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Syamol Lumlongrut 2007: A Comparative Study of Liver Disease Diagnosis Using Discriminant
Analysis and Logistic Regression Analysis for the Patients in Chachoengsao Hospital. Master of
Science (Statistics), Major Field: Statistics, Department of Statistics. Thesis Advisor:

Assistant Professor Boonorm Chomtee, Ph.D. 91 pages.

The purpose of this research was to compare the two statistical methods : discriminant analysis and
logistic regression analysis in liver diagnosis for the patients in Chachoengsao hospital. These patients who
were taken the liver function test will be classified to 2 groups : a group of patients who had possibility to get
liver disease and a group of patients who had not possibility to got liver disease using the two statistical
methods and the criteria for comparison is the apparent error rate(APER) which the lower APER is the higher
efficiency method. The liver function test data are Total protein (TP: x ), Albumin (Alb: x, ), Globulin
(Glb: x, ), Total Bilirubin (TB: x, ), Direct Bilirubin(DB: x ), SGOT (x,_ ), SGPT (x, ) and Alkaline

Phosphatase (ALP: X, ). The results of the two statistical methods are as follows :

For discriminant analysis, the quadratic function is

¥,=-109.090+12.996x,+11.447x,+12.969x, +16.128x ,-4.460x,+0.238x,-0.015x , +0.245x,
+105.718x,x,+105.896x x,+0.158x x,-1.152x x,+0.114x x,-0.052x x,-0.018x x,-103.452x x,-0.350x X,
-3.432x,x,-0.154x,x,+0.102x,x,-0.002x,x,-1.702x,x,+6.850x,x,-0.050x,x,+0.002x,x,+0.018x X,
+13.890x,x,+0.048x,x,+0.018x,x,-0.040x,x,-0.158 x,x,+0.006x ,x,+0.126x ,x,+0.006X X, -53.741x;
-54.977x;-56.769x:-8.797x;-51.671x:-0.008x;-0.005x2-0.001x;.

Y,=-27.429-1.910x,+6.803x,+6.263x,+1.581x,-0.866x,+0.018x,-0.006x ,+0.006x ,+112.122x X,
+112.296x x,+0.608x,x,-0.778x x,+0.012x x,-0.002x,x,+0.002x x,-112.030x,x,-0.306x,x,+0.060x ,X ,
-0.014x,x,+0.006x,x,-0.002x,x,-0.484x x,+0.612x,x,-0.006x ,x,-0.002x  x , +0.002x X, +3.392x ,x,-0.006x X,
+0.002x x,-0.004x,x,+0.014x x,-0.004x x,+0.006x ,x,-56.158%; -56.767x;-56.947x:-1.413x;-2.460x.

The approximate accuracy of the function is 97.67%.

For logistic regression analysis, the regression model is
(%) = 13.2738 +0.1503(x, + X,+X,) - 3.7401x,+0.9760x, -0.1154x,+0.00787x,,-0.0466x .
However , after testing the logistic regression analysis, it was found that regression model is not

appropriate at 0. = 0.05.

For the comparison between these two statistical methods, it is shown that discriminant analysis is
more efficiency than logistic regression analysis based on APER. Moreover, discriminant analysis was

recommended because of the inappropriate of the logistic regression model.
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2.1 Binary Logistic Regression
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8 38—126 U/L 130.477 101 83 762.0 43 93.4157
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Chi — Square DF Pr > Chisq

1591.95 36 <0.0001
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nguit 1 (ngudthefituun Ty lifuTsady)
Y, = -109.090 + 12.996x, + 11.447x, + 12.969x, + 16.128x, - 4.460x

+0.238x, - 0.015x , +0.245x, + 105.718x,x, + 105.896x X,
+0.158x,x, - 1.152x,x, + 0.114x,x, - 0.052x,x, - 0.018x,X,
- 103.452x,x, - 0.350x,x, - 3.432x,x, - 0.154x,x, + 0.102x,x,
-0.002x,x, - 1.702x,x, + 6.850x,x, - 0.050x,x, + 0.002x,x,
+0.018x,x, + 13.890x,x, + 0.048x,x, + 0.018x,x, - 0.040x,x,
-0.158 x,x, +0.006x,x, +0.126x,x, + 0.006X X, - 53.741x}
- 54.977x; - 56.769x: - 8.797x; -51.671x; - 0.008x; - 0.005x>
-0.001x;
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nqui 2 (nquiiheifiuun TduiluTsady)
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Y, = -27.429 - 1.910x, + 6.803x, + 6.263x, + 1.581x, - 0.866x
+0.018x, - 0.006x, + 0.006x, + 112.122x,x, + 112.296x X,
+0.608x,x, - 0.778x,x, + 0.012x,x, - 0.002x,x, + 0.002x,X,

