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i 555 ade o) 3 alall 550 5 5l pad Y] (e e e gl 5) A s
by dsdy pue il ld oSt i) Jhe dpaleall ol JLaaV) ol ey Lo i)
Dl o)y agall e L 1A Cilpaa 5l 5 claliinaY) g il e adbay dl,
t@hl e (e 3 lln g len j5i ¢ 55 e il Ol sl

sl 58 Jledal e Jastioda 5 (Graphical methods) bl Gkl 1
O IS Gauali s gadall oo 5l 5 il a5 58 JSG G A0 )lie (5o ) (Sl sl
. Steam and leaf s Box-plot 5 QQ

ol pagil) any aad 3kl s34 5 (Numerical methods) 4w il (3 dall -2
Jie 4y il daed 0l HLgia) (paniali o) pelaldil) g ol oV (i Jie dliany)
. Cramer-von Mises s Kolmogorov-Smirnov s Shapiro-Wilk

SAS 74l lgie s Ailan¥) gl il alana 8 853 3kl o2

Akl g9 @i LEa) 541
SAS & jLEa) -
W el a3 58 pmal ] Jli

data z;
input w;
cards;
50

34

44

53

48

46

44

39

PROC UNIVARIATE DATA = z normal plot;

HISTOGRAM w / NORMAL CFILL = 1tGRE;

INSET N = 'Number of students' MEDIAN (8.2) MEAN (8.2) STD (8.3)
STDMEAN (8.2)

/ POSITION = ne;

RUN;
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BRI )

40 7

42 48

Number of students 8
Median 45.00
Mean 4475
Std Deviotion 6.065
Std Mean

54

The SAS System

The UNIVARIATE Procedure

Variable: w

Moments
N 8 Sum Weights
Mean 44.75 Sum Observations
Std Deviation 6.06512278 Variance 36.78
Skewness -0.5897158 Kurtosis 0.155
Uncorrected SS 16278 Corrected SS
Coeff Variation 13.553347 Std Error Mean 2.144
Basic Statistical Measures
Location Variability
Mean 44.75000 Std Deviation 6.0651
Median  45.00000 Variance 36.7857
Mode 44.00000 Range 19.0000
Interquartile Range 7.5000
Tests for Location: Mu@=0
Test -Statistic- -----p Value------
Student's t t 20.86885 Pr > |t <.0001
Sign M 4 Pr >= |[M| ©.0078
Signed Rank S 18 Pr >= |S| ©.0078
Tests for Normality
Test --Statistic--- = ----- p Value---
Shapiro-Wilk W 0.968113 Pr < W 0.8
Kolmogorov-Smirnov D 0.200793 Pr > D >0.1
Cramer-von Mises W-Sq ©.031831 Pr > W-Sq »>0.2
Anderson-Darling A-Sq 0.1982 Pr > A-Sq >0.2

18:45 Thursday, July 3, 2014

8

358
57143
90687
257.5
34472

2
1
4
4

828
500
500
500
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Quantiles (Definition 5)

Quantile Estimate

100% Max 53.0

99% 53.0

95% 53.0

90% 53.0

75% Q3 49.0

50% Median 45.0

25% 01 41.5

10% 34.0
The SAS System 18:45 Thursday, July 3, 2014

The UNIVARIATE Procedure
Variable: w

Quantiles (Definition 5)

Quantile Estimate
5% 34.0
1% 34.0
0% Min 34.0

Extreme Observations

----Lowest---- ----Highest---
Value Obs Value Obs
34 2 44 7
39 8 46 6
44 7 48 5
44 3 50 1
46 6 53 4
Stem Leaf # Boxplot
5 03 2 |
4 68 2 +--+- -+
4 44 2 +----- +
39 1 |
34 1 |
B ettt TR e
Multiply Stem.Leaf by 10**+1
Normal Probability Plot
52.5+ ¥4+
| +* Kt
42.5+ ++* ¥4
| R
32.54 ++++++4+ K
e et e e e A R it LT 3
-2 -1 (4] +1 +2

e LAY s )y Gl plie Japs ol 5 s siall (g i ol ) (e L3l
(Cramer-von Mises s Kolmogorov-Smirnov s Shapiro-Wilk) 4 sz
Lk Ly j 5 ¢ 5ot puatall () ) s Las
¥ Jlexins Probability Plots aw ) 2 (Say
proc univariate noprint;
probplot w /

normal (mu=est sigma=est);
run;
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SPSS & jial -
Analyze — Descriptive —Explore  —Btatistics

(B -untitled1 © -~ PASW Statistics Data Editor (=l |
File Edit View Data Ti yze Direct Marketing Graphs Utilities Add-ons Window Help
TEHL—.J 0 o= ~ B 88 & & B
20.1333 |Visible: 1 of 1 variables
I Data | var var :! var | var var H var |
1 [ 20.13
w2 | 14.90
3 | 14.14
4 | 12.66
. 18.57
6 J 17.50
7 16.56
s 2254
9 | 2268
| 18.35
11 | 23.80
12 | 18.33
| 18.58
[ ¢ | 23.07
== 20.62
16 | 2355
17 | 14.93
18 ] 18.45
19 | 16.27
i==20=31 13.82
[ 2v ]
22 | ~
4 ¥
I PASW Statistics Processor is ready | | I

ﬁ *|ntitled1 [DataSet0] - PASWY Statistics Data Editor
File Edit View Data Transform Analjze DirectMarketing Graphs Utiliies Add-ons Window Help

BHE R ™

Descriptive Stafistics
1:Data 201333 Tables )

[ Frequencies..
Descriptves..
& Explore...

Data ” var Compare Means )
013 General LinearModel

[ ¢ |

| R Crosstabs..
E 14-90‘ Generalized Lingar Models i
um Mixed Models e
]
[

1266
1857

Correlate )

"R
Regression y | il Q-QPlots..
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{ B explore
Dependent List:
!f Data I
Factor List:
Label Cases by:
|
Display
(@ Both © Statistics © Plots
[. oK _]\f_Easte | Reset cel w p
N
rm Explore
Dependent List:
@ W\Data
Factor List:
Ed
~— Label Cases by:
&2 [ ]
-Display
’ @ Both © Statistics © Plots

Al s ge ek Plots Ll e v

10



il palaad) Gl B3

Al (andddl ¢ LA g slaall

B Explore: Plots

=)

-Boxplots—
@ Factor levels together

© Dependents together
@ None

Descriptive

[ Histogram

[« Normality plots with tests

Spreadvs Level with Levene Test-

@

LContinue_]L Cancetj[ Help J

il jelaid Continue & Normality g e (e 25

Tests of Normality

Kolmogorov-Smirnov® Shapiro-Wilk
Statisti df Sig. Statistic df Sig.
C
A .201 8 200" .968 8 .883

*. This is a lower bound of the true significance.

a. Lilliefors Significance Correction

Expected Normal

Normal Q-Q Plot of w

T
40 45 55

Observed Value

11
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55

S0

45

40—

354

307

Box-plot
GBsiall (cann ool anll Lk by 55 ¢ st sl Gl o3le ) GalSAN (e paay
Ol Ao dy Bsaiall g adii el OIS 13 oy sl Jiag (3 saiall Ay asiieiddl
Dbl (A s sile a5 51l O (Ao Ja @saiall Ja g (958 (IS 13 Ll a5l
b o YUY Ll el s sile a5l O i (3 saiaall Jau g Jaul
el dad ol e ) G (3 il
MedCalc <ILas) -z
&= e Statistics L) (e darai o5 At Hll Aadiall I liball sl o
g g ouaiall 48 JLSAS Sl o an e yedaid Statistic summary 4 LS ) s
syl

Summary statistics &Iﬁj

Variable: Options
WEIGHT - [ Logarithmic transformation
Filter: Test for Normal distribution :
TREATMENT="A" - [Shapiru—WiIk test - ]

[ More options... ]

o [ Ok ][ Cancel ]

12



o palaad) (gt 8 ddall Jandlill ¢ JLidl) g slaasyl
Variable A
Sample size 8
Lowest value 34.0000
Highest value 53.0000
Arithmetic mean 44.7500
95% ClI for the mean 39.6794 to 49.8206
Median 45.0000
95% CI for the median 35.4039 to 52.1577
Variance 36.7857
Standard deviation 6.0651
Relative standard deviation 0.1355 (13.55%)
Standard error of the mean 2.1443

Coefficient of Skewness

-0.5897 (P=0.4271)

Coefficient of Kurtosis

0.1559 (P=0.7788)

Kolmogorov-Smirnov test
for Normal distribution

accept Normality (P=0.865)

Lonashs L5555 il () 55 g S sl LA il

Graphpad Prism <iLda) -a

DL 5 Analyze e b &5 Create & 4w )l dssall e Column s
Shapiro Jlial (e 48 1i5 ) a3 sedad Column statistics

Walcoms to GraphPad Prizm

:v v
Learn bo use Prism v Fishest's esxmal best
S + Chi-zopaane ezt
+ Odds ratios and relsive ik
Dingeanization of dala Labls

I
-

| Dpen a file

 Sample data
() Shact with an mmeply data table
& Wse sample dsis

| Praspective (aspein and M)

| Recent project

[ saved example
e ——————————————
Shared example

Ir:m.m“[:m.mu.a!:E

13



cmd:SHOWXMINMAX?2
cmd:SHOWXMINMAX?4
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Parameters: Column Statistics

Subcolumns

Desciiplive Statistics
Mramum and masamum
Dusmtias (Madian, 25tk and 75th pescantis]
[ Pescentde
Mean, 50, SEM

Test il the values come fom a Gaussian distribution
[T Kodmosgovion- Smimeae Linat [with D sl Wilkinson Lilaios P value)
[ Drgesstine and Paacsan amribus romaslly e [Recommended)
[C] Shapsaowik romably test

Inferences

l—] Dres-zampls ¢ bast Ars column means
agnificantly ditfesent than & hypothetical value?

[#195% 01 of the mean

] Cosificient of varistion

[ Geometric mean with 95% C1
[ Skawrass and kudosis

Hypothetical valse
DWi:oocDﬂ sigread1ark test. Compaie column [often 00, 1.000r 100
medians bo & hypothetical vakes?
Oukpaut options
Confidence intervals: |55 »
Showt |4 »  sagnificant digls
[ Lean ][ cCoes | [ ok ]

A Sl Sl yall e Hh5

Number of values 8
Minimum 34.00
25% Percentile 40.25
Median 45.00
75% Percentile 49.50
Maximum 53.00
Mean 44.75
Std. Deviation 6.065
Std. Error 2.144
Lower 95% CI of mean 39.68
Upper 95% CI of mean 49.82
KS normality test

KS distance 0.2008
P value >0.10
Passed normality test (alpha=0.05)? Yes
P value summary ns
Shapiro-Wilk normality test

W 0.9681
P value 0.8828
Passed normality test (alpha=0.05)? Yes
P value summary

14
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60+

55+

50+

40+

35+

30 T

LAY O e e b )58 L 58 050 Latie: i) (o)) e sl g Y
G Sl o) Y Aulie e (o 5Si e e s Duncan st sl Jie dalall
s Wilcoxon J-ie dalaad) &l Laa¥ slaie) g ) 5 paiall (e ) 5 lda s giall
Ll al da gl s s o e s Mann-Whitney

el yal ayad cplal) Jalas Jaetand ) 20 (358 Lad 3 OOlalaall 2ae (650 Ladie
5 Tukey = <l iaYl o328 (ye s (POSt hoC tests) ilaw siall G A jladl)
laleal) lily 5 6S0 Ladie ST g daaleal) Ol LAY (e s 2 s LSD s Duncan
Kruskal-Wallis e delaadl ol JLidy) Jleaid Juadd canla o leay )
.Dunn’s Multiple Comparison Test Jlexiuly cilaw siall 4 5lia 5 test

Test of Homogeneity of Variance ¢pbiill guilad i) 6-1
Jalaill a5 38 bl e Ll a) cany () 5 dagall ) 5a¥) (e pailaill jliial sy
Brown and s Levene_lial Leie Ledlaaind oSy &l jLia) Bae dllia 5 JSlaal)
AS) 1A SAS el (B2 e Gl LAY 208 aes 5 Bartlett s Forsythe
ot Lae 4883 je P Aad aep Gulil) Jadas (6 uliil) uilad ane HLisY!
& Adlais ol pa&s yelay SPSS zali A5 . Welch's ANOVA dagii dlaic)
(ol s sbasi pae 5 ball (g sbai ) 8 Cpilalaa Gy 5 5l o) ja) die duduil) il

.Levene _idl il e Jeliy HLSAY) S

15
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SAS & Lad) -
J 5 8a12 cj\ﬁj OOlalea D8 (paialli 4y qu_u Jiad sl calilul) -2 Jla
S Malaall (!l Geilad HLadl) o glhaall dldlase

data one;
input trt g ;
cards;
1 7

26

33

50

4

66

59

WWWWWNNNNNRRRPR
o))
w

proc GLM data=ONE; class TRT;
model G = TRT / ss1;
means TRT / hovtest=levene hovtest=BF hovtest=obrien;
run;
proc GLM data=ONE; class TRT;
model G = TRT / ss1;
means TRT / hovtest=levene(type=ABS);
run;

proc glm data=one;

CLASS TRT;

model G = TRT;

means TRT / hovtest=bartlett;
run;

The GLM Procedure

Levene's Test for Homogeneity of g Variance
ANOVA of Squared Deviations from Group Means

Sum of Mean
Source DF Squares Square F Value Pr > F
trt 2 274250 137125 5.74 0.0178
Error 12 286832 23902.7

O0'Brien's Test for Homogeneity of g Variance
ANOVA of 0O'Brien's Spread Variable, W = 0.5

Sum of Mean
Source DF Squares Square F Value Pr > F
trt 2 428516 214258 4.21 0.0411
Error 12 610016 50834.7

16
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Brown and Forsythe's Test for Homogeneity of g Variance
ANOVA of Absolute Deviations from Group Medians

Sum of Mean
Source DF Squares Square F Value Pr > F
trt 2 584.4 292.2 7.81 0.0067
Error 12 449.2 37.4333

The GLM Procedure

Levene's Test for Homogeneity of g Variance
ANOVA of Absolute Deviations from Group Means

Sum of Mean
Source DF Squares Square F Value Pr > F
trt 2 613.4 306.7 10.05 0.0027
Error 12 366.3 30.5267

The GLM Procedure
Bartlett's Test for Homogeneity of g Variance

Source DF Chi-Square Pr > ChiSq

trt 2 24.9282 <.0001

Laie) 5y cplall Guladd ) L) sae 4 855 SAS el o i) (40 el
driia B (b 53 LG ey Lae P=0.0027 dad o)) 2a Ja suadll even lidl) daghs
g Jeeladl J s ol clalaall J gai o)y (S 5 blalall (g uilail) (s gl
t o) Gl L ginae yoe il JLAN maay Ladie g el pll 2dsi 5 S=log(g)
e S
4 gime AN P Al ) Alls 85 Welch's anova Jexiud Jasadll (5 a3 o) & )
Ot A e o)y al dala Da i giea e S 1A Ll bl Joy sl 5y
_ChLLuxJﬁAJ\
PROC GLM DATA=one;
CLASS trt;
MODEL g = trt / ss3;
MEANS trt / HOVTEST=levene(TYPE=abs) welch;

OUTPUT OUT=rsd(keep=trt g pred resid) P=pred R=resid;
RUN;

SPSS & hs) -
58 0One way ANOVA 3 Compare means ~ Analyze e biaas
Ll 5 factor ) group Lsxiall s Dependent list () sdall Jai5 ) gy

17
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~3 Homogeneity of Variance e 4 3% ) s aa ek options L)
.0k & continue

group w

=
~

26.
33.
50.

66.
59.
63.
65.
64.

W WIWIWIWINININININ =

Eal L Pl IS

Test of Homogeneity of Variances
G

Levene Statistic dfl df2 Sig.

10.047 2 12 .003

MedCalc < 8a) -
One way ANOVA & One way & Statistics e b

Levene's Test for Equality of Variances

Levene statistic 10.047
DF 1 2
DF 2 12
Significance level P =0.003

Graphpad prism <ILaa) -a
ol e 35 e ma e sekad 0k a5 column statistics & analyze i
LSV S bl s 5 ol M 5LEY) a0k &3 Kolmogrove-Sminov

A B C
7. 66. 3.
26. 59. 5.
33. 63. 4.
50. 65. 5.
4. 64. 4.

18
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A B C
Number of values 5 5 5
Mean 24.00 63.40 4.200
Std. Deviation 19.04 2.702 0.8367
Std. Error 8.515 1.208 0.3742
KS normality test
KS distance 0.2140 0.2412 0.2305
P value >0.10 >0.10 >0.10
Passed normality test (alpha=0.05)? Yes Yes Yes
P value summary ns ns ns
Sum 120.0 317.0 21.00

Bartlett's test for equal sl laiely ) Guilas jlaal (Sa LS

variances
a8 g au i yeladone way ANOVA i analyze e s ol g
Post hoc & &) Jkis) aai 5 one way ANOVA 4 JUss test name @<

.0k &5 test for linear trend 4 s

Bartlett's test for equal variances

Bartlett's statistic (corrected) 24.93
P value < 0.0001
P value summary i
Do the variances differ signif. (P < 0.05) Yes

ALl (il gy el g i by el LAY il () Jas Dy

i piial) a8 JSA (e A0 B0 -,
ceas B e e 58 SIS gl Gl aidl e pe g e )5 Anla) A5 laa) o
ey 5 gl CladEAY)
b it e e Jlexinl il Jia G 4000 Ul Gl el 13 Jlis
& SEAY) o gu ) A e JaaBlin 3 plaudl de gana L ae 483 Hlaa g L2l
gl

data BPChange;

input Treatment $ BPchange;
datalines;

19
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Placebo -1.0

Active -8.0
Active -23.0
Placebo 2.5

Active -15.5
Placebo -1.0
Placebo 1.0
Active -9.0
Active -20.0
Placebo 3.5
Active -15.5
Placebo 3.0
Placebo 6.0
Active -11.0
Active -26.0
Placebo 3.5
Active -18.5
Placebo -1.0

J

run;
proc univariate data=BPChange;
class Treatment;

histogram BPChange

/ normal

midpoints = -50 to 50 by 5
cfill = cx153e7e

cframeside = cxeeeeee;

run;

proc univariate data=BPChange noprint;

class Treatment;

var BPChange;
histogram BPChange

/ normal

midpoints = -50 to 50 by 5
href = 0

chref = cx888888
vscale = count
intertile = 1
cframeside = cxeeeeee;
inset n="N" (5.0)
mean="Mean" (5.1)
std="Std Dev" (5.1)

/ pos=ne height=3;
run;

20
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o< ta >

ocomn o~

#5000

435con

©® B N W A U N ® O R N WA U O N ®

50 45 40 35 30 25 20 15 10 5 ] 5 10 15 20 25 30 35 40 45 50
BPchange

- N 9
- Mean -16.3
- Std Dev 6.2
N 9

Mean 1.8

Std Dev 2.5

-50 -45 -4 -35 -30 -25 -20 -15 -10 -5 ] 5 10 15 20 25 30 35 40 45 50

BPchange

O o LegdlS G anh 558 Gld CilS Al 8 ) Gpemoll (e il
uc):JJ%WEM\Z\LWJMGJ\QAH&M\MWGAL&»Y\

Bkl de sana 45 e Juzall dlaial J geas

Cililall a5 g8 Juad aaali -

Gl eyl SAS el g (B astiy il a8 JSG e il s agall (g
Easy 5.5 mebisn ) 3,LEY) (e 0¥ 5 ilay 558 Baal Wy UL ay 58 liaY
el 13 g 3 ) w55 e Coatll (il Caalid) saaiag o) (Sa (sl
gl 138 il el LS a3 )58 60 (o A dead Slag jill (0 jaS 220

Ukl Caa g A il 55l @l A8y Cuua Cilag § 6l Juald agaa3
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data Plates;

label Gap = 'Plate Gap in cm';
input Gap @@;

datalines
.746 0.357
.252 0.512
.541 0.805
.519 1.302
.547 0.690

T RPOOOO®

J
run;

.
)

0.376
0.534
0.682
0.275
0.676

0.327
1.656
0.418
0.601
0.314

0.485
0.742
0.506
0.388
0.736

1.741
0.378
0.501
0.450
0.643

title 'Distribution of Plate Gaps';
ods select ParameterEstimates GoodnessOfFit FitQuantiles

proc univariate data=Plates;

0.241
0.714
0.247
0.845
0.483

0.777
1.121
0.922
0.319
0.352

var Gap;
histogram / midpoints=0.2 to 1.8 by 0.2
lognormal
weibull
gamma
normal
kernel
exponintial
vaxis = axisl
name = 'MyHist';
inset n mean(5.3) std="'Std Dev'(5.3) skewness(5.3)
/ pos = ne header = 'Summary Statistics';

axisl label=(a=90 r=0);

run;

Distribution of Plate Gaps

[ O IR

.768
.597
.880
.486
.636

4 Jia

0.409
0.231
0.344
0.529
1.080

MyHist;

35

30 7|

25 7|

20

15 7

10 7|

Summary Stotistics

N
Mean

Std Dev

Skewness

50
0.634
0.351
1.573

0.4

Plate Gap in cm

22
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430030

BRI

30 7|
Summary Statistics
N 50
s | Mean 0.634
Std Dev 0.351
| Skewness  1.573
20 N
P
e
N
¢ o157
e /
n /
t /
10 7| -
s -
0 T T T T T T T T

0.2 0.4 0.6 0.8 1 1.2 1.4

Plate Gap in cm

30 7|
Summory Stotistics
N 50
2 Mean 0.634
Std Dev 0.351
i Skewness  1.573
20
15 7|
10 ~|
.
e T T T T T T T T T
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
Plate Gap in cm
30 7
Summory Stotistics
N 50
27 Mean 0.634
L Std Dev 0.351
Skewness  1.573
20
15 7
10 ~|
. -
e T T T T T T T T T

Plate Gap in cm

23
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Distribution of Plate Gaps

30
Summary Statistics
N 50
2 Meon 0.634
Std Dev 0.351
B Skewness  1.573
20
P
e
-
€ 15 7
e
n
t
10 7|
s -
T ] ]
0 I I I I I I I I I I I I
0.2 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2
Plate Gap in cm
Py . ~ "
Distribution of Plate Gaps
30 7
Summary Statistics
N 50
% Mean 0634
Std Dev 0.351
| Skewness 1.573
20
P
e
r
L
e
n
t
s -
\%
e T T T T T T T T T
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
Plate Gap in cm
35
Summary Statistics
N 50
30 7 Mean 0.634
Std Dev 0.351
Skewness 1.573
25
.\
P A
e 20
r
c
e
nos o
t
10 /
s -
s
= !
0 T T T T T T T
0.2 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2

Plate Gap in cm
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ailiall LAY JLER) g clitnd) Jalad o SUEH Juadl)

Analyses of data bl Jolas 1-2
ey Bl s LY ) Glie de geae ) e S Al GUL paads

roLial ans 1l s 5

Scale Data
]
[ 1
One Sample Mulple Samples
I 1
I I 1 [ |
Dependent Independent || Mufple Independent Dependent
; Variable Independent Samples Samples
Variable Dependent || Dependent pl
Variable Variable
Kngwn: Known: || Pearson'sr | | Multiple Twio Three Two Three
H H Regression || Samples Samples || Samples || Samples
. Repeated
7 Tast One-Sample | | Bivariate Independent|| One-Way || Dependent e
{Test Regression tTest ANCVA {Test ANOVA
Factorial IIIIII:IIIIIEI
ANOVA ANOVA

ualial) JLEAY) 8§ 2 -2
Jsrall Crva g Ll adla &Y HLiaY] i) < ol Jeaall e feliy

(Y
Type of Dat
Goal Measurement Rank, Score, or Binomial Survival
(from Measurement (Two Time
Gaussian (from Non- Possible
Population) Gaussian Outcomes)
Population)
Describe one Mean, SD Median, Proportion Kaplan Meier
group interquartile survival
range curve
Compare one One- Wilcoxon test Chi-square
group to a sample ttest or
hypothetical value Binomial test

25
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*%

Compare two

Unpaired t test

Mann-Whitney

Fisher's test

Log-rank test

unpaired groups test (chi-square or Mantel-
for large Haenszel*
samples)
Compare two Paired t test Wilcoxon test McNemar's Conditional
paired groups test proportional
hazards
regression*
Compare three or One-way Kruskal-Wallis Chi-square Cox
more unmatched ANOVA test test proportional
groups hazard
regression**
Compare three or Repeated- Friedman test Cochrane Conditional
more matched measures Q** proportional
groups ANOVA hazards
regression**
Quantify Pearson Spearman Contingency
association correlation correlation coefficients**
between two
variables
Predict value from Simple linear Nonparametric Simple Cox
another measured regression regression** logistic proportional
variable or regression* hazard
Nonlinear regression*
regression

Predict value from
several measured
or binomial
variables

Multiple linear
regression*
or
Multiple
nonlinear
regression**

Multiple
logistic
regression*

Cox
proportional
hazard
regression*

Lhal) &igad) B Aland) pUadd) 3- 2
saa Alul Al e el aad Akl duadall EBaWl (A cbaal) Gulas )
il e il S ma (e gl A g Lie JS Jae 5l g aldi daia (ge (3l
Gl e S e dsag e 2SS Al 3 gliall Ggaall e 1 onS e
Sz b Hlial o) & el avaal ) Jilaill gl g dilas) sladl et Al
5, yeas5 43 Olsen (2003) Cald) SJ aacall a5 e il 5 clalisu) oo
leUad) Gacaii Cil€ 3 ) piiall dpalall Cgad) Caas JiVI e o) Jall (S dale
Juanid gl dagial) AgilianV) 43y yhall 83 axe & Lo sad oUadY) €I, Al
Klumpp(2013) Al o @il e Gadi s, Ul Jilatl duidie e ddlias) 45y )l
slad) (el daSaall dplall Cladll b5 sdiall Gl e %70 - 30 O
OIS Al e apdill Caniad ) dgadall Esall (e 950 o) DU o pkiad 5 ¢ dgilias)
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Gigaall sda Jasad aae (AN 2gmy Al gl ) o) 5 a5 Adilas) cUad) Lo
o Sl daag oasl 288 1A clas) L (aadie ) cOladd) lli 85 ) sl
Gl cbas¥l & paadie dplll Ol Gt O )5 e e phalill
288 ) 4 patulY e 1 5 Adlaaa) cladl) ecati dnd Geny i 090 A gliall
oy (& fealell O clilbd s PR e B das e s
Two Way ) o o agie pandl & e a2e daa gl ol Slaliaial
& 1 kaae iS5 (Classification with Interaction Analysis of Variance
Gaa g LS e pul legin 3dll s One Way ANOVA aldel A sl an
b gia (e HESH 3 g g die Baamall Ol Hlaal) e Lud cajaay AN sl
saal ) edie Bian]4] Giead Al Olsen, (2003) 4wl )2 (e (et 28]
At (el )y ¢ Al elladl Lead (LS &isan) @l (40 9654 ol ddall Clall
2 oy Banatiall U el Jlastial axe o) Jpaaill axe & Epad) @lli 8 o Uad
Hian) Jalad el ol Ll V) Cilia 55 Culae ) 5 ) gaiia & sy 3 g5 Al 45l
s el il Al Alaal @l lad) Cilexind pag dllia o aa g Lad
ke il a5 OIS G (8 ornall
ldac | () (525 dphall Epandl 8 Lapu Apliaa) 45y jhll alaie ] & Uadll
Lyl 438y pe Gila 6l g ALY () sSe UL 5 488y e il
CulS elad S duus el o)) gw Olsen (2003) aalall 4l il L a5 (Say g
e)yal on s )5 Gailelae e S) Jlaniasl e 3a0e%all il laall Jiaedll pe b
O lalae A5 (s 40 Hlaall 045 Allaia ) (5 slue dlaie ) die Miad | sadeia b Hlia
Falsely ) 4038 i gire goilis e J smandl Jlaind (e 3y jas Gl aae o8
Aalaall (33 9 5 40 Hlaall B lalea 22e 32L  2la Yiw P dad () A (significant result
Ay

1—(1-0.05)"
rg sl o g b el 2ae Jiai ko) A

K=[n(n-1)/2]
6 sl K Ol COLalae 206 Al

K=[3(3-1)/2]=3
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1-(1-0.05)° =0.14
AN 4 giaall 2l 33 Lﬂgi 23 i P A ol Colladl) axe o)y LK
Jeanil (<) Dliad Ailan) geal yall 8 35 s Lgatina s Joanill (5 yha 5ac llia
A gixall LAY aiS e 3 a8l sy Jaaedll 1a o) Y Bonferroni Jlexiuls
D) 4 ) st e O3lalaa oo Gl Haall Gl A1 ) s jlaall are &l 3 1)
Student- Tukey Jlesin GSaall (pa glo ale (o gaill alana 8 423l
.Newman-Keuls,
Laeda (53S0 O o s IS (8 4, gina (3508 2935 () LS5 Ay pad Caall) 2as 1)
OSar Y ¢ oS Ly jalh CuilS ol 5 ia el (e AT Y Slas) lasly
Adaiall Capy lEAY) @l 5 &5 o)) Jladal ALY Sl Y | sine daliss b jlic)
sl daniall 5 gt ClEDEAY) o) J aasy e saa s Slan V) jLaay) ol 1]
Al il
lasaa (uld COLLaall (i A siaall CHEAY T agaat ady Lo dala ddais cllia
Bl A e A pas aae ) Jalaill Jgean g Uadll dad ula) e elld s
Sl o )l 8y glie g T Cajally A Biaidly (Error  Bars) Laall dd i
O Y ) oy e Lyl (Sadaiy 5V 134 5 (sl JISEYT 8 Ao sall)
il Sl sl (D Bl a el S el jall e aoall 3 ga g aiay ol @D
daiaare Ao sa Sl e Db aiaasae Olsen (2003) ST 3 ciladuay)
Jalas J saan Saall e Y A sinall CEEAY) aaat 8 9495 AE 3 s slaic)
Asas s aall O Geaf Jll e Ay gine §508 35a 5 ade Jix Lae AT D gaa (G
Uadlly Lgie yuna Ut o 53 Jlantind) gra 68 45V o gms 5 Lilian) 4 gina (358
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O3S Lail 5 Lmna Ly 5 58 gy 5 55 0 5S0Y l paaiall (e 2wl cllia dlall & gl
Cell counts J%s ( Skewed Distribution) sl 5 Gaad) G jaie Leay 553
LAY Jleaiwl maad @llay 5 Percentages s Titers s CFU  counts
drsad el pal g Ladl 5 ¢ Lagin LAY 45 ime o (81 ldal) Jie dpalal)
e il salel s pal Ayt oyl iy jle sl Joy saill Jlaainly il
el ol ya¥) gl ke e a3 sl ele Alls s ysatl) g il el
Antilog olé cllall iy jle o Jysai ol jal die dpalaad) il JLERY) slaie) o
Aaie) are ran Lad (Geometric Mean) —siedl Jaaall Jiay ULl Jaadd
A 3 gaa slaie ] caag Wil s Antilog Ay bl Uaal)

el pe Japs sl Lgde | pma bl (555 () 0¥ daleadU) il i) gt vie
quartiles or ) clpiially Slap U Sa¥)s Ao asll e SLzd (Range)
o) Uadll g o gially miliil) e il masnall je (40 08 Sl (quintiles
s bl &) sl iy ULl Y Al Gapliall s3a o)) 3 i) Cal i)
g 45y il 8 i) Jasdll e Slaie W) cSadll (el Titers pas Al
o A ohiall agas g gl las glall o 8 ASGal) ST dagusll s 0
& Williams o sie saie) S 130 ilgVle o iall asiy e ol ol 5 il
ol L iall (e 1 sl o al) araad 1 68 1 ey

8 Jle Lalaay) (S daleedl) il jlaa) dladie ) 5l bl Jo ad deal
16 8 4 2 15 huallde sene AUl il Lo Joas Galidl aa) o) Lz 8l
e sanall NS BaMNi64 16 4 1 0.25 Al de sanall cilily S Lod
& sbon Al de genall o gia (3815 (4) (digh Jamall i g Jagis gll e Lagl
Juariasl Gl ot 55 ¢ 6.2 5 bradl de sane o gie Cilanzal S N ga 58517.1
Op A sine (3508 355 pe ) (e ganall (s Cpll (5 sl pae () il t L)
Ot siall G Lot € o sals (58 25m 5 o VI (t20.88  P=0.43) (slans siall
it Fage Ay CLAMR) Sia (o oalde ¢ al s Ul 1 Ealid) 356y 08
Sl 5all a2 3all 6 jal (555 mall (e 5 iilalaall

Gl g bl Cal i B 3 g g I ey Of (e Y Cany (ol i (e e
8 il Uadld) La) e JS5 dalall claaliiall o gl G g 6 4ivaaY
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O 51 (ot A8 (i s (ol Lt Y il il i) (e i snY
Ada 33 alall aainall Jial) Jass gial) Jidi Gpriiga])
L@l Aleatod L.,SM\ BEERY Lr“ By 5 aailis C.a'aﬁy Galdl e SH )

s Paired agie & s sl 3 ) g tJlia) Jastil 4l (S35 Leaie Db

e 2 o g LS 4y gl ane ol bl (g gl (i 538 Ja 5 Unpaired
P values less than 0.05 were considered statistically 3w sixdll
.two sided or one sided @)l (s 5 ils Je o jlid) Ja g significant
s Al ol yal Ji bl e Mt ) Aileas Y1 A8, hll 4t agall (e
Ald (Y 4 sine AN aad Al 48y plall jliald 5 (3 ke Bac 285 g8 Chagll (S0
AN & giaall )3 i) aly ) (A (g2 s
4l & gad) A dpilaal) sladY) oo dlial 4 -2
Wld A )l dpdall Caall 8 Slaay) Jiladll 8 olad¥) e Yiie Lda) ]
st Uy e’ Sl 5 Pharmaceutica Analytica Acta daell I i
(050 2013 Al | 222)) 4 aladl) 8 e

The Effect of Different Contraceptive Drugs on the Lipid Profile of

Brazilian Women

:\Aﬁ@a‘jk_\;u\u\hh)labd\@a‘gaﬁjﬁ_\;ﬂ\nﬂbé1djﬁﬂ\\_\u\‘)ﬁ

variable Control (n=20) | Group I1(n=16) | Grouplll(n=11) P
HDL Mean (SD) 48.8(9) 62.8(6.5) 64.2(2.7) 0.0
(CL) (44.5-53) (59.2-66.3) (55.6-72.7)

LDL Mean (SD) 98.5(19) 101.8(26) 104.9(22) <0.05
(CD (89.5-107.4) (87.7-115.8) (89.8-120)

VLDL Mean (SD) 15.08(11.8) 25.78(8.5) 22.7(9.4) 0.01
(CI) (9.5-20.6) (21.2-30.3) (16.4-29.1)

Total Cho. 162.4(24) 190.3(31.1) 192(23.4) 0.01
Mean (SD)(CI) (151.1-173.7) (173.7-207) (176.3-207.8)
Triglyceride 75.4(79) 128.8(48) 114(47) 0.01
Mean (SD)(CI) (47.8-103) (106-151.6) (82.3-145.5)

Values expressed as mean, standard deviation (SD) and confidence interval of
the mean 95%(ClI)
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Jaziul g (ANOVA) oalal) Jlatl allaatind ) Saalall 3 5L3) a2 ) 4allaia S 3as)

Gl o iy Lea 32325l LA )Y Bonferroni’s posttest daei Liay)

rst el Jb JST A 50 e il e 4500 lia () 3 YLD o 45D
Control*Group 11
Control*Grouplll
Groupl1*Grouplll

Jons e (V145 laal de gana 8 Ay sinall CHBRY) ) e X35 ol cany Lin g
VoY) A aa Uie gane alind 28 o) Al A ganall 3 4ndi ga sl da jiisY JU)
il e ol @iy g | gine Caliasy o8 AN L i) de gene o V) AN
LY Allaial a8 2330 S (o)) Gasllall e (e () LS B e e Jgand) 138
Al e um o) @il maall Laly 4 gaal) i) (mje 8 &l g%
il Cila i & Dlad Gudae Cogyall Jlesiud ()5 LawaY oy pally claduay)
a5 gl 5 bl U RN (i yay 0 sLa¥) 138 5 SAS geali o Jlenindy

0.03 & il 5 sSaall O i jlaall YY) ad o)) (i yiiin b Sall ~ui 6l
1058 dpaal i) ildas g g gn Ld Jsanll Jiadll (8 0.52 50.045

Control Groupl Group2

22a 17b 16b

1Y) il Jpaall at dles Bile pagig

Sl s gidl 5 (P < 005 ) Lisine Caliad dilide iy a Jaad il cillaw sial
syl Aldae o o il o3 udiy sine CAUATY dgiliia Cogyn Jead
L sine laguiany o QUASY (piilalaall o Y1 (ilalaal) DS (g Ly sima (alias

ol Judisll Can 0.06 50.07 50.02 kS il Vi) ad () Lyl ol

(S S A saal) il
Control Groupl Group2
20a 16b 17ab
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P<) Lsina alias 3 jlapal) dalaa ) 22a) o) aadaiad o3l ) Jgaadl ) il sie
de sanall oy AU Ao gesall e CEBAIY Ll VI Y1 de senall e (0.05
J80.0450.03 50.01 <ulS Va4 o) dlla 3 Y e caliasy )

tO5Se ( gaadl Jiial)
Control Groupl Group2
20 a 14 b 11c

050 Clas giall auzai Ll Lild 0.05 e oS! Lgrpas VY] o ()5S Ladie
g slhael ol Cllas giall 0 Ay sime 3308 dsa s a2 o AVD Gy g
ool st Glha gl
Uaa ) 1 € Leba gl () Sy 13l Sall Jpaa 8 Adlaia¥) dad ) e 5l Y
oY) 202 o Al o3a 88 bl Jalas J gas Aaldll F Al L aaly Saalill )
3 V) Ol G (ssine U 3sas Glo dlyple JLad) ga FoLEA) (Y s
1AWl Lliaia o) S @Y 30 Gaua® il g ddlidall Clleal) dasally saayy
oalh e e Joall e o JSAl S
Uae A )edial il o ulid) Slhaa¥) daladll Jlarial axe e Al Jlia
:0)sie a3 Hellenic J Cardiol

Effects of Antihypertensive Treatment with Angiotensin Il

Receptor Blockers on Lipid Profile: An Open Multi-Drug

Comparison Trial

S ) (e e Aued e 3550V (e g ) s Jlerind) anall el
Gaalall | el At Baay g all amy Caad 8 o Slall ey S agd el JLll any (il
dee 9 5 asalaall (4 ) ¢ ja) Jaal 5 de sane JSI Paired t test Jlidl i
Ca el oas o jlie JS 505 48 jra Jai G Ganll 0 gl Y saa
Jlesial Gialll La S5 Q) g <l jlaadl o 48 e o Caagd) Jaidy ()
Jead) laal) san SV saaeiall il jlaall Jleaiasl 5 J20al) aa cpalaly cpliall Julas
COlaall abiza () 7 gam 50 Jly Lo 4 (Sluall e (5 AY) ALY (e dyaell lin
Eygad) Gl il sl aie e waiady

33



o el (gl 3,2 Al paddal ¢ Lad) g slaall

35-27 022013 plal 2 2220l 13 salaall 480 jall ddapall dlas 4l jo e Jhe
Evaluation of biochemical parameters in calcium oxalate &) sie Caad
.renal stone formers

Al all 038 & (S jliall agudi & sl 43y yla g (S Hliall ol sie Ciad Calll S
4l o allSI YIS o) an 58 80N Ladd 20 Jadli s (A) aalae 36
e Chas 16 e Jaldy (B) 4o seanay 43w 35 — 20 O p olee) 7 ) 55
Jeadiiy (C) de sanas 4 35 — 20 O pa ke 7 o) 53 4y 1SN o guallSlh YIS
A 70 40 O ot ez gl 555 o suallSI QYIS 6l sy Clas 15 e

B (e sanall s B 5 A (fic sanall o 40 5laall § il Jasda) 43 ) Gl LS
.Cs

rdidadll (8 Caraall (il g (lamy 23a5 () (S

il LAl Caaa I caalil) 3 Al -

Ol Jalas Jlaxiiaal 355 ua Sixy Lae e sane 20 Caalill dul y0 Ciiaad -2
A5 A 93 3e (i lia (5 a) Gl ol W) saxid) Gl JLEAY) ¢l sal s (ANOVA)
Cun 053 C 5 A O AL Jaals C 5 B Giic sanall s B 5 A e sanall (g
e

odady andall a sl (LAY Caad W ailily o) U Gl & W1 -3
el

(Unpaired t test ) t Jisl g 55 A @okb ol Caldl -4

@bl pae ol gild s B A Aleaiiall T Al o) o sl dany Gl -5
sl ola e ol sl G asl g cals e S LY da <6

Jeniad 1 Jumd¥) (e S adde 5 Al Gy QS il diss ol -7
ANOVA Juaind i a) e 5l jlasilS eall Jaab ANCOVA

D O)sin 1268 — 1264 o= 4 2221l Oncology Letters 4lae (& jds Sy b
"Expression of the pluripotency markers Oct3/4, Nanog and Sox2
in human breast cancer cell lines"

reban ) Jidall (e Lad 40l 5 il sl (panad
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Statistical analysis. Data are expressed as the mean * standard
deviation (SD). Statistically significant differences were determined
using SPSS version 16 software. P<0.05 was considered to indicate
a statistically significant result.

