • 

SUMMARY OF STEPWlSF: RESULTS 

0.675 
0.005 
0.164 
0.036 

STEP TERM LOG IMPROVEMEN1' GOODNESS OF FIT 
NO. ENTERW REMOVF.D DF LIKELIHOOD CHI-SQUARE l'-VAL CIIl-SQUARE P-VAb 

o 
l 
2 

d*a 
d*t 

l 
1 

-391.123 
-391.126 
-391.216 

0.011 
0.176 

0.';118 
0.675 

69.442 
69.453 
69.629 

NUMJ;ER OF 1NTEGER WORDS OF STORAGE USED IN PRECEtHNG PROBLEM 

Ircqress scountzcases. 

0.Cl03 
0.004 
0.005 

7016 
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f count=cont rol s. 
model=alcohol • 
dvar=part. 
rtart=in. 
move=O. 
method=mlr. 

TOTAL NUMBER OF RESPONSF:S USED IN THE ANA!.YSIS 975. 
cases ?OO. 
controis . 77~. 

NUMBER OF DISTINCT COVARIATE PATTF.RNS . " 

DESCRIPTIVE STATISTICS OF INDEPENDENT VARTABLES 

VARIABLE GROUP DESIGN VARIAB1.ES 
NO. NAM E INDEX FRF.Q ( 1) ( 2) 

2 alcohol 0 
1 
2 
3 

STEP NUMBER 0 

415 0 
355 1 
138 0 

67 0 

LOG LIKELIHOOD = 

STANDARD 
TERM COEFFICIENT ERROR 

al eohol (1) 1. 2712 0.2323 
(2) 2.0~lj5 0.26)1 
(3) 3.3042 0.3237 

CONSTANT -2.5885 0.1925 

CORRELATION MA'l'RIX OF COF:FFtCIENTS 

0 
0 
1 
0 

-421.49') 

COEFF/S.E. 

5.472 
7.868 
10.21 

-13.44 

aleoh(l) aleohl21 aleoh(3) CONSTANT 

al coh (1) 
aleohl21 
aicoh (3) 
CONSTANT 

1. 000 
0.611 
0.493 

-0.829 

1.000 
0.439 

-0.737 
1.000 

-0.595 1. 000 

STATISTICS TO ENTER OR REMOVE TERMS 

APPROX. APPROX. 
TERM CHI-SQ. D.F. CHI-SQ. D.F. 

ENTER REMOVE P-VALUE 

aleohol 146.50 3 0.0000 
alcohol IS IN MAY 
CONSTANT 365.05 l 0.0000 
CONSTANT 15 IN MAY 

NO TERM PASSES THE REMOVE AND ENTER LIMITS 

3) 

0 
0 
0 
1 

EXP (COEFF 1 Cl EN'I') 

3.565 
7.803 
27.23 
0.7513E-Ol 

LOG 
LIKELIIlOOD 

-11911."/4117 
NOT BE REMOVE:D. 

-6011.0208 
NOT BE HEMOVF,D. 

0.1500 0.1000 

NUMBER OF INTEGER WORDS OF STORAGE USED IN PRECEDING PROB[,F.M 6976 

Iregress seount=eases. 
feount=eont roIs. 
model=tobaeeo. 
dvar=part . 
start=ln. 
move=O. 
method=mlr. 
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TOTAL NUMBER OF RESPONSES USED IN 'l'HE ANALYSIS 
cases 
controls 

NUMBER OF DISTINCT COVARIATE PATTF.RNS . 

f)r:SCRIPTIVE STATISTICS OF INDEPENDENT VAlU ARLES 

VARIABLE GROUP 
NO. NAM E INDEX 

4 lobacco a 

STE? NUMBER 0 

1 
2 
3 

DESIGN VARTARLES 
FREQ 1) ( 2) ( 

525 a 0 0 
236 1 0 0 
132 0 1 0 

82 0 0 1 

LOG LIKELIHOOD = -480.821 

STANDARD 

3) 

975. 
200. 
775. 