- 112.030x,x, - 0.306x,x, + 0.060x,x, - 0.014x,x, + 0.006x,x,
-0.002x,x, - 0.484x,x, + 0.612x,x, - 0.006x,x, - 0.002x,X,
+0.002x,x¢ +3.392x,x, - 0.006x,x, + 0.002x,x, - 0.004x,X,
+0.014x,x, - 0.004x,x, +0.006x,x, - 56.158x] -56.767x;
-56.947x; - 1.413x; -2.460x2

A .
, A9 Total Protein (TP)

, A0 Albumin (Alb)

, A9 Globulin (Glb)

, 719 Total Bilirubin (TB)
. A1® Direct Bilirubin (DB)
A

An SGOT

A

Av SGPT

X Ao Alkaline Phosphatase (ALP)

Y

9

1Y, > Y, wweonsallddiheeglunguii 1 @heliuuaTdulidlulsady)
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Y, = -109.090 + 12.996x, + 11.447x, + 12.969x, + 16.128x, - 4.460x
+0.238x, - 0.015x, +0.245x, + 105.718x,x, + 105.896x,x,
+0.158x,x, - 1.152x,x, + 0.114x,x, - 0.052x,x, - 0.018x,X,

- 103.452x,x, - 0.350x,x, - 3.432x,Xx, - 0.154x,x, + 0.102x,x,
-0.002x,x, - 1.702x,x, + 6.850x,x, - 0.050x,x, + 0.002x,x,
+0.018x,x, + 13.890x,x, + 0.048x,x, + 0.018x,x, - 0.040x,x,
-0.158 x,x, +0.006x.x, +0.126x.x, + 0.006x X, - 53.741x;

- 54.977x; - 56.769x; - 8.797x; -51.671x; - 0.008x; - 0.005x>
-0.001x;

Y, = -27.429 - 1.910x, + 6.803x, +6.263x, + 1.581x, - 0.866x,
+0.018x, - 0.006x, +0.006x, + 112.122x,x, + 112.296x x,
+0.608x,x, - 0.778x,x5 + 0.012x,x, - 0.002x,x, + 0.002x,X,

- 112.030x,x, - 0.306x,x, + 0.060x,x, - 0.014x,x, + 0.006x,x,
-0.002x,x, - 0.484x,x, +0.612x,x, - 0.006x,x, - 0.002x,x,
+0.002x,x¢ +3.392x,x, - 0.006x,x, + 0.002x,x, - 0.004x,x,
+0.014x,x, - 0.004x,x, +0.006x,X, - 56.158x; -56.767x;
-56.947x; - 1.413x; -2.460x:
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auls df b,
X, 1 0.00787
X 1 -0.0466

8§(x) = 13.2738 + 0.1503z,,, - 3.7401x, + 0.9760x, - 0.1154x,
+0.00787x, - 0.0466x,

8§(x) = 13.2738 + 0.1503(x,+ X, + X, ) - 3.7401x, +0.9760x, - 0.1154x,
+0.00787x, - 0.0466x,

Tﬂﬂﬁmﬂiﬁﬁwadamiwmﬂmfumiﬁ'ué’ﬂaﬂﬁﬂ 8 aulifo
X, Ao Total Protein (TP)

, 9 Albumin (Alb)

X, 18 Globulin (Glb)

X, 70 Total Bilirubin (TB)

X 10 Direct Bilirubin (DB)

X, Ao SGOT

X, A0 SGPT

X; 710 Alkaline Phosphatase (ALP)
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Y
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a .
P(natvig ) =

132738 + 0.1503(x, + x, + x5 ) - 3.7401x, + 0.9760x; - 0.1154x,
1+ o+ 000787x; - 0.0466x;
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Auls b, SE(b;)
Intercept 13.2738 1.9486
2 0.1503 0.1279
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v 4
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o do o °o_ v . . . . . @ J
TaeniflanFusnunlsznnsidaaed (Quadratic Discriminant Function) #4610 1)

nqui 1 (PquitheRinua Ty liiluTsady)

Y, = -109.090 + 12.996x, + 11.447x, + 12.969x, + 16.128x, - 4.460x
+0.238x, - 0.015x, +0.245x, +105.718x,x, + 105.896x,x,
+0.158x,x, - 1.152x,x, + 0.114x,x, - 0.052x,x, - 0.018x,X,

