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I- The analysis of case-control study (Breslow and Day, 1980) ¢ #% I (grouped
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1. STATISTICAL INFERENCE FOR TWO-BY-TWO TABLE (PROC FREQ)

1) Hypothesis test : Pearson’s chi-square test
likelihood ratio chi-square test
Fisher’s exact test
2) Point estimation : relative risk
odds ratio
3) Interval estimation : logit interval
test-based interval
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2. STRATIFIED ANALYSIS (PROC FREQ)

1) Test for homogeneity : Breslow and Day’s test
2) Hypothesis test : Cochra-Mantel-Haenzel test
3) Point estimation (common RR / OR)
: Mantel-Haenszel method
. logit method
4) Interval estimation : test-based interval
: logit interval

3. QUALITATIVE ANALYSIS WITH LINEAR LOGISTIC MODEL (PROC LOGISTIC)

1) Model selection : improvement in log-likelihood
goodness of fit

2) Hypothesis test : Jikelihood ratio test
wald test

3) Point estimation : maximum likelihood estimate

4) Interval estimation

The Ille-et-Vilaine study of oesophageal cancer:® ZTFA A EE utx x99
Brittanyoll 4 Tuyns et al (1977)%°] 19723 1988 19743 4¥€971x 2299 & 9
oA Axgtoz dwd 20089 A #&49 ax9e 244 communediA 2}
A AAYRA dFab 778¥ 9 REF 7TH5HE ixToe2 & A-dxT GFol
.

AT dAAER FE kA §4, FE, £FFE &F Tl 9@ AHRAE
3o ArE ALY, ArAE ARdY AFJAARA SFHER A EAsL
2 g 9P ABAME d#H(years), & A(gram/day) ,&F(gram/day) F°] EF
A&E¥TFR ZAHA oY ages 25-34, 35-44, 45-54, 55-64, 65-74, 75+ < 67} T,
alcohol(g/day)™ 0-39, 40-79, 80-119, 120+ ¢} 47l#, tobacco:® 0-9, 10-19,
20-29, 30+9] 4/HT L2 ¥ grouped data’t AFEH UG #ATH QT EXE
¥413 2o (B9 oA vALE 9349 Breslow and Day #¢] ¥%& U2 A&
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3712 %o},
data 98& 91 SAS program # outpute 934 #t}
====== PROGRAM ] ======

OPTION PS=300 LS=80;

LIBNAME SHIN 'A:\’;

DATA SHIN.ESOPH;

INFILE ’'A\ESOPH.DAT’;

INPUT AGE ALCOHOL TOBACCO ESOPH WT @e@;

RUN;
PROC FORMAT;

VALUE A 1='25-34" 2="35-44" 3='45-54" 4="55-64’

5="65-T74" 6="75+";

PROC FORMAT;

VALUE D 1='0-39" 2='40-79" 3='80-119" 4="120+";
PROC FORMAT;

VALUE S 1= '0-9' 2='10-19" 3="20-29’ 4="30+";
PROC FORMAT;

VALUE C 1='case’ 0='control’;

PROC FREQ;
TABLES (AGE ALCOHOL TOBACCO) * ESOPH
/NOROW NOCOL NOPERCENT EXPECTED CHISQ;
WEIGHT WT;
FORMAT AGE A.; FORMAT ALCOHOL D.; FORMAT TOBACCO S.;
FORMAT FORMAT C.;
TITLE 'DISTRIBUTION OF RISK FACTORS FOR CASES AND
CONTROLS:
ILLE-VILAINE STUDY OF ESOPHAGEAL CANCER’;
RUN;
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Distribution of risk factors for cases and controls

TABLE OF AGE BY ESOPH

ESOPH

AGE

Frequency!