•• 4 

Tr:RM COEFFI C 1 ENT ERROR COEFF/S.E. EXP (COEFF'ICI ENT) 

Labilcco (1) 0.62451 0.1947 3.207 
(2) 0.64724 0.2355 2.748 
(3) 1.:?480 0.2587 4.824 

CONSTANT -1.7458 0.1227 -14.23 

CORRELATION MATRIX OF COEFFICIENTS 

tobac(l) tobac(2) labac(3) CONSTANT 

labilc(l) 
Labile (2) 
labae (1) 
CONS1'ANT 

1.000 
0.328 
0.299 

-0.630 

1.000 
0.247 

-0.521 
1.000 

-0.474 

STAT r 5'1'1 CS '1'0 ENTER OR REMOVE TERMS 

APPROX. APPROX. 
n:RM CHI-SQ. D.F. CHI-SQ. D.F. 

ENTER HEMOVE 

lobacca 27.85 3 
lobac:co IS IN 
CONSTANT 286.57 1 
CONSTANT IS IN 

1.000 

P-VALlJE 

0.0000 
MAY 

0.0000 
MAY 

NO TP.RM PASSF.S THE REMOVE AND ENTER LIMTTS 

1. 867 
1. 910 
3.483 
0.1745 

LOG 
LIKELIHOOD 

-494.7442 
NOT BE REMOVED. 

-624.1059 
NOT BE REMOVED. 

0.1500 0.1000 

NUMIWR m' l NTEGER WORDS OF STORAGE USED J N PRECEDING PROBLEM 6976 

Ireqrass scaunt=cases. 
fcount=cont roIs. 
model ~age. 
dvar=pèl rt. 
start .. ll'. 
movc"O. 
method=.mlr. 

TD'I·AI. NUMBER OF RESPONSES USED IN 'l'liE ANALYSIS 
cases 
cont roIs • 

NUMBER OF DISTINCT COVARIATE PATTP.RNS 

DESCRIPTIVE STATIS'l'ICS OF INDEPENDENT VARIABLES 

975. 
200. 
775. 

. 6 
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VARIABLE GROUP DESIGN VARIABLES 
NO. NAM E INDEX FREQ 1) ( 2) ( 3) ( 4 ) !J) 

1 age 1 116 0 0 0 a 0 
2 
3 
4 
5 
6 

199 
213 
242 
161 

44 

1 a 
a 1 
0 0 
0 0 
0 a 

a 0 0 
0 0 0 
1 0 0 
0 1 0 
0 0 1 

STEP NUMBER 0 

LOG LIKELIHOOD -434.7?'? 

STANDARD 
TERM COEFFICIENT ERROR COEFF /S. F:. EXP (COEF'F1CIF.NT) 

age (1) 1. 6951 1. 061 1.598 0.447 
(2) 3.4556 1. 018 3.394 31. 68 
(3) 3.9637 1. 014 3.910 52.65 
(4) 4.0888 1.018 " .017 59.67 
(5) 3.8759 1.057 3.666 48.23 

CONSTANT -4.7449 1.004 -4.724 0.8696E-02 

CORRF.LATTON MATRIX OF COEFFICIENTS 

age (1) age(2) age(3) age(4) age (5) CONS'l'i\NT 

age : ) 1.000 
age (~) 0.934 1.000 
age (3) 0.938 0.977 1.000 
age (4 ) 0.934 0.973 0.977 1. 000 
age (5) 0.899 0.937 0.941 0.937 1.000 
CONSTi\NT -0.947 -0.987 -0.991 -0.987 -0.950 1.000 

STATISTICS TO ENTER OR REMOVE TERMS 

APPROX. APPROX. 
TERM CHI-SQ. D.F. CHI-SQ. D.F. LOG 

ENTER REMOVE P-VALUE LIK!o:LTIIOOD 

age 121. 04 5 0.0000 -494.7"4/ 
age IS IN MAY NOl' BE IŒMOVED. 
CONSTANT 149.31 1 0.0000 -!JOB.8J71 
CONSTANT IS IN MAY NOT BE IlEMOVED. 