- 103.452x,x, - 0.350x,x, - 3.432x,Xx, - 0.154x,x, + 0.102x,x,
-0.002x,x, - 1.702x,x, + 6.850x,x, - 0.050x,x, + 0.002x,x,
+0.018x,x, +13.890x,x, + 0.048x,x, + 0.018x,x, - 0.040x,x,
-0.158 x,x, +0.006x,x, +0.126x,x, + 0.006X X, - 53.741x;

- 54.977x; - 56.769x; - 8.797x; -51.671x; - 0.008x; - 0.005x>
-0.001x;

nqui 2 (nquiitheifiuun TduiluTsady)

Y, = -27.429 - 1.910x, + 6.803x, + 6.263x, +1.581x, - 0.866x;
+0.018x, - 0.006x, +0.006x, +112.122x,x, + 112.296x,X,
+0.608x,x, - 0.778x,x; +0.012x,x, - 0.002x,x, + 0.002x X
- 112.030x,x, - 0.306x,x, + 0.060x,x, - 0.014x,x, + 0.006x,X,
-0.002x,x, - 0.484x,x, +0.612x,x, - 0.006x,x, - 0.002x,X,
+0.002x,x, +3.392x,x, - 0.006x,x, + 0.002x,x, - 0.004x,X,
+0.014x.x, - 0.004x,x, +0.006xx, - 56.158%; -56.767x
-56.947x; - 1.413x; - 2.460x:

dlenasananumnzavvesilanduimunnguideaes wud Innuaniamasun

d A o 1 A 1 Y1 o Jdo o ' o w dy
NITNYINTY mamuuﬂﬂqnﬂszmm 2.33% ’Vii’f]ﬂaTJ]lﬂ’]ﬁ/\lQﬂ%ﬂiﬂﬂﬂﬂﬂ@ﬂﬂ'lﬁ\iﬁ@ﬂu

Y d A o U A @ yyY Y 1 o
awnsoldlumswensal wiedwunnguiile Tsnduladisnnugndsaiudnlszuna
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d a A
2. HaMIIAIITHINIonnealadafn (Logistic Regression Analysis)

v vy Ay yoe o = s A4 o a £y '
doyadihen laihwihmsanluassiideimsasiaevavuaguiosdu wu
13 A o 1 A v a = v o Jdo A A . . .
Tt ldawidmuananie aulsdaszlinnuduiusiu niomailym Multicollinearity
A o o LY a [ % a 1 @ I v
gaveieiimimssandntsoasy TaolimsUsuvuavesdunlsoase Iliawesdalsituem
Y =2 o 9 v o A Y <3 o 1A aa Aq Y
a3 §IuLaIvRhveyaved s wiuieas wiluautls vl sauiluIsnmsnlglums
9 A o a = ¥ o Jdo oaj o w Aa [ o ~ A
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=X~ ° o Jou 1 dy
GlNiJﬁﬂJfﬂi’dTﬁ'ﬁ‘lJﬂﬁWEﬂﬂiﬂ!ﬂW]ﬂllﬂu

§(x) = 13.2738 + 0.1503(x,+ X, + X, ) - 3.7401x, + 0.9760x, - 0.1154x,
+0.00787x, - 0.0466x,

132738+ 0.1503(x, + X, + X3 ) - 3.7401x, +0.9760xs - 0.1154x
+0.00787x, - 0.0466x

a 4
P(RAMANITU) =

132738 + 0.1503(X, + X, + X3 ) - 3.7401x, + 0.9760x; - 0.1154x,
1+ *000787x; - 0.0466x,

A o a J 3| R Y 1
Taslioasmnuranannnmswensaitud Iumsithu wie il Tsaduvesdihe
1w 1 1 Jd o Y Y @
Tags iy 5.67% niena lanilsidumsoanesiiawisalslumsnensaidielsnay

Iddrennugnavaiudnlszm 94.33%
a A do d
3. saungulszanEmmueimsInszyidwunngn sazMInszvinsaaaesladafn

A ~ =~ [ a o A IS ' 1 Aan
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[y} v o W d' v Ay a do v d
4. egumninduuiiaiaasdimsimnzvdwunngaliflFlumswennsal