Total

g Sy s

Expected icontrol icase

116

1

115 |
92.205 | 23.795

B T B A e

25-34

199

1 158.18 | 40.821

Y

213

46 |

167 |

45-54

1 43.692

gy A S S

55-64

i 169,31

242

76 @

166 |

1 192,36 1 49.641

Lt SN A

65-74

161

55 |

106 1

1 127.97 1 33.026 |

T LT SASP AU

13 1 44

i 34,974 | 39,0256 |

e gy O YOS

75+

200 975

775

Total
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FOR TABLE OF AGE BY ESOPH

Statistic DF Value Prob
Chi-Square 5 97.036 0.000
Likelihood Ratio Chi-Square 5 121.045 0.000

Sample Size = 975

TABLE OF ALCOHOL BY ESOPH

ALCOHOL ESOPH

Frequency!

Expected icontrol icase ! Total

————————— B e

0-39 : 386 | 29 | 415
! 329.87 | 85.128 |

--------- T

40-79 H 280 1 75 | 355
1 282.18 | 72.821 |

————————— F O T

80-119 | 87 i 51 | 138
i 109.69 | 28.308 !

--------- dmmmmm et — e —————%

120+ ] 22 45 | 67
1 53.256 | 13.744 |

————————— B et TR 3

Total 775 200 975

Statistic DF Value Prob
Chi-Square 3 158955 0.000
Likelithood Ratio Chi-Square 3 146498 0.000
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TABLE OF TOBACCO BY ESOPH

TOBACCO ESOPH
Frequency

Expected icontrol icase i Total

————————— T TRy 3

0-9 : 447 | 78 | 525
1 417.31 1 107.69 |

————————— B bttt e e 3

10-19 i 178 | 58 | 236
1 187.59 | 48.41 |

————————— R T

20-29 H 99 | 331 132
1 104,92 | 27.077 |

--------- R e e e

30+ H 51 | 31 | 82
1 65.179 | 16.821 |

————————— B LT TP

Total 775 200 975

Statistic DF Value Prob
Chi-Square 3 20.357 0.000
Likelihood Ratio Chi-Square 3 27847 0.000

1. STATISTICAL INFERENCE FOR TWO-BY-TWO TABLE

2X2 B9 ¥4¢ 93t §FFE B0g/day WA oAU Fo2 Wy B 2
.

Average daily alcohol consumption

80+ g 0-79 g Total
Cases 9% 104 200
Controls 109 666 775
Total 205 770 975
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DATA ALC; SET SHIN.ESOPH;

IF ALCOHOL <= 2 THEN ALC=I;
IF ALCOHOL >= 3 THEN ALC=2;

PROC FORMAT ;
VALUE AL 1=" 1-79G’ 2="80+G’;

PROC FREQ;
WEIGHT WT;

TABLES ALC*ESOPH /NOROW NOPERCENT NOCOL EXPECTED CMH
CHISQ;
TITLE ' 2 x 2 TABLE (ALCOHOL CONSUMPTION : DICHOTOMIZED)';
FORMAT ALC AL.; FORMAT AGE A.; FORMAT ESOPH C.;
RUN;

i==== QUTPUT 2 ======
2 x 2 table (alcohol consumption : dichotomized)
TABLE OF ALC BY ESOPH

ALC ESOPH

Frequency

Expected }control lcase i Total

--------- [P S

1-79¢ | 666 | 104 | 770

1 612.05 | 157,95 i

--------- T

80+g : 109 | 96 ! 205
1 162.95 | 42,051 |

--------- fommmmmm e mmm a4

Total 775 200 975
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STATISTICS FOR TABLE OF ALC BY ESOPH

Statistic DF Value Prob
Chi-Square 1 110.255 0. 000
Likelihood Ratio Chi-Square 1 96.433 0.000
Continuity Adj. Chi-Square 1 108.221 0.000
Fisher’s Exact Test (Left) ‘ 1.000

(Right) 1. 03E-22

(2-Tail) 1. 08E-22

Estimates of the Common Relative Risk (Rowl/Row2)

95%
Type of Study Method Value Confidence Bounds
Case-Control Mantel -Haenszel 5. 640 4,083 7.791
(Odds Ratio) Logit 5.640 4 001 7.951

The confidence bounds for the M-H estimates are test-based.