NO TERM PASSES THE REMOVE AND ENTER LIMITS O.l~)OO 0.1000 

NUMBER OF INTEGER WORDS OF STORAGE USED IN PRECEOTNG PHOBJ.EM 69/6 

/regrcss scount=cases. 
fcount=controls. 
interval=alcohol,tobacco,age. 
model=alcohol,tobacco,age,alcohol*tobacco,alcohol*ago. 
dvar=part. 
start=in,in,in,jn,in. 
move=O,O,O,O,O. 
method=mlr. 

TOTAL NUMBER OF RESPONSES USED IN THE ANALYSIS 91~. 

cases 200. 
controis . 71b. 

NUMBER OF DISTINCT COVARIATE PATTERNS 96 

DESCRIPTIVE STATISTICS OF INDEPENDENT VARIABLES 

VARIABLE STANDARD 
NO. NAM E MINIMUM MAXIMUM MEAN DEVIATION SKEWNESS KURTOSrS 
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2 alcohol 
4 tobacco 
1 ago 

0.0000 
0.0000 
1.0000 

3.0000 
3.0000 
6.0000 

0,8533 
0.7651 
3.2718 

0.9063 
0.9778 
1.3867 

0.8461 
1.0223 
0.0170 

-0.1396 
-0.1576 
-0.9050 

SINCE TIIF. F'IRST Cfll\RACTERS Of VARIABLES NAMES 
UNIQUE 'l'liE CHAI~ACTr.RS A, B, •.. WILL BE USED Ta 
ELEMENTS OF AN INTERACTION TERM. 

A INDICATES VARIABLE ~ alcohol 
B INDICATES VARIABLE 4 tobacco 
C lNDlCATES VARIABLF. 1 age 

ARE NOT 
TNDICATE 

IJESIGN VARIAI3!.F.S fOR INTF.RACTION TERMS ARE GENERATED 
FROM TIIE DESIGN VARIABLES OF MAIN EFFECTS. 
FOR EXAMPJ.F: W lTII TWO VARIABLES, VARIABLE U H/,VTNG 3 DESIGN 
VARIABLES (NAMEI) U(1), U(2) AND U(3» AND VARIABLE V HAVING 
2 IJESTGN VARIABLES (NAMED V(1) AND V(2», THEIR INTE~ACTTON 
(J'V WlLL HAVE 6 DESIGN VARIABLES U*V (1) U(1) * Vil) 

U*V (2) U(2) * V(1) 
U*V (3) U(3) * V(1) 
U*V (4) (J(ll * V(2) 
U*V (5) U (2) * V (2) 
U*V (6) U (3) * V (2) 

STEP NUMBER 0 

GOOnNESS OF FIT CHI-SQ 
GOODNESS OF FIT CHI-SQ 
GOODNESS OF FIT CHI-SQ 

LOG LIKELIHOOD = 
(2*0*LN (O/E» 

(HOSMER-LEMESHOW)­
( C.C.BROWN ) 

-364.321 
107.107 

12.426 
9.677 

D.F.~ 82 
D. F.~ 8 
D.F.~ ? 

P-VALUE- 0.033 
P-VALUE- U .133 
P-VALUE= 0.008 

TERM 

alcohol 
t.obacco 
aqo 
A*n 
I\*C 
CONSTANT 

COEFFICIENT 

1. 2674 
0.58056 
0.75595 

-0.12321 
-0.11182F.-01 
-5.8243 

STANDARD 
ERROR 

0.3638 
0.1490 
0.1246 
0.95;10E-Ol 
0.8313E-01 
0.5866 

CORRELATION MATRIX OF COEFFICIENTS 

al cohol tobacco age 

alcohol 1.000 
t.obac-co 0.359 1.000 
,1qO 0.746 0.218 1.000 
A'B -0.463 -0.783 -0.179 
AtC -0.922 -0.165 -0.753 
CONSTANT -0.789 -0.441 -0.933 

COEFF/S.E. 