A
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2549 — QUATUS 250 $11u 100 518 Ao ATlrenTinud TiuliduTsady uazdihenTuua Ty
o Y 1 0 ts 3 @ % a 4
iWulsadunguaz 50 110 danwensainu TdumsiduTsaay Tasldduuomsnne

o T A Y a L ao dy A 9 [ £ 9
muuﬂﬂqwhlﬂmﬂmmgmwﬂmm’mau NBATIVFADUANNYNADIVOIAILUY “Nllﬂwaﬂﬁ

A ¢ A v
4.1 Waﬂ']ﬁjlﬂﬁ'lgﬁéllau“alu@\‘lﬁu

v Y £ 1
M1 17 naesmanaiiosduvesdeyadmsanlidaszie 8 @ AhimsdAnyien

wiea8139 11311 100 519

duls  Alad Aweds mdsegiu mguten migage Adige  aaudeuuu

(Mean) (Median) (Mode) (Max) (Min) UINIU

(SD.)
X, 6-8g% 7.488 7.6 7.6 9.9 5.1 1.0094
X, 34-55g% 3.785 4.0 4.1 52 1.6 0.7070
X3 2-35g% 3.696 3.6 3.6 6.3 1.3 0.8236
X4 01-1.1mg% 1.391 0.7 0.5 0.1 7.5 2.2599
X5 0-0.5mg% 0.609 0.1 0.0 11.8 0.0 1.8018
X6 0-45U/L 69.660 39.0 25.0 376.0 11.0 73.8163
X7 9-72U/L 50.770 38.0 13.0 247.0 9.0 46.6272
Xs 38—126 U/L 137.260 86 57 762 37 134.6201

a do 1
4.2 WaNITAUAITICTHIWUNNY

L dy @ A Jo o w A
msasndoumlszgna 5t ldaumuun lannilsnsumdegosi ldninms

a oo [ = [V dy
UATICUINIUNNQN Tﬂﬂumtmumu



nquit 1 (nguthediiuun Ty iy lsadu)

Y, = -109.090 + 12.996x, + 11.447x, + 12.969x, + 16.128x, - 4.460x
+0.238x, - 0.015x, +0.245x, + 105.718x,x, + 105.896x,x,
+0.158x,x, - 1.152x,x, +0.114x,x, - 0.052x,x, - 0.018x,X,

- 103.452x,x; - 0.350x,x, - 3.432x,x, - 0.154x,x, + 0.102x,x,
-0.002x,x, - 1.702x,x, + 6.850x,x, - 0.050x,x, + 0.002x,x,
+0.018x,x, + 13.890x,x, + 0.048x,x, + 0.018x,x, - 0.040x,x,
-0.158 x,x, +0.006x,x, +0.126x,x, + 0.006X X, - 53.741x;

- 54.977x; - 56.769x; - 8.797x; -51.671x; - 0.008x; - 0.005x>
-0.001x;

nquii 2 (nquiihedtiun i Taad)

Y, = -27.429 - 1.910x, + 6.803x, + 6.263x, + 1.581x, - 0.866x
+0.018x, - 0.006x, +0.006x, + 112.122x x, + 112.296x,x,
+0.608x,x, - 0.778x,x, + 0.012x,x, - 0.002x,x, + 0.002x,x,

- 112.030x,x, - 0.306x,x, +0.060x,x, - 0.014x,x, + 0.006x,X,
-0.002x,x, - 0.484x,x, +0.612x,x, - 0.006x,x, - 0.002x,X,
+0.002x,x, +3.392x,x, - 0.006x,x, + 0.002x,x, - 0.004x ,x
+0.014x,x, - 0.004x,x, +0.006x,x, - 56.158%x; -56.767x
-56.947x3 - 1.413x; -2.460x:

Tasn
2 .

X, A9 Total Protein (TP)

X, 710 Albumin (Alb)

X, 10 Globulin (Glb)

X, 70 Total Bilirubin (TB)
@D Direct Bilirubin (DB)
X, Ao SGOT
Ao SGPT

Xg Ao Alkaline Phosphatase (ALP)
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o % o o Jo o 1 o w [ o [l 1 ngJ o
ﬁTﬁT]Jﬂ’]TWfJ’]ﬂﬁleIﬂﬂﬂﬂﬂsﬁu%ﬁllluﬂﬂﬁ]llﬂ’la\iﬁ@\jsll@\iﬂ‘l!'lﬂﬁ'lafJ’]\TGl.W'JJuuV]']ulfglj

1w us/‘ 2 ol L a { o 1 1 @ J
Tagunuaidniing 8 asluaums ¥, uaz Y, Taelinuslumsinsauiveianguiilend

e De

1Y, > Y, wweonsallidiheeglunguii 1 @hefiuuaTduhidlulsady)