A e g 1) il Caiana

Oct3/d gene expression in breast cancer cell

lines
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D oo fc.
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(...

2e ol A (ANOVA ) il Jilas Jleaataal AV 3 L) (g j8all (e S 22
2 e S SOl

sale) i ad Ala¥) clibydl ) zlis¥ s s e Gaadd) ) Jaul) a3
5 1.5 o anll 1ol Clabaal) Jass sia () aa Dliad @l e ST Jalail
A g e alias Al Aabaall o) a8 Sl 23l ¢ gia e 5 14 53,90
AL Al Alalaad) 45 L8 (e 13a (S5 I3V e L) Calias
Sl s damia e il elae) ) a5 mmaa i) Slas¥l Jidadll o) 4
Lagd TadY () sSin b gill 5 clalisiny) fa

-86 U= 2013 plad 1 1222l 13 alaall 48 ol Aapall Aaa A 4l 2 e:dba
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The effect of metformin on ghrelin serum level in the type

2 diabetes mellitus
o) ol W ge (S ATy apdall a5l HLEAY Cancad 98 ailily of Caald)l SY A
oLl i sa LaS W gan aaies Gl 138 (8 (Sl Hlial) Jleaiady saseiall Gl jladl)
s Al lyje 568 (F Jlid)) Adlaia¥) ad Il el dgee o Jaidy
(6 s Ao a8 e giall cp CENWEAY) o) ) LS 88 Caaldl o)) 5 LaansY
sy O F ola) (Jasad s sSaall dllaia¥) ol o)) a5 ol Sl o) LS 0.05

i A praa (e 3y 3 A sine DA 3 g g il i (G35 0.207 Adaiadld Ao

s Al @l ) a5 il

de e <80 Lad Fooladl e lde) d5iee e GEAY) S8 (as
O Gl dilian) ) gal 8 4 Caall) Jaass Allaldl 038 g S0l s Jlaial

Adaaliaiadl

Parameters Control Control diabetic Metformin Metformin P

Healthy Patients 500 mg 1000 mg

(n=20) (n=15) (n=20) (n=20)
FBS mg/dl 96+6 A 20077 B 183+76 B 183+59B 0.00
Ghrelin 13.08+5.25 AB 8.74+2.22A 13.63+8.80A | 17.60+12.81 | 0.207
ng/ml B B
BMI 30.34+2.37A 30.80+5.50A 30.91+3.50A | 32.80+4.28A | 0.226
Age years 44.65+9.86A 44.40+11.84A 45.90+8.08A | 48.95+8.33A | 0.434

*Different letters horizontally means significant difference at P <
0.05 between
tested groups by Duncan’s test.
* FBS= Fasting blood sugar.

* Age, BMI and ghrelin serum level were presented as mean £ SD.

Group | Placebo Beclomethasone | Budesonide | Mometasone P
Period
Baseline 7.35%£1.42 8.25+1.20 7.75£1.07 7.75£1.01
Afterl mo 7.44+1.79 1.95+1.50 3.00+1.71 3.25+1.83 0.0001
After 2 mo 7.30+£1.59 1.85+1.18 2.27+2.00 2.75+1.58 0.0001
P 0.44 0.0001 0.0001 0.0001
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faal sy s dale Clia i € Clliaa iy cilalitinl e 4l Joa s 0 (S 3L

e g g a2l Jumdl lie of aas () (e Uin g ol il e | gias Cadlial)
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Group Placebo Beclomethasone | Budesonide Mometasone
Period
Baseline A 7.35+1.42a A 8.25+1.20a A7.75t1.07a | A7.75+1.0l1a
Afterl mo A7.44+1.79 a C 1.95+1.50b B 3.00+1.71b | B 3.25+1.83b
After 2mo A7.30+£1.59 a C 1.85+1.18b B 2.27+2.00b | B 2.75+1.58 b

(P<0.05) 4 sine a3 39 5 ) il Ciaaall Gudi G AdliAal) 3 S a5 )
P< ) A siee AT dga g ) 5 3 penll udi 8 A8l 5 i aall Cagyall
(0.05

b LS i) Alie oSy

(BomS oy a) Bas) gl 3yl Cpania CiBlalaall (e 45 jlaal)

dayg Ay gina pe GlS uluY) A die G jlEall e SESEAY) G Jsaad) (e ey
N e cadlial Al Alabaall Ol 5 suedl) (e Elelaall aen Cadlial e
UL . P L PO R P
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G QLAY ) 2 Lasd 4 gina pae Ol Haal) cpay QLAY CulS g3l 4
A0 g ClS AL O Maleall Al JS paiia 0l )

by

JsY) sa e Judl LS5 (u gyl sl Jlll 8 1) sine Lialials) s <)l

.(Beclomethasone)

Lilaa) el JLEaY) g1 gil 5-2

SO ) Cptand ‘_A\ Ll Gl Hldy) ru.um OSa
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Parametric tests 4salaall < LidY) 1-5-2

LR Lgal (a s ol Lena 355 0580 ) il e sale sy i JLEAY) o3
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e Two tailed test gisill ils e Gle o8 o8 slbianll 28 &l jLaaY)
Aelia Ao adiay jLid¥le o WA )5 One tailed test g sl (e a5 cuils
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A il 02 5 duale il Al Hal A 8 aoay Caalll Gl s O LD Y Al
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Sl Jha g & jiall 4 kil s 5l Null hypothesis el ds ylas Jiai o
et s ALl A lailly (i Leaad i () Jal LSl 5 4 ylaill s3a gl s

Hy:um#pf
il o Jlia¥ o) e D (8 g lil) aae Aaay Al 4y el o oS Lerie
Al ds J8) gl el LY ) s dassie (5% Ll i (5 sl axe Y a5l
) A ganl) )y i (5 2 (o anii dall s2a (La 0,05 Jaialy laay)
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b Lga g8 Banl g Al t L8R 1-1-5-2
pinall Lo gia pe Al Javgie &)t L) Jlesiod S3 JLERY) 1

(sl Y|

Oe 488y 100 Jaras glaall #3) 1jlie il Ll lS il sl caed) 1l
glaa agal palad) 10 A sl elac) &5 4S50 eleal Ha) a jaly 4gdalad
rolial LS il uil€ g o haall JI 5 30 48 jriasall 5 yiall Cilaas

.102 <99 <104 <103 <100 <98 <99 <93 93 <90

SAS b

Data relieftime;
input time;
cards;

90

93

93

99

98

100

103

104

99

102

run;

proc ttest data=relieftime ho=100;
var time;

run;
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The TTEST Procedure
Statistics
Lower CL Upper CL Lower CL Upper CL
Variable N Mean Mean Mean Std Dev Std Dev Std Dev Std Err
time 10 94.754 98.1 101.45 3.2173 4.6774 8.5391 1.4791
T-Tests
Variable DF t Value Pr > |t
time 9 -1.28 0.2310

%5 Jlaial (5 Shmsad T e QJS‘}JJ\ cle )

SPSS i -

byl ehid analyze L3V o b & A )l dadall & bl Jial o
one sample mean t 4 U5 Hlea a3 yedad compare means 4ie s
i )l i Test variable Jis ) time _saiall 48 Jaii ) s ao 30 jelaid test
.0k i 3 Test value Jés (2100

One-Sample Test

Test Value = 100

t df |Sig. (2- Mean 95% Confidence Interval of the Difference
talled) Difference Lower Upper
time -1.285- 9 .231| -1.90000- -5.2460- 1.4460

MedCalc 4 -¢

t test Uiy statistics oV baai &5 A )l dsdall 8 cllall JBa) 5
=i s me jedaid one sample ttest Lee DU LA Ao gana jelaid
0K i value Jis 8 100 =i L variable Jas & time

One sample t-test

Test value 100
Difference -1.9000
95% CI -5.2460 to 1.4460
Degrees of Freedom (DF) 9
Test statistic t 1.28455
Significance level P =0.2310
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Graphpad Prism i -
= b analyze e i S5 create A column JUas 4 Jll dsdiall (e

Jis (2 A D> e sedad o0k S column statistics 4t JUsS l s

=i Hypothetical value Jis 45 one sample t test = &% Inferences

DATA Z;

One sample t test

Theoretical mean 100.0
Actual mean 98.10
Discrepancy 1.900
95% CI of discrepancy -5.246 t0 1.446
t, df t=1.285 df=9
P value (two tailed) 0.2310
Significant (alpha=0.05)7? No

INPUT Group TIME;

CARDS;
1 80
93
83
89
98
100
103
104
99
102

T NINDNNMNNERPRPRBR

J

proc ttest data=z;

class group;
var time;
run;

.0k % 100

Clilfie Glibe A At LEs)- 2-1-5-2

SAS ddii

LJ&L;H\ inﬁt*”j eJK:‘5 Qgijl*uﬁ ZJL:; Qsé

Variable Group

TIME

The

SAS System 12:58 Thursday, September 9, 2014

The TTEST Procedure
Statistics

Lower CL Upper CL Lower CL

N Mean Mean

5 79.535 88.6

Mean Std Dev Std Dev

97.665 4.3741  7.3007

Upper CL

Std Dev Std Err

20.979 3.265
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TIME

TIME

5 99.025 101.6 104.17 1.2424 2.0736 5.9587 0.9274
2
Diff (1-2) -20.83 -13 -5.173 3.6249 5.3666 10.281 3.3941
T-Tests
Variable Method Variances DF t Value Pr > |t]
TIME Pooled Equal 8 -3.83 0.0050
TIME Satterthwaite Unequal 4.64 -3.83 0.0141
Equality of Variances
Variable Method Num DF Den DF F Value Pr > F
TIME Folded F 4 4 12.40 0.0318

oalad are A 5l Les (P=0.0318) Lisine OIS oalall (il jlia) o oK1 las
22131 (P=0.0141 ) Gl Luilat adas dalll P Aad adiain 1A cpiiall cpa cplal)

Ot glal) A gimall LAY

SPSS i o

& A3 SAS (A i il ity Ul JA) oy il (g glad ade g (g glad Alla

Al ghaal

Analyze — Compare Means — Independent Sample T test

43

ta independent-samples t-testsav [DataSet0] - IBM SPSS Stati
File Edit View Data Transform Analyze Graphs Utilities Add-ons Window Help
E= O A Reports » e ==
=5 Descriptive Statistics 3
19: Cholesterol Compare Means b Q Means..
Treatment General Linear Model — » [ One-Sample T Test.. var
1 Diet grou ezl -
: group Generalized Linear Modelsk Independent-Samples T Test.
2 Diet group Mixed Models o [
: Paired-Samples T Test..
3 Diet group Correlate 3 _
i - 1| One-Way ANOVA...
4 Diet group Regression y | B
] DfEt group Loglinear b
6 DfEt group Classify b
! DfEt group Dimension Reduction  »
8 Diet group
: Scale }
9 Diet group )
; Nonparametric Tests b
10 Diet group
; Forecasting 3
" Diet group -
. Survival b
12 Diet group _ur\f.wa
13 Diet group Multiple Response 3
14 Diet group % Simulation...
15 Diet group Quality Control p
16 Diet group ROC Curve...
17 Diet group 6.24
1R MNiat arann R




i) pabad) (a8 3

Akl (addal e Ll g slaall

TestVariable(s)

l__& Treatment

& Cholesterol

i Srouping Variable:
Define Groups...

cacie [ Reset |[cancel ][ Hen ]

TestVariable(s):

L=

Srouping Variable:
||Treal:lnent{’) 2

@ Use specified values

Group 1:

© Cut point:

(o) (L cancer | Heip |

@ Use specified values

© Cut point:
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Group Statistics
Group Mean Std. Deviation | Std. Error Mean
c 88.60 7.301 3.265
Time
t 101.60 2.074 .927
Time

Levene's Test for

Equality of Variances

t-test for Equality of Means

F Sig. t df Sig. (2- Mean Std. Error

tailed) [Difference | Difference
Equal variances 5.821 .042 -3.830- 8 .005 -13.000- 3.394
Unequal variances -3.830- | 4.641 .014 -13.000- 3.394

P=0.014 4ad 2aias il (uilat sae ) pdo Levene JWis) o) L

MedCalc 3di-z

T Jlsiy statistics Ll baaai o8 (a2 see (& Skl Jaas 10l g sl Ala A

Ul e e Independent samples t-tests DU 4ia s test

#

A B

80. 100.

93. 103.

83. 104.

89. 99.

98. 102.

Independent samples t-test |M

Sample 1 Options
Varigble:  TESTO - Logarithmic transformation
Filter: TREATMENT="A" A Correction for unequal variances:
Sample 2 Assume equal variances -
Varigble:  TESTO -
Filter: TREATMENT="8" -
7] oK ] | Cancel
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Onadl) (8 Jandl e Cpliill (g sl pae Al 31 LA i Sy

T-test (assuming equal variances)

Difference 13.0000
Standard Error 3.3941
95% CI of difference 5.1732 to 20.8268
Test statistic t 3.830
Degrees of Freedom (DF) 8
Two-tailed probability P =0.0050

Ll (g glad are Al B

Welch-test (assuming unequal variances)

Difference 13.0000
Standard Error 3.3941
95% CI of difference 4.2752 t0 21.7248
Test statistic t(d) 3.830
Degrees of Freedom (DF) 4.6
Two-tailed probability P =0.0122

Graphpad Prism i -3
(e analyze Dol Jarcad o3 olial e ga WS ULl Jaas ; cplal) (g glus Al &

Unpaired 4ie JUSS )lsa aa e jedaid t test e 185 column analyses Jis

t test
A B
80. 100.
93. 103.
83. 104.
89. 99.
98. 102.

Parameters: t Tests {amd Nonparametric Tests) E

Choose Test

rou may edber choose a ezt by checkng the thise opton Booss, o
ol sy chooss & lest by nanss balow.

[ Pared test. Vabues in esch iow isprasert pared chaerysbons
] Monparameteic test. Don assume Gaussian distibutions
[]'wielch's comection. Don't assume equal vanances
Test Mame: | Unpased | et !
Dptinnz
Pwvaiuss () Onataded (3 Twotaded
Confsdence Infervals | 95%  w
Significant digits
Show 4 [w  sigrahcent digls
Output
[] Creste a table of descripive stalistcs bor each column

Leam || Cancel || oOx |
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Unpaired t test
P value 0.0050
P value summary **
Are means signif. different? (P < 0.05) Yes
One- or two-tailed P value? Two-tailed
t, df t=3.830 df=8

.0k & Welch correction sdéisall g sall (o i ool (5 b aae 4l

Unpaired t test with Welch's

correction

P value 0.0186
P value summary *
Are means signif. different? (P < 0.05) Yes
One- or two-tailed P value? Two-tailed
Welch-corrected t, df t=3.830 df=4

AL gl yally 4 e il (5 sl e (ial i) Als 3 A dlaiaY) ded oD ()

data x;
input x z;
cards;

80. 100.
93. 103.
83. 104.
89. 99.
98. 102.

J
proc ttest data = x;
paired x*z;

TR I AR LA

da g3 3al) i) dls 4t JLs) 3-1-5-2

SAS i

-sL3a) a5 LS G}ALJ‘kQ‘ Al (iSH

run;
The SAS System 12:58 Thursday, September 9, 2014
The TTEST Procedure
Statistics
Lower CL Upper CL Lower CL Upper CL
Difference N Mean Mean Mean Std Dev  Std Dev  Std Dev  Std Err
X - z 5 -22.04 -13 -3.961 4.3618 7.2801 20.92 3.2558
T-Tests
Difference DF t Value Pr > |t
X -z 4 -3.99 0.0162
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SPSS Ldii o

C T
80. 100.
93. 103.
83. 104.
89. 99.
98. 102.

Analyze > Compare Means —  Paired Sample T test.
0K & Gl () bl e () paaiall 4 Ji5 ) s a0 g0 pedases

Paired Samples Test

Paired Differences t df | Sig. (2-
Mean Std. SE 95% ClI tailed)
Lower Upper
|Pair1  C-Time -13.000- | 7.280 3.256 | -22.039- -3.961- | -3.993- 4 .016

MedCalc il -z

-l e LS &"_1\_1\_1.\3\ Jaxs

C T
80. 100.
93. 103.
83. 104.
89. 99.
98. 102.

el T-test 4ie JUAS ol jla 3ac 43 by 4 jelad statistics Ll e b
M\Md)&\ ds:l\uﬁea.i)\);@)-o)@_ia.\s Pawedttest)l:n.ug\)l_);sm
Ok a3 AU el U Jaad) 8 aazai g 5Y)

Paired samples t-test

Mean difference 13.0000
Standard deviation 7.2801
95% ClI 3.9605 to 22.0395
Test statistic t 3.993
Degrees of Freedom (DF) 4
Two-tailed probability P =0.0162
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Graphpad Prism i -
NEL) GAA‘DA LS &Lﬂ_}\:\.d\ Jax Column 4ada JL\;.} C.A\.i).d\ G\S e

C T
80. 100.
93. 103.
83. 104.
89. 99.
98. 102.

e ek ok A3t test JUAS column analyses Jis (x5 analyze 3 sl

.0k & paired t test 4« JUids choose test dis (el )l sa

Paired t test

P value 0.0162
P value summary *
Are means signif. different? (P < 0.05) Yes
One- or two-tailed P value? Two-tailed
t, df t=3.993 df=4

Non parametric tests 4salaadll < Lisdy)

il prial) ) Laada Ly S5 g 558y il l_paiall e sale Jaxtiud ol JLaaY) o3
*5.(Outlier) 48 ke ad 3ga 5 die 5l (Rank) <ol G o) dpan) 4 pal)
W e 5 s Ola bl 5 Aedlall g 4 SISl g Ll Jie Baastie Lyl

fetanh f g 8 oY Ban) g Alad Lgid pa g Aadlall il Jlal-1

a s 5 o dal el as) Ol cla b dasa gl L Gralead) aa) el s JU
(S agila ) il 5 ) (e die Cuss dlle sl daa LAl

4,5,8,8,9,6, 10,7,6,6.
SAS |

DATA IN;
INPUT X @@;
diff=X-5;
CARDS;
4 5 8 8 9 6 10 7 6 6
run;
PROC UNIVARIATE;
VAR diff;
run;
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Tests for Location: Mu@=0
Test -Statistic-  ----- p Value------
Student's t t 3.242617 Pr > |t 0.0101
Sign M 3.5 Pr >= |M| ©0.0391
Signed Rank S 20 Pr >= |S| ©.0195

5 syl 511131 0.039 (5 sl P A () Jaa3

DATA IN;
INPUT X @@;

CARDS;

4 5 8 8 9 6 1o 7 6 6
run;

proc univariate data = in loccount mu@ = 5;

var x;
run;

JLidl e Jumdl s A Wilcoxon Signed Ranks Test Jueaivl (Say WS
{(P=0.0195) Z&Ludl SAS el i Cila j2a (& 353 30 4 5 Aadlal

SPSS 1% -

&= ekt one sample test <5 nonparametric test & analyze ) b
Js~i field Jis (5 Wilcoxon singed rank test le 5 setting o= ) s>
ok A test field ) uaiall

Hynothesis Test Summany
Null Hypothesis Test Sig. Deci=ion
One-Sample Reject the
1 The median of Score equalz 50000 coxon Signed 047 null
Rank Test by oth esiz.

Asymptotic significances are displayed. The significance lewel iz 05,

MedCalc i -z

s ay yb elad statistics Ll dasai s At ) Aadeall & bl JIS)
= )l mw e Signed rank test e iy &5 Rank sum tests 4
0K &3 Test value 2 5 a1l paai s variable Jis (8 il
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Signed rank sum test

Test value 5
Number of positive differences 8
Number of negative differences 1
Smaller total of ranks 2.50
Two-tailed probability P =0.0117

Graphpad Prism i -3

<l Jaxi 5 create &5 column s faww Jll dAsdall o1

=
O@|N|o|9 00|00~

ok & column statistics 4 JUsS i ea a3 ehaid analyze ) bl &
a1l i s Wicoxon signed rank test (e 4d dis moa s a0 jeladd
.0k & hypothetical value Jis 2 5

Wilcoxon Signed Rank Test

Theoretical median 5.000
Actual median 6.500
Discrepancy -1.500
Sum of signed ranks (W) 40.00
Sum of positive ranks 42.50
Sum of negative ranks -2.500
P value (two tailed) 0.0197

Sign test for paired data 4 g3 el cilibll Aadall JLEA)- 2-2-5-2

Trt 10 |12 |8 13 111 |15 16

(0]
SN

13 15 |5 |6 |8

N

C 6 |5 |7 ]9 ]1012 |9 |8

w

14 |6 |10 |1 |2 |1
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SAS i |

data hyper;
input treat control @@;
diff = treat-control;

cards;
10 6 12 5 8 7 8 9 13 10 11 12 15 9 16 8
4 3 13 14 2 6 15 10 5 1 6 2 8 1

run;

proc univariate;
var diff;

run;

Tests for Location: Mu©=0

Test -Statistic-  ----- p Value------
Student's t t 3.116036 Pr > |t 0.0076
Sign M 3.5 Pr >= |M| ©.1185
Signed Rank S 42.5 Pr >= |S| ©.0139

SPSS 3% .
st ) Aadiall 8 bl Jas

10.
12.

13.
11.
15.
16.

13.

15.

= = =
pivp(SloRlwejolKBlo~nle|o

Sl s Al QLA jedaid Non param tests LU &3 analyze 3 aacal
customize Ui objectives 4sia (e Jlss e ekad Related samples
setting 4ada (s Gl I bl e Ol jpriall Jib o 585 fields 4sda (e
Wilcoxon signed rank s sign tests (= i3 customize tests Jbss

.Run & test
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Hypothesis Test Summany

Null Hypothesi= Ta=st Sig. Oecision
. . elated- Fetain the

1 $haen5n3déanu:lf5-:lnlﬁerence5 bemeeg'amples Sign A48 null
q . Test hypothesis.

Related-

. . ample=s Feject the

2 Jhe median of differences betweafd T PSS 015 null
q . Signed Fank hypothesis.

Te=t

Aeymptotic significances are displayed. The significance lewel is 105

TExact significance iz displayed for this te=t.

MedCalc il -z

Rank & statistics ) Jarcai o5 SPSS (& JWaY) glal) iy Uikl Jaas
O ad ) sn a e jedad Wilcoxon (Paired samples) Jbas &5 sum test
0K a3 (UGN Jaall & JAY) s Jo¥1 Jaall 8 JsY) puaiall puas

Wilcoxon test (paired samples)

Number of positive differences 4
Number of negative differences 11
Smaller total of ranks 17.50
Two-tailed probability P =0.0125

Graphpad Prism i -

& ek analyze L) bacai o5 SPSS & JaaY! coslal ity bl Jas
DU AT i e jedad | 0K A3t test and non param test 4 RS s

.0k &3 Wilcoxon matched pairs test 4«

Wilcoxon signed rank test
P value 0.0164

Oliliies Glile dlla & g9 gla Jhid) 3 -2-5-2
SAS L% -

data oxide;
input group hemo @@;

cards;
1 10
1 12
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N NNNNMNNMNMNNMNMNMNMNNMNMNNMNMNMNMNNMNMNNMNNMNNNPRPRPRRPRPRPRPRPRPRPRPRERR
O N U1 Oy 0O

BN R

proc nparlway wilcoxon;
class group;
var hemo;
exact;

run;

proc means median;
class group;
var hemo;

run;

Wilcoxon Two-Sample Test

Statistic (S) 274.

Normal Approximation

z 1.
One-Sided Pr > Z 4]
Two-Sided Pr > |Z] 0.
t Approximation

One-Sided Pr > Z Q.
Two-Sided Pr > |Z] 0.
Exact Test

One-Sided Pr >= S Q.
Two-Sided Pr >= |S - Mean| 0.

0000

7053

.0441

0881

0494
0988

0432
0863
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SPSS i

-5l G,\A}A LS &"_1\_\\_1.\5\ JAN

Group Drug

=
N

NI NSNS
'—\

Non param test 4t JUas &l LA sl day i jedaid gnalyze ) e b
DB s m e elad Independent samples leie JUAS &l LA 3ac el
4 Jliss Objectives 4aba o 7 5ia lsn a e ehad scan data 4
On oadall J8 s a e jedaid fields L el o3 Customize analysis
bani A group ) AY) sl Jas g test field Jes A Gaad) () bl dga
e a5 A customize tests e 4d 5% s e sedad setting LY

Run & 5 gle sl

Hypothesis Test Summany
Mull Hypothesis Te=t Sig. Decizion
Independent- .
The distribution of Drug is the Eamﬂaar:rﬁ'_leg aad Ejltlam the
across categories of Group. Whitney 1 ' hypothesis.
Test

Asymptotic significances are displayed. The significance level is 05,

VExact significance iz displayed for this test.
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MedCalc ddii g
o LS i) Jas

10.
12.

13.
11.
15.
16.

13.

15.

= = =
pivp(Slo|RjwejoEo~oo|m

xhd Mann-Whitney JUiss o5 Rank sum test & statistics 3 Jawa
& SN Jaall 8 a1y JsY) Jiall & V) el muml (Mlis 4 ) ea 1 e
.0k

Mann-Whitney test (independent samples)

Average rank of first group 18.2667
Average rank of second group 12.7333
Large sample test statistic Z 1.721340

P =0.0852

Two-tailed probability

Graphpad Prism i -2
ttest and non 4 JUAS Sl sa a3 yedaid gnalyze L barcad 23 clilal) Jaa
.0k & Mann-Whitney 4 JUias AT jlsa a3 sedad 0k a3 param test

10.
12.

13.
11.
15.
16.

13.

= =
olR|lwlmlolK5|o|~|0o|w
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15. 10.
5. 1
6. 2
8. 1
Mann Whitney test
P value 0.0882

Pos hoc comparisons — :3aaiall @lijiall 3 4- 2

Gl Jalat o) yal amy Gilalaa e HAST AN 8 ale Badatall U jlaall Jaatius

Gl1d L A ima F il CuilS 5 COllae dsed @l o Ly 518 (ANOVA)

A 5 el lalaall 4 i cldan giall o)) e i ) aded) Az ji ) ey

aae O sSe La | Ol gie gl G 4 simall ClEDERY) 5y 53 jlaal ) i 13

t S5 10 @il
1vs2
1vs3
lvs4
1vs5
2Vvs3
2Vs4
2VS5
3vs4

3vsh

4 vs 5
Adaleall (38 g sl Sy U Hlaal) 22 ()

K(k — 1)/2
O bl 220 Jiad k Eus

1kl (e (e i Jleniady o Sl (S il Jlaall 6l jal o
<l LAY e Al Single step procedures saad ol 3 gdadll 340 yla -1
:4dull
Tukey—Kramer method (Tukey's HSD) (1951)
Scheffe method (1953)

Rodger's method
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http://en.wikipedia.org/wiki/Scheffe_method
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Al Gl LAY et Al g saaaiall Gl ghadll (3 4k -2
Duncan's new multiple range test (1955)
The Nemenyi test is similar to Tukey's range test in ANOVA.
The Bonferroni—Dunn test
Student Newman-Keuls post-hoc analysis

Dunnett's test (1955)

ald )l Lgie | me Ala¥) 5ad apaai) dakise Aol 3 Jlerdial Cutanai 4 )3 b 1l

O Bl A sine ) (Baad =2 Aangia=] «448a=0)2 N 0 51

ealay) el
Gl G2 G3
1. 1. 2.
1. 2. 2.
1. 1. 2.
1. 2. 2.
2. 1. 2.
1. 2. 2.
1. 1. 2.
1. 2. 2.
1. 1. 2.
1. 2. 2.
SAS dui -
DATA Z;
INPUT GROUP SCORE;
CARDS;
1 1

NNNNRRRRRRRRR
NRNRRRRRRNNRRR
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W wwwwwwwwwihNhNNhDNNhDDNDdDN
NNNNMNNMNNMNMNNMNNMNNMNMNNMNMNNERENNREREDNDPR

PROC GLM;
CLASS GROUP;
MODEL SCORE=GROUP;
MEANS GROUP/DUNCAN Bon Tukey;run;

The SAS System 13:00 Thursday, July 28, 2014
The GLM Procedure
Duncan's Multiple Range Test for SCORE

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise
error rate.

Alpha 0.05

Error Degrees of Freedom 27

Error Mean Square 0.125926
Number of Means 2 3
Critical Range .3256 .3421

Means with the same letter are not significantly different.

Duncan Grouping Mean N GROUP
A 2.0000 10 3
B 1.5000 10 2
C 1.1000 10 1
The SAS System 13:00 Thursday, July 28, 2014

The GLM Procedure
Tukey's Studentized Range (HSD) Test for SCORE
NOTE: This test controls the Type I experimentwise error rate, but it generally has a

higher Type II
error rate than REGWQ.

Alpha 0.05
Error Degrees of Freedom 27
Error Mean Square 0.125926
Critical Value of Studentized Range 3.50643
Minimum Significant Difference 0.3935

Means with the same letter are not significantly different.
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Tukey Grouping Mean N GROUP
A 2.0000 10 3
B 1.5000 10 2
C 1.1000 10 1

The SAS System 13:00 Thursday, July 28, 2014
The GLM Procedure
Bonferroni (Dunn) t Tests for SCORE
NOTE: This test controls the Type I experimentwise error rate, but it generally has a

higher Type II
error rate than REGWQ.

Alpha 0.05
Error Degrees of Freedom 27
Error Mean Square 0.125926
Critical Value of t 2.55246

Minimum Significant Difference ©.4051

Means with the same letter are not significantly different.

Bon Grouping Mean N GROUP
A 2.0000 10 3
B 1.5000 10 2
B
B 1.1000 10 1

SPSS dii. o
bl apdall 3 il a6 Alud) ) gladll Gl o

Tests of Normalityb

IGROUP Kolmogorov-Smirnov® Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
1 524 10 .000 .366 10 .000
SCORE
2 .329 10 .003 .655 10 .000

a. Lilliefors Significance Correction
b. SCORE is constant when GROUP = 3. It has been omitted.

one way 5 compare means ~ analyze (e Jarcai ) JLAY) 385 (ya jal
<l LAY Je 5555 Pos hoe e baai 5 ANOVA
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Multiple Comparisons

Dependent Variable: Scoer

() Group  (J) Group Mean Dif SE Sig. 95% ClI

(I-J) LCL UCL
2 -.40000-" .15870 .046 -.7935- -.0065-
! 3 -.90000-" .15870 .000 -1.2935- -.5065-

Tukey 1 .40000 .15870 .046 .0065 .7935
HSD ? 3 -.50000-" .15870 .011 -.8935- -.1065-
1 .90000° .15870 .000 .5065 1.2935

3 2 .50000 .15870 .011 .1065 .8935
2 -.40000-" .15870 .018 -.7256- -.0744-
! 3 -.90000-" .15870 .000 -1.2256- -.5744-

LSD ) 1 .40000" * .15870 .018 .0744 .7256
3 -.50000- .15870 .004 -.8256- -.1744-
1 .90000 .15870 .000 5744 1.2256

3 2 .50000° 15870 | .004 1744 8256

2 -.40000- .15870 .054 -.8051- .0051
' 3 -.90000-" .15870 .000 -1.3051- -.4949-

1 .40000 .15870 .054 -.0051- .8051

Bonferroni 2 .

3 -.50000- .15870 .012 -.9051- -.0949-
1 .90000" .15870 .000 .4949 1.3051

° 2 .50000" .15870 .012 .0949 .9051

*. The mean difference is significant at the 0.05 level.

MedCalc 3dii -
JaS S statistics ) daiai o SPSS (o JLaa¥) A8 jla (udiy Ll Jans
Jaall 8 s ) ga aa e ¢daid one way analysis of variance ~ anova

0K &3 group g 4k sl Jaall 5 score JsY!

One-way analysis of variance

Data SCORE
Factor codes GROUP
Sample size

Levene's Test for Equality of Variances

Levene statistic

DF 1
DF 2
Significance level
ANOVA
Source of variation Sum of squares
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30

30.063

2

27

P < 0.001

Mean square
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Between groups 4.0667 2 2.0333
(influence factor)

Within groups 3.4000 27 0.1259
(other fluctuations)
Total 7.4667 29
F-ratio 16.147
Significance level P <0.001
Student-Newman-Keuls test for all pairwise comparisons
Factor n Mean Different (P<0.05)
from factor nr
@)1 10 1.1000 2)(3)
2)2 10 1.5000 1)(3)
(3)3 10 2.0000 @2

Graphpad Prism 4% -

~ create ~5 Box and Wiskers e 55 Column )i mals jll =8 e

-sL3a) o e LS a"_ﬂ_ﬂ_ul\ Jaxs

-
N

G3

n

ol Gl Ll Ll Tl NI A T T L
NI NI NI NS NI

NIINIINININISININI

ok 5 column statistics 4ie JUAS ) s a e yelad Analyze ) Jaaai o5

.0k & Shapiro JLisl e 8 5h5 JA1 e ao e jelad

Number of values 10 10 10
Minimum 1.000 1.000 2.000
25% Percentile 1.000 1.000 2.000
Median 1.000 1.500 2.000
75% Percentile 1.000 2.000 2.000
Maximum 2.000 2.000 2.000
Mean 1.100 1.500 2.000
Std. Deviation 0.3162 0.5270 0.0
Std. Error 0.1000 0.1667 0.0
Lower 95% CI of mean 0.8738 1.123 2.000
Upper 95% CI of mean 1.326 1.877 2.000
Shapiro-Wilk normality test

w 0.3657 0.6553

P value <0.0001 0.0003

Passed normality test (alpha=0.05)? No No

P value summary ok b

Sum 11.00 15.00 20.00
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2.5n

2.0+ ——

1.5+

Score

1.0+

0.5+

0.0 T
&>

oV

Groups

O’b

b )5 & Y ULl o gy (3 sauall as ) s 5 Shapiro Jbis) cues
Apalaad) a8 (e g Aalaall Ol HLBAY) (345 Sla i giall HLiA) (6 ain @l sy
L cld g all AdasSlal
ok ~2 One Way ANOVA Ui i ga a3 r¢bad Analyze ) i
Pos “ule it ao e llia y One Way ANOVA 4zd JUSS ) s ao e jelaid

s Bonferroni s Dunnett s Tukey (esaii il 5 il Laa¥) aal 4 Hl535 ho

.Newman-Keuls

Tukey sl
P value summary rxk
Are means signif. different? (P < 0.05) Yes
Number of groups 3
F 16.15
R squared 0.5446
Bartlett's test for equal variances
Bartlett's statistic (corrected)
P value
P value summary ns
Do the variances differ signif. (P < 0.05) No
ANOVA Table SS df MS
Treatment (between columns) 4.067 2 2.033
Residual (within columns) 3.400 27 0.1259
Total 7.467 29
Tukey's Multiple Comparison Test Mean Diff. o} P <0.05? Summary|
Glvs G2 -0.4000 3.565 Yes *
G1lvs G3 -0.9000 8.020 Yes ok
G2vs G3 -0.5000 4.456 Yes *
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Newman-Keuls _Lisi

P value summary

*k%

Are means signif. different? (P < 0.05) Yes
Number of groups 3
F 16.15
R squared 0.5446
Bartlett's test for equal variances
Bartlett's statistic (corrected)
P value
P value summary ns
Do the variances differ signif. (P < 0.05) No
ANOVA Table SS df MS
Treatment (between columns) 4.067 2 2.033
Residual (within columns) 3.400 27 0.1259
Total 7.467 29
Newman-Keuls Multiple Comparison Test Mean Diff. q P <0.05? Summary
Glvs G3 -0.9000 8.020 Yes ok
Glvs G2 -0.4000 3.565 Yes *
G2vs G3 -0.5000 4.456 Yes **
Bonferroni JLial
P value summary rrk
Are means signif. different? (P < 0.05) Yes
Number of groups 3
F 16.15
R squared 0.5446
Bartlett's test for equal variances
Bartlett's statistic (corrected)
P value
P value summary ns
Do the variances differ signif. (P < 0.05) No
ANOVA Table SS df MS
Treatment (between columns) 4.067 2 2.033
Residual (within columns) 3.400 27 0.1259
Total 7.467 29
Bonferroni's Multiple Comparison Test Mean Diff. t P <0.05? Summary
Glvs G2 -0.4000 2.521 No ns
Glvs G3 -0.9000 5.671 Yes ok
G2 vs G3 -0.5000 3.151 Yes *
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Dunn ks

sl i (2 e -ST) S pontall a5 55 0550 Lendie JLEAY) Iaa (5
Jraninly o siall ¢ )lai 5 LaaY adie oIS (o) JSu S lid) Jextid anlal
.Dunn

DLEAY) LS g nonparametric test (e s o) 2an 48 jal) (Say SLEAY) 12a
LAY (585 o liaY) IS Jd 5 Kruskal s Friedman Wl sa s cliball 2l
.Dunn Jlsiuls Post hoc

Table Analyzed Data 1

Kruskal-Wallis test

P value 0.0004

Exact or approximate P value? Gaussian Approximation

P value summary rrk

Do the medians vary signif. (P < 0.05) Yes

Number of groups 3

Kruskal-Wallis statistic 15.79

Dunn's Multiple Comparison Test Difference in rank sum P <0.05? Summary
Glvs G2 -6.000 No ns
Glvs G3 -13.50 Yes ek
G2 vs G3 -7.500 No ns

Sl LAYl & o8 Caa il (35 8l 4 giea () Adliaall il LEAY) 3 (e Laa3l
e Lera ) ULl 068 BaY) JLEAY) s Dunn JLis) 5SSl oda Jie B

65




o el (gl 3,2 Al paddal ¢ Lad) g slaall

dudall <l LAY G Juadl)
Diagnostics test gasdall < jLddl 1 - 3
Ll WD aass 5l G el 3 g 50 ) B (S Lo s (Al DLEAY) (3 ka (e el lia
L (8 gl
OV 3Ly 4B3lal laa Loga Lo suin g0 223 L Dle 5 (ial oY) i g a5 O
Jiain) g el i) Allad iy 43 age el (apdiill 480 3 13 il 5 (o)) sl
il <)
) i il daa e € an U iy Gl Y e SISl st
¢ LAY il 5 Ay pudl al je W) e daldie] (ayal) apaad 8 Culall A8l
el LS ()5S0 a8 lana 14 5 5l Gl e W) e slaie YU apa il o) 3)
Gl jlal () gliag 38 Lail g oa s s o 5l el e 2l 5 (a yall 2 g L a0 2
Aede e gl 3 g5 L Sle R
Alia ¢ 5SEY 3 gy sl it A jal) VLA b ol LAY A8 ea] s
Ay (B Laala )50 Led SLaY dai L8 13T (5 all 4 s al ye