3.484 
3.896 
6.065 

-1. 294 
-0.1342 
-9.929 

A*B A*C 

1.000 
0.223 1.000 
0.353 0.685 

STATISTICS TO ENTER OR REMOVE TERMS 
-----------------------------------

APPROX. APPROX. 
TEI~M CHI-SQ. D.F. CHI-SQ. D.F. 

ENTER REMOVE P-VALUE 

,11 cohol IS IN MAY 
t obacco TS IN MAY 
,1qe TS IN MAY 
1\'13 1. 64 1 0.1998 
I\tR 1S IN MAY 
I\*C 0.02 1 0.8933 
I\*C TS IN MAY 
CONSTANT 174.77 1 0.0000 
CONSTANT 15 IN MAY 

EXP (COEFFICIENT) 

3.552 
1.787 
2.130 
0.8841 
0.9889 
0.2955r:-0? 

CONSTANT 

1.000 

LOG 
LIKELIHOOD 

NOT BE REMOVED. 
NOT BE IH'MOVED. 
NOT BE Hfo:MOVED. 

-365.1478 
NOT BE REMOVED. 

-364.3300 
NOT BE REMOVED. 

-451.7037 
NOT BE RF:MOVED. 

NO TERM PASSES TIIE REMOVE AND ENTER LIM1TS 0.1500 0.1000 

NUMRER or INTEGER WORDS OF STORAGE USED IN PRECEDING PROBLEM 7 016 
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Iregress scount=cases. 
fcount=controls . 
interval=alcoh~l,tobacco,agc. 
model=alcohol,tobacco,agc. 
dvar=part. 
start=in, in, in. 
move=O,l,1. 
met hod=ml r • 

TOTAL NUMBER OF RESPONSES USED IN TIIE ANALYSIS 97",. 
cases 200. 
controis . 17~. 

NUMBER OF DISTINCT COVARIATE PATTERNS 96 

DESCRIPTIVE STATISTICS OF INDEPENDENT VARIABLES 

VARIABLE STANDARD 
NO. NAM E MINIMUM MAXIMUM MEAN DEVIATION 

2 alcohol 0.0000 
4 tobacco O. 0000 
1 aqe 1. 0000 

STEP NUMBEP 0 
---------------

GOODNESS OF FIT CHI-SQ 
GOODNESS OF FIT CIII-SQ 
GOODNESS OF FIT CHI-SQ 

3.0000 0.8533 
3.0000 0.7651 
6.0000 3.2718 

LOG LIKELIHOOD : 
(2*0*LN (O/E)) 

(HOSMER-LEMESHOW) • 
( C. C • BROWN ) 

STANDARD 

0.9063 
0.9778 
1. 3867 

-365.157 
108.779 

15.358 
8.462 

SKEWNESS 

0.8461 
1.0223 
0.0170 

D. F.· 84 
1). F. ,- 8 
D.F'.~ 2 

KlJHTOSIS 

-0.1196 
-0.1 !:>76 
-0.90t,O 

P-V ALUI·; 
P-VA1.UE 
Il-VALUE 

TERM COEFFICIENT ERROR COEF'F/S.E. EXP (COEFFICIENT) 

alcohol 1.1026 0.1032 10.69 3.012 
tobacco 0.43085 0.9394E-01 4.tJ87 1.539 
aqe 0.74375 0.8179E-01 9.094 2.104 
CONSTANT -5.6305 0.4083 -13./9 O. 3!:>8 IE-Q? 

CORRELATION MATRIX OF COEFFICIENTS 
----------------------------------

alcohol tobacco age CONSTANT 

alcohol 1.000 
tobacco 0.011 1. 000 
age 0.264 0.210 1. 000 
CONSTANT -0.517 -0.384 -0.905 1.000 

STATISTICS TO ENTER OR REMOVE TERMS 

APPROX. 
TERM 

APPROX. 
CHI-SQ. D.F. 
ENTER 

CHI-SQ. D.F. LOG 
REMOVE P-VJ\LUE LIKEl.IIlOOD 

alcohol 135.88 1 0.0000 -1133.0976 
alcohol IS IN MAY NOT I3E IŒMOVED. 
tobacco 21.04 1 0.0000 -175.67115 
age 102.39 1 0.0000 -416.31196 
CONSTANT 374.60 1 0.0000 -:,52.4 t,68 
CONSTANT IS IN MAY NOT B~: HEMOVED. 