1Y, < Y, wwonsallidiheeglungui 2 §iheluun Tdudulsadn)

Wounuaileaeea It luduuuudlng ldnamsswunnguuesdagniog

9y
drog1e nudeae lli

M3199 18 LEAAINANITIUNNGUVONLIBAI0813 111

A

A

Ui wamsswunnguain Y, Y, Hamsduunngylag
NUIBNUNATIANTUNNE Tl Fusdeaea

1 Nairddu -4.87869 -12.2528 Nl
2 Nairddu -18.1631 -14.7949 @

3 D -6.38116 -11.8836 il
4 Tl -3.69119 -11.8172 Tl
5 Tl -6.73299 -12.0096 Nl
6 Tl -8.67107 -12.7821 Nl
7 Naiddu -4.00709 -10.5552 Nl
8 D -3.54816 -12.5764 T
9 Tl -6.9072 -12.4984 Tl
10 Tl -6.63075 -11.7315 Nl
1 Tl -4.66425 -10.3023 Tl
12 Naiddu -5.40814 -10.9586 Nl
13 D -7.21641 -12.6053 il
14 Tl -2.91419 -11.4461 Tl
15 Tl -14.9356 -12.5433 W

16 Tl -4.66425 -10.3023 Nl
17 Nairddu -12.9063 -15.915 Nl
18 D -12.7109 -13.3203 il
19 Tl -8.64679 -10.4721 Tl
20 Tl -6.99108 -12.4155 Nl
21 Tl -3.09746 -12.3403 Nl
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A

A

§1dud HAMITWUANGUIN Y, Y, Hamsdmunngu lag
NUIBNUNATIANTUNNS Tdlanduidanea

22 Tl -3.97054 -11.4498 Nl
23 Tl -7.48411 -12.2224 Nl
24 Nairddu -12.2341 -13.7633 Nl
25 D -9.0737 -12.5494 N
26 Tl -11.1503 -12.9595 Tl
27 Tl -6.35301 -11.7639 Tl
28 Tl -6.58625 -11.3914 Nl
29 Nairddu -8.55617 -11.8542 Nl
30 D -6.31684 -12.4556 i
31 Tl -15.5932 -16.2865 Tl
32 Tl -5.58355 -11.6759 Tl
33 Tl -12.0151 -14.2104 Nl
34 Nairddu -9.43352 -11.3219 Nl
35 D -10.5838 -11.7135 il
36 Tl -4.94931 -11.7986 Tl
37 Tl -9.18066 -11.9523 Tl
38 Tl -9.43449 -12.7218 Nl
39 Nairddu -7.35758 -11.2209 Nl
40 D -8.8634 -11.2922 N
41 Tl -4.46864 -11.6928 Tl
Y Tl -4.38566 -11.1098 Tl
43 Tl -3.52454 -10.5322 Nl
44 Nairddu -4.66085 -10.7204 Nl
45 D -4.36299 -10.5099 il
46 Tl -4.91276 -9.90016 Tl
47 Tl -6.07309 -11.2893 Nl
48 Tl -7.79352 -9.85767 Nl
49 Naiddu -4.29929 -11.3958 Nl
50 D -4.87869 -12.2528 T
51 W 73411 -15.5855 W

52 W -399.477 -7.673 W
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A

A

RISIIR] HAMITWUANGUIN Y, Y, wamﬁ‘huuﬂﬂ’cjﬂﬂa
[ a o 9 oy o o w
TUIGINUINAUANITUNNY 1‘]51/\'\1ﬂ61fuﬂ1ﬁ\3ﬁ'0\1
53 i -549.517 2.01979 il
54 i -81.368 -6.99186 il
55 15l -586.425 -14.0152 i1l
56 i1 -37.9825 -9.88299 i
I I
57 1y -82.3927 -7.86056 Wu
58 i -146.245 -10.7314 i1l
59 N -30.5026 -10.4117 il
60 1§l -187.589 -3.66071 i1l
I I
61 1Wu -2026.69 -5.74969 1Wu
62 N -32.746 -11.5325 il
63 N -5825.84 -15.2499 i1l
I |
64 1Wu -34.6419 -9.92468 Wu
65 15l 32,7271 -10.2847 i1l
66 i1 -6679.76 -51.425 il
67 N -44.8091 9.22 i1l
68 N -29.1012 -12.0174 i1l
69 i -24.105 -8.78988 il
70 N -173.585 -7.25844 i1l
71 i1 -40.0013 -10.3577 i
72 N -16.1382 -9.80819 il
73 i -25.7105 -9.36736 il
I |
74 1Wu -144.778 -6.60388 Wu
75 15l -19.9796 -8.6109 i1l
76 N -124.84 -6.06831 il
77 i -188.751 -1.74812 i1l
78 i -183.564 -3.3242 il
79 N -29.3346 -10.7675 il
80 15l -14.9406 -0.34855 S
81 15l -4.11654 -11.7849 Taisslu
82 N -35.1398 -8.82526 i1l
I |
83 1Wu -252.984 -4.2434 Wu
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A