Ande (e

Screening tests and — oesd-ddl cf L) g Al oY) <l i) 243
diagnostic tests

U Aaldl) (al eV (ang Lea san daay Al G LAY e A gY) <l jLaiy)
Lo el Al atilial Jlaialy 1€ 68035 ol gy Lae (et sl L

2l HLAAY) sda e AliaY) ?A\ 5%y

Pap smear for cervical dysplasia or cervical cancer
Fasting blood cholesterol for heart disease

Fasting blood sugar for diabetes

Blood pressure for hypertension

Mammaography for breast cancer

PSA test for prostate cancer
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Fecal occult blood for colon cancer
Ocular pressure for glaucoma
PKU test for phenolketonuria in newborns

TSH for hypothyroid and hyperthyroid

I LAY e Al ) il LAY am Ll el oty Al g (andilil) ol jlsa) Wl
L) @lia ) 2 Cuieadl 3] i daie (a ) 359 JEY) o L s
U (8 ol ¥l (mny o i 28 Ll dga (ay dgn (e LRI A8y 8
slie) ) ol Sany st 383 5005 im il s e e A i1 5l il

o il Gl AN o8 g (el & g8 L g 200 A8y HiIS) ) LAl

A0 gY1 il JLEAY) o A5 81 323

UL 5 Laghimdl apaai) iy sl 0y &5 e o) jaY dala Lol @llia dpdall & gall
B 8 Lagy gt Alla 8 LaglS Jlerial o) (5 5AY) dlagind

Jie ldlaninad (55 28 iy )l (881 5il) GB35k Bac dga g e p ) e
Jlerinly cildas siall G 4 laall 5 WS Jalaa s lalall Bl ¥ s jlasi¥) g Ll Y
Gl sda ol Y Phi Jwlee s Bland Altman 4a,k 5 Paired t test laal
Ll il o o)) adall e 8 131 (381 5il) 5 LgaDlia (50 (A sl

(k) Cohen's Kappa 4sibaal 1 -3 -3

G805l e aaLiall (381 sl 4 jlaal Alkiusall il 13 S priall G381 5l uliia 5o
L i 55 Led 05 S0Y Al W) Gl posiall Lualie 0 55 5 d8aall a8 i)
05852850 (AL e KA 7 sl 5 ¢ i il il Ol ppriall A g 5 gall K Jancis
Al ALY YA any

a5 alial) Ay Tl i) peaia gy olia) J g2l

k
a8 1Y 0w J8
las (8 (38) o3 0.20—0
Jal8 38) g5 0.40—0.21
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Lo sia (38 53 0.60 — 0.41
e Gl 0.80 — 0.61
s e Gl 1.00 — 0.81

Lagany (e M B 5 A glnb gl (ol il 8 881 il 4 jo a8 ;b
A 19 243 A ankall as) 5\@&&29&ﬂ@m@@fﬁ&a@a§&ﬁdﬂ
@MMJl?}lZ&_\.’JJa)LM\BE_H\JH\u\}MJM” QL\\)HA]_O}Z\_IL;A\

¢ Ala 12 3 el 29m 55 10 (8 el d5m 5 adny Laguandids

Doctor A
Yes No Total
Doctor Yes 12 0 12
B No 7 10 17
Total 19 10 29
SAS 345 -
oLaa) G&A}AL& s JELL Aalal) tl\t_ﬂ:\.ﬂ\ =gy
data A;
input a b c;
cards;
1112
107
0160
0 0 10
5
proc freq;
tables a * b/agree;
weight c;
run;

AUl il e Jaasin Jalaill 265 die
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The SAS System
The FREQ Procedure
Table of a by b

a b
Frequency,
Percent ,
Row Pct
Col Pct , 0, 1, Total
0, 10 , e, 10
, 34.48 , 0.00 , 34.48
, 100.00 , 0.00 ,
, 58.82, 0.00 ,
1, 7, 12, 19
, 24.14 , 41.38, 65.52
, 36.84, 63.16 ,
, 41.18 , 100.00 ,
Total 17 12 29
58.62 41.38 100.00
Statistics for Table of a by b
McNemar's Test
Statistic (S) 7.0000
DF 1
Pr > S 0.0082

Simple Kappa Coefficient

Kappa

ASE

95% Lower Conf
95% Upper Conf

Limit
Limit

Sample Size = 29

0.5418
0.1341
0.2790
0.8046

Cnhall ( Jas gie (381 65 2

| yal GEELSJJ\L.&&lA‘aﬁ 2.5lnc; (e Lj;;q;g Laa Luwd S LS ) S O L g Jﬂ

) o el o) 3 Jrans 13048 U2y aal) aie Uadll Jladal) 3305 (e Siad Linaa
M) Sl Ul s 5 G jad Gl lagl ellae ) 4ilSal 58 SAS gl paibiad

AU JUl by Jalas die saniule ga g Jiladll jladl e Gl ae by
Jlexinls Le ia ye (pe Sl Lguand 2ty )8 242 (e a3 die 242 @A) 15 Jlia
Jia) (A aadl e e daall Gadi acad 25 (- ) +) Lgailis Cila g | 30V
O B85l A 3 5 sl (- ) ) Lyl L) il b 5 JSiy 5

?LJ§~)Lgﬁﬁsﬁg\

0 Alalls ] a8 can sall 3o i L see il i i (S

data datail;
input testl test2;
if testl=1 and test2=1 then tes=22;
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if testl=1 and test2=0 then tes=33;
if testl=0 and test2=0 then tes=44;
if testl=0 and test2=1 then tes=55;

datalines;
1 1
o @0
d5lsl
s>l ol
(%] (7]
(%] (7]

proc sort;by tes;
proc means;by tes;run;

data datal;

input testl test2 @@;

if testl=1 and test2=1 then tes=22;
if testl=1 and test2=0 then tes=33;
if testl=0 and test2=0 then tes=44;
if testl=0 and test2=1 then tes=55;

datalines;
01 10 01 10 01 10 01 11 10 01
10 01 11 11 10
01 11 11 11 10 00 00 00 01 10
00 01 11 11 10
01 11 11 11 10 01 11 11 11 10
01 11 11 10 00
11 11 10 01 11 10 00 00 01 10
01 10 00 11 10
10 01 10 00 00 00 00 00 00 00
00 01 10 00 01
10 00 01 10 00 00 01 10 00 01
10 00 00 00 01
01 10 00 00 01 11 10 00 00 00
e 0 00 10 00 00
e 0 00 00 01 10 00 01 11 10 01
11 10 00 01 10
e 0 01 11 10 01 10 00 01 11 10
e 0 01 11 11 10
01 10 00 00 01 11 10 00 00 01
10 00 00 10 00
10 00 10 00 10 00 00 10 00 01
10 00 01 10 00
11 10 00 00 01 11 10 00 01 10
e 0 11 11 11 10
01 11 10 10 01 10 00 01 11 10
11 10 00 00 10
e 0 10 10 00 00 00 00 00 10 00
e 0 00 10 00 00
e 0 10 10 00 00 10 00 00 00 10
10 00 10 10 10
10 180 10 00 10 61 00 10 10 X’ 00 01
] 10 10 60 00

run;

proc sort;by tes;
proc means n;by tes;run;

b LS il el
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The SAS System 17:43 Thursday, May 22, 2015 1

The MEANS Procedure

Variable N

B 5 b i
testl 36
test2 36

fEFFFFFFFFFFFSES

——————————————————————————————————————————————— tes=33 --------------
Variable N

FFFFFFFFFFFFF1S
testl 75
test2 75
FHFFFFFFFFFFFFF

Variable N

FHFFFFFFFFFFFF
testl 87
test2 87

fEFFFFFFFFFFFSES

Variable N
FFFFFFFFFFFFFFF
testl 44
test2 44

FFEFFFFFFFFFAFF
A0 (11 ) Colid Y OIS (3 o sall LAY An il U ja y 288 el pull BT Caa
Ui es AoVl Alall 8 Lexaa 36 daa sall ) 55¥) 220 o) Jalaill Ay il 5 22
sl Lasd 44 Jalaill Lagi sl 0l 5 55 Cppandl) S 8 40U jLaay) dagl
OSally aSall 5 75 JUS5 5l (8 Al uilS Al g ) 5aIY) (8 s sall 0l LY
L Jgoa Jend 87 ity Sl 5 5 AV Atill Al

+ - Total

+ 36 87 123

- 75 44 119
Total 111 131 242

(B8 5l A o 38 g el pall dadad Ll (Budad
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data A;

input a b c;
cards;

11 36

1075

0 1 87

0 0 44

5

proc freq;
tables a * b/agree;
weight c;run;

SPSS it -

Gllall JLaa) 25y o axy SPSS el Jlartinls il (udi e J guanll Say
Eopdall & g3 agae string () eriell Jgad ) iV g olia) s gale i

=Ll & variable view 4sia

Q1

Q2

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

yes

no

yes

no

yes

no

yes

no

yes

no

yes

no

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes
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yes yes
yes yes
yes yes
yes yes
yes yes
yes yes
yes yes

Crosstabs i Descriptive statistics & Analyze 4 s e Jaxias

= Cohen's kappa.sav [Dal
File Edit WView Data Transform Analyze Graphs Utilities Add-ons Window Help
I B = " TR Pl oaa B RS B S
_ R : Drescriptive Statistics 3 [ Frequencies... == = =4
36 : Officert 1
TrEmrEE EETE C E Descriptives...
Officert General Linear Model » A, Explore... var v
1 Suspicious behaviour S Generalized Linear Models»
. @ Crosstabs...
2 MNormal behaviour Mixed Models » 3
3 Suspicious behaviour Correlate > [ Ratio...
4 Mormal behaviour Regression » ISl B-F Plots...
5 Mormal beha\-'four e o B o Plots...
5] Mormal behaviour Classify »
7 Mormal behaviour Dimension Reduction L2
i) Mormal behaviour
Scale »
9 Mormal behaviour -
Monparametric Tests (3
10 Suspicious behaviour ; i .
11 Mormal behaviour EEEREL
i »
12 Mormal behaviour gur\fwal
13 Mormal behaviour LLUEE REERETEE L
14 Mormal behaviour &5 simulation...
15 Mormal behaviour Quality Control »
16 Mormal behaviour ROC Curve..
7 Mormal behaviour Mormal behaviour
| Ll Lol Ll Lol
. . . .- . .
u\):uu.d\ (aaany &R J\}Q\ =D )@.Lg.m
ta Crosstabs E
Sl Siatistics
& Officer —
% Officer2 Cells...
Format...
Column(s):
Layer 1 of 1

=

[] Display clustered bar charts
[] Suppress tables

:] [Beset ][Cancel][ Help ]
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Column ' Sl s Row A1 Js¥) o) eaiall Jass

@_

Columni(s):

i I_Z Officer2

Layer 1 of 1

- Display layer variables in table layers
Display clustered bar charts
Suppress tables

[ ox ][ Easte |[ Reset || cancel ][ Hele |

1 A1 s m e elad statistics L) Ao Jakai o

‘Chi-square ] Correlations

~Mominal ~Ordinal
Contingency coefficient Gamma
Phi and Cramers V Somers' d
Lambda Kendall's tau-b
Uncertainty coefficient Kendall's tau-c

~Mominal by Interval Kappa
Eta Risk
McNemar

Cochran's and Mantel-Haenszel statistics

Test common odds ratio equals: |4

(Cortinue ) {_cancel J[_tep |

Kappa @l e s
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Chi-square Correlations

~Mominal rrdinal
Contingency coefficient Gamma

Phi and Cramers V Somers' d
Lambda Kendall's tau-b
Uncertainty coefficient Kendall's tau-c

~Mominal by Interval
Eta Risk
McMemar

Cochran's and Mantel-Haenszel statistics

Test common odds ratio equals: |4

(Centinue | {_Cancet J[_elp |

Dlsall a e s (e yedard continue e Joai o

i_

Column(s).

i [&Dﬁﬁcerﬂ

~Layer 1 of 1

. Display layer variables in table layers

Display clustered bar charts
Suppress tables

(Lo J{ gste || Reset J[Cancel || tetp |

observed (e i Jsall a e sedad Cells L3l e daruai o
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-Counts rz-test

¥ ‘Observed Compare column proportions

Expected . Adjust p-values (Bonferroni method)

Hide small counts
Less than =

~FPercentages ~Residuals

Row Unstandardized
Column Standardized
Total Adjusted standardized

~Moninteger Weights
@ Round cell counts @ Round case weights

©) Truncate cell counts © Truncate case weights
© No adjustments

(cortinue ) {_cancel J[_te |

Dol m e maa (e edaid Continue ) e daszi

i_

Column{s):

i L&Dmcerz

rLayer 1 of 1

Il Display layer variables in table layers
Display clustered bar charts
Suppress tables

(oK J(Zaste ] Reset ][ cancel][_teip |

@;M‘ I..~' OKJJ‘&Q]‘ ..
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Case Processing Summary

Cases
Valid Missing Total
N Percent N Percent N Percent
01* 02 29 100.0% 0 0.0% 29 100.0%

01 * O2 Crosstabulation

Count
02 Total
no yes
no 10 7 17
01
yes 0 12 12
Total 10 19 29
Symmetric Measures
Value |Asymp. Std. Error® | Approx. T° Approx. Sig.
Measure of Agreement Kappa | .542 134 3.282 .001
N of Valid Cases 29

a. Not assuming the null hypothesis.

b. Using the asymptotic standard error assuming the null hypothesis.

SAS el (o LS Sl 4US gy 3 (5 ,a) A3y oy Aol G ) Jaa 53l (S
Weight cases Jlidi a5 SPSS el jull algall Loy & 4 Data L) (e ki o
Analyze ~3 OK & frequency variable & < 8 Count goai )l s o e jelaid

Aglall O ghadll i

testl test2 count
1 1 12
1 0 7
0 1 0
0 0 10

MedCalc dii -z

inter-rater & method comparison _Uss A statistics e i

agreement
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1 Data =3 IoR =
A 3
B s | -
RAST  MAST L
1
2 5 5
3 3 4
4 3 1
5 5 1
b 1 2
7 4 4
8 5 4
9 5 5
10 3 3
11 1 2
12 4 5 il
™ ]
Inter-rater agreement (kappal M
Data for observer A: Options
RAST [] weighted Kappa
Data for observer B: @) Linear weights
Quadratic weights
MAST
Filter:
2] ok || Cancel
Observer A Q1
Observer B Q2
Observer A
Observer B NO YES
NO 10 0 10 (34.5%)
YES 7 12 19 (65.5%)
17 12 29
(58.6%) (41.4%)
Weighted Kappa 0.542
Standard error (Kw'=0) 0.165
Standard error (Kw'#0) 0.134
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S9h LdTi 1y

Ty

UALQAJLU\Y\bgwﬁﬁwﬂ@uﬂu\u&”@@\cﬂfﬁm .J)_;}ef:)
cbd\@ayusjw%d\ﬂ}m@mw @.\4}3?@_&\

Doctor A
No Yes Total
No 10 7 17
Doctor B
Yes 0 12 12
Total 10 19 29
Doctor A
No Yes Total
No a b ml
Doctor B
Yes C d mO
Total nl n0 N
Kappa K= (Po-Pe)/(1-Pe)
O Sua

Po=a+d/N

Pe=[(n1/N)*(m1/N)+(no/N)*(mO0/N)]

P0o=10+12/29=0.758

il 3 gl Jis Po
gsiall 8 ) Jias Pe

Pe=(10/29)*(17/29)+(19/29)*(12/29)=0.4720
K=0.758-0.4720/1-0.4720=0.54
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Weighted Cohen's Kappa g2l o) ¢sjsall WS jLadi 2-3-3

03¢y aid apill Al (8 (e HIS) ellia S5 Ladie ) sall LIS LA Jastiey
A all L G 1 () o8 Cuny aniill dadl 485 plac | 45 Hlal)

o gie 5 Ao Dlial ) Lla¥) sad i 8 cluda) 26 o 380510 08 : Jlie
(Sq:ui:,j

"MBJ}\@?@:ABH&&P@OO)@AJA\UAJM

A3l oLl avil) iy

Name Low Med Hi

D1 75 1 4
D2 5 4 0
D3 0 1 10

SAS i

DATA;
input Obs RATER1 RATER2 WT;
cards;
1 1 1 75
2 1 2 1
3 1 3 4
4 2 1 50
5 2 2 28
6 2 3 2
7 3 1 55
8 3 2 3
9 3 3 22
PROC FREQ;
WEIGHT WT;

TABLE RATER1*RATER2 / AGREE ;
TEST WTKAP;

TITLE 'KAPPA EXAMPLE FROM FLEISS';
RUN;

A ) Jlexind (g

proc freq ;
tables raterl*rater2;
test kappa;
weight WT / zeros;
run;
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KAPPA EXAMPLE FROM FLEISS
The FREQ Procedure
Statistics for Table of RATER1 by RATER2

Simple Kappa Coefficient
FEFFFFFFFFFFFFFFEFFFFELF A FS

Kappa 0.6757
ASE 0.0883
95% Lower Conf Limit 0.5027
95% Upper Conf Limit 0.8487

Test of He: Kappa = @

ASE under Ho 0.0773
z 8.7384
One-sided Pr > Z <.0001
Two-sided Pr > |Z] <.0001

Weighted Kappa Coefficient
FEFFFFFFFFFFFFFFFFFFEFFFFFFFFFSF

Weighted Kappa 0.7218
ASE 0.0846
95% Lower Conf Limit 0.5559
95% Upper Conf Limit 0.8877

Sample Size = 100

Phi coefficient g Jalas 3-3 -3
Gl IR (e Lgpbsa 2505 (1 51 0) Al Lagiag® () yaiia (o Bl )l Jalea 52
Al Adalaall (adad ?3 gsks &
¢ = SQRT(z* / N)
e (A oei¥ Y Gl s (pa ABe dsa s o | i Lnday (518 a0 e )2
Jaxiiny s 5 Juad) il glae Linany il sa (sl sl () 13 28Mall 028 4 sina
.Cramer's V Jleaiusl cangd =301 Cala )l 130 Ll 2 x 2 Jslaall
SAS |
YIS aly Aualall ol g1 AU 5 il Jla) casy
data A;
input a b c;
cards;
116
108
014
0 0 11
proc freq;
tables a * b/chisq;

weight c;
run;
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The SAS System

Thursday, June 24, 2014

The FREQ Procedure

Table of a by b

not be a valid test.

a b
Frequency,
Percent ,
Row Pct ,
Col Pct , 0, 1, Total
0, 11, 4, 15
, 37.93, 13.79 , 51.72
, 73.33, 26.67 ,
, 57.89 , 40.00 ,
1, 8, 6, 14
, 27.59 , 20.69 , 48.28
, 57.14 , 42.86 ,
, 42.11 , 60.00 ,
Total 19 10 29
65.52 34.48 100.00
Statistics for Table of a by b
Statistic DF Value Prob
Likelihood Ratio Chi-Square 1 0.8439 0.3583
Continuity Adj. Chi-Square 1 0.2764 0.5991
Mantel-Haenszel Chi-Square 1 0.8112 0.3678
Phi Coefficient 0.1702
Contingency Coefficient 0.1678
Cramer's V 0.1702

WARNING: 25% of the cells have expected counts less than 5. Chi-Square may

Fisher's Exact Test

Cell (1,1) Frequency (F) 11
Left-sided Pr <= F 0.9047
Right-sided Pr >= F 0.2999
Table Probability (P) 0.2046
Two-sided Pr <= P 0.4497

Sample Size = 29

H (00 [O |O

(ORI ETE I e

O |k |O |k [T
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t2 Crosstabs: Statistics
[[lichi-square i [] Correlations
Mominal Ordinal
[ Contingency coefficient [[] Gamma
[] Phi and Cramer's ¥ [] Somers' d

[] Lambda
[] Uncertainty coefficient

Mominal by Interval [] Kappa
£ Eta [C] Risk
[] McMemar

[] Cochran’s and Mantel-Haenszel statistics

[Cantinue][ Cancel ][ Help ]

[] Kendall's tau-b

[] Kendall's tau-c

2 Crosstabs: Statistics

[+ Chi-square [] Correlations

Mominal Crrdinal
[] Contingency coefficient [[] Gamma
[ Phi and Cramers V | [T somers" d

| Lambda

| Uncertainty coefficient

Mominal by Interval [[] Kappa
[] Eta [C] Risk
[] McMemar

[] Cochran’s and Mantel-Haenszel statistics

[Continue][ Cancel ][ Help ]

[ Kendall's tau-b

[ Kendall's tau-c

Case Processing Summary

Cases
Valid Missing Total
Percent N Percent N Percent
[FL*F2 29| 100.0% 0 0.0% 29 100.0%
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F1 * F2 Crosstabulation

Count
F2 Total
no yes
no 11 8 19
F1
yes 4 6 10
Total 15 14 29
Symmetric Measures
Value Approx. Sig.
Nominal by Phi 170 .359
Nominal Cramer's V 170 .359
IN of Valid Cases 29

Yes 4 6 10
No 11 8 19
Total 15 14 29

Tz T

Yes A B E
No C D
Total G H

1 Jalae ol ) o g3l Jlasias) (S Jpandl 8 bl a3 e lalaie |
¢ = (bc-ad)/sqrt(efgh)
= 6*11-4*8/(10*19*15*15)"\Y>
=0.17
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Correlation &L ¥4 -3

o ye 28 dall e A Calitie o perie G A8 olatl 95 681 (bt ga Lol HY)
( association.) &l _jisd Lubie 4l Lls ,¥) Hallman and Teramo, (1981)
=Y iyl G ALl B,V L 1Y (Agreement ) 41 sill Lulia
Westgard and Hunt & s LS 2831 (i e J gasll Lagia 51 Jloninl 4l
palall lan ¥ doladll 8 Ll Y1 Jexinsd e Alee (5 522Y 430 (1973)
Adliae (3 )k G A3 ey

SAS L% .

Data x;
Input x1 x2;
Cards;
35
4 7
6 4
54
32
7 9
Proc corr;
run;
The SAS System
The CORR Procedure
2 Variables: x1 x2
Simple Statistics
Variable N Mean Std Dev Sum Minimum Maximum
x1 6 4.66667 1.63299 28.00000 3.00000 7 .00000
X2 6 5.16667 2.48328 31.00000 2.00000 9.00000

Pearson Correlation Coefficients, N = 6
Prob > |r| under H@: Rho=0

x1 X2

x1 1.00000 0.55896

0.2489

x2 0.55896 1.00000
0.2489

SPSS il -
ki Bivariate & Correlate & Analyze & 4w )l dadiall ) bl Jax
OK AiPearson gl Ao 5disi a8 X2 5 X1 ol )l sa a0 1
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Correlations

X1 X2
Pearson Correlation 1 .559
Sig. (2-tailed) .249
X1
N 6 6
Pearson Correlation .559 1
Sig. (2-tailed) .249
X2
N 6 6

MedCalc % -z
Dlss e e correlation a5 statistics L) e Jarua

#

Correlation |i|éj
Variable ¥: Options
WEIGHT - Logarithmic transformation ¥
Variable X: Logarithmic transformation X
LEMGTH -
Filter:
2] OK ] | Cancel
OK j - .- .
Variable Y x1
Variable X X2
Sample size 6
Correlation coefficient r 0.5590
Significance level P=0.2489
95% Confidence interval for r -0.4623 t0 0.9428

Graphpad Prism i -3
b ok 5 correlation JUais Column analyze ~5 Analyze (e bl

.0k 5 compute correlation 4 JUas ) ga &2 e
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Number of XY Pairs 6
Pearson r 0.5590
95% confidence interval -0.4626 to 0.9429
P value (two-tailed) 0.2489
P value summary ns
Is the correlation significant? (alpha=0.05) No
R squared 0.3124

Regression syl 53

Jae L) e sale 5l LAY (o 4 Eall il 5l Gy & lasi¥) Sty
oL V) Jalne HLARY 4dliie Gl st 5 .0 Gl da lasi¥) Jadd Cilay yal) Jan sia
0 dadll aa

el jlassy) Jleaind gL Altman and Bland, (1983) ,S3 aaall 1 g
e oeadll 3y all sl AV G gl (e aell B alleatind ae ) (e
SERY) (e 38151

SAS i .|

Data x;
Input x1 x2;
Cards;

35

w Ul o b
N DD

79
Proc reg;
model x1=x2;run;

The SAS
The REG Procedure
Model: MODEL1
Dependent Variable: x1

Number of Observations Read
Number of Observations Used

Analysis of Variance

Sum of Mean
Source DF Squares Square F Value Pr > F
Model 1 4.16577 4.16577 1.82 0.2489
Error 4 9.16757 2.29189
Corrected Total 5 13.33333
Root MSE 1.51390 R-Square 0.3124
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Dependent Mean 4.66667 Adj R-Sq 0.1405
Coeff Var 32.44070
Parameter Estimates
Parameter Standard
Variable DF Estimate Error t Value Pr > |t]
Intercept 1 2.76757 1.53825 1.80 0.1464
X2 1 0.36757 0.27264 1.35 0.2489

SPSS dii o

b Linear ~5 Regression ~3 Analyze & 4wyl dsdiall ) clibal) Jaxs
~ independent Jis & X2 &= dependent Jos 8 X1 goiai ) 9 o 0

.OK
Model Summary
IModel R R Square Adjusted R Std. Error of the
Square Estimate
1 .559% 312 141 1.514
a. Predictors: (Constant), X2
ANOVA?®
IModeI Sum of Squares df Mean Square F Sig.
Regression 4.166 1 4.166 1.818 249°
1 Residual 9.168 4 2.292
Total 13.333 5
a. Dependent Variable: X1
b. Predictors: (Constant), X2
Coefficients®
IModeI Unstandardized Standardized t Sig.
Coefficients Coefficients
B Std. Error Beta
(Constant) 2.768 1.538 1.799 .146
' X2 .368 273 .559 1.348 .249

a. Dependent Variable: X1
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MedCalc dii -z

ad )l es ma e jedaid regression JUAS Laayl s regression & statistics Jbas
el Jalall x Jiall by i) Jalall y Jial) 3

s

Fegression I. 2 |ﬁ]
Variable ¥: Regression equation
WEIGHT - Indude constant in equation
Variable X: @ Y=a+hX
LEMGTH - ¥ =a +b Log(X)
Log(Y) =a +bX
Weights:
9 Loa(Y) =a +b Log(X)
h Y=a+bX+cX"2
Filter:
- I Subgroups. .. I
G [ OK ] I Cancel
Sample size 6
Coefficient of determination R* 0.3124
Residual standard deviation 1.5139
Regression Equation
y =2.7676 +0.3676 x
Parameter Coefficient Std. Error t P
Intercept 2.7676 1.5383 1.7992 0.1464
Slope 0.3676 0.2726 1.3482 0.2489

Analysis of Variance

Source DF
Regression 1
Residual 4
F-ratio

Significance level

Sum of Squares Mean Square

4.1658 4.1658
9.1676 2.2919
1.8176

P=0.249

Graphpad Prism i -3

OK & Jlss @i sedasd Linear regression Lt s Analyze & <iblyll

Best-fit values

Slope

0.3676 + 0.2726

Y-intercept when X=0.0

2.768 + 1.538
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X-intercept when Y=0.0 -7.529

1/slope 2.721

95% Confidence Intervals

Slope -0.3893 t0 1.124
Y-intercept when X=0.0 -1.503 to 7.038
X-intercept when Y=0.0 -infinity to 1.444
Goodness of Fit

r2 0.3124

Sy.x 1.514

Is slope significantly non-zero?

F 1.818

DFn, DFd 1.000, 4.000

P value 0.2489
Deviation from zero? Not Significant
Data

Number of X values 6

Maximum number of Y replicates 1

Total number of values 6

Number of missing values 0

Intra-class correlation (Aalall bl ¥ Jalaa 6 -3
sy - acld (Repeatability  study ) oo Siall cled yall cld bl Hall ¢
salel s HLoa¥) ddlaas (e | yise e s (Reproducibility) LSl e sl
il 3e ) jall sale) Wl pe 53 Ao Jailioda 5 (Test-retest reliability ) JLsay)
A Al a5 A i) U (e 5 Aliadia oyl b le) il (e 232
el 8N (e daall udise) B 8 uadd o 43R ) (Intrarater reliability)
ot Lie s (Interrater reliability) dos )l ddlad) o 5 dabial)

slalall Blg ,y)
SAS s -

data test;
input scorel score2 pid;
cards;

47 43
66 70
68 72
69 81
70 60
70 67
73 72
75 72
79 92 9

81 76 10
85 85 11
87 82 12
87 90 13
87 96 14

ONOUVITh WNPR
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90

100
104
105
112
120
132

run;

82 15
100 16
94 17
98 18
108 19
131 20
131 21

data test_long;

set test;

array s(2) score:;

do

e
run;

judge

=1 to 2;

y = s(judge);
output;

nd;

ods output CovParms = covp;

proc mixed data = test_long;
class judge pid;
model y = ;
random intercept /subject=pid;

run;

data

icc;

set covp end=last;
retain bvar;

if subject~=

then bvar = estimate;

if last then icc = bvar/(bvar+estimate);

run;
proc print data = icc;
run;
The SAS System 12:10 Thursday, June 29, 2014
Obs CovParm Subject Estimate bvar icc
1 Intercept pid 407.22 407.223
2 Residual 23.1190 407.223 0.94628
SPSS i -
~Scale a3 Analyze (Ao bl S lliseall U ablall Jaas

Jls> @s sghaw Reliability Analysis
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i Reliability Analysis x|

OF.

Easte

Eeset
4 I

Cancel

Help

Model: Alpha j

[T Listitem labels Statistics... |

Al g e jedad statistics e hxaa

Reliability Analysis: Statistics

x|

—Descriptives for——— —Inter-tern———————

— lt m I~ Caorrelations

c |

M Scale M Cowariances &l

[~ Scale if item deleted Help |
—Sumrmaries —————————————— —ANOYA Table

I~ hdeans i« MNone

™ “ariances i Etest

I Cowariances = Friedman chi-sguare

I Correlations = Cochran chi-square
I Hotelling's T-square I Tukew's test of additivity

¥ Intraclass correlation coefficient

rModel: | Two-wWeayw Fandom LI Tyge:lAbsolute Agreerment LI

Confidence intersal: |95 S Testwalue: ID

Intraclass Correlation Coefficient

Intraclass 95% CI F Test with True Value 0
Correlation” | cL  |ucL | vawe | a1 | di Sig
Single Measures 9442 .867 977 34.546 20 20 .000
Average Measures .971° .929 .988 34.546 20 20 .000

Two-way mixed effects model where people effects are random and measures effects are
fixed.

a. The estimator is the same, whether the interaction effect is present or not.

b. Type C intraclass correlation coefficients using a consistency definition-the between-
measure variance is excluded from the denominator variance.

c. This estimate is computed assuming the interaction effect is absent, because it is not

estimable otherwise.
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Intraclass Correlation Coefficient

Intraclass 95% Confidence F Test with True Value 0
Correlation® Interval
LcL | ucL Value | dft | df2 | Si9
Single Measures 9447 867 977 34546 | 20 | 20 | .000
.000
Average Measures 971 .929 .988 34.546 20 20

Two-way random effects model where both people effects and measures effects are
random.

a. The estimator is the same, whether the interaction effect is present or not.

b. Type C intraclass correlation coefficients using a consistency definition-the between-

measure variance is excluded from the denominator variance.

Intraclass Correlation Coefficient

Intraclass 95% Confidence F Test with True Value 0
Correlation Interval
Lower | Upper Bound | Value |dfl|df2| Sig
Bound
Single Measures .946 .875 .978 36.228 | 20 | 21 |.000
Average Measures 972 .933 .989 36.228 | 20 | 21 [.000

One-way random effects model where people effects are random.

MedCalc dii -z
R F WEOA g YETEU G FR U

=

’ ] Data El@

Al g

A B C B -

FATER1 FEATER2Z RATER3 FRATER4

1 2 b g

2 B 1 3 2

3 B 4 B g

4 [ 1 2 B

b 10 b B 9

B B 2 4 7
= -
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&= sk intra class correlation » method comparison & statistics &
0K & Caddl Aga 3 g agaadl e Jazally <l HLas¥l 48 J2ai ¢l sa

Intraclass correlation coefficient [ ? i&J
Measurements: Options
RATER1 - [ Model: (") Raters for each subject were selected at random
RATERZ v |2 @) The same raters for all subjects
RATER3 - Type: (@ Consistency
RATER4 - _) Absolute agreement
Filter:
a oK l I Cancel
Number of subjects (n) 21
Number of raters (k) 2
Model The same raters for all subjects.
Two-way model.
Type Absolute agreement
Measurements A
B
Intraclass Correlation Coefficient
Intraclass correlation 95% Confidence Interval
Single measures " 0.9467 0.8735 t0 0.9781
Average measures 0.9726 0.9325 to 0.9889

& The degree of absolute agreement among measurements.
b Estimates the reliability of single ratings.
¢ Estimates the reliability of averages of k ratings.

OK & (o5 siiall 3 gailly sl 350l 55 3 gidinll 3 gl s b

p .
Intraclass correlation coefficient lili_hj

Measurements: Options

RATER1 M| = Model: (7 Raters for each subject were selected at random

RATERZ - |2 @) The same raters for all subjects

RATER3 - Type: (@ Consistency

RATER4 - _) Absolute agreement
-
-

Filter:
-

G Ok l I Cancel
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Number of subjects (n) 21

Number of raters (k) 2

Model Raters for each subject are selected at random.
One-way random effects model.

Type Absolute agreement

Measurements A
B

Intraclass Correlation Coefficient

a

Intraclass correlation 95% Confidence Interval
Single measures ” 0.9468 0.8757 t0 0.9779
Average measures 0.9727 0.9337 to 0.9888

® The degree of absolute agreement among measurements.
b Estimates the reliability of single ratings.
CBMM%meMMWWMWa@%mKMM%.

SAS il
One Way 2alsolail Al side 3aal 48y )l (el el nll i 4 daull
.MedCalc 5 SPSS (o<l » g 43 i Random

data test;

input scorel score2 score3 score4 pid;
cards;

9 2 5 8 1
6 1 3 2 2
8 4 6 8 3
7 1 2 6 4
10 5 6 9 5
6 2 4 7 6
5

run;

data test_long;

set test;

array s(4) score:;
do judge = 1 to 4;
y = s(judge);
output;
end;
run;
ods output CovParms = covp;
proc mixed data = test_long;
class judge pid;

model y = ;

random intercept /subject=pid;
run;
data icc;

set covp end=last;
retain bvar;
if subject~=

then bvar = estimate;
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if last then icc = bvar/(bvar+estimate);

run;
proc print data = icc;
run;
The SAS System 12:56 Thursday, June 29, 2014 12
Obs CovParm Subject Estimate bvar icc
1 Intercept pid 1.2444 1.24444
2 Residual 6.2639 1.24444 0.16574
Intraclass Correlation Coefficient
Intraclass 95% CI F Test with True Value 0
Correlation LCL UCL Value df1 df2 Sig
Single Measures .166 -.133- 723 1.795 5 18 .165
Average 443 -.884- 912 1.795 5 18 .165
Measures

One-way random effects model where people effects are random.