Total Sample Size = 975

1) Hypothesis test

TEAFY SYASF Alojo] dBAel et (58HYA7Y okd7teY HA)E ¢
A% AP AL 919 A} A (Pearson’s) chi-square statistic = 110255 (AFX=

1), likelihood rato chi-square statistic = 96433 (A% 1), continuity
adjusted chi-square statistics = 108221 (A% 1) 4% {FYFFL 2F p <
000022 A=Y F53F SF4E 7 Aelrt vt & & Atk He] ZAHA
A 9] Fisher's exact test® 'F¥gE A2 Faso ( ({(H.O0™ 7~ ~="1}) {}) g
AR sl A AYdes Ao ojdE 3 celld 71digte] 52Tt ZE o LA}
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2) Point estimation

228X Ade naYgdEE RR = Prob (D=yes|E=no)/Prob (D=yes|E=no)&
AolHn FA-YZT AT AIME  odds ratio2 relative risk & FAHXEZ 4l
@}, OR= nll n22/ nl12 n21 & A4td Aoz 99 A& Mantel-Haenszel %
Yoz T3 OR=564Z o|& 317 80g oY &€& viAE A 80g vTE 7|
T ARG A= 4¥ Y¥o] 5648 =z ¥ ¢ U

3) Interval estimation

AN $#7+E test-based methodell 93 ¢ (4001, 7.951), logit methodol 2|3t
A% (4083, 779DE 1€ L&A donz Fosttn A

2. STRATIHED ANALYSIS

1) COMBINATION OF RESULTS FROM A SERIES OF 2x2 TABLES ;

CONTROL OF CONFOUNDING

confounding factor®] & W& 2x2 ¥7F 947 UL "W FEL confounding
factore] gtol & FFo2 o] 7 stratadlol A 9] separated relative risk & A4}
o of bias7t §A Bt oWl =29 A dAAel & stratadE A WE
dojof dtm, AdAsIA FthH relative risk 7} stratumo] Wl o] RA WHGEIE o}
= Aol FadT ol B A4S T e 939 A E oot gt

(1) a test of the null hypothesis that =1 in all tables

(2) point and interval estimation of  assumed to be common to all tables

(3) a test of the homogeneity or no-interaction hypothesis that is constant across

tables

714 29 de A RE A A potential confounding factord] d#H& 17
szt o 4164 BT FAAHLS 6004, R FAEHLS 0242 B
Az d#el & 104 7tF B mtey d¥Ho] &9 #do] iuhd age-
adjusted relative riske W3ld ot ey E424A4 AHI alcohol AT
AAA L FAAF -0022 FF SFBABA 2R o] F 29 confounding effects 2
g 37 %& AdE &+ vk
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/* AGE ADJUSTED RELATIVE RISKE& 73}7] §1& PROGRAM =/

PROC FREQ DATA=ALC;
WEIGHT WT;
TABLES AGE*ALC*ESOPH
/NOROW NOPERCENT NOCOL EXPECTED CMH;

RUN;
immmm—— OUTPUT 3 —=====
ALC ESOPH
Erggg%re) .contr’ol icase i Total
_7 ' 1 ] I
"% T sl oo | 1
¢ loooomd| 1
fotal 5. 1. 116
AG -7 ! ! '
8514 1% e iresd] 1
e loeff il ¥
fotal 190§ 199
AGE -7 H 1 h h 59
$5-54 RS A S
8 ] [} ]
Ve ieBindi ™
ToEa_ll____+ ~ _167_+_- __4§_+ 213
A _ ' ' ]
854 PP iueld iseaft ] 1P
) [} ] 9
Ve o6l °
Total 66 . 75 242
"85-74 RN RS A
e Ta¥i Ml ¥
Total 106 55 16l
AGE -7 H H !
% P il iusdl ¥
80 ] [ 1] 5
o lasod | 1ard ]
Total 31 13 44