A

RISIIR] HAMITWUANGUIN Y, Y, wamﬁ‘huuﬂﬂ’cjﬂﬂa
[ a o 9 oy o o w
TUIGINUINAUANITUNNY 1‘3V\|Qﬂ%uﬂ1ﬁﬂﬁﬂﬂ
I |
84 1Wu -45.4947 -7.79943 Wu
85 i -308.037 1.82368 il
86 1§l -30.3374 -9.4349 i1l
87 i1 -53.1816 -8.14356 i
88 N -471.732 4.25499 i1l
89 i -31.0629 -11.1856 i1l
I |
90 1Wu -39.4979 -10.0304 Wu
91 1§l -116.285 -9.5189 i1l
92 i1 -87.6788 -12.1901 il
93 i1 -55.5354 -13.7307 i1l
94 N -885.11 -1.08155 il
95 i -76.0603 -13.3233 il
9% 15l -590.999 -1.86548 i1l
97 N -127.417 -14.3125 il
98 N -90.121 -17.3324 il
99 N -417.073 -10.3007 i1l
I |
100 1Wu -2808.69 -14.6602 Wu

Y
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1.1 Tasunsumsasreapuauuagiu: maminuvoaunsngulsdsiusm

data liver;

infile ‘liver.dat’;

input results x1 x2 x3 x4 x5 x6 x7 x8;
proc discrim data = liver method = normal pool = test wcov pcov beov;
class results ;
var x1 x2 x3 x4 x5 x6 x7 x8 ;

run;
a 4 o 1
1.2 TUsunsumsinsiznmasuunngu

data liver;

infile ‘liver.dat’;

input results x1 x2 x3 x4 x5 x6 x7 x8;
proc discrim data=liver outstat=liverstat wcov pcov method=normal pool=no
distance anova listerr crosslisterr;
class results;

var x1 x2 x3 x4 x5 x6 x7 x8;
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data liver;
infile ‘liver.dat’;
input results x1 x2 x3 x4 x5 x6 x7 x8;
proc reg;
model results = x1 x2 x3 x4 x5 x6 x7 x8 /dw vif;
run;
proc standard data = liver mean = 0 std = 1 vardef = n out = zscores;
var x1 x2 x3;
run;
7123 = x1+x2+x3;
proc reg;
model results = z123 x4 x5 x6 x7 x8 /dw vif;

run;

a L4 a a
2.2 Iﬂilm‘illﬂTi'JLﬂﬁWgﬁ'ﬂ15ﬂﬂﬂﬂﬁliﬁ%ﬁ@lﬂ

data liver;

infile ‘liver.dat’;

input results z123 x4 x5 x6 X7 x8;
proc logistic data = liver descending outest = est covout nosimple ;
model results = z123 x4 x5 x6 x7 x8 /risklimits link=logit covb ctable pprob=.5 lackfit ;
output out=predict predprobs = cross p = phat lower = Icl upper = ucl;

run;
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HaNINATDUTNUATIU Llﬁ$Wa')mﬁWZW'J%ﬂWﬁﬂ'llluﬂﬂﬁ]ﬂJ HazMsonnoY laddanaeil

a d °
1. Nﬁﬂ‘lijlﬂi‘]gﬁﬂ]iﬂ‘]!luﬂﬂiju

a T W a 4 1
1.1 HamMIATNaeUANNATIY : MIInuvauNnInsulslsiusm

The DISCRIM Procedure

Observations 300 DF Total 299

Variables 8 DF Within Classes 298

Classes 2 DF Between Classes 1

Test of Homogeneity of Within Covariance Matrices

Chi-Square DF Pr> ChiSq

1591.948454 36

<.0001
12 wamsanziilsduiuunnguiideany
The DISCRIM Procedure
Observations 300 DF Total 299
Variables 8 DF Within Classes 298
Classes 2