Bland and Altman a7 - 3

<adld a8 380 gl s 4 Bland and Altman Qliald) leaca s Al dgy all o)
Pl oy Jae (A AL Hhall 3 (adliy dpdall & gall 8 Vel (5 AN 3k
Oty ydall 8 e 5N apand Gl A Jana dia ) )8 S G (3N G A8l
el 58y Bl aey ab ad HUEA) Jis Las s iy yla o 4 )lad) s i
Sl e lalaie) 380 il (5w aiy s A A&l el 43 2 a i lal)
aal (rebaal g 8 Al ) c¥alae Nz LY o 9695 A8 3 gan e Lol
s Zaki et al.,, (2012) <=Ll (Systematic study) Assgiall bl yall

e sl SV 4 Bland and Altman 4& sk o)) a5 Lle Uay 210 Cuiaas
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Area of specialty Statistical Method Used Number of articles
using the method
(x)
Medicine (n = 29) 1. Bland-Altman Limits of 24
Agreement 6
2. Correlation coefficient (r) 4
3. Compare slopes or/and intercepts 3
4. Intra-class Correlation Coefficient 2

5. Compare means/Significant test

Surgery (n = 25) 1. Bland-Altman Limits of 2
Agreement 8
2. Correlation coefficient (r) 5
3. Compare slopes or/and intercepts 4
4. Intra-class Correlation Coefficient 1
5. Compare means/Significant test

Radiology (n = 29) 1. Bland-Altman Limits of 2
Agreement 6
2. Correlation coefficient (r) 6
3. Compare slopes or/and intercepts 3
4. Intra-class Correlation Coefficient 2
5. Compare means/Significant test

Nutrition (n = 30) 1. Bland-Altman Limits of 25
Agreement 13
2. Correlation coefficient (r) 4
3. Compare slopes or/and intercepts 4
4. Intra-class Correlation Coefficient 4
5. Compare means/Significant test

(381 61 ulia (i AdJ8al 1 -7 -3

as) 288 ) LAY s 380 ) (el Tl ) A dla are 2 SU (il
028 ale ) o8 Lagin Jals )¥1 jad g o paatia (el JUiey &b Zeki et al.,(2012)
A shuia cpallall S 8 Jalis V) e cailS g N el o Caclia (o)) ey ol Y
Y il o ddelias dlla 8 Cae bl (ol o) (e a2 )l e (0.9798 )
2oaaill Joabaa e daday g pla sV Jaat g ofialll e 3 AV (e )
e e Liayl 9 5 (380 6ll ulieS (R2) Coefficient of determination
O B Sal uiid aady LaadIS 5 ol 5V Jalaay dlea <l R2 Aa (Y @lld 5 e
Alalee J8 (e Lgdaa g oy (Al Al Ol joaiall (bl 4t Conay dpaaill Jalas
Lae JlasiVi e Jga o pitie 585 yimnall o )l 8L 8 Lalail) <) o)) jlassyl

Y Al e a8 g bl A e 3
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sale Jasinn s Cildas giall (o 40 laall oo (381 6l a8 & 5 AY) d5Lal) 43, k)
Oty ydall (ay (OO 3 g g aae 4l 4 il ae i 25 Paired t test sl
A ginall pre O (ra pe ) (e uSally uSall g ity s lall e 38155 lia o) g
Lo il a5l Joss giall (o)) IS o s 381530 e ) pige ) Sla anyy
Gaagll 0OV 331l il ja o) LeS o ppia 5l o S 4 laie 28 cllia () oS5 Ladic
el 58 agaad (il )8 JS G 381 5l Ll g () 8 s gie (s (38 5301 48 jre Lgie
OV S il LAY aise) 8 ) S5 e saaadl 45, Hhall 5 )08 ey (5 )lidY)
OREAY) B g8y 22aT 4 giaal)

o) Alleaiiy mvay ial 548 (ICC) Aol Ll ¥ Jealae (ady Lag Ll
A S A (i s (38 5l i 8 Allexil () e (Reliability) 4ozl
LY Jalae Jlanindy (381 5301 o a4 eUad) ) sa58 ) dadasl) A83])

alae dldie) () a2y bl (s o Wddis a5 288 (9 yhall 2 anli (1 2
e Jas giall OIS SIS g (380 i) 5o 8 Canlia e (IS lasV] Jleaiad die aaal)
O 3 Jaws giall g Lol ¥ g lasa¥) (e Juadl sl Lol ¥ Jalee IS AT il
A Op W LY Q8 Led B 5 A Cliball g (e s g Jalii ) 3 sa 5 4205 (1
G385l () @ s ) (e ey 3 Bland and Altman sl zit A il s 5 C

CsAUn21msw B sAonhasw s

a b C
10.2 10.20 20.4
8.2 8.00 16.0
8.7 8.05 16.1
9.6 9.70 19.4
9.6 9.05 18.1
8.2 8.15 16.3
9.4 8.80 17.6
7.0 6.55 13.1
6.6 6.55 13.1
10.8 10.50 21.0
Method Group Value
ICC AxB 0.9619
AXxC -0.6192
r AxB 0.9798
AXxC 0.9798
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b (R?) AxB 0.960
AXxC 0.960
Mean AxB P=0.01
AxC P< 0.0001
1.0
0.8 i +1.96 SD
i 0.81
0.6} ° o
o
i (@)
0.4}
i o Mean
0.2 o 0.27
i o o
0.0} °
L o
-0.2 |} -1.96 SD
i -0.26
-0.4 K| ! ! ! | !
6 8 9 10 11 12
AVERAGE of aand b
O —
_2 .
4L
| . +1.96 SD
-6 | o -5.5
| o
i (@]
-8l ©g - Mean
i ° -8.3
-10 + © o o
| -1.96 SD
12 5 ] ] ] ] ] ] ] _11'1|
9 10 11 12 13 14 15 16 17
AVERAGE of a and c
SAS dui -
DATA BA;

input large mini;
diff=large-mini;
avg=(large+mini)/2;
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datalines;
494 512
395 430
516 520
434 428
476 500
557 600
413 364
442 380
650 658
433 445
417 432
656 626
267 260
478 477
178 259
423 350
427 451
5
run;

data prelim;set ba;

proc means noprint data=prelim;var diff;
output out=diff mean=meandiff std=stddiff;
run;

proc print;run;

data PERF;set prelim;
if _N_=1 then set diff;
ubound=meandiff+stddiff*2;
1bound=meandiff-stddiff*2;
label diff= 'Large-Mini'

avg= '(large+mini/2)"';
drop _type_ _freq_;
run;
proc print;run;
title 'Bland-Altman Analysis';

data anno;
function="move'; xsys='1l
function="draw'; xsys='1l
size=2;
output;
run;
symboll i=none v=dot c=black height=1;

; ysys='1l'; x=0; y=0; output;
; ysys='1'; color="'red'; x=100; y=100;

axisl length=6.5 in width=1
value=(font="Arial" h=1) order=&minx to &maxx by &tickx;

axis2 length=4.5 in width=1
value=(font="Arial" h=1) order=&minx to &maxx by &tickx;
footnote ;
proc print;run;
proc gplot data=PERF;
plot large*mini / anno=anno haxis=axisl vaxis=axis2;
run;
quit;
proc print;run;
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data b;set diff;

Maxaxis=&maxy ;
meanline=50+(meandiff/(maxaxis*2))*100;

upper = 50+((meandiff+2*stddiff)/(maxaxis*2))*100;
up=(meandiff+2*stddiff);

lower = 50+((meandiff-2*stddiff)/(maxaxis*2))*100;
length color function $8 text $14;

retain xsys '1' ysys '2' when 'a';

function="move'; xsys='1l'; ysys='1l';x=0; y=meanline; output;

function="draw'; xsys='1l'; ysys='1l';x=100; y=meanline;
color="red'; size=2;

output;

function="move'; xsys='1l'; ysys='1l'; x=0; y=upper; output;

function="draw'; xsys='1l'; ysys='1'; color='green'; x=100;
y=upper; size=1;

output;

function="move'; xsys='1l'; ysys='1l'; x=0; y=lower; output;
function="draw'; xsys='1l"'; ysys='1'; color="green'; x=100;
y=lower; size=1;

output;

run;

proc print;run;

symboll i=none v=dot c=black height=1;

axisl length=6.5 in width=1 OFFSET=(0,0)
label=(f="Arial" h=2 'Average')
value=(font="Arial" h=1)
order=&minx to &maxx by &tickx;

axis2 length=4.5 in width=1 OFFSET=(0,0)
label=(f="Arial" h=2 'Difference')
value=(font="Arial" h=1)
order=&miny to &maxy by &ticky;

footnote h=2 f="Arial" 'Bland-Altman Plot';

title h=2 f="Arial" 'Example';

proc print;run;

proc gplot data=PERF;

plot diff*avg/ anno=b haxis=axisl vaxis=axis2;

run;

quit;

data prelim;set ba;
proc means noprint data=prelim;var diff;
output out=diff mean=meandiff std=stddiff;
run;
data PERF;set prelinm;
if _N_=1 then set diff;
ubound=meandiff+stddiff*2;
1bound=meandiff-stddiff*2;
run;
%let miny=-100;%let maxy=100;%let ticky=20;run;
proc print;run;
data b;set diff;
Maxaxis=&maxy;
meanline=50+(meandiff/(maxaxis*2))*100;
upper = 50+((meandiff+2*stddiff)/(maxaxis*2))*100;
up=(meandiff+2*stddiff);
lower = 50+((meandiff-2*stddiff)/(maxaxis*2))*100;
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length color function $8 text $14;
retain xsys 'l' ysys '2' when 'a‘';
function="move'; xsys='1l'; ysys='1';x=0; y=meanline; output;
function="draw'; xsys='1l'; ysys='1';x=100; y=meanline;
color="'red'; size=2;
output;
function="move'; xsys='1l"'; ysys='1"'; x=0; y=upper; output;
function="draw'; xsys='1l"'; ysys='1'; color="green'; x=100;
y=upper; size=1;
output;
function="move'; xsys='1l'; ysys='1l'; x=0; y=lower; output;
function="draw'; xsys='1l"'; ysys='1'; color="green'; x=100;
y=lower; size=1;
output;
run;
symboll i=none v=dot c=black height=1;

axisl length=6.5 in width=1 OFFSET=(0,0)
label=(f="Arial" h=2 'Average')
value=(font="Arial" h=1)
order=&minx to &maxx by &tickx;

axis2 length=4.5 in width=1 OFFSET=(0,0)
label=(f="Arial" h=2 'Difference’)
value=(font="Arial" h=1)
order=&miny to &maxy by &ticky;

footnote h=2 f="Arial" 'Bland-Altman Plot';

title h=2 f="Arial" 'Example';

proc gplot data=PERF;

plot diff*avg/ anno=b haxis=axisl vaxis=axis2;

run;

@,
7

large
700 7

200 300 400 500 600 700

mini
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. Example
Difference P
100
80 4
[]
60 4 L]
[ ]
404
[ ]
201
[ o
0 L] -
® [ ]
207 ' Y . ‘
[ ]
40 ]
w0l
-80 (]
100 - T T T T T
200 300 400 500 600 700
avg
Bland-Altman Plot

MedCalc i -
ks Bland and Altman & method comparison & statistics e b

Dl e
Bland-Altman plot |2 3

First method: Options
TEST1 v Plot against (X-axis): [Mean of both methods vl
Second method: (@) Plot differences
TEST2 - (71 Plot differences as %

(7) Plot ratios
Filter: i

- ["| Draw line of equality (difference=0)

["| Draw lines for 95% CI of mean of differences

["| oraw lines for 95% CI of limits of agreement

|| oraw regression line of differences

95% Confidence Interval

@ OK ] [ Cancel
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100 B
80 R +1.96 SD
60| e 73.9
a0 :
20[ :
oF—_° * . Mean
ok e ¢ 2.1
40} : .
-60r -1.96 SD
80 -78.1
'100 1 L | L | L | L | L | L |
200 300 400 500 600 700 800
AVERAGE of A and B

Graphpad Prism 3% -z

Cpigee B Sllall Jax o5 create o8 Awwd )l Asdall e column s
&e sekd Bland Altman test Jbisss Analyze L) e b o iladic
Y sl Gle 5ds )l

Parameters: Bland-Altman

D atasets
Datansl with methed & | A Conirols e
D atasel wath method B: | B-Patisnts i
Cabculate:

(=} Difference [ & - B | ve. averags

() Fatio | & FB | ve sveiage

_} EDilferancs [100°A - Bl aveiags] wi averags
() Diference | B - & ] vs, aversgs
{}Ratio | B FA ) ve svecage

) XDilferencs [100°[B - Al aveiage] vs. averags
Significant digits

Show |4 W | sigribcant digis

Mew graph

[] Cieate & new graph of the 1esults

[ tean [ Cancel || __ox ]
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Difference (a-B) Vs @l (Ao b 5358 AT J)sa an je yedaid ok o5
A gall sl 2aU dndiall (e (5l dgall e milill elaid ok o5 Average
gball ) aall e yhgall auai g an I (AN cads g 48 3 gas 9495 Jiad Al oLl
Jaall (e (AU 5 sV ao sl 8 AT 3 gan 0 auiai ) ga i e yedad SIS

ok & Additional ticks and grids lines ¢ szl

Bias -2.11765
SD of bias 38.7651
95% Limits of Agreement

From -78.0973
To 73.8620

Bland-Altman of Data 1:Difference vs average
100~
73.8624= = = = = == - - o -
[
50+ °
[ J
[ ) [ ]
T stes” o
BN ©, ¢ S
-50- Average ¢
-78.0973 4= = = = = B mmmm e — =
-100-

A 5 15 Jasd Gl U8 e el e sipad) aedl 0 45 el A a8 0l
selall Ll ,Sisale ) e LAY s Cila (2 il cada JSU i) i) a5y 38
O T Aag 55 S la el 5 (Blindly) €l Ly o)) ¢ 50 Gaadall (e J& e
riaall (e Caagdl ()5 Ol e ) (s J8

Bland Altman Jbis) Juesinls Lol Gladall o 381 630 dx 0 aaiii -]

o yal) aall A8y 8 luadal) g sl Ay Y Shukla s Jlexiul-2
s Al o glial) panatt chlilnll

slide = identifier
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rater = clinician
reading = 2 readings per rater
count = variable of interest

data rater;
input slide rater reading count;

a

OLLOVWLOVWWOVWOXOWWOOONNNNGOTCTOOOODODVTUVUTUDAPRAPRE,DNWWWWNONMNNNRRRROAQ

t
1
1
2
2
1
1
2
2
1
1
2
2
1
1
2
2
1
1
2
2
1
1
2
2
1
1
2
2
1
1
2
2
1
1
2
2

[
SRS

R R RRRRRRRRRR
WWNNNNRRRRLOO®
RRNNRRNNRRNONNRR

a

NRPRNRNRPRNRNRNRNRNRNRERNRNRNRNRNRNRNRNRNORE

ines;

NFPNPEPNEPEPNENENEREDNDR

52
58
70
72
68
65
68
68
106
104
102
101
98
98
95
98
40
45
40
44
87
88
90
88
98
105
89
104
98
101
99
100
122
121
118
118
75
76
71
71
80
83
82
80
94
95
98
95
98
98
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13 2 1 98

13 2 2 94

14 1 1 1065
14 1 2 111
14 2 1 111
14 2 2 107
151 1 93

15 1 2 105
15 2 1 101
15 2 2 104
5

run;

options nodate nonumber;

proc print data=rater noobs;

title 'Original Data‘;

run;

* Transpose the original data from its
univariate structure to a multivariate
structure;

proc transpose data=rater
out=ratertrans

(rename=(raterl=raterll

rater2=raterl2

rater3=rater2l

raterd=rater22)

drop=_NAME_)

prefix=rater;

var count;

by slide;

run;

proc print data=ratertrans noobs;
title 'Original Data Transposed';

run;

data newrater;

set ratertrans;

* 1. Compute the averages of the readings
made by each rater;

x = (raterll + raterl2)/2;

y = (rater2l + rater22)/2;

* 2. Compute the sum and the difference
of the averages of the readings;

us=x+y;
V=X-y;
run;

* Measure the correlation between u and v;
proc corr data=newrater;

var u v;

title;

run;

* Retrieve the value of the mean

and the standard deviation of v;

proc means data=newrater;

var v;

output mean=meanv std=sdv out=reflines;
run;

data lines;

set reflines;

* 1. Compute the upper and lower Limits of v;
up = meanv + (2*sdv);
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lo = meanv - (2*sdv);

* 2. Convert the variables, up and lo, 1into
macro variables;

call symput('upper',up);

call symput('lower',lo);

run;

* Produce a scatter plot with the
upper and lower Limits of v;

goptions reset=all;

symboll v=plus c=blue;

proc gplot data=newrater;

plot v*u / vref=&upper &lower lvref=2
cverf=red;

run;

4+
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Graphpad s MedCalc 5 SPSS i -
Ol 53 IS Jama s 32y (6 A el ) Jlesdinly (Glad) QU by a5 Sy

X y
55.0 71.0
66.5 68.0
105.0 1015
98.0 96.5
425 42.0
87.5 89.0
101.5 96.5
99.5 99.5
121.5 118.0
75.5 71.0
815 81.0
945 96.5
98.0 96.0
108.0 109.0
99.0 102.5
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& A el

ddal) (el o s
Classification of medical tests dxhll gadudill ¢ L) ciial 1 -4
)58 A ) (A Akl ) jLaa) (Zweig and Campbell 1993) (lialll caia
(Test values) Jlia¥l a8 -1
13 Ui elaaa¥l s (m pall 2l Le e a8 48 jaa Lgia 31y i) <l LSS Lo
L e 5 A0l () saall A 5l J g el ST A ) pall (3 Sl S 53
JomdY) a3a ya yal op L) e 45l aie ; (Replacement ) Jlaswy) -2
odlaie] (o jal A8y 81 o HLaaY) ol 48 el 45 jlia o) jal ol L
ol HLSAY) Sy Al jLas) s (Completing) (eSS -3
il gl (35S0 5 (al ¥l (e de sana (g Agildiie (al jel 25 5 i (a all
23535 AU Gl s Lo g pe 25a g & g LSl SLEAY) (4e
2ay Lellaa) s gin Lae 40418 483 I3 &l HLSAY) (aas o (Elimination) sl -4
ledy aleds) e Ul

Binary tests 4:Ul clial) 2 — 4
dsa s (oh A se gl Adall e sa s aall (e Ld Ol prie Jiad Cliiall o2
Laric g Jula e 5 dala s cuade e Cuadagailu ol Clias (el Jie 0l
Ailite (5 Y1 A Lealis ()55 AL (pming Cliaall o3 Biia o 2K 3
P SIS Lgadlin () 5S35 08 (o pall (e CaBSH (6 s N ol LAY ()

Binary s |
o8 S Al ) (Jala s gl Jula) Jaall e CadSUAG s adl elld JUia
Aon s 5]l Lol galial) () 5S5 )EY) s2a Jia

Ordinal «wi s <y o

B g ddaws gle g 408 Alal) 308 dad paad SN e JBa

Continuous 3 _aiwe -z

@ Sall A Gl o) ) a5 s 5l ) 50 8 Jlerdiaal &l Jlie
Aaliadl cle) 8l e (530 e J gl Sy 3 (oSl LAY (el L)
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Ialaic | da ya dda & Al paddll Ala i Jglag slaa¥) ale (8 33l Jixay
AV 0l Al e il 5 a jelly Mo Ll ) dalzs 93 jaliess (e e
5l 38 8 a5 e A5 5o 3550 el (obiill (Y i) il
e L e )il AL (i ) s ) s 0m () glti yeial

daall clial

Comparison among diagnostic gaxd-dall < Lad) o 45 J8al 3 — 4
tests

DY) il e Aaie Yl daidldi daa 2SE () Laily oy calall () Slay
sl oal g ospall e G4 pasall et Ao ST ) JLEAY) e 22 58 die (Sl
A8l 5 AV HLSY) dlagiud o (e g JuadV) A8 paad Ol LAY (s A5 e
DAYl aaas oS Lage Vg aain L g Laga (o sl Adla (8 LagalS Jlenin
¢ duadl)

Diagnosis tests assessment gasiail) &l JLid) anli 4 - 4

o al Laga | el 2my Lo lee. ()18 Lo (12 50 (il Ll (g ) g0 e
anfil (3 yla sac s | H<ue G gy m pall o REKD A ey (3aY) HLAAY] s
Jaisall 4 illaal) dpalaldl 48y Hla o4 a5 k) JIS) o) W) papaidll il il
aay,kl o2a <15 (ROC curve) (Receiver Operation Characteristic )
5 paiase 5] A5 ye Apansd il yuriag iyl e ol Adla 8 Y1 Ldlanind iy
258 Jamdl apaa (S A plall oda Jlerindy g ol s3e anial ol yuaiall o3 (Y el
a8 Lol el i) pd e dad Jumadl 20a 5 il 53 yuaiall il (e
bl Qe Guplall Gy pa®i e lalaie) g ymg anill (s 450 cl jlaay)
Positive ) 4aa sl A iill Al 5 (Specificity ) 4we sl 5 ( Sensitivity)
. (Negative predictive value ) 4Ll 4, 5.5 4a8ll 5 (predictive value

Al Gadudal) cl JLa) andi A dlaaiaal) gunliall gany 5-4
i gl Clan e HAY) 5 Clias aguany paliddl de sana o jlidl a4
(8 Ahia Lgagan () sV Adlidall <l HLEAY) o V1 Adle 5l A sa Ll (5S35 LAY

111



o el (gl 3,2 Al paddal ¢ Lad) g slaall

128 5 et Bl Adls daaida j 8 Lgin gl @llia Ll aalid) e Glial) paas
DI LAY 03 (e ol e o Sy (i) ddlide 485 <3 L) ny
Aagall Ganladll (pamy Jlanial (e 20M8 43y

Sensitivity dwluall-1

DY) el b g sl | shae ) cpdll oam jall 230 Ao Le LAY dpulisall Jiad
s all ST 2ol e

Specificity 4 4ill-2

Ore Wl | jLsial | sdae ) cpdd) claca¥) o) 8Y) aae daad La Hliialy de ol Jhias
s Lagrboan (S Lo sl doe il 5 dpubuall (e JS () elanad SH & gandl)
e 2l LAY il 40 Jlae (5 a1y (2 LAY ey JLEA) 855
Positive predictive value (PPV) 4 sall 4501l 4agll -3

Llaaia Caa el LAY 0 5S) o) Adldial da )y i

Negative predictive value (NPV) 4l 4, 5.l dadll -4

Laaaia Glladl HLaa) 05 o) Adladial 4a )y i

(Adlo s A ) Anosa da i apaal) jLia¥) ey o) Jlais) 54 Accurecy -5
YL S g ganall ha

o e Jdind Ly canle 5l gy e 2,4l (5% o Allaial 54 :Prevalence

L2l

(Golden test ) a3 LAY 6 - 4

ST ) erandall (s (e (i e S B Ao ading (531 LAl HLiaY) s
Ly & Ol LAY elli g8 o) 5 a3 JLd) e LAl (e

aum J glad 13lal 4880 il oy g a3 LSRN lia S : Gand) Sl ey )5
¢ Al &l JLaa)

OS5 28 i el £ o5 o CRRS 3 Aadl il JLERY) (e auaall clllia ) GliY
) Al Gaall 5l Clia sad Bae Gl 5l Jysh G gl zliad ) el daaly
Alee g J8) A4S ¢ day o lia ad (e Eaanl) L3 1A ja ¢l yal 5l de 3A 34

L s pa | el A ilis I3
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G sl 5 el Gede saan o paall HLEAY) Gudal cang Wil LS5 LS
DY e Lgle Juaniall w50 s 55 o8 ey (oaa ) HLEAY) (345 agumndlds
Vs Ay ) e Jaidin g aaal)
(el JLiadl Cos sall ae (i) e caa ge LA
(Pl At 43S g Ao 9o daih any ) QIS aa g LIS
() LR Il e (i) cmoma b L)
(Ao 5o Ala XS] Al daty amy) QIS alls LA
(Y Jsaalls Lo 5 (S

Disease No Disease
Test + a b
Test — c d
G Gl sl

i s JLial | shae ) (Al 5 (i el ¢ siliadll 3 Y1 =3
G se LA sl Sy Gnliadl e A @I =]
L S8 | shel (€15 ¢ sieaal) 3_3Y1 = ¢

L LS 1 shel (815 ¢y sbead) 3 Y1 =

ol Kamll=c +a

aall il JKlasell=d +b

Sensitivity = a/(a+c) or True Positive Rate (TPR)
Specificity = d/(b+d) or True Negative Rate (TNR
PPV=al/(a +b)

NPV=d/(c + d)

Accurecy=a+d/(a+b+c+d)

Prevalence =(a+c)/(a+b+tctd)
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3sa g pandodill (eS) A Y Guas Slens Jiah paa LA Ll () L ) 1l
(e de sana o Gula Jleall gl Lale € 4w o) jal 2y yig 50 yall 8 oasl
5 5 aed OIS agie 5 0 a5 5 Jlsud) Jleas aa Jldl & O 5 Gaw (alaSY)
fioan ol OS2

agead Cpdll LBV 138 (o ey 23a0 285y dall (el e gasill o) aly o g
ol s b )l gosall il el O (50 (s g Gl (3]l 5 (s
4 il daadll 5 dae gill g dpuliad) Hani ST Cuaall Sleadl 23l Ll ) puzai g )l sl
Al 5 A sl

chd\@ay“@\ic.}hﬂ\u\ua‘)sﬂ}

aall JLIdY) 3¢ 3 Mgl 3ol B s all ad
+ + 1
+ + 2
- + 3
- + 4
+ + 5
- - 6
- - 7
+ - 8
+ - 9
n - 10
il Jgan Jaxd
Disease present Disease absent
Test Negative + J:; 3 6
Test positive - 2 2 4
5 5 10
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Sensitivity= 3/3+2 =0.60
Specificity= 2/3+2 =0.40
PPV=3/6=0.5

NPV=2/4=0.5

Gold Standard _bis) s 45 )aall FNA L) el 45 jlaal 4l jy 8 :Jba
a5 355 a2 Physical exam. sl sl pasdll JLa 3 38l sl 114 e
By elill JUEAN (5 ¢ amb ¢ OIS Mammograms o) ¥ il 8 s ala
(3la 92) aadll ;e 5 (3dla 22 ) Aladll LAY cla g FNA il

i ge IS A 22 1) e VLA 8 ) sh da ja cilplee ) gLl Canaadl)

Cancer No Cancer Total
+ -
FNA + 14 8 22
FNA — 1 91 92
Total 15 99 144
;gN\S

Prevalence= 15/114 = 0.13
PPV =14/(14 +8) =0.64
NPV =91/(1+91)=0.99

93% sl 0.93 = 14/15 = Sensitivity
0.92% s 0.92 = 91/99 = Specificity
092=091+1+8+14)/(91+ 14) = Accuracy
NPV 5 PPV o 08 s (S

16 st anliall i i) Gl e elil) dlial (e Uil i
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b 22 Mammograms obS 130 13% W jad Llial Jlaial daeal (el olull
0555 La 60,64 g 3 im 5 FNA a1 L5 ColS 13 30333 Ay (1,
Aasill 038 5 (99/114 ) 0.87 s elsll (& i sall 355 5 o2 Aflaia Al

e FNA L8 (IS 130,99 L 213

Lyl il cprtlabeall slaie U 200 5 daa gall ¢ suitl) Bl 50085 Sy

PV4= Prevalence-Sensitivity
(Prevalence -Sensitivity }4+{ ( 1-Prevalence)-( 1-Specificity) ;

_ (1=Prevalence) <Specificity
{(1=Prevalence)~Speciticity -+ Prevalence < 1-Sensitivity)

PPV = (0.13)(0.93)/{(0.13)(0.93) + (0.87)(0.08)} = 0.64
NPV = (0.87)(0.92)/{(0.87)(0.92) + (0.13)(0.07)} = 0.99

Jier 58 5 Likelihood ratio (sems s dnhll Ggaall (s Boand AT il ol
e Ui o e sama 8 (s o in ) (e ) Al il
LR+ sl JLiaY) (e jam s (a e (532 31 8N (e de sane A Jlaial
Ay Guilabaall (385 sty LR — bl sy
LR+ = Sensitivity/(1 - Specificity)
LR — = (1 - Sensitivity)/Specificity
Galad) Wlie e cpilaladl) Guki die
LR+ =10.933/0.081 = 11.52
LR —=0.067/0.919 = 0.07
sladll (gl Lealdia A1 (5588 30 11,52 ) (A8 aa gl FNA LAY Aats
0.07 (a5 Jlia¥) il ddlad) daill 5 dliadll s 45 )lae syl Aliadll
Alaall yo 4 Hlie Lliaal) Ll Lgalia (K03 ya

oaddil) @ Loy dlaal) ¢l JLaidy 7 - 4

s Sensitivity osbesl (e Ga LAl Gas A5 e ¢ pal Lol Lail Bia i o]

Ol (i all e Giiliane (e gana e G LAY Uiy el 13U « Specificity
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o (Ao O LAY g oal 13 Ll il JLaA) 5 (6\S a e (335 AT Lagin 4534l

. McNemars JLia) Jleinl (e 230 de gaaal)
O ¥V JLEAY) (e (i A8y (a pall e e s o O LA 5 a) b
o) 25 Gold standard s ¢l ) 2ie 5 dalls Ala 88 5 4as 50 Alla 112 llia
e Gl ey QLAY Gl 8 NS Allu Al 18 5 43S A ge Alls 30 llia

Lgaal) Al YAl dae g Alla 82 = 30 — 112 s dasaall s sall CNIA
f Al Jsaally il Jiiad Sy iy s 70 = 18 — 88 52
Disease No Disease
+ 82 30
— 18 70

¢l yal die 5 150 Al WAl 5 150 das sall YD ) a8 SEN LEAY) W
L sl YAl dae () () A0S A e i€ VLA 10 Of 2y okl LERY)
90 dausaall ALl VAL die ) 5l LS Al s B0 235 LS 140 dapnal

(YIS Jsaall s iy g

Disease No Disease
+ 140 10
— 60 90

T LAY e JS dpulan 8
0.82 = 100/82 = Js¥! JLiadl Sensitivity
0.70 = 200 /140 = S ;a3 Sensitivity

sCamrl-7-4
SAS i ]

data d;
input test positive count;
cards;
11 82
12 18
2 1 140
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2 2 60

proc freq;

tables positive*test/chisq;
exact chisgq;

weight count;

run;

The SAS System
The FREQ Procedure

Table of positive by test

positive test
Frequency,
Percent ,
Row Pct ,
Col Pct , 1, 2, Total
FIFFFFFFf FEFFFFFF FAFFFFFSFT
1, 82 , 140 , 222

, 27.33, 46.67 , 74.00
, 36.94, 63.06 ,
, 82.00 , 70.00 ,
FHFFFFEFF FFFFEFFE FAFFAFFFT
2, 18 , 60 , 78
, 6.00 , 20.00 , 26.00
, 23.08 , 76.92 ,
, 18.00 , 30.00 ,
FFFFFF A A FAFFFFFF
Total 100 200 300
33.33  66.67 100.00

Statistics for Table of positive by test

Statistic DF Value Prob
FEFFFFFFFSFFSFFFFSFFFFFFFSF A FSFFFFSFFFFFFFSFFFFAFFFS
Chi-Square 1 4.9896 0.0255
Likelihood Ratio Chi-Square 1 5.2097 0.0225
Continuity Adj. Chi-Square 1 4.3854 0.0362
Mantel-Haenszel Chi-Square 1 4.9730 0.0257
Phi Coefficient 0.1290
Contingency Coefficient 0.1279

Cramer's V 0.1290

Pearson Chi-Square Test

FEFEFFFFFFFFFFSSSSSEEFFFFFFFFFSS

Chi-Square 4.9896
DF 1
Asymptotic Pr > ChiSq 0.0255
Exact Pr >= ChiSq 0.0357

Likelihood Ratio Chi-Square Test
FFFFFFFFFFFFFFFFFFFFSFFSFFFFSFFFFS

Chi-Square 5.2097
DF 1
Asymptotic Pr > ChiSq 0.0225
Exact Pr >= ChiSq 0.0262

The SAS System 16:59 Thursday, July 25, 2014

The FREQ Procedure
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Statistics for Table of positive by test

Mantel-Haenszel Chi-Square Test
TIFFFSFFFFFF A FFFF A FFFF S FFFFFSS

Chi-Square 4.9730
DF 1
Asymptotic Pr > ChiSq 0.0257
Exact Pr >= ChiSq 0.0357

Fisher's Exact Test

T FFFFFFFFFFFF S A FFFFFFFFFFFSF

Cell (1,1) Frequency (F) 82
Left-sided Pr <= F 0.9922
Right-sided Pr >= F 0.0167
Table Probability (P) 0.0090
Two-sided Pr <= P 0.0262

Sample Size = 300

& G (0.026 , 0.025) s S am s JLiisl) Gl it Jalaill il g

SPSS i e

SLEL LIS ) Ul ilua g ) ghaal) (i s i) JIA) b sl (padi ains

testl test2 count
1 1 82
1 2 18
2 1 140
2 2 60
L2 Crosstabs: Statistics H
& Chi-square [] Correlations
Maominal Crdinal
[] Contingency coefficient [[] Gamma
[¥{Phi and Cramers V | [C] Somers" d
[[] Lambda [[] Kendall's tau-b
[ Uncertainty coefficient [ Kendall's tau-c
Mominal by Interval [] Kappa
| Eta [[] Risk
[] McMemar
[7] Cochran’s and Mantel-Haenszel statistics
[ continue ][ cancel || Heip |
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Case Processing Summary
Cases
Valid Missing Total
N Percent N Percent N Percent
|01 * 02 300 100.0% 0 0.0% 300 100.0%
Q1 * Q2 Crosstabulation
Count
Q2 Total
no yes
no 60 140 200
|oa
yes 18 82 100
Total 78 222 300
Chi-Square Tests
Value df | Asymp. Sig. | Exact Sig. |Exact Sig. (1-
(2-sided) (2-sided) sided)
|Pearson Chi-Square 4.990% 1 .026
Continuity Correction” 4.385 1 .036
Likelihood Ratio 5.210 1 .022
Fisher's Exact Test .026 .017
N of Valid Cases 300

a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is

26.00.

b. Computed only for a 2x2 table

Graphpad Prism i -z

contingency a5 liball Jaxs &3 create & column Jbias da )l dascall (e
Dl @ ek ok A table analyses

testl test2
82. 140.
18. 60.

120

'Error



il palaad) Gl B3

Al (andddl ¢ LA g slaall

Parameters: Contingency Tables

P walwe calculalsons

{3} Fishad's exack besh

{0 ChiF-oqusne et

Dphions

P vahsess (2 Ones-taded
Conhdence Intarval | S5%
Auddibronal caloulalmens

[C] D= szt
[ Rretative Risk

Signilicant digis

{3 ates' contiranty coneched chi-squae tegt

83 Tweo-taded

[ Differarcs batwean propotticns
[ Sensithviy. specisciy and peedictive valuss

Showr |4 || sigreficart degits

[ Leam | |

Concel | [ s ]

ok &3 chi square 3%

Table Analyzed Data 1

Chi-square

Chi-square, df 4,990, 1

P value 0.0255

P value summary *

One- or two-sided Two-sided

Statistically significant? (alpha<0.05) Yes

Data analyzed testl test2 Total

Row 1 82 140 222

Row 2 18 60 78

Total 100 200 300
e Jasiv Fisher exact test (e Ul 13

Table Analyzed Data 1

Fisher's exact test

P value 0.0262

P value summary *

One- or two-sided Two-sided

Statistically significant? (alpha<0.05) Yes

Data analyzed testl test2 Total

Row 1 82 140 222

Row 2 18 60 78

Total 100 200 300

cju.i&"_\_i\s‘jﬁdé\j:\_cwésuw‘);\ug‘)hh\uuh)wfm‘)d&"_\gﬁ\ JUia

sdan e Al 53 AU LYl ddle Al 35 5 das e Alls 65 J Y Laay)

YA e o aa g bl HLEAYL cp Laal) 0l 45 e die g dalle Als 47
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S A QNS Al Al 23 5 o)WY OIS 8 20S dos e Al 35 S Ao gl

= 35 — 65 JyY syl Lﬁ daas ) A gal) Gl LAY dae ) Lﬁ‘ Colaay)

laaxe s ALl @l Hlaay) s 4l 30 = 23 —

OSa elliyg 12 = 35 — 47 A Ay i

53 L&l Ly s Al 30
12 = 23 — 35 Js¥) Lay) A&
D Y Jsaall Loyl

Y
+ l j—
Js¥) Jlaaly) + 30 35
- 23 12

McNemar J&al 2 -7 -4

Aagoyall il s 8 ) AL cadl) YA b Al LY 138 Jesing

data compar;

input testl test2 count;
cards;

11 30

1235

21 23

2212

proc freq data=compar;
tables testl*test2/agree;
weight count;

exact McNem;

(b s e s oSy A
SAS Ll -

run;
The SAS System
TABLE OF TEST1 BY TEST2
TEST1 TEST2
Frequency,
Percent ,
Row Pct ,
Col Pct , 1, 2, Total
1, 30 , 35, 65
, 30.00, 35.00, 65.00
, 46.15 , 53.85,
, 56.60 , 74.47 ,
2, 23, 12 , 35
, 23.00, 12.00 , 35.00
, 65.71, 34.29,
, 43.40 , 25.53,
F-
Total 53 47 100
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53.00 47.00 100.00
STATISTICS FOR TABLE OF TEST1 BY TEST2
McNemar's Test

0.115
0.148

Statistic = 2.483 DF = 1 Prob (Asymptotic)
Prob (Exact)
Simple Kappa Coefficient

95% Confidence Bounds
Kappa = -0.181 ASE = 0.094 -0.366 0.004
Sample Size = 100
el uti Lagd () (6) Ao sira e O iAY) Aulies 8 ClADUAY)

SPSS il _o
sl g e b lenSle sl e dg s clibll Jlaal 4 cl ghadll s a

Case Processing Summary

Cases
Valid Missing Total
N Percent N Percent N Percent
s1 * s2 300 100.0% 0 0.0% 300 100.0%

sl *s2 Crosstabulation

Count
s2 Total
no yes
200 0 0 200
s1 no 0 12 23 35
yes 0 35 30 65
Total 200 47 53 300
Chi-Square Tests
Value df Asymp. Sig. (2-sided)
Pearson Chi-Square 310.483% 4 .000
Likelihood Ratio 385.450 4 .000
McNemar-Bowker Test 2.483 1 115
N of Valid Cases 300

a. 0 cells (0.0%) have expected count less than 5. The minimum expected

count is 5.48.
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Mann-Whitney J&id) 3-7 -4
amaddY Lagilily a5 58 () 5 Adlide (e ane (o A5 Jlaall JLd¥) 1aa Janiny
Legry ) 55 (e sana (A unpaired t ool Jlestiul Hlly g4 5 xdall 4 55l

(b )
SAS i -

data digest;
input trt dm;
cards;

13.21
3.25
9.02
21.37
10.45
7.66
5.54
15.55
8.54
1.32
3.56
7.55
10.18
2 8.05
;option nodate nonumber;
proc nparlway wilcoxon ;
class trt;
var dm;
exact;
run;

NNNNNNRRRRRBRR

The SAS System
The NPAR1IWAY Procedure

Wilcoxon Scores (Rank Sums) for Variable dm
Classified by Variable trt

Sum of Expected Std Dev Mean
trt N Scores Under He Under He Score
FEFFF A A A F A F A FFFF A FF A F A A F A FFFFF A F A A A FF A FFFFFFFFFF A FFFFFFFFF
1 7 58.0 52.50 7.826238 8.285714
2 7 47.0 52.50 7.826238 6.714286

Wilcoxon Two-Sample Test

Statistic (S) 58.0000
Normal Approximation

z 0.6389
One-Sided Pr > Z 0.2615
Two-Sided Pr > |Z| 0.5229

t Approximation

One-Sided Pr > Z 0.2670
Two-Sided Pr > |Z| 0.5340
Exact Test

One-Sided Pr >= S 0.2675

Two-Sided Pr >= |S - Mean| ©.5350
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Z includes a continuity correction of 0.5.

Kruskal-Wallis Test

Chi-Square 0.4939
DF 1
Pr > Chi-Square 0.482

SPSS i -
-5l a_\...u‘)ﬂ\ Cuea UL JAns

dm
13.21
3.25
9.02
21.37
10.45
7.66
5.54
15.55
8.54
1.32
3.56
7.55
10.18
8.05

—
=
—

NININININININ|FPIRPIPIRP|IPP -

&+ ek Independent samples ~ Non parametric tests 8 Analyze &
sitting L4 il 25 groups 2 dm 35 Tests field & TRT i s~
o s (e (Ao ad 505 e a e sedad ) sall a e e (g stall Iyl

Run Laacas
Hynothesis Test Summany

Mull Hypothesi= Te=t Sig. Decision

Independent- )
The distribution of dm is the same,2 P12 g FEE g

g across categaries of t ann- sz’ il
g : Whitney L hypothesis,
Tes=t

Aoymptotic significances are displayed. The significance lewel iz .05,

TExact significance is displayed for this test.
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SPPS gl 4l 48y jhay Jolasl) 35 ¢4y Las

~5 non parametric tests ~ analyze baai a5 sl (udiy bl Jia) o3
2 dm =il s 2o e ekad 2 independent samples & Legacy dialog
A By gl LAl de yd 6845 grouping variable & trt @i 5 test variable

. 0k

Test Statistics®

DM
Mann-Whitney U 19.000
Wilcoxon W 47.000
Z -.703-
Asymp. Sig. (2-tailed) .482
Exact Sig. [2*(1-tailed 535"
Sig.)]

a. Grouping Variable: TRT

b. Not corrected for ties.

MedCalc 4% -
~ Rank sum test ~5 statistics (e Jarazai af olia) saia g0 LS ciliball Jaas

Gl G2

13.21 15.55

3.25 8.54

9.02 1.32

21.37 3.56

10.45 7.55

7.66 10.18

5.54 8.05
Sample size 14
Test statistic 0.4939
Corrected for ties Ht 0.4939
Degrees of Freedom (DF) 1
Significance level P =0.4822
Factor n Average Rank
1)1 7 8.29
22 7 6.71
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Graphpad Prism i -2
Analyze 5 Column 4aiall jLias ol ax MedCalc (2 LeS il Jaas
e ek 0K &3 t test (non parametric tests) 4o JUAS l sa oy jedasd

.0k &5 non parametric test g all e 4d s HA) s

Table Analyzed Data 1
Column A x1
VS VS
Column B X2
Mann Whitney test

P value 0.5350
Exact or approximate P value? Exact
P value summary ns
Are medians signif. different? (P < 0.05) No
One- or two-tailed P value? Two-tailed
Sum of ranks in column A,B 58, 47
Mann-Whitney U 19.00

Cochran Q &)SsS sl 4-7 -4

rallaind b g 5l s McNemar JLEaY olaial jiiay LAY 1

0585 ) e Dol Alfe e 585 )5 2 e AS) il 5 dand il (585 0
b A8 arall dpia 8 9SSy (il Qa5 0 szl Jhags 1) 4l Alain)
Al (5 s aae Al 4 Hhaill 5 AlaiuV) (5 gl

SAS i

data drugs;
input DrugA DrugB DrugC 5

datalines;

o 1 (%]
1 1 0
1 1 1
e o (%]
1 o (%]
0 1 1
e o (%]
1 1 (%]
o 1 (%]
o 1 (%]
o 1 (7]
o 1 (7]
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proc freq data=Drugs;
tables DrugA*DrugB*DrugC / agree;

run;

Cochran's Q, for DrugA
by DrugB by DrugC
FHFFFFFFFFFFFFFFFFFFFFF
Statistic (Q) 8.6667
DF 2
Pr > Q 0.0131
Total Sample Size = 12

SPSS L% -

Analyze — Nonparametric Tests __, Legacy dialogs __, K Related
Samples

Hypothesis Test Summary
Hull Hypothesi= Test Sig. Decizion
Related- q
1 The distributions of druga, drugleamples 013 EEIJIE':H"'E
and qdruge are the same. $E§thranill hypothesis.