SUMMARY STATISTICS FOR ALC BY ESOPH
CONTROLLING FOR AGE

Cochran-Mantel-Haenszel Statistics (Based on Table Scores)

Statistic Alternative Hypothesis DF Value Prob
1 Nonzero Correlation 1 85. 009 0.000
2 Row Mean Scores Differ 1 85. 009 0.000
3 General Association 1 85. 009 0.000

Estimates of the Common Relative Risk (Row1l/Row2)

$H%
Type of Study Method Value Confidence Bounds
Case-Control Mantel-Haenszel 5.158 3.639 7.310
(Odds Ratio) Logit % 5.100 3.512 7.407

The confidence bounds for the M-H estimates are test-based.
¥ denotes that the logit estimators use a correction
of 0.5 in every cell of those tables that contain a zero.

Breslow-Day Test for Homogeneity of the Odds Ratios
Chi-Square = 9323 DF =5 Prob = 0.097

Total Sample Size = 975
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====== PROGRAM 4 ======

/* AGE GROUP¥E ¥A87] #std AGE=1, AGE=2,AGE=3, AGE=4, AGE=5
AGE=69] */

/* 6719 DATA SETE ©E°] £43+& PROGRAM */

DATA AGEL SET ALC;

IF AGE=l;
PROC FREQ;

WEIGHT WT;
TABLES ALC+ESOPH/NOROW NOPERCENT NOCOL EXPECTED CMH;

TITLE 'STRATIFICATION BY AGE GROUP=1’;

FORMAT ALC AL.; FORMAT ESOPH C,;

RUN; :
====== QUTPUT 4 ======
Estimates of the Common Relative Risk (Rowl/Row2)
95%
Type of Study  Method Value Confidence Bounds
AGE GROUP=1
Case-Control Mantel-Haenszel
(Odds Ratio) Logit * 33.632 1.280 883.732
AGE GROUP=2
Case-Control Mantel -Haenszel 5.046 1.428 17.826
(Odds Ratio) Logit 5.046 1.272  20.025
AGE GROUP=3
Case-Control Mantel-Haenszel 5. 665 2.906 11.042
(Odds Ratio) Logit 5. 665 2.799 11.464
AGE GROUP=4
Case-Control Mantel-Haenszel 6.359 3.552 11.387
(Odds Ratio) Logit 6.359 3.449 11.726
AGE GROUP=5
Case-Control Mantel-Haenszel 2.580 1.229 5.418
(Odds Ratio) Logit 2.580 1.216 5.475
AGE GROUP=6
Case-Control Mantel-Haenszel
(Odds Ratio) Logit * 40,765 2.045 812.630

The confidence bounds for the M-H estimates are test-based,
To avoid undefined results, some estimates are not computed.

% denotes that the logit estimators use a correction
of 0.5 in every cell of those tables that contain a zero.
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1) Test for homogeneity : Breslow and Day’s test

G714 L Zb strataol A 2] odds ratio & YA e RO 2 Breslow and Day testoll
M¥E 7+ stratum 9 sample size?t AHokdth 99 Z3+= (Breslow-Day Test for
Homogeneity of the Odds Ratios Chi-Square = 9323 DF =5 Prob = 0.097) ¢
HTZHE odds ratio 7t 4&& ¢ + Sioh

2) Hypothesis test : Cochran-Mantel-Haenszel test

g7Hdo] any stratadlIAM = EPAFG FEAFAol ARl goE ez
some stratatoll A1) A#Ae] patterne] T2 stratadl & pattern o) WEFo]
A olel YHelo dAAHEL &= oYy 2A CMH statistic’} #¢38A] s A
< d#4gol IAY TE pattern B} $ASbnE 2 strength or consistencyZ
e dB8L dde Ag Uit £¥24FAE (1) The correlation  statistic:
Mantel-Haenszel procedure o ¢}3%t stratum-adjusted correlation statistic (df=1) (2)
The ANOVA statistic : Stratum-adjusted ANOVA or Kruskal Wallis test (df=R-1
: R= number of row) (3) The general association statistic : stratum-adjusted
Pearson’s chi-square statistic (df=(R-1X(C-1)): & 37IA& B4 &g, FHA: IAF
sAAE ¥F7E 2% Afd AR E2YFHed, ZZEATFUAA o&HE
relative risk®} FA-dl2F Q7oA AHEHE odds ratio, ol E ARES 95%A
T3to] AAtEe] Y2t