DF Between Classes 1

Class Level Information

Variable results Name

Frequency Weight Proportion Prior Probability
1 1 150 150.0000 0.500000 0.500000
2 2 150 150.0000 0.500000 0.500000

Within Covariance Matrix Information Natural Log of theCovariance Determinant of the

results Matrix Rank  Covariance Matrix
1 8 18.57933
2 8

-0.57125
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Multivariate Statistics and Exact F Statistics
S=1 M=3 N=144.5
Statistic Value F Value Num DF Den DF Pr>F

Hotelling-Lawley Trace 1.43227187 52.10 8 291 <.0001

Cross-validation Results using Quadratic Discriminant Function Classified

Obs results results 1 2

3 2 1 * 1.0000 0.0000

4 2 1 * 1.0000 0.0000
29 2 1 * 0.8713 0.1287
79 2 1 * 1.0000 0.0000
119 2 1 * 1.0000 0.0000
156 1 2% 0.0000 1.0000
176 1 2% 0.0001 0.9999

* Misclassified observation

Number of Observations and Percent Classified into results

From results 1 2 Total

1 148 2 150
98.67 1.33 100.00

2 5 145 150
3.33 96.67 100.00

Total 153 147 300
51.00 49.00 100.00

Priors 0.5 0.5

Error Count Estimates for results
1 2 Total
Rate 0.0133 0.0333 0.0233
Priors 0.5000 0.5000
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v P v
MINWUINN V1 aaamdulszanvosdnlsdaszlumsswunngui 1

awls  x, X, X, X, X, X X, Xy

Const  -109.090 -109.090 -109.090 -109.090 -109.090 -109.090 -109.090 -109.090
Linear  12.996 11.447 12969 16.128  -4.460 0.238 -0.015 0.245
X -53.741  52.859  52.948 0.079 -0.576 0.057 -0.026  -0.009
X, 52.859 -54.977 -51.726 -0.175 -1.716 -0.077 0.051 -0.001
X, 52.948 -51.726  -56.769 -0.851 3.425 -0.025 0.001 0.009

Xy 0.079 -0.175 -0.851 -8.797 6.945 0.024 0.009 -0.020
Xs -0.576  -1.716 3.425 6.945 -51.671 -0.079 0.003 0.063
X6 0.057 -0.077 -0.025 0.024 -0.079  -0.008 0.003 0.000
X7 -0.026 0.051 0.001 0.009 0.003 0.003 -0.005 0.000
Xs -0.009  -0.001 0.009 -0.020 0.063 0.000 0.000 -0.001

Y 1 o a Q( v a o 1 d'
ATHUINT V2 uﬁmﬂmuﬂixﬁﬂmmmuﬂﬁaﬁ531un15muumqw 2

awls x, X, X, X, X, X X, X,

Const  -27.429 -27.429 -27.429 -27429 -27429 -27429 -27429 -27.429
Linear  -1.910 6.803 6.263 1.581 -0.866 0.018 -0.006 0.006
X, -56.158  56.061  56.148 0.304 -0.389 0.006 -0.001 0.001
X, 56.061 -56.767 -56.015 -0.153 0.030 -0.007 0.003 -0.001
3 56.148 -56.015 -56.947  -0.242 0.306 -0.003 -0.001 0.001
Xy 0.304 -0.153 -0.242  -1.413 1.696 -0.003 0.001 -0.002
5 -0.389 0.030 0.306 1.696 -2.460 0.007 -0.002 0.003
X6 0.006 -0.007  -0.003 -0.003 0.007 -0.000 0.000 -0.000
X; -0.001 0.003 -0.001 0.001 -0.002 0.000 -0.000 0.000

Xg 0.001 -0.001 0.001 -0.002 0.003 -0.000 0.000 -0.000
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The REG Procedure
Model: MODEL1
Dependent Variable: results
Number of Observations Read 300

Number of Observations Used 300

Parameter Estimates

Parameter  Standard

Variable DF Estimate Error t Value Pr> [t
Intercept 1 221754 0.04800 46.20 <.0001
z123 1 0.03594 0.00908 3.96 <.0001
x4 1 -0.23987 0.04116 -5.83 <.0001
x5 1 0.30450 0.05437 5.60 <.0001
X6 1 -0.00491 0.00055608 -8.82 <.0001
X7 1 0.00038278 0.00072572 0.53 0.5983
x8 1 -0.00230 0.00022435 -10.25 <.0001
Parameter Estimates
Variance
Variable DF Inflation
Intercept | 0
z123 1 1.06613
x4 1 5.93899
x5 1 6.39674
x6 1 2.28865
x7 1 1.98597
x8 1 1.10830
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2.2 WaNIUAIIEH Logistic Regression Analysis

Logistic Regression
The LOGISTIC Procedure
Model Information
Data Set WORK.LIVER
Response Variable results
Number of Response Levels 2
Model binary logit

Optimization Technique Fisher's scoring

Number of Observations Read 300

Number of Observations Used 300

Response Profile
Ordered Total
Value results Frequency
1 2 150
2 1 150
Probability modeled is results=2.