Aesymptotic significances are dizplayed. The significance lewvel iz 05,

MeDcalc 345 -
S 8 e g LS 5 Ll JA0) o

| Cochran's EI@
D12 0
A B C D <
Subject Task 1 Task 2  Task 3

o=l ||| = ||| =
L= R I o R B N e

—% | =
—_ O | w
-
==

P e e e T T == P B TP P

_'DDDDDD—LDD—LDD
|

0
1
1
0
1
0
0
1
0
0
0
0

I
]
[
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Cochran's Q) test @lg
Variables: Options
Task_1 = Significance level: 0.05 -
Task_2 - EI
Task_3 -
Filter:
(2] [ ok || cancel |
(21 Cochran's Q test =N EcR ==
Casesin spreadsheet 12 il
Cases with missing values 0
Cases included in the analysis 12
Frequencies
Variable Yalue Proportion (%)
0 1
Task_1 8 4 3333
Task_2 3 g 75.00
Task_3 10 2 16.67
Cochran's Q test
n 12 |3
Cochran's Q 8.6667
DF 2
Significance 0.013
Multiple comparisons
Yariable Different (P=0.05) from variable nr
(1) Task_1
(2)Task_2 (3}
(3)Task_3 (2}
Minimum required difference (%) 43.8669
93 I

Al ) g QDA VLA s DB Al dgagare ealiaaall Ay b o) La
YT e U JBY) e ) ey 13 5 aaal) Aua B 53 Lld P=0.013
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Wilcoxon ¢ssSsly Jdd) 5.7 - 4
(e A As\ezw'jhuk.J&d\wt)s@ugsaumwgsg)ﬂuﬁg

Subject Before After
1 43 28
2 40 33
3 32 48
4 37 37
5 55 40
6 50 42
7 52 35
8 33 43
SAS s -

data drugtest;
input subject drug group $ w;

datalines;
1 A 43
2 A 40
3 A 32
4 A 37
5 A 55
6 A 50
7 A 52
8 A 33
9 B 28
10 B 33
11 B 48
12 B 37
13 B 40
14 B 42
15 B 35
B 43

16
2
proc means median min max;
by drug group;
var w;

proc nparlway wilcoxon;
class drug_group;
var w;

run;
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- drug_group=A

Analysis Variable : time
Median Minimum Maximum
SEEEEBRREEEERREEEEERREEEERREEEERREEEEEREEEER]
41.5000000 32.0000000 55.0000000

S S S S S S f S S S S F S S S S S S S SSSFFFSSSFFFFF55F

——————————————————————————————————————————— drug_group=B

Analysis Variable : time
Median Minimum Maximum
SIS 05 65 25 10 00 5 5 6 0 0 05 1 0 0 0 A 1 0 2 0 0 0 0 6 1 1 0 A 6 1 6
38.5000000 28.0000000 48.0000000

SES S S S S SSSFFSSSSSFFSSSSSFFSSSSFFFS555FF5555F

The NPARIWAY Procedure

Wilcoxon Scores (Rank Sums) for Variable time
Classified by Variable drug group

drug Sum of Expected Std Dev Mean
group N Scores Under HO Under HO Score
S S S S S S F S FFFFFFFFFFFFFFFFFFFSFS
A 8 77.0 68.0 9.493858 9.6250
B 8 59.0 68.0 9.493858 7.3750

Average scores were used for ties.
Wilcoxon Two-Sample Test

Statistic 77.0000

Normal Approximation

Z 0.8953
One-Sided Pr > 1Z 0.1853
Two-Sided Pr > |Z]| 0.3706
t Approximation

One-Sided Pr > 1Z 0.1924
Two-Sided Pr > |Z| 0.3848

Z includes a continuity correction of 0.5.
Kruskal-Wallis Test
Chi-Square 0.8987
DF 1

Pr > Chi-Square 0.3431

SPSS il -

Analyze —»Nonparametric Tests —» Legacy dialogs— K Related
Samples

before after
43 28
40 33
32 48
37 37
55 40
50 42
52 35
33 43
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Test Statistics®

S2-S1

Z

-.847-"

Asymp. Sig. (2-tailed)

.397

a. Wilcoxon Signed Ranks Test

b. Based on positive ranks.

TR RV

Analyze—  Nonparametric Tests — Related samples

Hypothesis Test Summary
MNull Hypaothesi= Test Sig. Decision
Related- )
1 The median of diferences betweqlicl, o) a7l
?Lilt'ued Fank hypothesis.

Asymptotic significances are displayed. The significance lewvel iz 05,

MedCalc 4% -
z)sl) dS& (Ao bl Jial o4

before after
43 28
40 33
32 48
37 37
55 40
50 42
52 35
33 43

& ol s m e jedaid GuSISTy liAs 5 Rank sum test & statistics Jaa

Sample size

Lowest value

Highest value

Median

95% CI for the median
Interquartile range

Sample 1 Sample 2

8 8

32.0000 28.0000

55.0000 48.0000

41.5000 38.5000

32.2808 to 54.1577 29.4039 to 46.5961
35.0000 to 51.0000 34.0000 to 42.5000

Wilcoxon test (paired samples)
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cmd:SHOWXMINMAX?3
cmd:SHOWYMINMAX?1
cmd:SHOWXMINMAX?5
cmd:SHOWYMINMAX?3
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Number of positive differences 2
Number of negative differences 5
Smaller total of ranks 9.00
Two-tailed probability P =0.4687

Graphpad Prism i -3
il iy bl Jaas o5 Create o5 Column dst )l Assall (pa lads
ttestor Ui column analysis c«s analyze ool Jaiai o cllSa gl 5
non _\iai choose test (sl L) s 0 sedasd 0K a5 NON parametric test

(SISl &5 parametric test

Table Analyzed Data 1
Column A before
VS 'S
Column B after

Wilcoxon signed rank test

P value 0.4461
Exact or approximate P value? Gaussian Approximation
P value summary ns
Are medians signif. different? (P < 0.05) No
One- or two-tailed P value? Two-tailed
Sum of positive, negative ranks 19.00, -9.000
Sum of signed ranks (W) 10.00

el Jlasin) e Sth ddlide ulS (SISl y jLsdl) o8 P dad o)) G ; ABiadla
Ofie e (AN L) sdie agarid a5 o ila 5 il Liay e 59 e Al jo 41l
Ola pndad ‘H PREN Rt Gls g Placebo 4ol 5 jlie o) de ganall Culac)

O ol Allad Hlall o Hlial ogllaall Jas Ciia g Ciinia g o s g da g Jliaa;

data Arthritis;

input Treatment $ Response Freq @@;

datalines;

Active 5 5 Active 4 11 Active 3 5 Active 2 1 Active 1 5
Placebo 5 2 Placebo 4 4 Placebo 3 7 Placebo 2 7 Placebo 1 12
)

proc nparlway wilcoxon median edf data=Arthritis;

class Treatment;

var Response;

freq Freq;

run;
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The SAS System 11:56 Thursday, July 11, 2014 1
The NPAR1WAY Procedure

Wilcoxon Scores (Rank Sums) for Variable Response
Classified by Variable Treatment

Sum of Expected Std Dev Mean
Treatment N Scores Under HO Under HO Score
fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff
Active 999.0 810.0 63.972744 37.000000
Placebo 32 771.0 960.0 63.972744 24.093750

Average scores were used for ties.
Wilcoxon Two-Sample Test

Statistic 999.0000

Normal Approximation

z 2.9466
One-Sided Pr > Z 0.0016
Two-Sided Pr > |Z| 0.0032

t Approximation
One-Sided Pr > Z 0.0023
Two-Sided Pr > |Z| 0.0046

Z includes a continuity correction of 0.5.

Kruskal-Wallis Test

Chi-Square 8.7284
DF 1
Pr > Chi-Square 0.0031

O dalyaila o JLaaVl 8P Al ()5 Lysina S SIS jlaal ) Iaa3l
S lEal) | ghalad ) (oaa pall (2] Alaiual) o)) i 138 50,0016 <als a5 sill
Al de sanall ol Aty (e el

The SAS System 11:56 Thursday, July 11, 2014
The NPAR1WAY Procedure

Median Scores (Number of Points Above Median) for Variable Response
Classified by Variable Treatment

Sum of Expected Std Dev Mean
Treatment N Scores Under HO Under He Score
fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff
Active 18.916667 13.271186 1.728195 0.700617
Placebo 32 10.083333 15.728814 1.728195 0.315104

Average scores were used for ties.
Median Two-Sample Test

Statistic 18.9167
z 3.2667
One-Sided Pr > Z 0.0005
Two-Sided Pr > |Z| 0.0011

Median One-Way Analysis

Chi-Square 10.6713
DF 1
Pr > Chi-Square 0.0011
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S a1 gl el sl A ) Y adiy e gl L) ) Jaa Sl
.P=0.0005 45l de ganall (1 e

The SAS System 11:56 Thursday, July 11, 2014
The NPAR1WAY Procedure

Kolmogorov-Smirnov Test for Variable Response
Classified by Variable Treatment

EDF at Deviation from Mean
Treatment N Maximum at Maximum
FEFFFFFFFFFFFFFFF A FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFS
Active 27 0.407407 -1.141653
Placebo 32 0.812500 1.048675
Total 59 0.627119

Maximum Deviation Occurred at Observation 3
Value of Response at Maximum = 3.0

Kolmogorov-Smirnov Two-Sample Test (Asymptotic)

KS 0.201818 D 0.405093
KSa 1.550191 Pr > KSa 0.0164

Cramer-von Mises Test for Variable Response
Classified by Variable Treatment

Summed Deviation

Treatment N from Mean
FFFFFFSFFFFFFFFFFFFFFFFSFFFSFFFSFFFFFFFFFFF
Active 27 0.526596
Placebo 32 0.444316

Cramer-von Mises Statistics (Asymptotic)
CM 0.016456 CMa ©0.970912

Kuiper Test for Variable Response
Classified by Variable Treatment

Deviation
Treatment N from Mean
FFFFFFFFFFFFFSFFFFFFFFSSFFFFFFFSS
Active 27 0.000000
Placebo 32 0.405093

Kuiper Two-Sample Test (Asymptotic)
K 90.405093 Ka 1.550191 Pr > Ka 0.1409

Empirical distribution function ) usil gl Al Glelianl 2%
A 8 (b ) e 138 5 0.0164 <5 Se s 5S Aa A gixe () i (Statistics
AaUaie Gilaiu¥) @58 Ok paall

Kruskal — Wallis Test <lis saal (uudl g9 JSu S 831 6-7 -4

1 5 s i 50 il 5 (il (e (e JIS) s g Alla 8 LEAY) 13 Jasiay
iy Lail g 4d dagall 3 el (a5 and a8 ld il b = 3y LaY)
Gl 1A a5l IS8 e gl Jilde ol Ciladine bae e 33 salall ciliwdl o
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Ol () A8 jaiaBaal g Dlia Leay 58 IS5 8 Aalide () 9S8 Ladie Ciladiagll
Aninia joe il o daey 28 LAY e gl ) VA8 aie 5 A
bootstrap Julas (5% 28 M) o2 4 5(Fagerland and Sandvik 2009)
L33k analysis.

JSG ld Aaliaall aaalaall Led o oS5 Al (3 yhall as) Heteroscedasticity Jia
CSapd Calite Lt (S5 ands o 358 S 0l ey 5 53l) <l 1A Callita o 53
s A Welch's anova ) Giie sane Al 3 Welch's t-test Jlid) Jleainl
Obd Calise culiill 5 (ysie sane (8 (oxmb 502 35 O Ll (e gane e S
Dr. John MacDonald's albexivl cony sl (gl cayan¥ 4l a5 523

.website

8 Aalaie oo Clading sie (e 33 AL il () A i JLEY JS S Janiiay
OsS Gladiadl clie (Mean  rank) ey b sie () Ja) —ixay 5l Leadl sa
Ay S 02 54 gludie Cildass e Ll il Gl Auim 8 58 IS S8 A sl
il 8 x saball T g ) 585 ) npna (uld 2l 5 olaly il Jilail aaal)
(Kruskal-Wallis test, 280 & lghau sia (o 4 gina b ) samny Aot Oliianll
o8 Jie o)) (e p& Ll e lipall dagis gl (5 st A 3 530Y LS P=0.012).
A il | sbaa ¥l Qi€ any (B i Jo Ggall (mny (83358 50 3l
Y1 (27.5) L sl 5 (43.5) Janall 8 4y lucia cilive 436 ) 3 5my JU) JEA 8
(S OIS S S sl o)

O (53} sl () 3 il JSSs S s LS (i e 4 sl e
Llis Linia ol LS JIS S Y Dlian 5 LS5 e () sS analanall apis ) ) Jais gl
J Ul s LS 13 gnalnall Jagas gl sf s gl ¢y RS Ll iy
osaall (e add s Al ) sadl (o el A Gaiaie s )l G 5S O) (S
i) 8 LS i
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015

016 4 ]
014 4
01z 4
0.1 4
% 0.08
0.0& 4
n0.04 4

il

o4 — = 1 |
-0.0z

wog & T T T4 = F

Gene

e 6 simnall udi e g 458 JSI i any Jee (Sait 1S cligal) ana OIS 13 Ll
r0lia) a1l 8 LeS L gae L yi g il

apd{ Category A
204

104

percentage

3n{ Category B

£0+

104

percentage

304 Category C
204

104

percentage

0 T T
0 £ 4 7 g

value of variable

o2a o Laii) dpam ji id) Aliiune cilipe A il Jiad slas) bl S 1) ;e

sl 5 aainal il
SAS i

data d;

input Group trait @@;

cards;

111213141516171819146 147 148 1491501511

521531342 210 2 11 2 12 2 13 2 14 2 15 2 16 2 17 2 18 2 37 2 58
259260 2612622632642 193 319 3 20 3 21 3 22 3 23 3 24 3

25 3 26 3 27 3 28 3 65 3 66 367 368 369370371372

;option nodate nonumber;

proc nparlway wilcoxon data=d;
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class group;

var TRAIT;
run;
The SAS System
NPAR1IWAY PROCEDURE
Wilcoxon Scores (Rank Sums) for Variable TRAIT
Classified by Variable GROUP
Sum of Expected Std Dev Mean
GROUP N Scores Under He Under HO Score
1 18 367.0 495.0 54.4977064 20.3888889
2 18 495.0 495.0 54.4977064 27 .5000000
3 18 623.0 495.0 54.4977064 34.6111111
Kruskal-Wallis Test (Chi-Square Approximation)
CHISQ = 7.3553 DF = 2 Prob > CHISQ = 0.0253

alle Ll LY 3 dall Jesl 5 il 48y yla tjlia) g cpbll Jilas Jgan Jiag
werh e ddall w5 o) e L Yo aa

SPSS i -

Analyze —Nonparametric Tests —» Legacy dialogs —»K independent

Samples

& group a=iy Test variable list * score i )l s> a2 e ek

.0k & kruskal g e ,d3515 grouping variable

Group

Score

1.

1.

© (PN |0 W (N

N
IS

N
N

N
®

N
©

a1
O|f

(6}
=

a
N .

o1
wT

342.

10.

11.

12.

SN N e e e e e e e e e e e e e e e e

13.
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14.

15.

16.

17.

18.

37.

58.

59.

60.

61.

62.

63.

64.

193.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

65.

66.

67.

68.

69.

70.

71.

W (00 L0100 100100100 00100101010 000010010 1IN INININININ NN NN N (NN (N

72.

Test Statistics®”

score
Chi-Square 7.355
df 2
Asymp. Sig. .025

a. Kruskal Wallis Test

b. Grouping Variable:

group
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MedCalc i ¢

Kruskal o5 statistics JLias a5 SPSS (& JLaa¥!) o gl (udiy bl JAas
A Jaall 85 score dsY) e DS (pdis ey ) sa a e glad

0K & Group_tas

Data score
Factor codes group
Sample size 54
Test statistic 7.3553
Corrected for ties Ht 7.3553
Degrees of Freedom (DF) 2
Significance level P =0.0253

Post-hoc analysis
Factor n Average Rank Different (P<0.05)

from factor nr

1)1 18 20.39 3)
22 18 27.50
3)3 18 34.61 Q)

Graphpad prism i -2

one way anova a3 analyze JUas &3 pald 3 gens e gena JS Sliln JB0) &4

JoK A3 non parametriv test 4t JUAS ) sa ao e jelaid

G1 G2 G3
1. 10. 19.
2. 11. 20.
3. 12. 21.
4. 13. 22.
5. 14. 23.
6. 15. 24,
7. 16. 25.
8. 17. 26.
9. 18. 27.
46. 37. 28.
47. 58. 65.
48. 59. 66.
49. 60. 67.
50. 61. 68.
51. 62. 69.
52. 63. 70.
53. 64. 71.
342. 193. 72.
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Table Analyzed Data 1
Kruskal-Wallis test

P value 0.0253

Exact or approximate P value? Gaussian Approximation
P value summary *

Do the medians vary signif. (P < 0.05) Yes

Number of groups 3
Kruskal-Wallis statistic 7.355

Friedman clex @ Wi 7 -7 -4

repeated measures ANOVA. —lxall Sl alliia alaal L3 o8
( Rrandomized block design) 4Ll 430 g siall e Uail) aranad 8 Janivn g
leladl b A el (e K piag 3

B gy agd Crad O labae SO au®h (a0 jal (el Axy ) Cilaniald '"Zubq‘f’:dlfm

Jia) o gllaall il Calan 5 10 A 1 G0 7 s) i el ansi slac | (ia jad 4 sdic
95 shaie COrall L () A i

data f;

input treat test score;
cards;

114

W wwwhNhNNNNNERE R R
PWNRPRP_AWNRERPWDN
N OO O UTwuu b

J

PROC FREQ DATA=f;

TABLES test*treat*score/ CMH2 SCORES=RANK;
run;

SAS i .|

The SAS System

Summary Statistics for

Statistic Alternative Hypothesis

19:32 Thursday, July 24, 2014

The FREQ Procedure

treat by score

Controlling for test

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

DF Value Prob

TS FFFFE S S FFFF LS FFFF LSS FFFFS LSS FFFES S S FFFFL S FFFFESFS
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1 Nonzero Correlation 1 6.1250 0.0133
2 Row Mean Scores Differ 2 6.5000 0.0388

Total Sample Size = 12

0.0388 dllaial 5 6.5 duf & Friedman Juis) ied o Ladl

SPSS % G
S I il Jlal L

T1 T2 T3

w|ol| b~

~N |00 |00 |O

O |O |01

k &5 legacy dialog 5 non parametric test o5 analyze J ) e lars

Dl me el related samples

= Friedman testsav [DataSet10] - IBM SPSS Statistics Data Editor
File Edit View Data Transform Analyze Graphs Ulilities Add-ons Window Help
= Ea - o Reports L3 aﬁ g B A j [A] (5
FEcE @ « o H =2 B e Ui jmd 9
escriptive Statistics »
31:none Compare Means »
none classical General Linear Model b var var var var var var
1 8.00 8. Generalized Linear Modelsh
2 7.00 6. Mixed Models »
3 6.00 8. Correlate »
4 .00 9. Regression »
3 5.00 8 Loglinear »
= 9.00 T Classify »
U 7.00 8 Dimension Reduction »
8 8.00 7.
Scale »
= 800 & N tric Test: »
onparametric Tests A
10 7.00 5 R M. One sample
11 7.00 5. FerEeEsr L M Independent Samples
12 9.00 9 Survival " | & Related Samples..
i [3
13 Multiple Response CEEEEE aET » E r—
14 % Simulation... -
2 ginomial...
15 Quality Control 3
16 ROC Curve I Runs
17 [ 1-Sample K-S...
15 [# 2 Independent Samples...
19 [ K Independent Samples
20 [i] 2 Related Samples
21 id K Related Samples..
22 [
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TestVariables:

£3

Test Type
’7 Friedman Kendall's W Cochran's 0

TestVVariables:

il none

d classical

E dance

(]

Test Type
’7 Friedman Kendall's W [ Cochran's Q

(oK J[ paste J[ Resst ][ Cancel|[ Help |

Test Statistics®

N 4
Chi-Square 6.500
df 2
Asymp. Sig. .039

a. Friedman Test
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Graphpad Prism % -z

& analyze tai s bl Jaxi o5 create o 4w )l dadall (e column s

Jusichoose test U s g e sedars 0k o5 one way ANOVA

PN

~ Dunn compare for all pairs JUias post test Jias 45 Friedman test

.0k

Table Analyzed Data 1

Friedman test

P value 0.0417

Exact or approximate P value? Exact

P value summary *

Are means signif. different? (P < 0.05) Yes

Number of groups 3

Friedman statistic 6.500

Dunn's Multiple Comparison Test Difference in rank sum  Significant? P < 0.05? Summary
x1vs x2 -5.000 No ns
x1 vs x3 -7.000 Yes *
X2 Vs X3 -2.000 No ns
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Juicall Aillant) dalil] ate 3 pualdl) Juadl

Jiicsall ELLenl) Fpealil iy 23 1 -5

.(ROC) (Receiver Operation Characteristic)
Ll o pat g ol phacaly Lllaminal 212 31 a8 5 Jaa A agall Ailaan) 5o hall (e ad
— 1) &8 5 (True Positive) (gaall saall) dualiall (o 4832l Sball Jeadl)
dpaldl) e g adadll Lalas asaad (False Positive) (sl ) gaall) (Aae il

"Signal Detection Theory" aedall i€ 4, lai o Lulal) 4 plaill ela
Gy lal 1) Jamd ¢l saa Jalai] 3N dallad) o all DS Lgiadas o3 3l
AGaia o dgalaa 3 yilaS g g 2ot g AALE e jedat Al 5 L) & 68 e i)
¢ ilaaY) o3 Gar Sl e lal I ALE (oS ekl (o€ Ayl i
& el s Bl e 5 B Leinlad (5 5a o8 ¢ el 400 Leall palal) cale 54
Aliia el 585 ¢ Ol LAY dadlia 4l dpalidll 5 doa ol ) dpdall &l
43y shall o2 o) 3 A o) ) o slell & jeedl i & Survival analysis JusiuY
Apadigll o slall 8 TSW jee il Jasind S

ROC i (& Alaxiuall gl ) 2 - 5
A8y shall o288 Lellasiaal Sy Al gl ) (g0 322l a5
SAS , STATISTICA, SPSS, Jis lllaaiul Say s jala dibias) mal 1 -1
zL ) ol ¥ MedRoc , Graphpad Prism, Analyze-it, Sigmaplot,
0 A ggus Lo JiSI 5 A8y Hhall o2a 515 8 oral yall 028 Juad) e 22y MedCalc
.vassarstats.net/rocl.html a8 sall e as g cis 3V e zal 5 -2
Aaliaal) Aplian V) el ) (o A5l o) yal Chtanal Al G gl Glany s )
Gl Jie

Comparison of Eight Computer Programs for Receiver-Operating

Characteristic Analysis

Clinical Chemistry s & Stephan et al., (2003) &Ll
439 —433:39
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i JS8 gmali s JS pailead 55 o) Cnd) el e allay o Caalil (S
L e i 3 Lgad Claatin) Al & ganl) dae 3L ) 8 Jiad A5y plall oda draal )
A28 3yl JSA 5 Ao ) 4Gy Hlall sda alade] o sl aal ol yal) (g3 sl

Agy Hhall oda 38t el 5 Jleatinl W gla 288 @) e Jeling <l siul)

ROC curves for continuous data/2009
Dates No. of articles

Pre -1964 2
1964 — 67 7
1968 — 71 8
1972 - 75 9
1976 — 79 18
1980 — 83 29
1984 — 87 41

1988 - 91 192
1992 - 95 854
1996 -99 1582
2000 - 03 2506
2004 - 07 4463

Aeaall piiall e BT e JLA1 3 -5

23 (e laal s paioall oriall Jays il siall g 590 (e GUH Al 8 Uil
Ul &l paiall sda e dladie Y Aty andl il col HLEA) e aaall 85 g1 63
S Jaall e CGaBSI Y 8 (g i ) 5 S8 ia i sl (il
S Amae 2 gaa cllia G sSilasale g la ye g g Sl e calSlaall 8 Sl A
dga g e Sbdy axdaall Slid e qjﬁ;\jgio\&g;gatﬁﬁﬁ\ 03¢l (pra Jais gia
adaill Wiy (Critical point ) dajalldhadill ewsd ddasil) da ALY
ial) & en) a1 i s 30n

e hlaie) elaa¥l e g Sl ¢ plbiadll aaas o Wl gla 14 plail) alil) 44
1Y) IR (LS (s ALal) Jal) 8 a8 S S
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Threshold

Without disease

With disease

A

¥l e con ) Jaadi Cuay Aleald 3dad aa 53Y 4308 Aleal) Lalill o0 W
Lo )58 055 aadl) 02 5 Ailida af 3aL (6] jaiin e Jiad pall 3 Sl 4o )
s Gy claiaiall G JAa Jaasy Lail 5 Lagin Aliald 4dass as 63 (Sl g Lanha
oalad) aas Sy Sl o silaas agl) Y1 120 e JB) el 48 agaal (alai)

oLl JSE) 8 e s LS Sl a5 agdl W1 a8l Glld (e o) agile] 8

Threshold
PASEN
’ \
Vs \
\
/ \
! \
/ \
/ \
/] \
Vs S
- —— S = ———
Result Test

Y ) e Jsanll 63 G ) Al G Jany L.,S:ﬂ‘ Jalad) o)
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el il -3
LiS Ll Lsal -4

Lad g )S_...J\_mug.a\_.a.d\d_"\mlam_d\ Lr'\a.bd\&;ﬂ;)';l\ Q\.EAM@L’}J\ JS_.IJ\‘:_Q
LA\‘)S_...JL)Q:\.JL.AAJ%cj\ﬁ\gﬁg\y‘@be@l\;\ﬁuauyJ_yuwﬁja._ﬁls
mall s sall Jiay sgd jia¥l il (e SRl

True
Positive

Negative Positive

False

/ Positive
N
\ N
N - —— —

Test Result
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Lghuﬂ\gﬂbﬂ\dﬂﬁ&&tgcy&«ﬂ\gﬂbﬂ\JLﬁ&Y\C92{%‘%Q sl JE]) Ll

Positive
Negative

True
Negative

Test Result

Positive

Negative

False
Negative

Test Result

M LAY AL e alade) Lede Juaatall ¢l LSAY) A8l J gaa Jand

Akl Clia padll 48001 punlia any 338 (4 2l
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Aaulaal)

4o il -

A sall 4 5ml) dadll
AL A ) el -

Disease Disease
Present Absent
Test Positive a b atb
TP FP
Test c d c+d
Negative FN TN
a+c b+d a+b+c+d

Sensitivity = a/(a+c) or True Positive Rate (TPR)
Specificity = d/(b+d) or True Negative Rate (TNR)

Identify Beast cut off point aké daii &bl pass 4 -5
rolial JSN 3 LS (il Lo A U i) Ll (im il

Test Result
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e a0 atal Ak S die Jiasin Wi cpal) ) adadl) ddads o jas o) W gla 58
s Amabiadl e Jligs Cpeadl (AN padll GY llb g de gill 5 dpuluall Bagas Ao
G 2 Ane gl ey G 43S0 5 ALK D sl LAY (e Sl S 11 i

LA e gall ) La Y

Moving cut off point to the right
increased the specificity and false negative
and decreased sensitivity and false positive

False Negative

Test Result

4S5 A3l A sl LAY (e 2 35 Aplisadl (e s Ll (1 el )
ALK I LAY e Sl e sl (o Sl

Moving cut off point to the left
increased sensitivity and false positive

and decreased specificity and false negative

False Positive

Test Result

151



o el (gl 3,2 Al paddal ¢ Lad) g slaall

o phi blaisae o Japasll e )l ol () adadll (5 e & a0l
b Laa 5 ada oy JSl 4 55 Al o Jpeanll Jay 138 5 ) (V5 (el
O B e i g Apulun Juadl Uidaad Sy adad Aati Juadl U585 (oS aaY) Als all
Aals

False Positive (dac sl — 1) Gy daboaldl (o A8l oy o) J s Y
ddadi Jumdl HLia) e Jad &3 (e g adasll blas IS Wil Rate (o) = type | error
oS e Jia el 13a 5 Jit el A alleal) A aldl) Saiey cele 58 5 oo
Adlise Lo 515 dpulian Lgie JS pdadll Lalad]

Siiall Aablenl) dyalil)

ROC Curve

100%

TP/TP+FN

Sensitivity

True Positive Rate

TPR

0% False Positive Rate 100%
FPR=c/c+d
1-Specificity

oM JEN 5 dana go LS Auald adad 4l (o Csla iniall Tl e ddats S

ROC (e auy (0 disgll 5 - 5

Lt il e jal age ROC (oaie a0

ackad Ao Juadl daati -]

Area Under Curve (AUC) (siniall at dalisall ans -2

Methods of identify cut off point aaill dkii saas 55k 6-5
r iniall i v ol Ak Jumd) il i) (U Hla llia
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d2 = [(1 - SN)2 + (1 — SPY]

bl Jalds gaal g iaiall Bal&s (gas) (o Adlia ) a8 D
(Youden Index)
J=Max (SN + SP — 1)

0, 1) (1,1)
Minimum

(0,0) (1, 0)

AUC (Area Under Curve) faiall caldaluwal) 7 -5
e sl S5 el jiad 3ae ¢ A0 Rl Jariad p LEAY) 483 (ulite Jid
Cia g pandll g o3 crua Lgia da )y 8 D lil ROC Sliaie (e JISS1 320

A S

0.90 — 1.00 = excellent
0.80 —0.90 = good
0.70 — 0.80 = fair
0.60 — 0.70 = poor
0.50 — 0.60 = fail
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2 Th G sie o Naie) 4850 ) gl o ISl A8y jha ap il Al j0
e all g ady (ol LA () geaad (3,8 125 ) 28V e de sana
LAY 138 283 3nd s lhal) T4 Gand 1 snad o3 (93) elaa¥l 5 (32)
fadaill (5 e Jucadl 3yaai

MedCalc zeb_n Jleainly 5 b g culibadl Julas oSy

0 s cladll (ad Bl ] o8 00 J oW 3 seall (& auiad dumy il (s 55 a3, 3
o) LAY A e ) il

Leie Yoy auai 5 (g sbud o J8l el 8 JS8 paall HLSAY) il BN & ganl) (4 aa
o lgie Yo i 5 (e 5136 B 0S5 ]

(38 7 el (o gna o aaiad 0 day Aleall (i (aka

JH8 9 wlad (5 siusa o aaind () 2 dlaal) udl (Buba

45 43y Hlall

e anins Uil Lgd Uiy (a1 <o) 8 ayaaty Ul 5 5 adadl ddais Lda) )
5 (e el (o pall 5 (8 5 5) elaal) A5V aal (e gana

Y1 LA Y) ani Al LAY gl pe el Adail 68 Uil ) s
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A Gl sl &
il s Jaxi
T4 value Hypothyroid Euthyroid
+ -
5orless 18 1
+ P FP
5.1 or more - 14 92
FN TN
32 93

Als 1065 NS dnse 1 sdana don 90 QS 18 e Alls 19 Liadls Jiay
LA Al 145 dania Blle 92l Alla

Al <l phadl) gLy 3l el Sad MedCalc geabin Jlerianly 2l Wl
& sedaid diagnostic test e darai 5 tests e Jarai A Hl) dadiall (4
test i ede) Jsaall 8 LeilSe (a2l ) 4 aumi WA ao ) Ganialy ) n

Sensitivity=18/32=0.56
Specificity= 92/93=0.99

Sensitivity 56.25% 37.67% to 73.62%
Specificity 98.92% 94.13% to 99.82%
Positive Likelihood Ratio 52.31 7.27 to 376.33
Negative Likelihood Ratio 0.44 0.30 to 0.66
Disease prevalence 25.60% 18.22% to 34.18%
Positive Predictive Value 94.74% 73.90% t0 99.12%
Negative Predictive Value 86.79% 78.83% to0 92.58%

7 il i (e (U g5 s i 5y o st oY)

155




o el (gl 3,2 Al paddal ¢ Lad) g slaall
T4 value Hypothyroid Euthyroid
+ -
7 or less 25 18
+
7.1 or more 7 75
32 93

Sensitivity=25/32=0.78
Specificity= 75/93=0.80

Gl gl s ULl Jial dlee ) S

Sensitivity 78.12% 60.02% to 90.68%

Specificity 80.65% 71.14% to 88.10%
Positive Likelihood Ratio 4.04 2.56 t0 6.35
Negative Likelihood Ratio 0.27 0.14 t0 0.53

Disease prevalence

25.60% 18.22% to 34.18%

Positive Predictive Value

58.14% 42.13% to 72.98%

Negative Predictive Value

91.46% 83.19% to 96.48%

0 il s Ll e (05 gyl o 5y

T4 value Hypothyroid Euthyroid
+ -
9 or less 29 54
+
9.1 or more 3 39
32 93

Sensitivity=29/32=0.90
Specificity= 39/93=0.42
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Sensitivity 90.62% 74.95% t0 97.91%
Specificity 41.94% 31.78% to 52.62%
Positive Likelihood Ratio 1.56 1.271t01.92

Negative Likelihood Ratio 0.22 0.07 to 0.67

Disease prevalence 25.60% 18.22% to 34.18%
Positive Predictive Value 34.94% 24.80% to 46.19%
Negative Predictive Value | 92.86% 80.49% to 98.42%

Lele Juaniall il Jpan Jans

T4 value Sensitivity Specificity
5 0.56 0.99
7 0.78 0.80
9 0.90 0.42

J=Max (SN + SP —1)
J1=0.56+0.99 — 1=0.55
J2=0.78+0.80 — 1=0.76
J3=0.90+0.42 —1=0.32

Fadall oo ddlaca S gads

d2 =[(1 — SN)2 + (1 — SP)2]
Min.=(0.45)2 + (0.01)2 = 0.2026

Min.=(0.22)2 + (0.20)2 = | 0.0884

Min.=(0.10)2 + (0.48)2 = 0.2404
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o Tl Lali 83 il ol g Tatl) o 315 _ylaa bl s vand Julatl 3.5 S0
S o 50 Laliacie ) STy &) phaa ol o

b yatsa il_yicial ciliLal) Juda% 9.5

inie 48yl ki 8 jaias e gl Adlida as Daa 2aal) HLERY) (5 Ladie
b LS o Jatall Aglilaal) dpalal)

MedCalc 3% -

sla a0 dall) ety g ddlall dgue Jae a3y 3 Jaas g 2wl &l g ol
Jaziasall Jalall ar8 ezl aia yall g slaal¥) ardl b gac g (ia jall 1 4adll
il eain danll vie 5 LAV

_] Data for ROC curve analysis = |- B | [
Al 1
A B -
DIAGMNOSIS TEST1
1 1 1M2.7
2 1 104.0
3 1 126.7
4 1 1233
5 1 120.5
B 1 130.3
[ 1 129.6
a ] 897 9
9 0 8949
10 1 1402
11 1 119.7
12 n OR R -
q p -|
status Test
0 4.4
0 5.2
0 5.3
0 6
0 6.1
0 6.2
0 6.3
0 6.4
0 6.5
0 7
0 5.2
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5.3
5.4
5.5
5.6
5.7
5.8
5.9
7.2
7.3
7.4
7.5
7.6
7.7
7.8

8.1
8.2
8.3
8.4
8.5
8.6
8.7
8.8

7.7
7.8
7.9

8.1
8.2
8.3
8.4
8.5
8.6
8.7
8.8
8.9

7.5
7.6
7.7
7.8

9.1
9.2
9.3
9.4
9.5
9.6
9.7
9.8

O|O|O|O|O|O|O|O|O|O|O|0O|O|(O|O|O|O|O|OC|O|(O|CO|O OO |O|(O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|OC|O|O|O|O|O|O|O|O
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9.9
9.1
9.2
9.3
9.4
9.4
9.5
9.5
9.6
9.6
9.7
9.7
9.8
9.8
9.9
9.1
9.2
9.3
115
9.5
10.9
9.7
10.9
114
9.5
10.6
9.7
9.7
10.4
10.5
11

4.7

4.9
4.7
4.2

4.9
4.3
3.9
4.8
4.6
4.4
4.3

4.4
5.9

[l Ll Ll Ll Ll |l Ll Ll Ll R Ll Ll Ll Ll [l Ll el (e (ol ol (o]l o} o) (o] o] o} o} (o] (o} o} (o] o] o} o} (o] (o) o} o} (o] o) (o} o] (o} o} (o] (o] (o} (o]
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6.9

6.8
6.9
6.6
7.5

8.8

9.1
9.2
9.2

RlRr(kRRr|PrR[R|P|P[R|R]|~

&= b Roc curve analysis ~5 Roc curve &5 statistics ) (He bl
i Laid variable Jdis (8 4ansi 3 yall HLaAY) Jhiay ) joaiall gl Hl g
%5 Classification variable Jés & el JLadY) and Jia g3 il
e 5% Graphs Jis 45 Likelihood ratio s sensitivity is e

.0k i Display Roc curves
ROC curve analyss (-8 )

Variable: Disease prevalence (or pre-test probability of disease)

TEST1 - Unknawn

Classification variable: The ratio of cases in the poswﬁvg and negative groups
reflects the prevalence of the disease,

DIAGNOSIS v @) Other value (%): 0

Filter: Options

M /| List criterion values with test characteristics

Incude all observed criterion values

Methodology 95% Confidence Interval for: [V] Sensitivity/Specifidty
@ Delong et al. Likelihood ratios
Hanley & McNeil Predictive Values
7] Binomial exact Confidence Interval for the AUC | Calculate optimal criterion value taking into account costs:
e |1 Fhc: 2 TP 0 TNc: 0
Advanced...
Graphs

/| Display ROC curve window
Mark points corresponding to criterion values

Include 95% Confidence Bounds

a Cancel

- |
Area under the ROC curve (AUC) 0.849
Standard Error 0.0343
95% Confidence Interval 0.774 to 0.907
Z statistic 10.173
Significance level P (Area=0.5) 0.0001
Area under the ROC curve (AUC) 0.852
Standard Error 0.0339
95% Confidence Interval 0.778 to 0.909
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Z statistic 10.394
Significance level P (Area=0.5) 0.0001
Criteri Sensitivit 95% ClI Specificity 95% CI +LR
on y
<=6.8 68.75 50.0 - 83.9 81.72 72.4-89.0 3.76
<=6.9 75.00 56.6 - 88.5 81.72 72.4 -89.0 4.10
<=7 * 78.12 60.0 - 90.7 80.65 71.1-88.1 4.04
<=7.2 78.12 60.0 - 90.7 79.57 69.9 - 87.2 3.82
<=7.3 78.12 60.0 - 90.7 78.49 68.8 - 86.3 3.63
Test
100
80
i Sensitivity: 78.1
i Specificity: 80.6
60 | Criterion : <7
40
20
O 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I
0 20 40 60 100

100-Specificity

SAS il G

bl Jla b slilaxind 531 SAS 9.1 Llaal & gl 43yl Jlaxind ()
Ja 8 Lo Wil Goa¥l o) b agh Lol il lagy) (s 48 s

data panca;
input vyl y2 d;

datalines;
1 5

1 4.7

1 4

1 5

1 4.9

1 4.7
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etc

10.4
10.5
11

OO0 OO0
=
[
(o)}

PROC FORMAT;

VALUE tholdfmt @ - 7 = "<7"
7 - high = "7+ ";

VALUE pcafmt @ = 'No Cancer’
1 = 'Cancer';

RUN;

proc print;run;

PROC FREQ DATA=panca ORDER=formatted;
FORMAT y1 tholdfmt. d pcafmt.;

LABEL y1='CA19-9' d='Pancreatic Cancer';
TABLES y1 / BINOMIAL;

ODS GRAPHICS ON;

PROC LOGISTIC DATA=panca PLOTS(ONLY)=ROC;;
MODEL d(EVENT='1"') = y1;

RUN;

ODS GRAPHICS OFF;

EXACT BINOMIAL;

WHERE d=1;
run;

siniall Cant Aalall 6 o yal TN adail) ok} e il 5 Apuslasall Jlaxind (Say

data data_roc;
input order cut sens spec specl;

datalines;

15 0.56 0.99 0.01
27 0.78 0.80 0.20
39 0.90 0.42 0.58
5

run;

proc gplot data=data_roc;

symboll v=square i=j;

plot sens*specl/ vaxis=0 to 1 by 0.1 haxis=0 to 1 by 0.1;
label sens="Sensitivity" specl="1-Specificy";

run;

data auc;

set data_roc end=eof;

drop lagx lagy;

lagx=1lag(specl);

lagy=lag(sens);
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if order=1 then do;

lagx=0;

lagy=0;

end;
tpzd=(specl-lagx)*(sens+lagy)/2;
sumtpz+tpzd;

if eof then do;
roc_auc=sumtpz+(1-specl)*(sens+1)/2;;
output;

end;

run;

proc print;run;

Sensitivity

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

B e e e e e e e e e e L S s s B s ey B B
0.0 0.1 0.2 0.3 0.4 0.5 0.6 e.7 0.8 0.9 1.0

1-Specificy

The SAS System 14:10 Thursday, June 26, 2014
Obs order cut sens spec specl tpzd sumtpz roc_auc
1 3 9 0.9 0.42 0.58 0.3192 0.4493 0.8483

s LS a1l 285 oy o
DATA ROCCURVE;
INPUT SENS SPEC X Y;
ONEMSPEC=1-SPEC;
DATALINES;
1.000 0.000 0.000 0.000
0.90 0.420 0.100 0.100
0.78 0©0.80 0.200 0.200
0.56 ©0.99 0.30 0.300
0.00 1.00 1.000 1.000
GOPTIONS DEVICE= GIF VPOS= 24 HPOS= 75 VSIZE= 5 HSIZE= 6
FTEXT=COMPLEX;
ODS HTML;
ODS GRAPHICS ON;
ODS NOPTITLE;
SYMBOL1 V=CIRCLE I=JOIN C=RED; SYMBOL2 V=NONE I=JOIN C=BLACK;
PROC GPLOT; PLOT SENS*ONEMSPEC=1 Y*X=2/0VERLAY HAXIS=AXIS1
VAXIS=AXIS2; AXIS1 LABEL=('1l - SPECIFICITY'); AXIS2 LABEL=(A=90 R=0
'SENSITIVITY'); RUN; QUIT;
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ODS GRAPHICS OFF; ODS HTML CLOSE;

a3 5 50U il Ll e i) Asa)

ROC Curwve

1.0
0.2
0.5

o 0.7

= 0.63

= 0.4

¥ 0.3
0.2
0.1
0.0

0.0

0.1

o2 0.3 04 05 0.& 07 05 0.9 1.0

1 — SPECIFICITY

SPSS %z

iy analyze L)) bacai &5 MedCalc gl (& csba¥) udiy Sllall i 5
sl 8 dsia sall il sladl

L8 *hypertension(logistic regression)_1.saw [DataSet1] - SPSS Data Edito

Eil= Edit ot =1 D=sita Transform A nalyze Sraphs Liiliti== A cdd-ons 1]
== EI E h f" ?mma E‘ E Reports » % '::'ég}
1 hypertension ] De=scriptive Statistic=s > 0

hypertension| age | ¢ Compare hMeans * |
1 o 3o 1 Zeneral Limear Model > ==l=rd
= os2 1 Zeneralized Linear Model= > .
3 0 465 ] Mixed Models ] O3S
4 osz > Correlate > AS500
5 o ss ] Eegres=sion ] 5362
& o4 Loglinesr * [Bsas
7 054 1 Classify ] wrds
=] 1 61 ] Data Reduction ] ==y
9 167 2 Scals * lpors
10 1 46 ] Honparametric Tests ] osES
11 1 51 2 Time Series ] o071
12 1 55 ] Surwvival ] TGS
13 1 43 ] MMultiple Response > 0455
14 1 49 ] Sgality Comtrol » 5491
15 1 55 ] R Curwe. .. o554
A G B == | — [ . el
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&; aoe
&) gender
& bmi

Test Variable:

[+

ﬁ Predicted probability [PRE_1]

| Cptions...