de) ABME 2 ARPEE Y BTAF BT S

3) Point estimation (Mantel-Haenszel method, logit method)

age adjusted relative risk estimator® output 314 Mantel- Haenszel ¥} o2 F
¥ OR= 5.158% <& 80g/dayeld viAl& AbEe 80g/dayviwt vlAlE Abghof uls}
o Azt 2 AYPe] F 58] Fodn & 4 gt} Logit methodol 9§ FH @
5100 2 Hl<=g& & ¢ Ut} Logit methodl A& celld 3to] 0(zero)dl A$ 12&
3o ALtgh
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Zt A S A9 odds ratio® ¥7] YA AHTHEE A5 E YFo] Aol
& 1 A2FE output 4 ©lth ©]& odds ratio ¢ confidence interval? HMFF RO
2 AA SAS Outpute © B FAFES 25 285,

4) Interval estimation : test-based interval, logit interval

Mantel- Haenszel W32 test-based interval®2 95% CI= 3.639, 7.310°]9, Logit
intervle 9% Cl= 3512, 74072 u]s3t},

3. QUALITATIVE ANALYSIS WITH LINEAR LOGISTIC MODEL
(PROC LOGISTIC)

BA- 2T ATIE, ZE AFolE 4 A7E FYHEA A¥ A AY(risk)
o AL HXe WFE dF A8E ZoA HYE, AZY WFEY FFA "
ALY gL FAHA drh dE SoM 564 d EAE 3093t AgsjAe] 2
o, 100 F9 BE 3Fd 2E @7 A& AR AYd 2¥ A¥e 4+
U Herk diFAM gz @ ol @V Y AL T3 449 Hded
£2 28T 249 A¥ES 73 A& modellingel 2t @tk 2oL IR 9F

SRIES FAE T3 AAHHLE 7gdty, AHY HINFES ¢4 dAEY. F
#2457 AL category A E riskE & ¢ UA dd £F F8F AL AHE

o
GestAME ZA] Ao 7} A relative riskE A FHFo of o} olHF LF
&3 9o linear logistic model®] .

PZ disease risk & 38 logit transform y & &3 2t}
y= logit P = log [ P/(1-P) ], logit P(x) = a + Bx
°oJg OR= exp (B)7} B} (RAZ Fol= M)

o714+ Breslow and Day (1980)2] Al 6%l A& E61S ol &3 24L& 3
of ¥ystuz ok
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DATA TAB6_1;

INPUT AGE EXPOSURE CASES TOTAL @@;
CARDS;
1111010010621430205 169
312554302115941426934034173
5119375036124615560839

’

DATA TI; SET TAB6_1 ;

IF AGE=2 THEN AGEST1=1; ELSE AGEST1=0;
IF AGE=3 THEN AGESTZ2=1; ELSE AGEST2=0;
IF AGE=4 THEN AGEST3=1; ELSE AGEST3=0;
IF AGE=5 THEN AGEST4=1; ELSE AGEST4=0;
IF AGE=6 THEN AGESTS5=1; ELSE AGEST5=0;
AGEALC=AGE+EXPOSURE;

PROC LOGISTIC DATA=TI ;

MODEL CASES/TOTAL=AGEST1 AGEST2 AGEST3 AGEST4 AGESTS ;

TITLE 'MODEL 1';
OUTPUT OUT T1.0UT1 STDXBETA=STDB XBETA =B ;
PROC PRINT DATA=T1_OUTLRUN;