Model Convergence Status

Convergence criterion (GCONV=1E-8) satisfied.

Model Fit Statistics

Criterion Intercept Only Intercept and Covariates
AIC 417.888 100.496
SC 421.592 126.422

-2 LogL 415.888 86.496
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Testing Global Null Hypothesis: BETA=0

Test Chi-Square DF  Pr> ChiSq
Likelihood Ratio 329.3924 6 <.0001
Score 161.1249 6 <.0001
Wald 53.9230 6 <.0001

Analysis of Maximum Likelihood Estimates

Standard Wald
Parameter DF Estimate Error Chi-Square Pr > ChiSq
Intercept 1 13.2738 1.9486 46.4024 <.0001
z123 1 0.1503 0.1279 1.3801 0.2401
x4 1 -3.7401 0.9523 15.4245 <.0001
x5 1 0.9760 1.6726 0.3405 0.5595
x6 1 -0.1154 0.0194 35.3364 <.0001
x7 1 0.00787 0.0173 0.2073 0.6489
x8 1 -0.0466 0.00851 29.9681 <.0001

Odds Ratio Estimates

Point 95% Wald
Effect Estimate Confidence Limits
z123 1.162 0.904 1.493
x4 0.024 0.004 0.154
x5 2.654 0.100 70.400
X6 0.891 0.858 0.926
X7 1.008 0.974 1.043

x8 0.954 0.939 0.971
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Association of Predicted Probabilities and Observed Responses

Percent Concordant

Percent Discordant

Percent Tied

Pairs

Effect
z123
x4

x5

X6

x7

x8

Parameter
Intercept
z123

x4

x5

x6

x7

x8

98.1 Somers' D 0.962
1.8 Gamma 0.963
0.1 Tau-a 0.483
22500 c 0.981

Wald Confidence Interval for Adjusted Odds Ratios

Unit
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

Intercept
3.797077
0.001006
-1.34328
0.830536
-0.02241
-0.00794
-0.01361

Estimate
1.162
0.024
2.654
0.891
1.008

0.954

Estimated Covariance Matrix

z123
0.001006
0.016362
0.000887
0.015612
0.000081
-0.00017
0.000051

95% Confidence Limits

0.904
0.004
0.100
0.858
0.974

0.939

x4

-1.34328
0.000887
0.90689

-0.84177
0.006362
0.002405
0.003648

1.493
0.154
70.400
0.926
1.043

0.971

x5
0.830536
0.015612
-0.84177
2.797536
-0.00389
-0.00134
-0.00313



Estimated Covariance Matrix

Parameter X6 x7 x8
Intercept  -0.02241 -0.00794 -0.01361
z123 0.000081 -0.00017 0.000051
x4 0.006362 0.002405 0.003648
x5 -0.00389 -0.00134 -0.00313
x6 0.000377 -0.00014 0.000059
x7 -0.00014 0.000299 0.000014
x8 0.000059 0.000014 0.000072

Partition for the Hosmer and Lemeshow Test

results =2 results = 1
Group Total Observed Expected Observed
1 36 0 0.00 36
2 30 0 0.00 30
3 30 0 0.12 30
4 30 0 1.22 30
5 30 12 10.70 18
6 30 28 25.82 2
7 30 29 28.87 1
8 30 29 29.52 1
9 30 29 29.79 1
10 24 23 23.95 1

Hosmer and Lemeshow Goodness-of-Fit Test
Chi-Square =~ DF  Pr> ChiSq
26.2799 8 0.0009

Expected
36.00
30.00
29.88
28.78
19.30
4.18
1.13
0.48
0.21
0.05
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Prob
Level

0.500

Correct
Non-
Event Event
143 140

90

Classification Table
Incorrect Percentages
Non- False False
Event  Event Correct Sensitivity Specificity POS NEG
10 7 94.3 95.3 93.3 6.5 438
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