State Wariakle:

-

|g& hypertension |

Walue of State Wariable:

Display

Rz Curve

Wyith Diagonal reference line
Standard error and confidence interval

|:| Coordinate pointz of the ROC Curve

ok || Paste

| | Rezet

|| Cancel || Help |

Teast _dsall Jaall & aoall Hd5 s e sekad Options LY baruas

.OK &l continue & Direction

Area Under the Curve

Test Result Variable(s): marker

Area Std. Error® | Asymptotic Sig.b Asymptotic 95% CI
Lower Bound Upper Bound
.849 .041 .000 .769 .929

The test result variable(s): marker has at least one tie between the positive

actual state group and the negative actual state group. Statistics may be

biased.

a. Under the nonparametric assumption

b. Null hypothesis: true area = 0.5

Coordinates of the Curve

Test Result Variable(s): marker
Positive if Sensitivity | 1 - Specificity
Greater Than or

Equal To®
2.9000 1.000 1.000
3.9500 1.000 .969
4.1000 1.000 .906
4.2500 1.000 .875
4.3500 1.000 .813
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4.5000
4.6500
4.7500
4.8500
4.9500
5.1000
5.2500
5.3500
5.4500
5.5500
5.6500
5.7500
5.8500
5.9500
6.0500
6.1500
6.2500
6.3500
6.4500
6.5500
6.7000
6.8500
6.9500
7.1000
7.2500
7.3500
7.4500
7.5500
7.6500
7.7500
7.8500
7.9500
8.0500
8.1500
8.2500
8.3500
8.4500
8.5500
8.6500
8.7500
8.8500
8.9500
9.0500

.989
.989
.989
.989
.989
.989
.968
.946
.935
.925
914
.903
.892
.882
.871
.860
.849
.839
.828
.817
.817
.817
.817
.806
.796
.785
774
.753
731
.699
.667
.656
.624
.602
.581
.559
.538
.516
495
AT73
452
441
419
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.750
719
.656
.625
.563
438
438
438
438
438
438
438
438
406
375
375
375
375
375
375
344
313
.250
.219
219
.219
.219
.188
.188
.188
.188
.188
.156
.156
.156
.156
.156
.156
.156
.156
125
125
.094




o el (gl 3,2 Al paddal ¢ Lad) g slaall

9.1500 .387 .063
9.2500 .355 .000
9.3500 .323 .000
9.4500 .290 .000
9.5500 .237 .000
9.6500 .204 .000
9.7500 .140 .000
9.8500 .108 .000
10.1500 .086 .000
10.4500 .075 .000
10.5500 .065 .000
10.7500 .054 .000
10.9500 .032 .000
11.2000 .022 .000
11.4500 .011 .000
12.5000 .000 .000

The test result variable(s): marker has at
least one tie between the positive actual
state group and the negative actual state
group.

a. The smallest cutoff value is the minimum
observed test value minus 1, and the largest
cutoff value is the maximum observed test
value plus 1. All the other cutoff values are
the averages of two consecutive ordered

observed test values.

ROC Curve

Sensitivity

0.2

L L]
0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity

Diagonal segments are produced by ties.
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Graphpad Prism &4
sl AV ad yall Sl J Y1 (0 gee & liball Jlaal a3y

S A5 control JsY) disll (8 il s o e sebad analyze i o

Healthy Patients
4.4 5.0
5.2 4.7
5.3 4.0
6.0 5.0
6.1 4.9
6.2 4.7
6.3 4.2
6.4 5.0
6.5 4.9
7.0 4.3
5.2 3.9
5.3 4.8
5.4 4.6
5.5 4.4
5.6 4.3
5.7 4.0
5.8 5.0
5.9 4.4
7.2 5.9
7.3 6.0
7.4 6.9
7.5 7.0
7.6 6.8
7.7 6.9
7.8 6.6
8.0 7.5
8.1 8.0
8.2 8.8
8.3 9.0
8.4 9.1
8.5 9.2
8.6 9.2
8.7
8.8
9.0
7.7
7.8
7.9
8.0
8.1
8.2
8.3
8.4
8.5
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8.6

8.7

8.8

8.9

9.0

7.5

7.6

7.7

7.8

8.0

9.1

9.2

9.3

9.4

9.5

9.6

9.7

9.8

9.9

9.1

9.2

9.3

9.4

9.4

9.5

9.5

9.6

9.6

9.7

9.7

9.8

9.8

9.9

9.1

9.2

9.3

115

9.5

10.9

9.7

10.9

114

9.5

10.6

9.7

9.7

104

10.5

11.0
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Results
Area under the ROC curve
Area 0.8490
Std. Error 0.04095
95% confidence interval 0.7687 to 0.9292
P value < 0.0001
Data
Control 93
Patient 32
Missing Controls 0
Missing Patients 0
ROC of Data 1:ROC curve
150+
2 100-
>
)
qf:J
0 504
O T T 1
Q Q Q Q
S S N2
100% - Specificity%

MedRoc i -3

analysis J (e Jax i a5 SPSS meli ju (A gl (udiy Gl Jlaal 24
Jaall 8y aall jLidYi gold standard J2sdl 8 aaal ) s a0 pglaid
DA s e edad Go L) (Ao harad 28 adl) LAY sl surrogate
b AU LAY Ll 1 LiRa5 0 sl 1 ds sall o8 midll (a5l Cpolis) Canay
.0k &5 high Jtss Jow s high ) jlaadls jlalid) asll oale
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ROC for Surrogate = test, Gold Standard = status

Specificity
1.00 80 .a0 .40 .20 a
1.004 ! L L ! Lyt *—241.00
80 L.20
v
; [}
> .60 .60 @
g <
a0 F.40
g b
20 L. 20
a I T T T T T T T T T 0
L8] .20 .40 .60 g0 1.00
False Positiwve Rate
Surrogate Predictive Values Expected
Value >=  Sensitivity Specificity Positive Negative Value

1.000 1.0000 0.0000 0.5000 0.0000 0.0000
1.300 1.0000 0.1000 0.5263 1.0000 0.1000
1.400 1.0000 0.2000 0.5556 1.0000  0.2000
1.500 1.0000 0.3000 0.5882 1.0000  0.3000
1.600 1.0000 0.4000 0.6250 1.0000  0.4000
1.700 0.9000  0.4000 0.6000 0.8000  0.3000
1.800 0.8000 0.6000 0.6667 0.7500  0.4000
1.900 0.7000 0.7000 0.7000 0.7000  0.4000
2.000 0.7000  0.8000 0.7778 0.7273  0.5000
2.100 0.6000 0.9000 0.8571 0.6923  0.5000
2.300 0.5000 1.0000 1.0000 0.6667  0.5000
2.400 0.3000 1.0000 1.0000 0.5882  0.3000
2.700 0.2000  1.0000 1.0000 0.5556  0.2000
3.000 0.1000 1.0000 1.0000 0.5263  0.1000

STATISTICS ASSOCIATED WITH THE ROC
USING THE NON-PARAMETRIC MODEL
Surrogate = test2, Gold Standard = testl

Area under the non-parametric ROC =
0.8350

Standard Error of Area = 0.0904
95% Confidence Limits of Area = (0.6578,1.0000)
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4l @) paatial i) Qs 11-5

Jlariny o2t (K il s 5 AY) malll A Fle e 4l clitall Jdas

data datal;

Iy Laia g (8 Hla paaaly a9 Jasd SAS el
Ao A5kl SAS Ld
test 1 s gl ll dadad 8 )l SLaay) o

input id $ testl test2;

datalines;

subo1l
sub@2
sub@3
subo4
sub@5
subo6
sub@7
subo8
sub@9
suble
subll
subl2
subl3
subl4
subl5
subl6
subl7
subl8
subl9
sub20
sub21
sub22
sub23
sub24
sub25
sub26
sub27
sub28
sub29
sub3e
sub31
sub32
sub33
sub34
sub35
sub36
sub37
sub38
sub39
sub40

J
run;

data data2;
set datal;
if testl=1 then

do;

1

OCO0OFRrRPFRPROFRPROOCOFRPFRPOOCOOFROOFR,ROOOFR,RPFRPFPPRPROOFRFRPFRPPRPORPRPRPPRPLROOLR
OO O0OFRPROFROOPOOFROPOCOOFrRrROCOFRFFRPFRPROOCFRFRPFRPROOCFRFRPFRPROORRPRPRRLPOO®

0
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if test2=1 then result_cl12="TP";

else if test2=0 then result_c12="FN";
end;

else if testl=0 then

do;

if test2=1 then result_c12="FP";

else if test2=0 then result_c12="TN";
end;

run;

proc sort data=data2;

by testl test2 ;

run;

data mainl (drop=id result_c12);

set data2;

by testl;

retain tp tn fp fn;

if (first.testl) then do;

tp=0; tn=0; fp=0; fn=0;

end;

if (result_c12 in ("TP")) then tp=tp+1;
if (result_c12 in ("TN")) then tn=tn+1;
if (result_c12 in ("FN")) then fn=fn+1;
if (result_c12 in ("FP")) then fp=fp+1;
else ;

if (last.testl) then output;

run;

data main2;

set mainl;

tntp=tn+tp;

fnfp=fn+fp;

run;

proc sql;

create table main3 as

select sum(tp) as tp, sum(tn) as tn, sum(fp)as fp, sum(fn) as fn,
sum(tntp) as

tntp, sum(fnfp) as fnfp

from main2

quit;

proc sql;

create table main4 as

select tp/(tp+fn) as sensitivity, tn/(tn+fp) as specificity,
(tn+tp)/(tn+tp+fn+fp) as accuracy

from main3

J
quit;
proc print;run;

The SAS System 14:10 Thursday, June 26, 2014
Obs sensitivity specificity accuracy (AUC)

1 0.70 0.85 0.775

Ao 0y Aalial ad e Joant ¢ 3as SAS anl ity Aald 2551 a5
I 3l e

DATA ROCCURVE;
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INPUT SENS SPEC X Y;
ONEMSPEC=1-SPEC;
DATALINES;
1.000 ©0.000 0.000 ©.000
0.700 ©.85 ©0.100 0.100
.00 1.00 1.000 1.000
GOPTIONS DEVICE= GIF VPOS= 24 HPOS= 75 VSIZE= 5 HSIZE= 6
FTEXT=COMPLEX;
ODS HTML;
ODS GRAPHICS ON;
ODS NOPTITLE;
SYMBOL1 V=CIRCLE I=JOIN C=RED; SYMBOL2 V=NONE I=JOIN C=BLACK;
PROC GPLOT; PLOT SENS*ONEMSPEC=1 Y*X=2/OVERLAY HAXIS=AXIS1
VAXIS=AXIS2; AXIS1 LABEL=('1l - SPECIFICITY'); AXIS2 LABEL=(A=90 R=0
"SENSITIVITY');
RUN; QUIT;
ODS GRAPHICS OFF; ODS HTML CLOSE;

1.0+
0.9
0.5
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

SENSITIVITY

po 01 0 038 04 05 06 07 06 08 10

1 — SPECIFICITY

Al 45y hall SAS 3l -
s Graphpad Prism  geebi s Jlasinly Loay) siiill Judas Sy 46y k) 28 b
e Jyanll (Say g Il Jsaall dae 5 03l Hlia¥) (88 HLadl) il Caiua
(Kappa _sasi 45y yha ) b alisa gl Al el yal) dadad (gudaty 618 )Y 238
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+ - Total
+ 14 3 17
- 6 17 23
Total 20 20 40

el o) Jlamiasd ) Aalall 53 (g dae il pnluanll 505 Ky Liild J ganll L g

:LA:'LQS}EQLMAMJ\ LQS}
%70 =20/14 = 4psluall
%85 =20/17 = e 5l

0.775 =40 /(17+14 =43

Gld 8 el ) Jleninly Jall (Goadaty 0 jlaa (5 5ol Jall Al ges (g0 a2 Ll e
O gman g laa S Slilall ave & 5S) Ladie Loy zeali ) Jlaatind e Sy
Jslaile 128 5 il 48y o figra Lae Uad Jpamn (50 Ldiiad (S0 43 saall
e il g Al Cul s W 58 gas eals ) Gl (8 @lld (e Db 48205 Lail

data FatComp;

input Test Response Count;

datalines;
00 14
01 6
10 3
11 17

3
proc sort data=FatComp;

by descending Test descending Response;

run;

proc freq data=FatComp order=data;

weight Count;

tables Test*Response ;

run;

title 'Sensitivity';

proc freq data=FatComp;

where Response=1;
weight Count;

tables Test / binomial(level="1");

exact binomial;
run;

title 'Specificity’;

proc freq data=FatComp;

where Response=0;
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weight Count;

tables Test / binomial(level="0");
exact binomial;

run;

title 'Positive predictive value';
proc freq data=FatComp;
where Test=1;
weight Count;
tables Response / binomial(level="1");
exact binomial;
run;

title 'Negative predictive value';
proc freq data=FatComp;
where Test=0;
weight Count;
tables Response / binomial(level="0");
exact binomial;
run;

title 'False Positive Probability (Col)';
proc freq data=FatComp;
where Response=0;
weight Count;
tables Test / binomial(level="1");
exact binomial;
run;

title 'False Positive Probability (Row)';
proc freq data=FatComp;
where Test=1;
weight Count;
tables Response / binomial(level="0");
exact binomial;
run;

title 'False Negative Probability (Col)';
proc freq data=FatComp;
where Response=1;
weight Count;
tables Test / binomial(level="0");
exact binomial;
run;

title 'False Negative Probability (Row)';
proc freq data=FatComp;
where Test=0;
weight Count;
tables Response / binomial(level="1");
exact binomial;
run;
data acc;
set FatComp;
if (test and response) or
(not test and not response) then acc=1;
else acc=0;
run;
proc freq;
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weight count;
tables acc / binomial(level="1");
exact binomial;
run;
data lift;
set FatComp;
off=1og(13/23);
run;
proc genmod data=1ift descending;
freq count;
class test;
model response=test / dist=binomial link=log offset=off;
lsmeans test / ilink cl;
run;

MedCalc 34 -

i) Slag) asi s ROC cUrve LS &8 (pliadio (i gae A Skl JIAa) g

Test2
100 -
80|
: Sensitivity: 70.0 -
60 |- Specificity: 85.0
i Criterion: >0 |’
40|
20F
0 'f: o

0O 20 40 60 80 100
100-Specificity

Positive group

Testl =1

Sample size 20

Negative group

Testl =0

Sample size 20

Disease prevalence (%) unknown
Area under the ROC curve (AUC) 0.775
Standard Error 0.0747
95% Confidence Interval 0.615t0 0.891
Z statistic 3.683
Significance level P (Area=0.5) 0.0002
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Criterion values and coordinates of the ROC curve [Hide

Criterion Sensitivity 95% ClI
>=0 100.00 83.0-100.0
>0 * 70.00 45.7 - 88.0
>1 0.00 0.0-17.0

Specificity 95% CI +LR -LR
0.00 0.0-17.0 1.00

85.00 62.1-96.6 4.67 0.35

100.00 83.0 - 100.0 1.00

Graph pad Prism i -2

Jsand 5 VAN G 55 oy Ll 5 guali ) 13g 0 i) s (S

Jaxi dadia Helaid Contingency 4ie JURS s o e jedasn gali jull 38 2ie

d:\l;ﬂ\ ty‘\..m‘)h;.‘. J\P @)A)@_E;éanalyze‘_gc.ias_.z}j

Lkl Lead

e 0K A5 chi square 43« JUas 5 contingency table analysis (e bxcally

.0k & sensitivity and specificity @oe e 48 Hd5 s aa e

a b
a 14 3
b 6 17

Chi square and Fisher 4ie U35 )lsa oo e yebad analyze e biaas

exact test

Age sl 5 dpuliall 4ie HUSS s o e yedadd

Sensitivity and specificity

Sensitivity 0.7000
95% confidence interval 0.4572t0 0.8811
Specificity 0.8500
95% confidence interval 0.6211 t0 0.9679
Positive Predictive Value 0.8235
95% confidence interval 0.5657 t0 0.9620
Negative Predictive Value 0.7391
95% confidence interval 0.5160 to 0.8977
Likelihood Ratio 4.667
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SPSS i -

-olaal T2 e LS C’_i\_:\:uj\ Ji H

test ml m2
0.0 2.0 1.9
0.0 1.5 1.7
0.0 1.7 2.0
0.0 1.8 2.0
0.0 2.1 2.3
0.0 1.4 2.4
0.0 1.3 2.1
0.0 1.0 2.2
0.0 1.9 1.8
0.0 1.7 1.7
1.0 1.6 1.8
1.0 2.0 2.2
1.0 2.1 2.8
1.0 2.3 2.5
1.0 2.4 3.0
1.0 1.7 3.3
1.0 1.8 2.9
1.0 2.3 2.8
1.0 2.7 2.5
1.0 3.0 2.7

O el J&5 ) e 30 yedad ROC curve JUias & analyze ) e e
state ) oM HLAAY) a8 Jaui g Test variable dés (A Lea jladl ol )

Sensitivity

ROC Curve

1.0 . i .
0.8_—/"": ________ : ________ e e - -
2
D4f =======d R e EE L fem e m -
024 ------- e s R
0.0 ] T T T

0o 0.z 0.4 0.6 0.5

1 - Specificity

Diagonal segments are produced by ties.
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Area Under the Curve

Test Result Area Std. Error® Asymptotic Asymptotic 95% Confidence Interval
\Variable(s) Sig.” Lower Bound Upper Bound
m1l .835 .090 .011 .659 1.000
m2 .900 .078 .002 747 1.000

The test result variable(s): m1, m2 has at least one tie between the positive actual state
group and the negative actual state group. Statistics may be biased.
a. Under the nonparametric assumption

b. Null hypothesis: true area = 0.5

el Cn Cpialall G (38N HLid) Gaal¥ SPSS gali g e 21 Ll o)
a3 Sampling L) (Ao haxaai 3 MedCalc gl Jlerinds il jal (e oS
algia A ) ea a e yedaid Comparison of two Roc curves e b

dest o Legd bl Unall g Jiniall ot dalisall a8 day 5V

Difference -0.065
Standard Error 0.119
z statistic -0.546
Significance level P =0.5852

MedCalc L -o

W Jiad a5 Diagnosis Js¥! asead) & (S mali pull 4y )l dsdiall 238 die
Ul 0 Aaill g o gall JLia¥l Al 8] Aasslly Lgde | pama aad]) HLERY)
> ganll s V) SLARY) s (25 V1 3 samll ) sl 3 ganll iy alladl L)
~ ROC curve o= statistics Jiai a5 13Sa 5 SUAN Lsa¥ia b g3l
Ol il sl G o 4 e o) yal) A slas il 5L s Comparison of ROC
ek ) al) 5
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Comparison of ROC curves

(9 i |

Variables:
TEST1
TEST2
TEST3

(Classification variable:
DIAGMOSIS

Filter:

o

Methodology
@) DelLong et al.
) Hanley & Mcheil

Binomial exact Confidence Interval for the AUC

Graph

[¥] Display ROC curves window

[ Mark points corresponding to criterion values

OK l I Cancel

OK 3l e Jarai &l Hliial)

Significance level
TEST1 ~TEST3
Difference between areas
Standard Error®
95% Confidence Interval
z statistic
Significance level
TESTZ2 ~ TEST3
Difference between areas
Standard Error®
95% Confidence Interval
z statistic
Significance level

© DelLong et al., 1988

o=

I_‘Enl Comparison of ROC curves E' @

Wariable 1 TESTA

WVariable 2 TESTZ

Variable 2 TESTZ

Classification variable CHAGMOSIS

Sample size 100

Positive group : DIAGHOSIS = 1 55

Megative group : DIAGHOSIS = 0 45
AUC SE ® 95% C1°

TESTA1 0.947 0.0241 0.882 to 0.982

TESTZ 0.679 0.05327 0578 to 0.769

TEST3 0.915 00275 0.842 to 0.962

2 DeLong et al., 18988

" Bincmisl exact

Painwise comparison of ROC curves

TEST1 ~TESTZ2

Difference between areas 0.2568

Standard Error® 0.0577

95% Confidence Interval 0155 to 0.381

z statistic 4.642

P =0.0001

00313

0.0z218

-0.0113 to 00740
1.439

P =01501

0.237

0.0430

0152 to 0.321
5.497

P = 0.0001
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100

80

oL

[ [ R A R S N B m2
40
20 [
O A A A A A A A A A A A A A A A
0 20 40 60 80 100

100-Specificity

Variable 1 ml

Variable 2 m2

Classification variable test

Positive group

test =1

Sample size 10

Negative group

test =0

Sample size 10
AUC SE 95% ClI

ml 0.835 0.0937 0.603 to 0.959

m2 0.900 0.074 0.683 t0 0.985

Pairwise comparison of ROC curves

ml ~ma2

Difference between areas 0.065

Standard Error 0.114

95% Confidence Interval -0.159 to 0.289

z statistic 0.569

Significance level P =0.569
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MedRoc i

e s setting Ll ol daims a5 Ailial 55k e gl il o

True Positiwve Rate

.00 1 TR Y

Dispay multiple Roce curve _LiaY)

STATISTICS ASSOCIATED WITH THE ROC
USING THE NON-PARAMETRIC MODEL
Surrogate = testl, Gold Standard = golden

Area under the non-parametric ROC = 0.8350
Standard Error of Area = 0.0904
(Confidence Limits of Area = (0.6578,1.0000 %95)

STATISTICS ASSOCIATED WITH THE
ROC

USING THE NON-PARAMETRIC MODEL
Surrogate = test2, Gold Standard = golden
Area under the non-parametric ROC = 0.9000
Standard Error of Area = 0.0796

Confidence Limits of Area = (0.7440,1.0000) %95 )

RCOCs for Multiple Surrogates, Gold Standard = golden

Specificity

1.00 .80 . ?O _ .QIO‘ .20 Ol ne Surrogate

1 1
& testl
. s I( L

e testz

1
3
L 2

wm
. &0 .60 @
L n
=
. 404 F.40
L
»
203 .20

0 T T T T T T T T T 0
a .20 .40 .60 .80 1.00
False Positive Rate
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Necessary sample sizw gossall 4dall aaa Glua 13 -5
J8 e Shaa¥) Ahaa o Al ALl Al as) aal (5 ) 9 pall Al aas ey
Al 5l = 5 el Jlsadl 488 sl dae)¥ jpall il aaa o 3 sl
(2 Al aaa o) LS Jlall g agadl g gl daiian O S (UL 8 5 e guia gall
e Al il )5S Ladie (i el Blia (o | S ) phaa S5 8 dpdall &gl
260 Ha€ aiaig o) gall Han ga an Sl Aiall a8 Bl udi g AR
) Sl e Sl Liiag ) S Al Ji) paa o J gemall (8 131 2yl
APRIRERR
il Lalall unliall (amy 2383 (e 2V (5 5 pall dil) aas 3aa5 U8
il @lld e g 0 PO Ael) aaa poal (el
(Population Size) gaisall paas -1
e Jialy aaiaall (8 Gl all 8 a5l sall (555 (A Ll )3 ol el ddall culS
b il e (Y Gl Bae 0 Y sl 2aell 48 yra pae ()5 Bl al) 3 2l gl
o o Ll A3l g g yra e aadaall aaa (55 ) slany)
Margin of Error or Confidence ) &l &8 Joh o Uadll (iala -2
:(Interval
O)s 40 ¢ samall Uadll aan 588 0f zlins (ad 1Y aainall d6Uae die dale 25 53Y
Aual) e lalaie) Eaa acinall Ja sial e ls 3aY) o) aaas 4850 5 i J sk
:(Confidence Interval) 4&ll 3 0a 4 52 -3
Ll e lalaie) aainall aan 08 L 185 0585 o)) a5 Al A8 Aa ) ale
999 595 590 Sla o S s dale B gemn g
:(Standard of Deviation) Lall <sl =31 -4
Al il 50 o e Lol Alall 038 5 A syl Adaall 8 4ad g 21 plalile
0.5 4 221 ) (Lead bl Hats g aainall (40 e 231 1 )Pilot study Jess
Ope¥) uilall S s
a5 (5l Laada by )y 55 amy 553 6% ) i Lild aatine e Jalnti Ll Ly
(9 AT 2 gas Aa jal 3 plaliall Z ) a8 33315
90% Z=1.68
95% Z=1.96
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99% Z=2.58

:gy\ﬁaw\ngjﬂ\w\e»ﬁﬁ&ﬂ}

Necessary Sample Size = (Z-score)? — StdDev*(1-StdDev) / (margin of error)?

Uad iala 5 0.5 b ol jail s 9695 48 250y (55 pall Aiall ans 2 ;e
£9%0.5+

((1.96)2 x .5(5)) / (.05)2
(3.8416 x .25) / .0025
.9604 /.0025=384.16

385 o Auall (g ) puall aaall Ol (6l

Sl aaall o taldie) Al axa i85 14 -5

e Wadll g (0) Js¥) g i) (e Undlly Jiaii g pand Slo aing Lia Al pas
2all g saile 545 d il aaslly (67) Cliball (uls e Sl (B) S g sl
Aalill e ) O lbaall (o CLADEAS 3 g g 28 65 () Sy s g 2 o 50U
Nl g 5 ) Al 3 BRI s gyl

Gl el Al 8 dday i AdMae Alin 5 %20 B 5 %5 o 0 4w lLd B0le
JalSl) ) s Gal) e il L g Janiiww 1 sl (Parallel  trial ) gl
;s (complete randomized design)

n = 16¢°/d?

Os5MM/HG 52 agadl ol 5l QI3 aall Jasa Julid Al 50 d 1Jlia
10 5Sam 5y 5 pall Al ana (6 10 mMMHQ diad) 2 58 G bl Gl Y

n=16x100/25= 64
Canll o) jaY Ao sane JS 8 Ly 30 64 I Zlias 13
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rindall it dalual) Glual g g pall Al paa 14 -5

A g il Cund dalasall (s 4l ¢l oY (55l Aisall ana o
r il Gy callaly adell 4y ki

Ghla 4 g adall dpa 8 s Jlaial 585 JsY) g il (e Undl) s ]

e a8l 8 5S Leaie aaall A B g a s (L) SUD g sl g Uaddlo

.-

daa.a

il cin Aaluall ad gial) daill

Ao gl ARl VAT ae G daall -

galin Jlaaindy 35S0l i) anB aoat amy 5 55 puall Ahall ana apaat <4y
oLl JSA 4 WS MedCalc

Sampling: area under ROC curve [ ? i:hJ
Type I and II error
Type I error (Alpha, Significance): 0.05 -
Type II error (Beta, 1-Power): 0.20
Input
Area under ROC curve: 0.725
Mull Hypothesis value: 0.5
Ratio of sample sizes in negative [ positive groups: 2
Results
Mumber of positive cases required: 19
Mumber of negative cases required: 38
Total sample size (both groups together): 57
Twpe | Error - Alpha -
0.20 o110 0.05 0.01
0.20 11 = 22 15 + 30 19 =+ 38 28 + 58 =
TypellError | g4 | 45230  20+40 . 25+50 & 35+ 70
Elr.:ta 0.05 20 + 40 25+ 50 30 =+ 50 42 = 24
0.01 29 + 53 38 +72 42 = 34 55+ 110 a
o = [ calcuate | [ Bt

s g dla 38 S AL AN 19 ga (55l dal) ana (ld Al bl 38
(s wall Al aaa 20aal AN 80 g gall J sl Alaial) Sy

Partial ROC  4xijadl Jilusall 4llent) 4alild) 16 - 5
dshidl e dldie V) a3 ) o) unld Alled 0 45 il & 5 )11 35y Hla 240 Nie
\J\Mdﬁsu}&a_a)w\c.l& U‘Y‘LJMMJM(AUC)M‘M
QGM\MQ&M\mO\s\ﬂj\‘;us&})&\agﬁm‘;chMu
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Liad caliad b ) adal) oaf dalsall dad 8 bl o) 5 Ganbilall a8y
2 Aae sl 5 dubiall () 5S5 Diad Alalia 5 ) gy (S5 Lagie JS 4 il 5 duliaall
DLy d el o ylalidl andll <5 Lad 53l e 0,70 50.80 < JLaay) aal
Lialle 13 Jaad) J5¥) SLaY) of (—ins 138 5.0.80 5 0.70 sf uSally LAY
O (J8E) et ie 51 Ui lle 13 Juzadl (9 U L) <0 o) Al
dlae | graza g 5 Gaialall Gamy S8 (e LBl a5 40 3all 5 500 45y jla Jlentind
Oliniiall (o ClLEMEAYT LAl Sy SV @l Ladldl o & o yad Lol
Gkl e2a o) I Niang and Saporta, (2007) _Lél axall 1aa by Lilaal
Gl Ofiall) (e 22e a5 Wadail dald dilaa) mal j (A zUsd g dma il 3Y

Jiang et al., (1996) s McClish (1989) Jis lebual C¥alas | gz g

SENSITIVILY

O L] L] L] L]
O 0.2 0.4 0.6 0.8 1

1 - Specificity

Cond Aalouall 8 Laga s aey o LA 8 e il 5 Ll CESER) ()

SLERY) Jlenias) (55 5_yall (e o) Niad YA Giany 6 dage ki 4l il

ol gl ey canle 138 5 o sudl e gl G il e sill Aad oY)
(Il LS 2 51 b Lealiniu il abud) (Y
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oliana iaial iatal) it

1
CURWE &
.8 -
CURYWE B
= 0.5
=
=
=
= &
ot
b .4
a2
D T T T
o .2 0.4 o6 o8 1
1 - specificity

Aaluall 4 (398N 4y gina BRI 17 -5

el Jlextinls 401l Sy iniall i dabud) e lalaie) ¢y jlial) 4 )lie o

vassarstats.net/roc_comp.htmi

il i sall e g cun YT e oo e

number of actually negative cases
number of actually positive cases
area under curve

standard error

difference: areay—areag

P: non-directional (two-tailed)

P: directional (one-tailed)

Sample A Sample B

z

T

Reset Calculate
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Fadall cad daluall £1g31 18 -5

Alia o I 5,LEY) e Y Ui g iniall cand Aalosall dsaa) G 30 o)) s Baas
L £ ) 30 25D

Total area under curve 4dSl Saiall Gas daluall-1

Increment area under curve 331 31 Jsiall s dalial) -2

Net area under curve alall Jaiall Ciafdabliudl -3

Plasma Glucose (mmol.I™)

Baseline “1h 2h 3h 4h 5h

ant Aaboaal) et LGN €l Lo ghaally o i gall dabual) o) JaaSl oM | JS&I 3
Gt dalal) and dakiball Ja gladlly o 5 gall Aaliall s (AUCT) Al Saial)
JAiaid ALK Lo lad Uy o 5 gall Aalisal) Lal (Increment AUC) a5 1 sl
dabiall s die (g 55 i Aaliall 228 Clua g daddiall Jiaial) Cuat sl
Aalial) (4o Acaddiall Aabiall = yha 253 3 (Net AUC) ddleall iaial) cuas
Ailall daluall e J seasdl omi) 3l

t S clalid) (s Jal) e el
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AUCr= A+B+C+E+F
AUC+A+B+C+E
AUNnN= A+B+C+E-D
L,h;Ld\dhaJ;LabuAﬂ (n el Gl 19 -5
SAS i -
DATA Datafile;
LENGTH Xtime Yvalue 8;
INFILE DATALINES;

INPUT Xtime Yvalue;
FORMAT Xtime 5.1 Yvalue 6.2;

DATALINES;
0.0 5

60 7
120 6.5
180 4.4
240 4.7
300 5.5

J

RUN;

SYMBOL1 V=NONE C=GREEN I=NEEDLE;

SYMBOL2 V=DOT C=RED I=JOIN;

PROC GPLOT DATA = Datafile;

PROC GPLOT DATA = Datafile;

PLOT Yvalue*Xtime Yvalue*Xtime / OVERLAY FRAME VREF=10.0 CVREF=BLUE
LVREF=34 HMINOR=0 VMINOR=0 VAXIS=0 TO 8 BY 1 HAXIS=6 TO 300 BY 60;
TITLE 'Sample Data Plot: Metabolic Values vs. Time';

Yvalue='Y Values' Xtime='Relative Time (min)'; RUN;

PROC SQL;

SELECT MEAN(Yvalue) FORMAT=6.2 LABEL='Avg Yvalue' INTO : BaseY FROM
Datafile WHERE Xtime LT ©;

QUIT;

PROC SQL INOBS=1;

SELECT MEAN(Yvalue) FORMAT=6.2 LABEL='Avg Yvalue' INTO : BaseY FROM
Datafile;

QUIT;

%MACRO AUC(baseline, dataset, output);

DATA &output;

SET &dataset (WHERE=(Xtime GE 0));

RETAIN Basevalue;

IF &baseline = © THEN Basevalue = 0.0;

IF (&baseline = 1 OR &baseline = 2) AND N_ = 1 THEN Basevalue =
&BaseY;

Yvalue = Yvalue - Basevalue;

DROP LagTime LagValue;

LagTime = LAG(Xtime);

LagValue = LAG(Yvalue);

IF Xtime = © THEN DO;

LagTime = 0;

LagValue = 0;

END;

IF &baseline = 2 AND Yvalue > © AND LagValue <= 0.0 THEN DO;
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DROP Ratio;

Ratio = Yvalue / (ABS(LagValue)+Yvalue);

Trapezoid = Ratio*(Xtime-LagTime)*(Yvalue+0.00)/2;
END;

ELSE IF &baseline = 2 AND Yvalue < © AND LagValue >= 0.0 THEN DO;
DROP Ratio;

Ratio = LagValue / (LagValue+ABS(Yvalue));

Trapezoid = Ratio*(Xtime-LagTime)*(0.00+LagValue)/2;
END;

ELSE IF &baseline = 2 AND Yvalue < © AND LagValue < @ THEN Trapezoid
= 0.0;

ELSE Trapezoid = (Xtime-LagTime)*(Yvalue+LagValue)/2;
SumTrapezoid + Trapezoid;

FORMAT Trapezoid SumTrapezoid 8.3;

RUN;

%MEND AUC;

%AUC(0, Datafile, Computed);

proc print;run;

%AUC(1, Datafile, Computed);

proc print;run;

%AUC(2, Datafile, Computed);

proc print;run;

Yvalue

Xtime

Sum
Obs Xtime Yvalue Basevalue Trapezoid Trapezoid
1 0.0 5.00 0 0.000 0.000
2 60.0 7.00 0 360.000 360.000
3 120.0 6.50 0 405.000 765.000
4 180.0 4.40 0 327.000 1092.000
5 240.0 4.70 0 273.000 1365.000
6 300.0 5.50 0 306.000 1671.000
Sample Data Plot: Metabolic Values vs. Time
Sum
Obs Xtime Yvalue Basevalue Trapezoid Trapezoid
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AUV hwWNER

Obs

AUV hWNPR

.00
.00
.50
.60
.30
.50

1
OO0 RLr NGO

Yvalue

0.00
2.00
1.50
-0.60
-0.30
0.50

5 0.000 0.000
5 60.000 60.000
5 1065.000 165.000
5 27.000 192.000
5 -27.000 165.000
5 6.000 171.000
Sum
Basevalue Trapezoid Trapezoid
5 0.000 0.000
5 60.000 60.000
5 105.000 165.000
5 32.143 197.143
5 0.000 197.143
5 9.375 206.518

Graphpad Prism i

O

area uber JUM Xy ana|yses O ?3 Create e_‘ Xy ‘)Uij “.. :‘)3\ il e

Parameters: Area Under Curve .