PROC LOGISTIC DATA=T1 ;
MODEL CASES/TOTAL=AGEST1 AGESTZ AGEST3 AGEST4
EXPOSURE ;
TITLE 'MODEL 2';
OUTPUT OUT= T1_-OUTZ2 STDXBETA=STDB XBETA=B;
PROC PRINT DATA=T1_0UTZ;

PROC LOGISTIC DATA=T1 ;
MODEL CASES/TOTAL=AGEST1 AGEST2 AGEST3 AGEST4
EXPOSURE AGEALC;
TITLE 'MODEL 3';
OUTPUT OUT= T1-OUT3 STDXBETA=STDB XBETA=B;
PROC PRINT DATA=T1 OUTS3;
RUN;
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/* MODEL 1 OUTPUT : d# % E£3d 29 »/

Data Set: WORK.T'1

Response Variable (Events): CASES
Response Variable (Trals): TOTAL
Number of Observations: 12

Link Function: Logit

Response Profile

Ordered Binary

Value Outcome Count
1 EVENT 200
2 NO EVENT 77

Criteria for Assessing Model Fit

Intercept
Intercept and
Criterion Only Covariates ~ Chi-Square for Covariates
AlC 991.488 880.444
SC 996.371 909.739
-2 LOG L 989.488 868.444 121.045 with 5 DF (p=0.0001)
Score . . 97.036 with 5 DF (p=0.0001)

Analysis of Maximum Likelihood Estimates

Parameter Standard Wald Pr > Standardized
Variable Estimate Error Chi-Square Chi-Square Estimate
INTERCPT -4, 7449 1.0043 22.3206 0. 0001 _ .
AGEST1 1.6951 1.0607 2.5541 0.1100 0. 376869
AGEST2 3. 4556 1.0180 11.5216 0. 0007 0. 787621
AGEST3 3.9637 1.0138 15.2849 0. 0001 0.944467
AGEST4 4,0888 1.0180 16.1329 0. 0001 0.837438
AGESTS 3.8759 1.0573 13.4387 0. 0002 0. 443815
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Antilogs of ML estimates with confidence intervals

95 percent 90 percent
Variable exp(beta) confidence interval confidence interval
AGEST1 5.4472 0.6812 43,5571 0. 9464 31.3513
AGEST2 31.6773 4.3073 232.9631 5.9056 169.9153
AGEST3 52.6518 7.2185 384. 0405 9. 8841 280. 4709
AGEST4 59. 6682 8.1134 438. 8159 11.1239 320.0573
AGEST5 48.2261 6.0714 383. 0663 8.4263 276.0122
E
X
P A A A A A A
0 C T G G G G G G
S A 0 E E E E E E S
0 A U S T S S S S S A T
B G R E A T T T T T L D
S E E S L 1 2 3 4 5 C B B
1 1 1 1 10 0 0 0 0 0 1 -4, 74493 1.00433
2 1 0 0 106 0 0 0 0 0 0 -4, 74493 1.00433
3 2 1 4 30 1 0 0 0 0 2 -3. 04980 0.34114
4 2 0 5 169 1 0 0 0 0 0 -3. 04980 0.34114
5 3 1 25 54 0 1 0 0 0 3 -1.28935 0.16651
6 3 0 21 159 0 1 0 0 0 0 -1. 28935 0.16651
7 4 1 42 69 0 0 1 0 0 4 -0. 78125 0.13850
8 4 0 34 173 0 0 1 0 0 0 -0.78125 0.13850
9 5 1 19 37 0 0 0 1 0 5 -0. 65611 0.16618
10 5 0 36 124 0 0 0 1 0 0 -0. 65611 0.16618
11 6 1 5 5 0 0 0 0 1 6 -0. 86904 0.33043
12 6 0 8 39 0 0 0 0 1 0 -0. 86904 0. 33043

/+ MODEL 2 OUTPUT : 29¢| d¥ T 9] EXPOSURE ¥+E X A7 23} +/

=367 —



Criteria for Assessing Model Fit

Intercept
and
Covariates

802.922
837.099
788. 922

Chi-Square for Covariates

200.567 with 6 DF (p=0.0001)