NO TERM PASSES THE REMOVE AND ENTER LIMfTS 0.1!:>00 0.1000 

NUMBER OF INTEGER WORDS OF STORAGE USW 1 N PRECEDING l'HOBI.F:M 6998 

/variablc names = age, alcohol, dalcohol, tobacco, status, count. 
f req=count • 

/t ransform 
alcogm=20+alcohol*40. 

0.036 
0.O!,1 
0.01t, 
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tobaqm~~+tobacco·lO. 
agey-20+age io 10 . 
agoy2 magey··2. 

/rnqress dcpcndcnt-status. 
interval c alcogm,tobagm,agey,aqcy2. 
model-alcogm,tobagm,agey,agey2. 
dvar-pa rt. 
start-in, in, in, in. 
move-O,O,O,l. 
remove a .000002. 
cnte r"'. 000001 • 
method%mlr. 

TOTAL NUMBF.R OF RESPONSES USED IN THE J\NJ\LYSIS '}75. 
SUCCESS 200. 
FAILURE 175. 

NU~BER OF DISTINCT COVARIATE PATTERNS 88 

DESCRIPTIVE STATISTICS OF INDEPENDEN'l' VJ\RIJ\BLES 

VAHTAI3LF. STANDJ\RD 
NO. NAM E MINIMUM MAXIMUM MEAN OEVIATION SKEWNF:SS 

1 alcogm 20.0000 140.0000 54.1333 36.2521 0.81161 
8 tob,1gm 5.0000 35.0000 12.6513 9.7779 1.0n1 
9 a'ley 30.0000 80.0000 52.7179 13.8671 0.0170 

10 aqcy2 900.0000 6400.0000 2971.28'0 1479.1560 O. '1 ~)O9 

STF.P NUMI3ER 0 

GOODNF.SS OF FIT CHt-SQ 
GOODNESS OF FIT CHI-SQ 
GOODN~SS OF FIT CHI-SQ 

TERM COEFFICIENT 

alcogm 0.26628E-01 
tClbaqm 0.43951E-Ol 
ilq<,y 0.34424 
aqey7 -0.23417E-02 
CONSTANT -15.'98 

LOG LIKELIHOOD = 
(2*O*LN(0/E) ) 

(HOSMER-LEMESHOW)= 
( C.C.BROWN ) 

STANDARD 

-357.353 
93.172 D.F.~ 83 
Il.749 D.F.~ 8 

4.753 D.P.- 2 

ERROR COEFF/s.E. EXP (COEFF'lCT F:NT) 

0.2614E-02 10.18 1.027 
0.9559E-02 4.b98 1.045 
0.7551E-01 4. ~~l9 1.411 
0.6402E-03 -3.658 0.9977 
2.219 -6.895 0.2270E-06 

CORRELATION MATRIX OF COEFFICIENTS 

alcogm tobagm agey agey2 CONSTJ\NT 

alcoqm 1.000 
lobagm 0.027 1.000 
ilgey -0.003 0.059 1.000 
aqey2 0.037 -0.037 -0.993 1.000 
CONSTANT -O. 110 -0.145 -0.982 0.955 1.000 

STA'I'J s'I'Tes '1'0 ENTF.R OR REMOVE TERMS 

TERM 

alcoqm 
.llcogm 
t obaqm 
t.obagm 
aqey 
,leJoy 
.1qoy2 
CONSTANT 

APPROX. 
CHI-SQ. D.L 
~:NTEH 

APPROX. 
CHI-SQ. D.F. LOG 
REMOVE P-VALUE LIKELIHOOD 

122.79 1 0.0000 -418.7488 
IS IN MAY NOT BE REMOVED. 