Bazaline

P
(=)=

oo 0o
() Mean of the first
Minamum pe=ak height
ligroe: pesics that ane
(*) Less than |10

’\ Lets Hhan

Minimum paak width

| and the Last

% of the: distance foem minimum bo mesdsrmm’

T nits hagh

Dl e ekad 0K A5 curve

D [

] ligrione sew paak defired ki fevet than adfacent poinks
Peak direction
(%) By defiration, al pealcs must go above the bassine
() Ao consider “pasks" that go below the baselne
Signilicant digits
Showe |4 |» | sigrdhcant digis
[ Lesn || Coem |[ o |
Baseline 0.0
Area of Positive Peaks 1671
Area of Negative Peaks 0.0
Total Area 1671
Net Area 1671
Total Peak Area 1671
Number of Peaks 1.000
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SSadl £3 dpiliaa bt ualad) Juadl)
O @815l 50 e ()50 41 Db anadi s (5 HSull U LA s (e ) iy S8
- oa Sl Liady e
e 2 ixi A1V o2 adiza s Gl s dnlial) (W@l saaaie Aol gy -]
SAS el Jlexinly A g Sl (Say ¥ alas
e Euaall Ol s HOMA 2 Gsgliall sda aal aal Guladl Jasiin mali ppagay -2
S J aad (e sl 4 )0l Sy san ol i ) 13a
(Glycemic Index) Jis iniall caad daliall Jlasind (paca®i 41aY) (any -3

el Bae Jlexinly o2 (ySay s (3aladl Jamill 8 duial jaind 25 aga & sinsa 8 5

giliasl
o353l a5 Y1 ol gl o ) i) sl s 55k asas -4
3l

(Glycemic Index) sl (& Sl J312-1-6
S oielu amaall S e e il ae Gl e il g KU 5 i S e
3 (55 ) 8 Lay yas Lglita iy Al )y 5 SIE Ll gl (e el U

(o Amiiia e il 55 Qi) Aigday il 0 S5 Sl Jily o Alle o
Sl il

) (3ia) % sae YA aall & Sl (o siaal il cans dabaall 0 (5 jaus
DSl dads s 3 pall 30L01 (1180 5180 5150 5 120 590560 530 50
Sl gl 055 O i g (pl e 50 ) ApaST A jadll Cand (ala SV J 5l aey Ll
ont Aaluedl) Aad al o5 Aol 12 82al aladall J 55 (e | gadal 23 pald 5V
sl Ly el Bale | aay Gl BV Guii] inial nd Aalusll e e iaial
A sbaie Sl AaS (585 () el je pe S SII S (e ol 2 50 agd sl
b e e A a2 il 5 100 o A el die LSl e o) (i pad)
el

t VS ol af oy Sy

aidie iizg JB 5l 55

L sie 2y 69 ) 56
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e i S 5170

Glycemic Load ¢Sl Jaal) -2-6
Adaleall (889 0 5385 Sy Sl Jalay Bkl 8 Al 45y 5k s
IGL = G1/100 x Net Carbs|

Gl= Sl dida

Net Carbs= <li¥) — <l jam 5 S SN & sandll
Caidia yiiny 10 (e JB (g Sl Jaall dad
Sl e 20 (e et Sl Joall A

O g A glaal) Ada) ans-3-6

3 LYY Jslain s ol saaiD Apulial) 50088 Jariads il c¥alaall (e 22 lllia
Y alaall Gl aa) )

The Homeostasis Model Assessment GJlsil gisad auii-1-3-6

(HOMA)

A ERH PP 0 TR P, | E SRRV [P+ S
HOMA sl s ,ba lia

HOMA 1 -

ohl\@ayusmdwdw\é@)ﬂ\o& ‘53)

Glucose x Insulin Glucose x Insulin
HOMA-IR = 59 F HOMA-IR = 105
20 x Insulin 360 x Insulin
SO = Glucose — 3.5% el = Glucose — 63%
Glucose in Molar Units mmol/L Glucose in mass units mg/dL
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Explanation of Result :

Category

HOMA Score

Normal insulin resistance

<3

Moderate insulin resistance

Between 3 and 5

Severe insulin resistance

>5

Al ) Jlexinls HOMA 1 s

data panca;

input glucose insulin;
HOMA=(glucose*insulin)/22.5;
datalines;

90 23

88 33

78 21

5

proc print;

run;

SAS L
aa) Lié SAS el Jlaxial ¢Sy

The

SAS System

19:59 Thursday, September 12, 2014

Obs glucose insulin HOMA

1 90 23 92.000

2 88 33 129.067

3 78 21 72.800
HOMA 2 -«

Al )l & Cpanadiall J8 e Jeriad (K daali Luls Joind 43yl o34 b
S5 e Jeaty ol st Lubiaally Uy LA iy il Saclsall Biaal
audill e Dby G iy D Lﬁ)&d\ el dysglycaemia 3,13} pac Liwall

il bl 88 sy V) (sl U

1AW daiadia jie 5 cam )l (bl

o ol A ARyl o) M Adate ol Gl NSl il o) Lle

197

Ll (A Y




o palaad) (gt 8 Al (andddl ¢ LA g slaall

) el e Ulaa ismasSU Slen e dundall Casaii Ka
https://www.dtu.ox.ac.uk/homacalculator/download.php

(o rovnz Colcvistor Y
- Fasting Values
Plasma gucose : IHJ ¢ mmol/l & mg/d
[Specticnsulin | 365 € pmald & plUrml

%8:'3(!12 | %5187 -IR:I5.1

Coculre | Coby | Ba |
About | Preferences ‘(--—-----B-i---....._

w. HOMA2 Calculator _ }j

- Fasting Values
Plasma gucase : I & mmol/l " mg/d
[SpeciicInsun ¥} | & pmoll " pU/ni
“|Insuln
Specilic Insulin
% =IR:|
l Calculate I Copy Frint |
bout | Preferences e |

u HOMAZ Calculator i X
x

Cmm factors

Ineuin : |6945 *pmal/l o pU/ml
Speciicinsuin: 5650 *pmoll=pliim |
C-PW:IO,333 * pmolll = ng/ml

cmn|l:|
w__ |

T

Matsuda Index 1asiuta Jda-2-3-6

SSans sl Sl daall (e Wi oty g Gl gl dpabiad QIS Jexiian
(Y @ sall e agle ) ganll
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mmatsuda.diabetes-smc.jp/english.html

leid s Llom oSay 4l online (oY) 1o suile Adlea Gadail ()l jla b g
S e dad i) sl

Calcluation of Matsuda Index

Use the following form below to calculate Matsuda Index from one
set of OGTT data.
To access EXCEL file please click here.

If you have samples from 0, 30, 60, and 120 minutes. Click here.
If you have samples from 0, 60, and 120 minutes. Click here.

If you have samples from 0 and 120 minutes Click here.

If you have samples from 0, 30 and 120 minutes Click here.

Please use as many as possible measurements to calculate the AUC
(area under the curve) of responses of glucose and insulin, preferably
until the return to the basal state (i.e., up to 180 or 240 minutes),
although this site does not support the calculation. Matsuda index uses
the metabolic clearance rate during the OGTT. Option of different
doses other than 75 g of glucose has not been well validated. Use the
same way of calculation for comparison.

Click after data input

Dose [g] (usually 759) : ‘ 75

When you use a SGLT-2 inhibitor, examine urine excretion and subtract
from 75(g) and input it to the upper box! for calculation see click here

PG [mg/dI]( 00min) : | 100

PG [mg/dI]( 30min) .| 100
PG [mg/dI]( 60min) .| 100
PG [mg/dI]( 90min) .| 00
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PG [mg/dI](120min) : | **°
Insulin [microU/ml] ( 00min): >

Insulin [microU/ml] ( 30min): !

0

Insulin [microU/ml] ( 60min): 10

Insulin [microU/ml] ( 90min): 10

Insulin [microU/ml] (120min): >

RESULTS

Matsuda Index:

(whole body insulin resistant: equal or lower than 2.5)

HOMA-IR(Matthews1985): ‘ (normal: lower or equal to 1.6, liver insulin
resistant: equal or more than 2.5.)

Insulinogenic Index:

Disposition Index:

normal: more than 1)

(defect in insulin secretion: less than 0.4)

(product of insulinogenic index and Matsuda index:

SV Jlariiasly 13 guile Aslaa ol a5

IRI IRI IRI IRI IRI .
PG PG PG PG PG basal | 30min | 60min | 90min 120min | Matsuda HOMA- '“SU“_”
No. basal 30min | 60min | 90min | 120min . . . . . ogenic
ID (madl] | [mo/dl] | [mo/d] | (mardl | [ma/di [micro | [micro | [micro | [micro [micro Index IR Index
9 9 9 9 9 U/ml] U/ml] U/ml] | U/ml] U/ml]
11 91 130 148 157 157 6.9 24.0 37.6 59.1 71.3 5.34 1.55 0.44
2|2 104 370 340 209 132 1.0 23.0 25.0 12.0 7.0 15.23 0.26 0.08
313 96 122 123 104 108 21.8 142.2 | 152.7 131.4 162.8 1.81 5.17 4.63
4|4 85 109 126 129 119 6.8 41.3 44.1 60.3 48.6 5.85 1.43 1.44
515 151 196 230 261 252 35 14.3 6.1 12.4 155 8.98 1.30 0.24
6

Euglycemic insulin clamp analysis -3-3-6

Om AL 3 (St 35 sall S sl Mie geali Jlenindy a3 (o Akl o2

L) 4303 g danali (Say 5 13 guile Aalas a8 o gl
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Fasting glucosel/insulin
Clamp glucose/insulin
Glucose infusion rate

Quantitative Insulin-sensitivity Check Index (QUICKI) -4-3-6
QUICKI=1/[log(fasting insulin [uU/ml]) + log(FPG[mg/dI])].

QUICKI = 1/[log(HOMA-IR)] = llog{[FPG(mmol/L)] x [FPI
(pmol/L)}/135}.

Cederholm insulin sensitivity index (I1SI) -5-3-6
ISlcederhoim = 75000 + (G0-G120) x 1.15 x180 x 0.19 x weight/120
x Gmean % log (Imean)
where GO and G120 are plasma glucose (mmol/l) concentrations at
0 and 120 minutes, and Gmean and Imean are the mean glucose
(mmol/l) and insulin (mU/l) values calculated from values at O and
120 minutes.

IRl 6-3-6

YIRI(0-180) = IRI (0 min) + IRI (30 min) + IRI (60 min) + IRI
(120 min) + IRI (180 min).

201



o el (gl 3,2 Al paddal ¢ Lad) g slaall

CPIl 7-3-6
C-peptide index (CPI) = fasting CPR (F-CPR;mmol/L)/FPG
(mmol/L) x 100

CLIX 8-3-6

Clamp-like index (CLIX) = serum creatinine (mg/mL) (x0.85 if

male)/{(mean AUC glucose (mg/dl) x mean AUC C-peptide

(ng/mL)} % 6,600 (AUC = area under the curve).

TG/HDL = triglyceride (mmol/L)/high-density lipoprotein

(mmol/L).
McA=exp[2.63 — 0.28(insulin in mu/1) — 0.31(TG in mmol /1)

Methods of identifying dietary patterns 43 hlai) Julas 30 4-6
O ol 1A Aaall o) gall (e AdliAe A8 6 el (addl) Al Al el
o2 Ay aall el o Al elli e aaly g g pl aaad e 4y sl
& e1aadl Blail Jidas ga Jsluiall o) A8 o3 Al jo 8 ASaall 45y Hhall o8 Al
laaldie) Say ddban) 3k A0 aa gi5 Aulie Adbas) 45k Jleainly 43l Sa
Sl Gy (e SN 8 gkl 5 8

Principal components analysis (PCA) 4wl &l Sall s -]
Reduced rank regression (RRR) duaaddiall 45 )0 jlasi) -2

Partial least square regression (PLS) 45 jall (s sl Clay jall Hlasil -3

et Lgaall Esall alare i dale 5 gans Ladli 8 odle) (5 k) (alias
AV Gkl (e JiS)3 ) saay 450 43, Hhall

(s13]) U S (g (e ¢) Alstuall G puatall e Cpe i Jia sla) bl 1 JGa
g8 e (Marker) i aa Al il Jaladl y Jias Lasd X2 5 X1 il
Wodll ey jo ¢ gana i (Sap O Lkl SAS Jlaninly Jilatll Gulain
JY) haudl 8 CiSy 5 cv=one cvtest(stat=press); : kxY) Jlaxiudy 48 gidll

data data;
input x1 x2 y;
datalines;

202



o el (gl 3,2 Al paddal ¢ Lad) g slaall

3.37651 2.30716 0.75615
0.74193 -0.88845 1.15285
4.18747 2.17373 1.42392
0.96097 0.57301 0.27433
-1.11161 -0.75225 -0.25410
-1.38029 -1.31343 -0.04728
1.28153 -0.13751 1.00341
-1.39242 -2.03615 0.45518
0.63741 0.06183 0.40699
-2.52533 -1.23726 -0.91080

-0.82590

2.44277 3.61077

J

proc pls data=data nfac=2 method=rrr ;
model y = x1 x2/ solution intercept ;
output out=gh p=phatl;
proc print;

run;

proc pls data=data nfac=2 method=pcr;
model y = x1 x2/solution intercept ;
output out=g p=phat2;
proc print;

run;

proc pls data=data nfac=2 method=pls ;
model y = x1 x2/ solution intercept ;
output out=gg p=phat3;
proc print;

run;
The SAS System 22:40 Thursday, May 13, 2015 1
The PLS Procedure
Percent Variation Accounted for by
Reduced Rank Regression Factors
Number of
Extracted Model Effects Dependent Variables
Factors Current Total Current Total
1 21.3719 21.3719 100.0000 100.0000
Parameter Estimates
y
Intercept -.0000002600
x1 0.7071043033
X2 -.7071039737
The SAS System 22:40 Thursday, May 13, 2015 2
Obs x1 X2 y phatl
1 3.37651 2.30716 0.75615 0.75614
2 0.74193 -0.88845 1.15285 1.15285
3 4.18747 2.17373 1.42392 1.42392
4 0.96097 0.57301 0.27433 0.27433
5 -1.11161 -0.75225 -0.25410 -0.25411
6 -1.38029 -1.31343 -0.04728 -0.04728
7 1.28153 -0.13751 1.00341 1.00341
8 -1.39242 -2.03615 0.45518 0.45518
9 0.63741 0.06183 0.40699 0.40699
10 -2.52533 -1.23726 -0.91080 -0.91080
11 2.44277 3.61077 -0.82590 -0.82590
The SAS System 22:40 Thursday, May 13, 2015 3
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The PLS Procedure

Percent Variation Accounted for by Principal Components

Number of
Extracted
Factors

Obs

P OWVWoKONOOUTEA WN R

R

The

Number of
Extracted
Factors

1
2

Th

S

The SAS

Obs

=
RPOWVWONOOUIDA WNER

=

P RPROPMOW

-1

-2

Model Effects

Current

82.7493
12.2286

Tot

82.74
94.97

Dependent Variables

al Current
93 18.6168
79 26.0804

Parameter Estimates

Intercept

x1

X2
e SAS System

x1
3.37651 2.
0.74193 -0.
4.18747 2.
0.96097 0.
1.11161 -0.
1.38029 -1.
1.28153 -0.
1.39242 -2.
0.63741 0.
2.52533 -1.
2.44277 3.
AS System

0
0

X2

30716
88845
17373
57301
75225
31343
13751
03615
06183
23726
61077

y

.3751198003
.1723136595
.0770817748

Total

18.6168
44.6972

22:40 Thursday, May 13, 2015

y

.75615
.15285
.42392
.27433
.25410
.04728
.00341
.45518
.40699
.91080
.82590

1
OCOO0OOFR OO0 RO

phat2

.77910
.57145
.92912
.49654
.24156
.23852
.60654
.29214
.48019
.03534
.51772

OO0

22:40 Thursday, May 13, 2015

The PLS Procedure

Percent Variation Accounted for
by Partial Least Squares Factors

Model Ef
Current

79.8613
12.9279

fects
Tot

79.86
92.78

Dependent Variables

al Current
13 34.4016
91 53.7863

Parameter Estimates

Intercept

x1

X2
System
x1
.37651 2.
.74193 -0.
.18747 2.
.96097 0.
.11161 -0.
.38029 -1.
.28153 -0.
.39242 -2.
.63741 Q.
.52533 -1.
.44277 3.

]
]

X2

30716
88845
17373
57301
75225
31343
13751
03615
06183
23726
61077

y

.2783894199
.5259512066
.5221904440

22:40 Thursday,

y

.75615
.15285
.42392
.27433
.25410
.04728
.00341
.45518

0.40699
-0.91080
-0.82590

1
OFrRPROO0O®OR PO

Total

34.4016
88.1879

May 13, 2015
phat3

.84949
.13255
34569
.48459
08655
.23828
.02422
.60930
.58135
.40373
.32234

OCOO0OOFROOORL L

4

5

6
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iy Lad Lgin Lad calia) G (55l o) J5¥) Jalally daaladl i) (e ity
il s i) Jalal) Com s e 38 )l J$ 3,8

%100 Ciaa 5 L) Y Jainsal) Jalall (8 il (0 %15 Ciea s RRR 44 ke Slied
5 %93 PCA 48 )k & Ll 5 laliall il il cuilS Lagd aUl) Jaladl (8 ol e
sl e %265 %88 sl PLS 43 )k 85 %9

re ) Il B ) sSA) 5kl il e (S

%2
=]

Oy phal) s Uan g CilS PLS 45 jha () Jaadls
Principal components analysis dssba) cligSall Julat 48y )k 5 6
(PCA)

Al G sally il 8 Alaniunall Aliieaall ol sall Julis yim jad Jilail) 138 Janins
Alieaal) ol i) (s Adadl) A8 5 8 e 1ol

SAS ddu .

data test;
input x1 x2 x3 x4;
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cards;
25.
24.
25.
24.
22.

00
920
40
40
920

7.70

25.
24.
24.
24.
24.
24.
24.
24.
24.
24.
24.

10
90
90
920
30
60
30
60
10
50
00

86.00 66.00 186.49
84.00 66.00 124.34
77.00 55.00 98.79
82.00 62.00 118.88
79.00 53.00 71.88
86.00 60.00 111.96
82.00 58.00 99.74
83.00 63.00 115.20
82.00 63.00 100.16
78.00 56.00 62.38
85.00 67.00 154.40
79.00 61.00 112.71
81.00 58.00 79.63
81.00 61.00 125.59
85.00 64.00 99.87
84.00 63.00 143.56
81.00 61.00 114.97

)

PROC PRINCOMP OUT = PRINS;
var x1 x2 x3 x4;

run;

The SAS System 18:23 Thursday, May 13, 2015
The PRINCOMP Procedure
Observations 17
Variables 4
Simple Statistics
x1 X2 X3 X4

Mean 23.55882353 82.05882353 61.00000000 112.9735294
StD 4.12553918 2.74933147 3.96862697 30.0645310

Correlation Matrix

x1 X2 X3 X4
x1 1.0000 -.3629 0.0939 0.0414
X2 -.3629 1.0000 0.7790 0.6633
X3 0.0939 0.7790 1.0000 0.7790
X4 0.0414 0.6633 0.7790 1.0000

Eigenvalues of the Correlation Matrix

Eigenvalue Difference Proportion Cumulative
1 2.49329408 1.35645463 0.6233 0.6233
2 1.13683945 0.86688500 0.2842 0.9075
3 0.26995446 0.17004245 0.0675 0.9750
4 0.09991201 0.0250 1.0000
Eigenvectors
Prinl Prin2 Prin3 Prin4
x1 -.087687 0.918543 0.200077 0.329482

1
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X2 0.576863 -.268611 0.411723 0.652351
X3 0.587772 0.214233 0.388327 -.676632
x4 0.560415 0.195526 -.799785 0.089718

Sy ol e %90 i Laalu AUl J5¥1 Jaladl o gl (e daadls
(0.56 50.58 50.57 50.91 ) dalle Legin dalsi y¥) Cdlalas

SPSS 38 —o
e ki Lyl dadeall I bl JAo) 2

- Factor Analysis E

B ses Wariables:
cost -
@ group @ . — Faste
o size
@ alcohol Reset
E & reputat
® colar Cancel
e aroma _ Help
@ taste
L
Selection Y ariable;
Dezcriptives... | Estraction... | Fotation... | Scores... | Dptions... |

== Factor Analysis: Descriptives

~Statistics

|:| Enivariate descriptives|

Initial solution

~Correlation Matrix
|:| Coefficients |:| Inverse
|:| Significance levels |:| Reproduced
|:| Determinant Arti-imacge

KW andd Bartlett's test of sphericity

I Continue ” Cancel ” Helg
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Factor Analysis: Extraction

Method:
Analyze

Eutract

b i

* Correlation matris v Unrotated factor solution
Help

" Cowariance matrix v Scree plat

* Eigenvalues over: |1
" Mumnber of factars:

Prinzipal components
Dy Cancel

[terations for Convergence: 25

Factor Analysis: Rotation &|

" Mone " Quarkimay - I
o Y animas " Equarnas ﬂ
" Direct Oblimin " Promas Help |

o o

Diizplay

Factor Analysis: Options E|

kizzing YW aluez Continue

* Exclude cazes lishwize
Cancel

" Exclude cazes painwise

" Replace with mean Help

Coefficient Digplay Format

v Sarted by size

Er i St

! lelel

[ Suppress absolute values less than:
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Scree Plot
2.5
2.0
T 15
=
[
-
=
]
=
w4 g
0.5+
0.0
T T T
1 2 3
Component Number

b o= BB Eigen value ded ol sl (0 a3l
Gl e @l 1y GIEN plalall A4S HLia 3B ) ey Lee (SUI Jaladl a2y aa) )

Correlation Matrix
x1 X2 X3 x4
x1 1.000 -.363- .094 .041
x2 -.363- 1.000 779 .663
Correlation
x3 .094 779 1.000 779
x4 .041 .663 779 1.000

Total Variance Explained

S

Component Initial Eigenvalues Extraction Sums of Squared Rotation Sums of Squared
Loadings Loadings
Total % of Var Cum % | Total | % of Var Cum % Total % of Var Cum %
1 2.493 62.332 62.332 | 2.493 62.332 62.332 2.463 61.566 61.566
2 1.137 28.421 90.753 1.137 28.421 90.753 1.167 29.187 90.753
3 .270 6.749 97.502
4 .100 2.498 100.000

Extraction Method: Principal Component Analysis.
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il i e J saanll Minitah gt Jlesiuly il ¢ Say LS
Principal Component Analysis: x1; x2; x3; x4

Eigenanalysis of the Correlation Matrix

Eigenvalue 2.4933 1.1368 0.2700 0.0999
Proportion 0.623 0.284 0.067 0.025
Cumulative 0.623 0.908 0.975 1.000

Variable PC1 PC2 PC3 PC4
x1 -0.088 0.919 -0.200 -0.329
X2 0.577 -0.269 -0.412 -0.652
%3 0.588 0.214 -0.388 0.677
x4 0.560 0.196 0.800 -0.090

Scree Plot of x1; ...; x4

2.5 1

2.0 4

1.5 1

Eigenvalue

1.0+

0.5 1

0.0

1 2 3 4
Component Number

Cluster analysis ¢2saiall Jalaill 6-6
Clle gene et Al Gl e il oSey ) Aglaay) Gk aal s
Gle gena A leamanty A00¥) bl o4 (ga@iall Jdadl) ol 3 Ayl
et G dudlatiall caa Sl of YR (e Ao gana (e 8 ke 3 giiall, 440 séic
palinll (e Caliad Ll LS Lpiany ae dgaliia Lol ol gl) 5 el 45 Kl jualiall
Gn Gk Y sasiiall Qail) o) (gAY 2dliall 4 Sall pualiall Ua gead o5 AY)
iy Gl Aol jiall CBall de gane (and o5 3 Al y Ladl) Col yial
On ALEl 3 Gay Legie A8 G 8 Al daeie Gl ae g stial) Jalal)
Jiay s Al jiall GEall (1o ALlSH de ganall pand (3 )k (o Lamy s ualiall
2y (g0 simll Jalatl) ey Al ) aasy sl saeia () o RPN
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asiy s gl il sal Gl ) 4 gl g (0 shiall el e sandl
«poal Jal g de sana B agarent Gy b e il i) e Qi Jal gall Jilat ad
(e A sana 8 lgrend (ke VA g claa il aae o sl Jaladll iy
aeal 4 sie e sane

Gob (e 38y pha (o) STy (ST malaall (g A0 gaial) ABMall Cia gl (3 5k Bae 2a 53
sl Ll A8l s 44 ja (o SSI Jlarial Jiady Lail 5 Juad¥) 43 lall Jlail)
Dl sanall Jleill J8&1l) e aSall

Average Linkage Cluster Analysis -i

data t;

input cid $ income educ;
cards;

cl55

c2 66

c3 15 14

c4 16 15

c5 25 20

c6 30 19

run;

PROC CLUSTER METHOD = AVERAGE OUTTREE = TREE;
run;

proc tree data=tree;

run;

bl 8 method b (8 48 Hhall aast gy (5 HAY) 3kl 245 (ya jal

Average-linkage cluster solution

0.00
OBl 0B2 0B3 0B4 OB5 0B6
N f Ob: tion or Cluster
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Centroid Method-<—

data t;

input cid $ income educ;
cards;

cl155

c2 6 6

c3 15 14

c4 16 15

c5 25 20

c6 30 19

run;

PROC CLUSTER METHOD = centroid OUTTREE = TREE;
run;

proc tree data=tree;

run;

Centroid Method solution
1.257

] ]

0B1 0B2 0B3 0B4 0B5 0B6

Name of Observation or Cluster
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0.8

0.6

0.4

0.0

2.0

1.5

0.5

0.0

Single-linkage cluster -z

Single-linkage cluster solution

] ]

0B1 0B2 0B3 0B4 0B5 0B6

Name of Observation or Cluster

Complete-linkage cluster -2

Complete-linkage cluster solution

mE—

0B1 0B2 0B3 0OB4 0BS5S 0B6

Name of Observation or Cluster
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Ward’s Method -»

Ward’s Method solution
0.8

0B1 0B2 0B3 0B4 0B5 0B6

Name of Observation or Cluster

Propensity scores matched (PSM) 4&:Uaiall Jaall cila jo 48y )b 7-6
Rosenbaum & Rubin, (1983) J=8 (e b 3e J ¥ 48 hall o3 Cileain a8l
Jraail 31 g Dl i) a0 83 ylaisaa ) gay Leiaade] Al & gandl dae ala )
3 guaiiall ) 4] i DU il all b A g jaall diall e Jal gall o Jalail) s
Ol im all (e e gama o (5 ad ) il all @l a4 sdie S il ally
gL (a0 e Ao gane Jhe g ()5S Sl (a sell (e @ 58 (88 aga Al (5
Ay phal Al A8y sl JAai5 (1388 5 (AS)) (an (i 0 e de sana ) gl bk
A yidall il s ) Jilai A8 sl Lesle Glhila ga s jlasi¥) Jlesinly Jaaill

Analysis of Variance and covariance (ANCOVA)

sl all 3 Dbl (p aall WS e Jad L) 38 plall s3a ) e 2l (e )9
s (5Saka Llle ) jall sda Jie o 3 (Observational studies) 4l
b (La_ye 5 siayall 33e Jgdag uialls yanll) Lgud a5 el Al asal) (ol gall
S AY 5 el 53 Sharitaalg) Giie gana (A lparudi die Wilias) 4 gina SO
28 Lail g dadh o) gall I 2 sad of S Alaia¥) 8 CUBBERY) ) ey Lae (aasdly
(Oie senall G Al Jol gl @l 8 DAY I Loagl 3523

Propensity score 1996 - 2013
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PubMed Citations

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2008 2010 2011 2012 2013

400 600 800 1000 1200
| | | |

200
|

zalll e sl o 8 al Ll W A5 Hhall sda cuaaie ) Al G ganll aae S ) a2
1 Y iy Lala Lali sl ol laala cdgla 085 QU 13 3 Lgilanin) 3
Sl 5 Lgall o L) ) anS 31 e s 5 Lginaal ) pdais @1y b 38 ) ol
L a8 Laddid AlSa) (3a8a3 8 (il (e (g 5 3851 0) el Lgtnaal e

Ridge regression <l jlaad) -8-6

Ll S Ladie il yaiall Cia sl Aldlae sl laai¥) G g sl 138 Jantin
Aaball A8all ey (Mo ol ) Lgie SiSI 50 aal g (g 2a 58 Jllse paie (e S|
glac) EALTV Aaxiall Hlasiy) Jleadiul o) A (Multicollinearity ) Badxiall
elac) I sagin Ml 5 jlasa¥) COlaleal Undll 2 5l ) cap 488y e il
Assa pe Clalin

et (3 k Baxn 320=7al) Andadl) A8l 3 g g e iKY Sy

A0 e e Jalas Jleatials i) Jal gall o Tl Y1 jua88 -]

3L o) I Variance inflation factor (VIF) ol 3305 dale jpass -2

Baawie plad A dga g Ay 5 e Jaladl
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data z;

input x1 x2 x3 vy;

cards;

19.
24,
30.
29.
19.
25.
31.
27.
22.
25.
31.
30.
18.
19.
14.
29.
27.
30.
22.
25.
; run;

NNMNNUVONNPRPRURORMOTR OONNWV

N

43.
49.
51.
54.
42.
53.
58.
52.
49.
53.
56.
56.
46.
44,
42.
54.
55.
58.
48.
51.

O NOWANNMNUNOUVIORL UTONWOOOR

29.
28.
27.
21.
28.
21.
27.
28.
21.
24.
22.
21.
23.
28.
21.
20.
21.
24.
27.
27.

proc corr data=z

var x1 x2 x3;

run;

11.
18.
20.
22.
10.
21.
27.
25.
22.
24.
25.
27.
17.
14.
12.
23.
24.
25.
14.
21.

VFAONPRPWOOWOOONOOTONOVERONER
P OPANOOOOONNPDWWRARNOERENO®OLO

SPEARMAN;

SAS s

proc reg data=z; model y=x1 x2 x3/VIF TOL COLLIN; run;

proc reg data=z outvif
outest=b ridge=0 to 9.2 by 0.002;

model y=x1 x2 x3;
plot / ridgeplot nomodel nostat;

run;

proc print data=b;

run;
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0.000

0.025 0.050 0.075 0.100 0.125 0.150 0.175 0.200
Ridge k

Plot tTHtx Tty ity

Variable

x1
X2
X3

The SAS System 19:30 Thursday, April 29, 2015 1
The CORR Procedure

3 Variables: x1 X2 X3

Simple Statistics

N Mean Std Dev Median Minimum Maximum
20 25.30500 5.02326 25.55000 14 .60000 31.40000
20 51.17000 5.23461 52.00000 42.20000 58.60000
20 24.77000 3.28122 24.70000 20.10000 29.10000

Spearman Correlation Coefficients, N = 20
Prob > |r| under H@: Rho=0

x1 X2 X3

x1 1.00000 0.89624 -0.24012

<.0001 0.3079

X2 0.89624 1.00000 -0.42755

<.0001 0.0601

X3 -0.24012 -0.42755 1.00000
0.3079 0.0601

Lagin 4plad A8e nga 5 (o) X25 X1 O e bl ) Jalae 2525 () s i)

The SAS System 19:30 Thursday, April 29, 2015
The REG Procedure
Model: MODEL1
Dependent Variable: y
Number of Observations Read 20
Number of Observations Used 20

Analysis of Variance

Sum of Mean
Source DF Squares Square F Value Pr > F
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Parameter Estimates

Model 3 459.61481 153.20494 47.13 <.0001
Error 16 52.01469 3.25092
Corrected Total 19 511.62950
Root MSE 1.80303 R-Square 0.8983
Dependent Mean 20.64500 Adj R-Sq 0.8793
Coeff Var 8.73350

Parameter Standard
Variance
Variable DF Estimate Error t Value Pr > |t Tolerance
Intercept 1 -27.76407 9.94764 -2.79 0.0131 .
x1 1 -0.08560 0.24291 -0.35 0.7291 0.11492
X2 1 1.00573 0.24790 4.06 0.0009 0.10161
X3 1 -0.03586 0.15424 -0.23 0.8191 0.66800

Inflation

0
8.70162
9.84156
1.49701

X1 a8l 5 0= 2 (Variance inflation) ¢l (& adcaill o) Rl e ealy

$50.00728) _aall 45 Jas 3 e Eigenvalue a2 o) WS X2
(0.00056339
Collinearity Diagnostics
Condition W ----------------- Proportion of Variation---------------- Number

Eigen value Index Intercept x1 X2 X3
1 3.95705 1.00000 0.0001043 0.00026043 0.00006365 0.000687
2 0.03510 10.61703 0.00264 0.05066 0.00183 0.14062
3 0.00728 23.30804 0.08558 0.11952 0.01814 0.41877
4 0.00056339 83.80709 0.91168 0.82956 0.97997 0.43992

N5 laa gAY 2l 4 i eV o X2 5 XD Growiall Jalall 4 o) Jaa 3l LS

Legin (multicollinearity) sa3xie Zdad A8de 252
V) Clalae <l ya 483 3aly 3 peniall aa) Cada cang il 028 Jie ol 31
Capall lasil Laa iyl Jlasind (Say (el aa) Cada 4980 2o Alls i

Principle Component ) oY) osSall Jlasil 51 (Ridge regression)

.(Regression
ol A8e 3ga g Slal) 2 Aaxial) jlasay¥l e dbay aﬁg‘}La 5 s all Hlassl o)

Uadll ey yo o i cpe 2y i Jodadl) Z8MaY) 028 2ga g o)) 3l el o

PRRERPY

Ay g ) g yal) 4y jla Sl 483 pie L) 535 Lea laas¥) e lladl
3555 il o G (o S 1 Ayl il 2 il jland) 5k
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The SAS System

Obs _MODEL_ _TYPE_

MODEL1
MODEL1
MODEL1
MODEL1

MODEL1
MODEL1
MODEL1
MODEL1
© MODEL1 RIDGEVIF

1
2
3
4
5 MODEL1
6
7
8
9
1

PARMS
RIDGEVIF
RIDGE
RIDGEVIF
RIDGE
RIDGEVIF
RIDGE
RIDGEVIF
RIDGE

131 MODEL1 RIDGE
1132 MODEL1 RIDGEVIF
1133 MODEL1 RIDGE
134 MODEL1 RIDGEVIF
135 MODEL1 RIDGE
136 MODEL1 RIDGEVIF
137 MODEL1 RIDGE
138 MODEL1 RIDGEVIF
139 MODEL1 RIDGE
140 MODEL1 RIDGEVIF
141 MODEL1 RIDGE
data c7t1;
input x1 x2
cards;
19.5 43.1
24.7 49.8
30.7 51.9
29.8 54.3
19.1 42.2
25.6 53.9
31.4 58.5
27.9 52.1
22.1 49.9
25.5 53.5
31.1 56.6
30.4 56.7
18.7 46.5
19.7 44.2
14.6 42.7
29.5 54.4
27.7 55.3
30.2 58.6
22.7 48.2
25.2 51.0
; run;

_DEPVAR_ _RIDGE_ _PCOMIT_

y
y
y
y
y
y
y
y
y
y

e < « <K<

X

w
<
e

29.
28.
27.
21.
28.
21.
27.
28.
21.
24.
22.
21.
23.
28.
21.
20.
21.
24.
27.
27.

19:30 Thursday, April 29, 2015 4

0.

OO0

.000
.000
.002
.002
.004
.004
.006
.006
.008

128

0.130

0.

.132
.132
.134
.134
.136
.136
.138
.138

OO

130

1.80303 -27.7641
1:80303 -27:7641
1:80341 -27:0281
1:80445 -26:3404

1.80603 -25.6961

1.96833

_RMSE_ Intercept

x1

-0.08560

8.

70162

-0.08560

8.

11818

-0.06670

7.

59362

-0.04912

7.

12025

-0.03275

6.

69161

1.9702 -11.7946 0.2700 0.

1.97223 -11.7035
1.97416 -11.6137
1.97607 -11.5254

1.97798 -11.4383

58

X2

.00573
.84156
.00573
.17158
.98534
.56928
.96632
.02582
.94853
.53378

-0

1.

-0

1.

-0

1.

-0

1.

-0
1

X3

.03586
49701
.03586
46053
.04276
42731
.04917
39691
.05516

36900

-11.887 0.2687 0.5846 -0.1689 -

1.01734 1.0463 0.83412 -

24 -0.16949 -1

-1
-1
-1
-1
-1
-1
-1
-1
-1
-1

.00107

.02810

Q.

83021

-1

.27135

.58029

-0.

17003

-1

1
0
0.98529
0.27262
Q.
0
(4
0

96999

.27386
.95514
.27506

1
[
1
0
Q.
0
0
0

.01044
.57816

99332

.57607
.97672
.57402

Q.
-0.
Q.
-0.
Q.
-0.

82635
17055
82253
17106
81875
17156

0.17— 50.580 50.271 < B3 5 P2 5 B1 old
0L e g LS 5 (5 A il lay) Jlasdiaaly Jolail) 3yas oSy

VRFPFONPRPWOOWOONMNOCTONOVERONLER

11.
18.
20.
22.
10.
21.
27.
25.
22.
24.
25.
27.
17.
14.
12.
23.
24.
25.
14.
21.