183.628 with 6 DF (p=0.0001)

Analysis of Maximum Likelihood Estimates

Intercept

Criterion Only

AIC 991. 488

SC 996. 371

-2 LOG L 989. 488

Score

Parameter St

Variable Estimate
INTERCPT -5. 0543
AGEST1 1.5423
AGEST2 3.1988
AGEST3 3.7135
AGEST4 3.9669
AGEST5 3.9622
EXPOSURE 1.6699

Antilogs of ML estimates with confidence

Variable exp(beta)
AGEST1 4.6753
AGEST2 24,5031
AGEST3 40,9970
AGEST4 52. 8205
AGESTS 52.5729
EXPOSURE 5.3116

regression coefficients

age strata
1

DG W

beta

-5, 05435
-3.51205
-1. 85559
-1. 34086
-1. 08747
-1.09216

andard Wald Pr > Standardized
Error Chi-Square Chi-Square Estimate
1.0094 25.0718 - 0.0001 .
1. 0659 2.0937 0.1479 0.342889
1.0231 9.7745 0.0018 0.729085
1.0185 13.2928 0.0003 0.884853
1. 0231 15.0344 0.0001 0.812463
1.0650 13. 8405 0. 0002 0. 453696
0. 1896 77. 5695 0. 0001 0. 375352
intervals
95 percent 90 percent
confidence interval confidence interval
0.5788 37.7681 0.8054 27.1407
3.2987 182.0126 4,5298 132, 5440
5. 5691 301. 7986 7.6368 220, 0875
7.1109 392. 3585 9.7648 285, 7208
6.5195 423.9434 9.0698 304.7373
3. 6630 7.7023 3.8848 7.2626
SD of beta
1.00942
0.35649
0.19383
0.16452
0.18417
0.34422
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/% MODEL 3 OUTPUT : ®/
/% A¥F2 2F2] INTERACTION (agealc=age¥exposure)S XEHA|Z A2} #x/

Criteria for Assessing Model Fit

Intercept
Intercept and
Criterion Only Covariates Chi-Square for Covariates
AIC 991. 488 804. 490
SC 996. 371 843. 549 .
-2 LOG L 989, 488 788. 490 200.998 with 7 DF (p=0.0001)
Score ; . 190.854 with 7 DF (p=0.0001)

Analysis of Maximum Likelihood Estimates

Parameter Standard Wald Pr > Standardized
Variable Estimate Error Chi-Square Chi-Square Estimate
INTERCPT -5,1823 1.0357 25. 0388 0. 0001 .
AGEST1 1.5664 1.0701 2.1426 0.1433 0. 348244
AGEST2 3.2818 1.0362 10.0318 0.0015 0.748016
AGEST3 3.8483 1. 0457 13. 5446 0.0002 0.916979
AGEST4 4.1332 1.0614 15,1631 0. 0001 0. 846518
AGESTS 4.1271 1.1010 14,0523 0. 0002 0.472578
EXPOSURE 2.1499 0.7534 8.1434 0.0043 0. 483242
AGEALC -0.1246 0.1891 0.4344 0. 5099 -0.105317

Antilogs of ML estimates with confidence intervals

95 percent 90 percent
Variable exp(beta) confidence interval confidence interval
AGEST1 4.7894 0. 5880 39.0091 0.8193 27.9961
AGEST2 26. 6237 3.4933 202.9079 4, 8166 147.1614
AGEST3 46.9132 6.0420 364. 2615 8. 3553 263. 4082
AGEST4 62.3772 7.7901 499, 4682 10. 8253 359. 4266
AGEST5 61,9979 7.1645 536. 4965 10. 0790 381. 3624
EXPOSURE 8. 5840 1. 9606 37,5835 2.4764 29, 7554
AGEALC 0.8828 0.6094 1.2789 0. 6462 1.2061
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regression coefficients
age strata beta SD of beta
1 -5.18232 1.03566
2 -3. 61595 0. 39725
3 -1.90051 0.20773
4 -1, 33401 0.16447
5 -1.04916 0.19144
6 -1.05524 0. 34506