21.17 1 0.0000 -367.9383 
IS IN MJ\Y NOT BE Rl!:MOVED. 

26.22 1 0.0000 -370.4630 
IS IN MAY NOT BE REMOVED. 

15.61 1 0.0001 -36!l.1567 
75.62 1 0.0000 -39!l.1629 

KURTOSIS 

-0.1396 
-0.1571> 
-0.90~0 

-0.6011 

P-VJ\LUF.'- 0.209 
P-VJ\I.lJE-- 0.163 
P-VJ\I.UE= 0.093 
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CONSTANT 

STEP NUMBER 1 

IMPROVEMENT CHI-SQUARE 
GOODNESS OF FIT CHI-SQ 
GOODNESS OF FIT CHI-SQ 
G00DNESS OF FIT CHI-SQ 

IS IN MAY NOT BE HEMOVI:n. 

agey2 IS REMOVED 

LOG LIKELIHOOD = 
( 2* (LN (MLR) ) 
(2*0*LN (OIE)) 

(HOSMER-LEMESIIOW) -
( C. C . BROWN ) 

STANDARD 

-365.1:)7 
15.607 

108.779 
15.3!,S 
8.462 

D.F. 
D.\<'. 
D.\<'. 
D.F. 

1 
81) 

8 
2 

P-VAl.lJf. 0.000 
P-VALUl - 0.036 
P-VA\.lJ~_ (). 053 
t'-VALUE C.OlS 

TERM COEFFICIENT ERROR COEFF/S.E. EXP (COEFl"ICIFNT) 

alcogm 
tobagm 
agey 
CONSTANT 

0.27564F.-01 
0.43085E-01 
0.74375E-Ol 

-7.8848 

0.2579E-02 
0.9394E-02 
0.8179E-02 
O. 6029 

10.69 
4.587 
9.094 

-13.08 

1. 028 
1 .041) 
1.077 
0.3-/64E-()1 

CORRELATION MATRIX OF COEFFICIENTS 

a]coqm 
tobagm 
aqey 
CONSTANT 

alcogm 

1.000 
O. 011 
0.264 
-0.508 

tobagm 

1.000 
0.210 

-0.396 

agey CONSTI\NT 

1. 000 
-0.923 1.000 

STATISTICS TO ENTER OR REMOVE TERMS 

TERM 

a]cogm 
alcogm 
tobagm 
tobagm 
agey 
agey 
agey2 
agcy2 
CONSTANT 
CONSTANT 

APPROX. 
CHI-SQ. D. F. 
ENTER 

15.61 
IS OUT 

1 

APPROX. 
CHI-SQ. D.F. LOG 
REMOVE P-VA LUE LI KE LlIIOOD 

135.88 
IS IN 

21. 04 
13 IN 

102.39 
IS IN 

305.63 
IS IN 

1 

1 

1 

1 

0.0000 
MAY 

0.0000 
MAY 

0.0000 
MAY 

0.0001 
MAY 

0.0000 
MAY 

-1)13.0976 
NOT BE IH:MOVI·:D. 
-37~.6/4~ 

NOT BE HEMOVI-:D. 
-416.3496 

NOT BE IŒMOVI·;D. 
-357.3533 

NOT BE ENTI~IU:D. 
-517.9704 

N(lT BE Rr:MOVI·:D. 

NO TERM PASSES THE REMOVE AND ENTER LIMTTS ( 0.0000 0.0000) 

SUMMARY OF STEPWISE RESULTS 

STEP TERM LOG 1 MPI~OVEMENT GOODNESS OF 1" 1 T 
NO. ENTERED REMOVED DF LIKELIHOOD CIl1-SQUARI~ P-VA\. Cil [-SQUAlh: l'-VAL 

o 
1 agey2 1 

-357.353 
-365.157 15.607 0.000 

91.1/') (J./09 
108.//90.016 

NUMBER OF INTEGF.R WORDS OF STORAGE USED IN PRECEDrNG PHOIILEM .,140 