1) MODEL SELECTION

model statementlA] option2 2 backward, forward, none, stepwiseE A€ &
regression analysisd|A 9} 2& Woz fo@ WL E HAdsd HFEIE UE
2. default: none°lth a3y EdE #3317 HaiHes RE Hed ddtd $3
B4 & ANEAo S8 HEsIE, 71&9 48 counfounding variableQl 7 -¢-ofl &
a2 W7t EoUHA coefficient?’t ZFolEtE ¥ HE FAH FoAHd BAYU 2
dol TEAIAL o).

o’ mdo] 7k # fitd+ /1S B+ WY o2 $A Criteria for assessing model
fite] éi’—}?l AIC (Akaike Information Criterion), SC (Schwarz Criterion), -2 Log
Likelihood § %A %ol 37FA7} len, & 282 4849 EdE FHJES W o
9 BAgel &5 5 desirable modelo] Et.

X, R

2) Hypothesis test : likelihood ratio test, Wald test

model fitting ¥l '#4 modeld] E0I1UE ¥FE] FATNYE BAHNI AT
HAAo2 99 oA exposure(alcoho)® 7 B0 Edo] AxdS AYss
THo| exposure®F 7t B0 QA @& Bl Axeg AMYste A v ge
NAE sta YEHE Lolnd  "oh ol 2olt Wgo2 713 powerfuld
Likelihood ratio test (LR test) & °©]+ change in scaled devianced #2Z HE &
o ol EREXE WER ¥Oo™ Goodness of fitel] wi-$¢ F a3ttt

E 629 29 GLIM ¢ Goodness-of-fit statistics$}E FAI %ol g2, o= ¥ d
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ol i & AJYELE FE/E ¢V H3F FEEAlY  log-likelihood®] #He]¢l LR
statistic (Scaled deviance) & Zt}.

GLIM FA8k2} SAS OUTPUTS] u]

Goodness-of-fit Statistics (Log likelihood)

from GLIM from SAS
df G df -2 logl x2
model 1 6 90.56 -+ 5 868.44 121.05 -+
179.52(df=1) ! 79.52(df=1)
model 2 5 11.04 -+-+ 6 788.922 200,57 -+-+
v 0.43(df=1) i 0.43(df=1)
model 3 4 10.61 -+ 7 788.49 200.998 -+

model 1 : age group covariate
model 2 : age group + alcohol drinking
model 3 : age group + alcohol + age*alcohol

A7IME AHTE BAY 5% WE AIEE FIe RA(EE 2)o A 2
2

Wald test™ standardized regression coefficient2 % 7}sh= W22 OQUTPUT 5
FoA 29 29] 9l exposure(alcohol drinking)®4¢] wald chi-square:® 7757 (p
<0002 24 13 ¥4 29 scaled deviance®} ¥]<gHe & gtk

3) Point estimate : maximum likelihood estimate

o714 F& A paremeter estimates maximum likelihood method® & Ao =
ddg BT 59 YIS E exp (167) = 5.310]t}.
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/* PROC LOGISTIC®] OUPUT9I4= PARAMETER ESTIMATERF 125, Antilogs of ML
/* estimates with confidence intervalsg: 73171 $18i4E FLOGEXEZR= FILES

/* ©}g3) C\SAS> FLOG INFILE OUTFILE [SWITCH] ] ©#olg Ajshd

/+ FRgES] ANTILOGE 78 <+ St

/+ INFILE : THE NAME OF THE SAS PRINT FILE TO MODIFY

/+  OUTFILE : THE NAME OF THE FILE TO HOLD THE MODIFIED PRINTOUT
/x  SWITCH : (OPTIONAL) SWITCH THE SIGNS, ETC.

4) Interval estimation

95% A1 77k exp(167-1.96+0.19), exp (1.67+1.96%0.19) 2.2 3.66,7.70 ©]t}.
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