RO P,ANOVOOOONNPPWWRARNOUERE,NO®OLO
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proc sql;
create table c7tlt as
select *, (y - mean(y) )/( std(y)*( sqrt( count(y)-1 ) ) ) as ty,
( x1 - mean(x1) )/( std(x1)*( sqrt( count(x1l)-1 ) ) ) as

tx1,
( x2 - mean(x2) )/( std(x2)*( sqrt( count(x2)-1 ) ) ) as tx2,
( x3 - mean(x3) )/( std(x3)*( sqrt( count(x3)-1 ) ) ) as tx3
from c7tl;
quit;

symboll v=dot h=.8;
proc reg data = c7tlt outest = temp outstb noprint;
model y = x1 x2 x3/ ridge = (0.001 to 0.1 by .001) outvif;
plot / ridgeplot vref=0;
run; quit;
proc reg data = c7tlt outest = temp outstb noprint;
model y = x1 x2 x3 / ridge = 0.02;
run; quit;
proc print data = temp;
where _ridge_ = 0.02 and y = -1;
var y intercept x1 x2 x3;
run;
proc reg data = c7tlt outest = temp outstb outvif;
model y = x1 x2 x3 / ridge (0.0 to 0.2 by 0.002 0.02 to 0.5 by
0.01 0.5 1.0);

run; quit;

proc print data = temp;
where _type_ = 'RIDGESTB';
var _ridge_ x1 x2 x3;

run;

proc print data = temp;
where _type_ = 'RIDGEVIF';
var _ridge_ x1 x2 x3;

run;

proc print data=temp;

run;
y = -27.764 -0.0856 X1 +1.0057 X2 -0.0359 X3
107 ®e N
"0.'01..... 20
"'Onuu“.. Rsq
. *ees .
0.8 20080000, 0.8983
9 AdjRsq
- 0.8793
= 0.6 RMSE
= 1.803
bt
= 0.4
o 0.2
< eeed
sasaenenetec®
aed
senet®®
0.0 I,.c-
-0.2

0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10
Ridge k

Plot €0, 686,, 088,
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Robust regression ¢saall jlaady) 9-6

e o gt 0 bl 8 Lellenind (S 3l 5 agall Ailan¥) 35kl san) o
il e sl Al 580 e S A as aal) e Jead 3 (Outliers) 48 ki
.ROBUSTREG Jlexinly SAS zeali yy o8 43y yhall i (Kay

Lead) ey Hlasa¥) 13a dawl (3 ks sae <llia

Huber (1973) M4y b -1

Rousseeuw (1984) Least Trimmed Squares (LTS) -2
Yohai (1984) S -3
Yohai (1987) MM -4

ol eaia o LSl s 8 saill e b gl ramy 5il5 48 el Al j0 b1l

SAS il
data z;
input country$ GDP LFG EQP NEQ GAP @@;
datalines;

Argentin 0.0089 0.0118 0.0214 0.2286 0.6079
Austria ©0.0332 0.0014 0.0991 ©0.1349 0.5809
Belgium ©.0256 0.0061 ©.0684 0.1653 0.4109
Bolivia ©.0124 ©0.0209 0.0167 0.1133 0.8634
Botswana 0.0676 0.0239 0.1310 0.1490 0.9474
Brazil ©.0437 0.0306 0.0646 0.1588 0.8498
Cameroon 0.0458 0.0169 0.0415 0.0885 0.9333
Canada 0.0169 0.0261 0.0771 0.1529 0.1783
Chile ©0.0021 0.0216 0.0154 0.2846 0.5402
Colombia ©.0239 0.0266 0.0229 0.1553 0.7695
CostaRic 0.0121 0.0354 0.0433 0.1067 0.7043
Denmark ©.0187 0.0115 0.0688 0.1834 0.4079
Dominica ©.0199 ©0.0280 0.0321 0.1379 0.8293
Ecuador ©.0283 0.0274 0.0303 0.2097 0.8205
ElSalvad 0.0046 0.0316 0.0223 0.0577 0.8414
Ethiopia ©.0094 0.0206 0.0212 0.0288 0.9805
Finland ©.0301 ©.0083 0.1206 0.2494 0.5589
France ©0.0292 0.0089 0.0879 0.1767 0.4708
Germany ©0.0259 0.0047 0.0890 0.1885 0.4585
Greece 0.0446 0.0044 0.0655 0.2245 0.7924
Guatemal 0.0149 0.0242 0.0384 0.0516 0.7885
Honduras ©.0148 0.0303 0.0446 0.0954 0.8850
HongKong 0.0484 0.0359 ©0.0767 0.1233 0.7471
India ©.0115 0.0170 ©0.0278 0.1448 0.9356
Indonesi 0.0345 0.0213 0.0221 0.1179 0.9243
Ireland 0.0288 0.0081 0.0814 0.1879 0.6457
Israel 0.0452 0.0305 0.1112 0.1788 0.6816
Italy ©0.0362 0.0038 0.0683 0.1790 0.5441
IvoryCoa 0.0278 0.0274 0.0243 0.0957 0.9207
Jamaica ©.0055 0.0201 0.0609 0.1455 0.8229
Japan 0.0535 0.0117 0.1223 0.2464 0.7484
Kenya 0.0146 0.0346 0.0462 0.1268 0.9415
Korea 0.0479 0.0282 0.0557 0.1842 0.8807
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Luxembou ©.0236 0.0064 0.0711 0.1944 0.2863
Madagasc -0.0102 0.0203 0.0219 0.0481 0.9217
Malawi ©.0153 0.0226 0.0361 0.0935 0.9628
Malaysia 0.0332 0.0316 0.0446 ©.1878 0.7853
Mali ©0.0044 0.0184 0.0433 0.0267 0.9478
Mexico ©.0198 0.0349 0.0273 ©.1687 0.5921
Morocco 0.0243 0.0281 0.0260 0.0540 0.8405
Netherla 0.0231 0.0146 ©.0778 0.1781 0.3605
Nigeria -0.0047 ©.0283 0.0358 0.0842 0.8579
Norway ©.0260 0.0150 0.0701 0.2199 0.3755
Pakistan 0.0295 0.0258 0.0263 0.0880 0.9180
Panama ©.0295 0.0279 0.0388 0.2212 0.8015
Paraguay 0.0261 0.0299 0.0189 0.1011 0.8458
Peru 0.0107 0.0271 0.0267 0.0933 0.7406
Philippi ©.0179 ©.0253 0.0445 0.0974 0.8747
Portugal 0.0318 0.0118 0.0729 0.1571 0.8033
Senegal -0.0011 0.0274 0.0193 0.0807 0.8884
Spain ©.0373 0.0069 ©.0397 ©.1305 0.6613
SriLanka 0.0137 0.0207 ©.0138 0.1352 0.8555
Tanzania 0.0184 0.0276 0.0860 0.0940 0.9762
Thailand 0.0341 0.0278 ©.0395 0.1412 0.9174
Tunisia 0.0279 0.0256 0.0428 0.0972 0.7838
U.K. 90.0189 0.0048 0.0694 0.1132 0.4307
U.S. 0.0133 0.0189 0.0762 0.1356 0.0000
Uruguay 0.0041 0.0052 0.0155 0.1154 0.5782
Venezuel 0.0120 0.0378 0.0340 0.0760 0.4974
Zambia -0.0110 0.0275 0.0702 0.2012 0.8695
Zimbabwe 0.0110 0.0309 ©.0843 0.1257 0.8875
J

proc reg data=z;

model GDP = LFG GAP EQP NEQ ;

run;

proc robustreg data=z method=m(wf=bisquare);
model GDP = LFG GAP EQP NEQ;

output out=robout r=resid sr=stdres;

run;

proc robustreg data=z method=m(wf=huber);
model GDP = LFG GAP EQP NEQ;

output out=robout r=resid sr=stdres;

run;

proc robustreg data=z method=mm;
model GDP = LFG GAP EQP NEQ;

output out=robout r=resid sr=stdres;
run;

proc robustreg data=z method=1ts(h=33) fwls;
model GDP = LFG GAP EQP NEQ;

output out=robout r=resid sr=stdres;

run;

The SAS System

The REG Procedure
Model: MODEL1
Dependent Variable: GDP

09:54 Thursday, September 25, 2014
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Number of Observations Read 61
Number of Observations Used 61
Analysis of Variance
Sum of Mean
Source DF Squares Square F Value Pr > F
Model 4 0.00489 0.00122 7.17 <.0001
Error 56 0.00955 0.00017054
Corrected Total 60 0.01445
Root MSE 0.01306 R-Square 0.3388
Dependent Mean 0.02238 Adj R-Sq 0.2916
Coeff Var 58.34287
Parameter Estimates
Parameter Standard
Variable DF Estimate Error t Value Pr > |t]
Intercept 1 -0.01430 0.01028 -1.39 0.1697
LFG 1 -0.02981 0.19838 -0.15 0.8811
GAP 1 0.02026 0.00917 2.21 0.0313
EQP 1 0.26538 0.06529 4.06 0.0002
NEQ 1 0.06236 0.03482 1.79 0.0787

5 sine Laa i culale @llia () (22xial) oV i) o3le ) giliall (e ey

Variable

LFG
GAP
EQP
NEQ
GDP

The SAS Sy

The ROBUSTREG

Model Infor

Data Set

Dependent Variable
Number of Independent Variables
Number of Observations
Method

Number of Observations
Number of Observations

Summary Stat

stem

09:54 Thursday, September 25, 2014

Procedure

mation

M

Read
Used

istics

Mean

0.0211
0.7258
0.0523
0.1399
0.0224

timates

Standard 95% Confidence

Q1 Median Q3
0.0118 0.0239 0.0281
0.5796 0.8015 0.8863
0.0265 0.0433 0.0720
0.0956 0.1356 0.1812
0.0121 0.0231 0.0310

Parameter Es
Parameter DF Estimate Error

Limits

WORK. Z
GDP

4

61
Estimation

61
61

Standa
Deviation

0.00979
0.2181
0.0296
0.0570
0.0155

Chi-
Square Pr

rd
MAD

0.00949
0.1778
0.0325
0.0624
0.0150

> ChiSq
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Intercept 1 -0.0247 0.0097 -0.0437 -0.0058 6.53 0.0106
LFG 1 0.1040 0.1867 -0.2619 0.4699 0.31 0.5775
GAP 1 ©0.0250 ©0.0086 ©0.0080 0.0419 8.36 0.0038
EQP 1 0.2968 0.0614 0.1764 ©.4172 23.33 <.0001
NEQ 1 ©0.0885 ©0.0328 0.0242 0.1527 7.29 0.0069
Scale 1 0.0099

Diagnostics Summary
Observation
Type Proportion Cutoff
Outlier 0.0164 3.0000

The SAS System

The ROBUSTREG Procedure

Goodness-of-Fit
Statistic

R-Square

AICR
BICR

Deviance

Value

0.3178
80.2134
91.5095

0.0070

09:54 Thursday, September 25, 2014

s{ere

5 sixn W ls ol o 400G @llia o)) (51 48y yhall anll jlasiV) il (e Gy

Variable

LFG
GAP
EQP
NEQ
GDP

The SAS System
09:54 Thursday, September 25, 2014

The ROBUSTREG Procedur
Model Information

Data Set
Dependent Variable

Number of Independent Variables
Number of Observations

Method

Q1

0.0118
0.5796
0.0265
0.0956
0.0121

Parameter DF

Inter
LFG
GAP
EQP
NEQ
Scale

cept

1
1
1
1
1
1

WORK. Z

GDP

4

61

M Estimation

Number of Observations Read 61
Number of Observations Used 61
Summary Statistics
Standard
Median Q3 Mean Deviation MAD
0.0239 0.0281 0.0211 0.00979 0.00949
0.8015 0.8863 0.7258 0.2181 0.1778
0.0433 0.0720 0.0523 0.0296 0.0325
0.1356 0.1812 0.1399 0.0570 0.0624
0.0231 0.0310 0.0224 0.0155 0.0150
Parameter Estimates
Standard  95% Confidence Chi-
Estimate Error Limits Square Pr > ChiSq
-0.0217 0.0098 -0.0410 -0.0024 4.87 0.0274
0.0736 0.1898 -0.2984 0.4455 0.15 0.6983
0.0236 0.0088 0.0064 0.0408 7.23 0.0072
0.2866 0.0625 0.1641 0.4090 21.05 <.0001
0.0808 0.0333 0.0155 0.1461 5.89 0.0152
0.0096
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Diagnostics Summary
Observation
Type Proportion Cutoff
Outlier 0.0164 3.0000
The SAS System
09:54 Thursday, September 25, 2014
The ROBUSTREG Procedure
Goodness-of-Fit
Statistic Value
R-Square 0.3023
AICR 94 .8800
BICR 104.5896
Deviance 0.0077
Al 43, Ll
The SAS System
09:54 Thursday, September 25, 2014
The ROBUSTREG Procedure
Model Information
Data Set WORK. Z
Dependent Variable GDP
Number of Independent Variables 4
Number of Observations 61
Method MM Estimation
Number of Observations Read 61
Number of Observations Used 61
Summary Statistics
Standard
Variable Q1 Median Q3 Mean Deviation MAD
LFG 0.0118 0.0239 0.0281 0.0211 0.00979 0.00949
GAP 0.5796 0.8015 0.8863 0.7258 0.2181 0.1778
EQP 0.0265 0.0433 0.0720 0.0523 0.0296 0.0325
NEQ 0.0956 0.1356 0.1812 0.1399 0.0570 0.0624
GDP 0.0121 0.0231 0.0310 0.0224 0.0155 0.0150
Profile for the Initial LTS Estimate
Total Number of Observations 61
Number of Squares Minimized 47
Number of Coefficients 5
Highest Possible Breakdown Value 0.2459
MM Profile
Chi Function Tukey
K1 3.4400
Efficiency 0.8500
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Parameter Estimates

Standard  95% Confidence Chi-
Parameter DF Estimate Error Limits Square Pr > ChiSq
Intercept 1 -0.0253 0.0098 -0.0445 -0.0062 6.70 0.0096
LFG 1 ©0.1168 ©.1873 -0.2502 0.4838 0.39 0.5328
GAP 1 ©0.0252 ©0.0085 0.0085 0.0418 8.80 0.0030

The SAS System
09:54 Thursday, September 25, 2014
The ROBUSTREG Procedure

Parameter Estimates

Standard  95% Confidence Chi-
Parameter DF Estimate Error Limits Square Pr > ChiSq
EQP 1 0.3011 0.0637 0.1763 0.4259 22.37 <.0001
NEQ 1 0.0889 0.0337 0.0229 0.1550 6.97 0.0083
Scale 0 0.0125
Diagnostics Summary

Observation

Type Proportion Cutoff

Outlier 0.0164 3.0000

Goodness-of-Fit

Statistic Value
R-Square 0.3106
AICR 48.5849
BICR 63.5818
Deviance 0.0067

AN Ay Hhal)

The SAS System
09:54 Thursday, September 25,

The ROBUSTREG Procedure

Model Information

Data Set WORK. Z
Dependent Variable GDP
Number of Independent Variables 4
Number of Observations 61
Method LTS Estimation
Number of Observations Read 61
Number of Observations Used 61

Summary Statistics

Standard
Variable Q1 Median Q3 Mean Deviation MAD
LFG 0.0118 0.0239 0.0281 0.0211 0.00979 0.00949
GAP 0.5796 0.8015 0.8863 0.7258 0.2181 0.1778
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EQP 0.0265 0.0433 0.0720 0.0523 0.0296 0.0325
NEQ 0.0956 0.1356 0.1812 0.1399 0.0570 0.0624
GDP 0.0121 0.0231 0.0310 0.0224 0.0155 0.0150

LTS Profile
Total Number of Observations 61
Number of Squares Minimized 33
Number of Coefficients 5
Highest Possible Breakdown Value 0.4590
LTS Parameter Estimates
Parameter DF Estimate
Intercept 1 -0.0249
LFG 1 0.1123
GAP 1 0.0214
EQP 1 0.2669
NEQ 1 0.1110
Scale (sLTS) 0 0.0076
Scale (Wscale) 0 0.0109
The SAS System
09:54 Thursday, September 25, 2014
The ROBUSTREG Procedure
Diagnostics Summary
Observation
Type Proportion Cutoff
Outlier 0.0164 3.0000
R-Square for LTS
Estimation
R-Square 0.7418
Parameter Estimates for Final Weighted Least Squares Fit
Standard  95% Confidence Chi-
Parameter DF Estimate Error Limits Square Pr > ChiSq
Intercept 1 -0.0222 0.0093 -0.0405 -0.0039 5.65 0.0175
LFG 1 0.0446 0.1771 -0.3026 0.3917 0.06 0.8013
GAP 1 0.0245 0.0082 0.0084 0.0406 8.89 0.0029
EQP 1 0.2824 0.0581 0.1685 ©0.3964 23.60 <.0001
NEQ 1 0.0849 0.0314 0.0233 0.1465 7.30 0.0069
Scale 0 0.0l116

Lea AV Bkl aen (e (Ao ) lS RZ A8 () Al 1) A4 jlall il (e iy
(i Ll iny

227




o el (gl 3,2 Al paddal ¢ Lad) g slaall

Relative Risk dzswil) 3 shil) s Odds Ratio 4 ¥ dsd ¢ abaad) Juadl)

8oghdl) g daa V) dpd paii ] -7

Akl &sanll e apaell A Lellaatind oy Al degal) Gunliall (e duaa H¥) Ais a8
¢ Ofic sana s La dhaa Jgoan Jlaiad 45 jlad Luliae Jid Me Aaall e 30
G138 1 (e JB L i () 585 Ladie ¢ Laila A g €l 50085 €3 g8 A Ll Laa g
RS 3) Lal ¢ (gL A 5lae Al Ae seaall 8 JB) Giaal) J saa Jldial ) ing
o] e 15 A0 Eal) e gane A Jlaia¥) g gl Giay sed 1 (s sl sl
Ama )Y A (Ao Jandl (S5 A0l de gaadd) 8 Gl J pean diaa ) )
Jsas &l ye2ae ) AV de saaall 8 Gaa J s das l dad A (4w
b Eaall Jsamn dma ) e Lo sudia (4l jamn pae &)y 2ae /J5Y1 sl
Ay (dpan pre &) yedae /S Eaall J e ) e 23e) 406 Ao gasall
Lad 5 duaa )V Aidl Jaaat 408l Proc  Logistic oSiwa ol laai¥lag
Leie J&Y LAl il e Al Lebany Laa by 1l 3 saill 3 22001 Jal gall
Al 3 ) s dadl)l e a8 5l (Risk Ratio ) RR 3 shall 4w sa 5 il
e by ghdll i JAdy ¢ Ld Jaaad o) jal & srmy caati M ¢ (Relative Risk)
e Lo g 4 & pall Slaa¥laae) (Ao de ganall 8 & Jguas O
osdi Jgrmn OV 23 o lagnia (A jall e a0 58 pall Dlaa¥l g gena
Al de senall i Canall

OSas Lasd < Proc logistic <Y Jwsivl; Odds Ratio e Jsasll (1Say
Proc freq s proc phreg e s¥! Jasiuly G il e J guasll
(Case-control ) (sest (alall Slaaly dalatia ciliball ¢ 585 Larie dale 3 ) guan
RN U g i) e A8l Chay Gl Jlie Fuma ) st Slaie ) s Juaid
e Sy de gane ae A3l Gl ys (e (Ala e el (e A gana A5 Hlaa o1 D)
(bl (et ) (A doe b (e gane (Al e sane IS alli a5 ¢ 25l (s
Aldic) Juadd (Cohort ) et s diiasally 3l Al il all Ll 2 e
b s yxi 281 S a0l 35S oY (e de gama 0 )lie Gl Jie dpill 5 shadl)
sy al e W (e de sana pe 48U (D) g guiardl (8 (3 ad () (Bl
SV 3348l O siluaall LS 13 Lad 48 2l (ale 3l (e sanall DS 48) e 5 o
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O e o)yl 5 ,AY ABRY) ey 5,50 638 JNA B G ai Jseanl A e
(b (5 stse I3 AU Laiy adi po J g pied o€ 1D W) Gal A iV (e (e gana
s bl da je S de gana (o) aail ) ) (pa daal agill yo SR (4
Ciataa o ) (e de geas e (A prospective cohort) Al )y 4 JUa
Al e b ) gaay agarndli i 85 Y il Ce (gl Al il sy Alal) jhad
oAV e saaall Ciglac) Lad (V) Ao saaall Calac) (i sane
Aa i e LS Aplal) by 5illy Bla¥) cWla la i A5 3ad] agiailie 220 5Placebo

faaandl) 3 ) shadll 5 duma Y1 ot Giloaa agllaall olial Jsaall

Group Yes + No -

Placebo 20 80 100

Aspirin 15 135 150
Total 35 215 250

L Jadl

Odds Ratio (OR) = (20/80) / (15/135)=2.25
Relative Risk (RR)=(20/100) / (15/150)=2

SAS dui -

DATA e;

INPUT group stat freq;
cards;

10 15

11 135

0 0 20

01 80

proc freq;

weight FREQ;

tables group*stat/cl riskdiff;
run;

Estimates of the Relative Risk (Rowl/Row2)

Type of Study Value 95% Confidence Limits
Case-Control (Odds Ratio) 2.2500 1.0905 4.6425
Cohort (Coll Risk) 2.0000 1.0761 3.7171
Cohort (Col2 Risk) 0.8889 0.7950 0.9938

Sample Size = 250

G\ e Jlid) ez mlll e Jpanll U0 Sl Jleind Koy

proc logistic data=e descending;
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model group=stat;

freq freq;
run;

SPSS dii -

JUSY ) sall il yo 3 G sall ol ghadld) ati g Ll raca s LeS calilpd) i 5 a5y

Group Stat Freq
1 1 20
2 1 15
1 2 80
2 2 135

Gz Unditled - SPS5 Data Editor

Fie Edi Yiew | Dota Jransiom Anabze  Graphs

Utitez  ‘Wroow Dighne Duabes
. [nsert Y msshle -
R alr . A E
i Gio bo Cage.
fri Son Cape kuln' | il

i Transpose.. -

2 Meipn Fias * pifir

3 "—"'“"““E o e » [

i 1 ! pinn

5 Spit e

g Seleel Dae =
T oo vie I :
‘Whanght Cases 5P5S Processor &

 Weighl Lases

sl

& dueass
& lacnlod

™ Do rot weight casss

= ‘Weighl cases by
Erequency Ymable:

E. | # heg

Costent Shalus: ‘Wmght cases by freg

118

dHHE
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Risk Estimate

Value 95% Confidence Interval
Lower Upper
Odds Ratio for Group (1/2) 2.250 1.090 4.643
For cohort status = 1 2.000 1.076 3.717
For cohort status = 2 .889 .795 .994
N of Valid Cases 250
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MedCalc 35 -z
Risk 4ie JUias Sl jLall e day »3 5edad Test e bl 4 Nl adiall (10
J ¥l (Olsa ety g2 exposed  group Jis 4é ) sa an e y¢dad ratio
Number SUl Jaall 520 28 1 408 3 Nunmber  positive  outcome
a3 135 a5 15 S nyaY) cpliall 85 80 A8 ) 4é iSi negative outcome

.0k
Relative risk 2.0000
95% ClI 1.0761 to 3.7171
Z statistic 2.192
Significance level P =0.0284

ALY iS5 Odds Ratio Jbias (<15 &l gladl) (udh aii QR i (a yal
dest & 135 &5 80 G AY) (pliall 3515 2520 oY) culiall Jd: SYS

Odds ratio 2.2500
95% ClI 1.0905 to 4.6426
z statistic 2.194
Significance level P =0.0282

Graphpad Prism i -

create & contingency U A )l dadiall (1
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Available analyzes
-Fli_wiung“u
IIM“

= Dldds: ratics and relsfive drk
Oirganizstion of dala Labls

) Shart vaith an emply data table
G Usesampledsls | Prospective (aspein and M) ~
_ Choose a graph |

I = o

Selected graph Inteileaved barz, verlical

saved example

Shared example

chi square _Uiaiadanalyze L) Ao Jaraial o5 olial i e LaS UL} (iS5

.0k & and Fisher exact test

Yes No
Placebo 20 80
Aspirin 15 135

additional calculations e 48 ;5% )l ;s oy yelaid
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Parameters: Cantinpency Tables

F walue calculslions

{83 Fishes's esact best

0 Chisgquane test

Diplions

P wmhaes If:_"' Dmea-laded

Aviditional caloulatenz
[C] Db vasso
[ Betative: Bisk

Sagnihicant digits

o Y ates’ conbiranty cotiached chi-squste lesh

Conhdence Intaryak | 95%

[] Daterarcs bahwesar propoitsns
[ Sensitray. speciciy and peedctive valuas

Showr (4 s | sigrafacant degpts

:;': T vo-baded

o

[ Leam | | Cancel ] [ o ]
Table Analyzed Data 1
Fisher's exact test
P value 0.0395
P value summary *
One- or two-sided Two-sided
Statistically significant? (alpha<0.05) Yes
Strength of association
Relative Risk 2.000
95% confidence interval 1.076 to 3.718
Odds ratio 2.250
95% confidence interval 1.090 to 4.643
Data analyzed Yes No Total
Placebo 20 80 100
Aspirin 15 135 150
Total 35 215 250
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A el b ilh Ala) (Je ) J ol )...ul_a os S il ) ja L; +Ja
o ) Al iy 0l Y 5] oai s laall | yanll (e il siese Any
W iy el e 438 JS JBA G ¥ (sl sl Cpall Gl ) (1 (a1 ) 1 Ly

¢ endl o Hhaill (aky
649 — 40
oY) (el o] CraY) e
Placebo
Anld 44 gy el 24 27
4nl8 4 51 ey Al 4500 4500
4 59— 50 el
O] (Sl o] O] Jalal
Placebo
Al 4 54 ual 87 51
Al 4 g1 lay Al 3638 3674
430 69 — 60 endl
O] (chlady o] Sy e
Placebo
Al 45 54 Cual 84 39
Al 4 g1 by Al 1961 2006
4,84 — 70 el
Cpo—aY) Gl ahy o] ) e
Placebo
Al 4 54 al 44 22
Al 4 g lay Al 696 718
DATA e;
INPUT  age group drug freq @@;
DATALINES;
110271114500 1002410 14500
21051211367420087 201 3638
31039311 200630084301 191
41022411718 40044 40 169

proc freq data=e;

table age*group*drug/ cmh;
weight freq;
run;
proc freq data=e;
weight freq;by age;

table age*group*drug/ cmh;
run;
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Response Profile

Age=1
Analysis of Maximum Likelihood Estimates
Parameter Stand Wald Pr > Stand Odds
Variable DF Estimate Error  Chi-Square Chi-Square Estimate Ratio
INTERCPT 1 0.1178 0.2805 0.1763 0.6746 .
DRUG 1 -0.1178 0.2813 0.1753 0.6755 -0.266988 0.889

A 49 — 40 A sana A il 4 ginae pae Il dpaa Y A sl ()

Age=2

Analysis of Maximum Likelihood Estimates

Parameter Standard Wald Pr > Stand 0dds
Variable DF Estimate Error Chi-Sq Chi-Sq Estimate Ratio
INTERCPT 1 -0.5341 0.1764 9.1713 0.0025 . .
DRUG 1 0.5439 0.1779 9.3481 0.0022 2.014987 1.723

1.7 s el (o 5 Ly yima S ¥ )bty ol (o Bl 20 e B ) 0 08
a.u.u59—05@w&JW\Cj\ﬂg\&wﬂwa\dju&mh sl 2 e 5 pe

Age=3
Analysis of Maximum Likelihood Estimates
Parameter Stand Wald Pr > Standardized  0dds
Variable DF Estimate Error Chi-Sq Chi-Sq Estimate Ratio
INTERCPT 1 -0.7673 0.1938 15.6790 0.0001 . .
DRUG 1 0.7899 0.1964 16.1853 0.0001 2.746427 2.203

Canall e o) a5 Ay gina Gl aa) ) s) sl ol Al Al 4 il gaas aa ) ol o
4 69 — 60 (e pb lae | 7 )T Al A sanall G ) gl il Ao penally 45 lae

Age=4
Estimates of the Common Relative Risk (Rowl/Row2)
Type of Study Method Value 95% Confidence Limits
Case-Control Mantel-Haenszel 2.0632 1.2238 3.4783
(0dds Ratio) Logit 2.0632 1.2238 3.4783
Cohort Mantel-Haenszel 2.0000 1.2112 3.3025
(Coll Risk) Logit 2.0000 1.2112 3.3025
Cohort Mantel-Haenszel 0.9694 0.9482 0.9910
(Col2 Risk) Logit 0.9694 0.9482 0.9910
Total Sample Size = 1480
The FREQ Procedure
Summary Statistics for group by drug
Controlling for age
Cochran-Mantel-Haenszel Statistics (Based on Table Scores)
Statistic Alternative Hypothesis DF Value Prob
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1 Nonzero Correlation 1 27.1381 <.0001
2 Row Mean Scores Differ 1 27.1381 <.0001
3 General Association 1 27.1381 <.0001

Estimates of the Common Relative Risk (Rowl/Row2)

Breslow-Day Test for
Homogeneity of the Odds Ratios

Chi-Square 7.7806
DF 3
Pr > ChiSq 0.0508

Total Sample Size = 22071

Type of Study Method Value 95% Confidence Limits
Case-Control Mantel-Haenszel 1.7423 1.4103 2.1524
(0dds Ratio) Logit 1.7343 1.4008 2.1471
Cohort Mantel-Haenszel 1.7196 1.3985 2.1145
(Coll Risk) Logit 1.7153 1.3921 2.1136
Cohort Mantel-Haenszel 0.9908 0.9874 0.9943
(Col2 Risk) Logit 0.9969 0.9942 0.9995

el Gl JR Y1 Aot s GV iy sl 1 il

BN e Lt sz\ Céﬁ)l:ﬁi*» Aaglaj\ngﬁyznﬂkg L@jlamzﬁax\ S Z.AG_A Lf,)i‘\ oanlaa Sl
;Qgii!\ S

B 5 ramy Sl pgilaal o Shadad il Ly yo 200 ibanial Ay o (A 1l
¢l sall cadalas Cud V) A sanall (e sana () A sl B ) say agy )53 a0 28 il
5 3l (e sanall dxilia 23 38 5 il o) sall e Al de panall Cuy Lagd aaall

Aol G i) ) a1 sle Al )Y aae e Aglgall Al il g il g

Treatment group Control group
Number of subjects 100 100
Number of CHD-deaths 20 30
Rate of CHD-deaths 0.2 (20%) 0.3 (30%)

oo ad Ca€ < J8 ) gile cpdl) aae () 3 Jizad) daal) e gall o) J saad) e gy
FRIBOVIAN

Relative Risk or Risk Ratio (RR) dxwwil) 3 ghill-1
0.67= %30 /%20
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< gall Jaind Jil s il gins 5 Baad el 1515l (3 mpall (o) i Al o3a
L 5 Al de ganall 258 &g Jiaind (a0 p0 0,67 ey duldll Sl il asy
e gaad) 2 d8 Jaia¥) gl 1 e it LIS RR dead o S35 ) (e 0¥
1 e S) 55y sdadll g slud md 1 (5 sbud RR <olS 130 5 4l 45 jlae )
Al &5 e (Y de sanall (85 ) ghaall 2l )
Relative Risk Reduction (RRR) dxswill 3 5 ghill (aldis) -2
OBl laie g A A pre L)l o) GBilad) Lillia
RRR=1-RR
=1-0.67=0.33 or 33%
f Y Lyl Lpba (Sae )
RRR= (difference in event rates)/control event rate
=(0.3-0.2)/ 0.3 =0.1/0.3 = 0.33 (or 33%)

b guzaal) 8 ) ghdl) (aldA) o) 5 hdl) 54 -3
Risk difference or Absolute Risk Reduction (ARR)
ARR =30% - 20% = 10% (or 0.3 - 0.2 =0.1)
5 32l 5 asaall &3l | ghalat ) (24100 JS110 ) 213V (e %10 Gla ) sl

Al il ) s (5 50 i

(The number needed to treat ) (NNT) gall a0 axd) -4

)y padd ade adiug el o ) oa jall 2o sale 58 Luliall 1360 3 puaiall
ARR =10% =10 in every 100
NNT =1 in every 100/10 = 10

5330 (im 30 10 JS e Okl (e s 3al 5 (adod (L8 JamaS ) iny 12

Alall 4 53 oy G pag¥ 5 Dl 5 5 Bl paall = Blall
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Breslow-Day 831 2 - 7

e Ay gludie A B s A O dpaa )V A () e 8 HLadY HLad¥l 1 Jasiay
dui a8 & (Homogenity) oeladll ansil jLis) ga o) C (e ddlite Ol i
.2 X2 contingency Jsla 2 daas )Y

gl glaall e dlaiu¥) e jlae dled e (g paill dpal i) 4 a3 Gl
ardl s liadl agudany 255 a8 5 Jla Jll 5 elill (e (ia jall (e Ao gana el
48 e slhaall | st Jpan p3e gl Guat J geaa agfilal) el M Placebo
Coluall 5 Jla Uy Alaia¥) 8 CaDla) llia Ja 5 aie 730l () Ja

SAS i .|

data Migraine;

input Gender $ Treatment $ Response $ Count @@;

datalines;
female Active Better 16 female Active Same 11
female Placebo Better 5 female Placebo Same 20
male Active Better 12 male Active Same 16
male Placebo Better 7 male Placebo Same 19
J
proc freq data=Migraine;

tables Gender*Treatment*Response / cmh;

weight Count;

title 'Clinical Trial for Treatment of Migraine Headaches';
run;

Summary Statistics for Treatment by Response
Controlling for Gender
Cochran-Mantel-Haenszel Statistics (Based on Table Scores)

Statistic Alternative Hypothesis DF Value Prob
FEFFFFF A FFFFFF A FF A F A A F A A A A F A FFFFFFFFFFFFFFFFFFFFFFFFS
1 Nonzero Correlation 1 8.3052 0.0040
2 Row Mean Scores Differ 1 8.3052 0.0040
3 General Association 1 8.3052 0.0040

k) o (Association) 4S yidia A8Me 2 ga g (I P=0.004 4 ginall Aadl)
cosiall ol Joaal 2y s st

Estimates of the Common Relative Risk (Rowl/Row2)
Type of Study Method Value 95% Confidence Limits
FHFFFFFFFFFFFF S S S FFFF S FFFFF S FFFFF S FFFF S FFFFFS S FFFFFFSFSFS
Case-Control Mantel-Haenszel 3.3132 1.4456 7.5934
(0dds Ratio) Logit 3.2941 1.4182 7.6515
Cohort Mantel-Haenszel 2.1636 1.2336 3.7948
(Coll Risk) Logit 2.1059 1.1951 3.7108
Cohort Mantel-Haenszel 0.6420 0.4705 0.8761
(Col2 Risk) Logit 0.6613 0.4852 0.9013
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3y shall Jlé 133 Aprospective study -z ducal 581 dul jall sda ¢ 5<1 ) L
O (i Ll il A dled) a i JAaS Gy e Jady Jsaad) 8 daia gall dpuill
Al ade Comia (oSS ga el Jleatinl iyl

Breslow-Day Test for
Homogeneity of the 0dds Ratios
FEEFFFF P A A A A A A A A A A S

Chi-Square 1.4929
DF 1
Pr > ChiSq 0.2218

Total Sample Size = 106

Jial G Y (OR) Aasa )Y 4w o) ) i Breslow-Day sl gl
sl

83 ji1a 5 ) gy slaaill s Jla M1 A Jlaadl 3l e (o il Juadia Jalati ¢ ) (S g
r U W) Jlenindy @lld 5 4 gine clS HLiaY) dags o) s b

proc freq data=Migraine;

tables Gender*Treatment*Response / cmh; by geneder;

weight Count;

title 'Clinical Trial for Treatment of Migraine Headaches';
run;

SPSS il -
Y1 syl 38 s bl Jaa) 1

Gender status score freq
female active better 16
female active same 11
female placebo better 5
female placebo same 20
male active better 12
male active same 16
male placebo better 7
male placebo same 19

a5 descriptive statistics a5 analyze & weighted a data ) (e i o
column (& score a—=is roW (2 status aaai ) s> a2 ¢k crosstabs
Cochran and Wi statistics baai o5 layer 1of 1 - gender goais

il yelaid continue & Mentel
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Tests of Homogeneity of the Odds Ratio

Chi-Squared df Asymp. Sig. (2-sided)
Breslow-Day 1.493 1 222
Tarone's 1.491 1 222
Tests of Conditional Independence
Chi-Squared df Asymp. Sig. (2-sided)
Cochran's 8.465 1 .004
Mantel-Haenszel 7.198 1 .007

Mantel-Haenszel Common Odds Ratio Estimate

Estimate

In(Estimate)

Asymp. Sig. (2-sided)

Interval

Std. Error of In(Estimate)

Lower Bound

Common Odds Ratio

Asymp. 95% Confidence

Upper Bound

Lower Bound

In(Common Odds Ratio)

Upper Bound

3.313
1.198
423
.005
1.446
7.593

.369

2.027

The Mantel-Haenszel common odds ratio estimate is asymptotically normally

distributed under the common odds ratio of 1.000 assumption. So is the natural log of

the estimate.

ROC (siade; dpaa ¥ dpud ¢ pail) 3 -7
Aslileall dpalall aie e yun o S e Jale il A Y1 A i o)
Jualad) 13 Faaline (g0 ) a3 imial) can Aol s A (e Jifianall
gyl Ziall e il s

Ladd g yerll Crws A0l e 85 L palina e dne LAAS L) Wi yid) 6f - JUa

2ol eiia 5 LS Glilud) el Lﬁ)&.ﬂ\ e AlaY!

Age Total Number disease
25 14 0
35 20 0
45 19 0
55 18 7
65 12 6
75 17 17

§ andl sy (im pall (ama ol llia Ja 5 (ia el AaW) dpmas ) 385 sl
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SAS i -
?DL}J‘EEA;:g}A LS Ggatlgﬁd\zunlaﬁ g,ﬂs&

data Datal;

input disease n age;
datalines;

14 25

20 35

19 45

18 55

12 65

17 17 75

"lovwooo

J
proc logistic data=Datal;
model disease/n=age / scale=none
clparm=wald
clodds=pl
rsquare
outroc=rocl;
units age=10;
run;
symboll i=join v=none c=blue;
proc gplot data=rocl;
title 'ROC Curve';
plot _sensit_*_1mspec_=1 / vaxis=0 to 1 by .1 cframe=ligr;
run;

Odds Ratio Estimates

Point 95% Wald
Effect Estimate Confidence Limits
age 1.229 1.131 1.337

Association of Predicted Probabilities and Observed Responses

Percent Concordant 92.6 Somers' D 0.906
Percent Discordant 2.0 Gamma 0.958
Percent Tied 5.4 Tau-a 0.384
Pairs 2100 C 0.953

O 2o Lagd yanll pafly (sla jeall J guan doma (AN 5l daa JY1 A () LBl
L Ay € Ay Jias ALY e yaall ili g s ) sl st sl
.0.953
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R2C Cunse

Sansitivity
104
09 3
08
07
06 3
05 3
04 3
031
02 3
013
00

oo o1 02 03 04 05 058 0OF 0B 08 1D

1 — Specificity

MedCalc 3% -

Dbl 3 gaall g disease gl sall it Hll Andiall 8 J oY) 3 ganll ) gie  taas
25 o851 4 i A 3 peall s 14 51555 0 Ao JY) 2 saall 8 JR03 5 age
35 Aall (U 3 panl) b K5 L 20 1S 0 Aal (i o3 anll iy (53
A (8 S Ay O el (Al lee Y1 A8 Lal 45 jeadl dpilly 138
e 54918 & sanall ()5S0 jall la ) S8 0 el Lal 7 ) S 5T Aadll 55 jendl
O AY e seaall Aually 13Sa 5 2N de ganall o) 3l

e b Logistic regression 5 Regression & statistics 3 Jaxal

s~

Logistic regression |,i|—J

Dependent wvariable: Options
OUTCOME - Method: |Enter -
Independent variables:
Enter variable if P< 0.05
AGE - <
= Remove variable if P> 0.1
SMOKIMG - | |=
- Classification table cutoff value: 0.5
-
- Categorical...
v -
Filter:
-
2 ] QK ] | Cancel
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.0k i age =3 Independent 4 disease &= dependent 4

Logistic regression

Dependent Y
Method

Sample size
Cases with Y=0
Cases with Y=1

Diseas
Enter

100
70 (70.00%)
30 (30.00%)

Overall Model Fit

Null model - 122.173
2 Log Likelihood

Full model -2 Log Likelihood 48.468
Chi-square 73.705
DF 1
Significance level P < 0.0001

Coefficients and Standard Errors
Variable Coefficient Std. Error P
age 0.2066 0.04275 0.000001354
Constant -12.5016
Odds Ratios and 95% Confidence Intervals

Variable Odds Ratio 95% ClI
age 1.2295 1.1306 to 1.3369

Classification table (cut-off value p=0.5)

Actual group Predicted group Percent correct

0 1
Y=0 64 6 91.43 %
Y=1 7 23 76.67 %
Percent of cases correctly classified 87.00 %
ROC curve analysis
Area under the ROC curve (AUC) 0.953
Standard Error 0.0277

95% Confidence Interval 0.891 to 0.985
.0.953 (5 st Finiall cand dalisall () 5 1,229 (5 sl dpman J¥) A (g) JaaDl

g1 53 G (sl aaay A0 jlae pal) (s s sy (sl 2 O a5 a8l 1l

1 S S A 53 3 ] a3 S L gy Riase b laudl (ge (5 3

Cause of death Radiation (rads)

0 1-9 10-49 50-99 100-199 | 200+
Leukemia 13 5 5 3 4 18
Other C. 378 200 151 47 31 33
Total 391 205 156 50 35 51
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gl st g g b ey Al el g Aulatad!) (s B Gy pim jal g
=3l Goodness of fit (GOF) adlaall s LAl (e Sliad LiasS il
. el Cad dalid) jass g Jasiisdl)

SAS L

DATA HIROSHIM;

INPUT DOSE DEATHS LEUK;
DATALINES;

0 391 13

5205 5

30 156 5

75 50 3

150 35 4

300 51 18

J

PROC LOGISTIC DESCENDING;

MODEL LEUK/DEATHS = dose/LACKFIT
CTABLE PPROB=(.05 to .25 by .@5)
RISKLIMITS OUTROC =ROC;

run;

PROC PLOT DATA=ROC;

TITLE 'ROC CURVE';

PLOT _SENSIT_ * _1IMSPEC_ = 'o0';
LABEL _SENSIT_ = 'Sensitivity'
_AIMSPEC_ = '1 - Specificity’;
run;

The LOGISTIC Procedure
Analysis of Maximum Likelihood Estimates

Standard Wald
Parameter DF Estimate Error Chi-Square Pr > ChiSq

Intercept 1 -3.5255 0.2071 289.8337 <.0001
DOSE 1 0.00972 0.00123 62.5678 <.0001

Odds Ratio Estimates

Point 95% Wald
Effect Estimate Confidence Limits
DOSE 1.010 1.007 1.012

Oy Ot el iy sl G 8 4 gimal) e 5 L g a1 40aS ol ey
A oe v A ¥ A dad

Al Cain g A 20 salll Ladla e Jlay Hosmer sl of a3l LS

Hosmer and Lemeshow Goodness-of-Fit Test
Chi-Square DF Pr > ChiSq

0.6777 3 0.8784
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0.712 by 288 _isial) Caad daload) pasil 4l Ll

Association of Predicted Probabilities and Observed Responses

Percent Concordant 56.3 Somers' D 0.424
Percent Discordant 13.9 Gamma 0.605
Percent Tied 29.8 Tau-a 0.043
Pairs 40320 C 0.712

Cochran-Armitage Trend Test glisa,) s g8l sla¥) Jlidl 4 - 7

Gl sive e e (Binomial Proportions) azaadl cowdll HLaayl 1 Jeatioy
dasd b giue Al Ol paiall asd (oS0 Leaie Jasd Lialia 0 6 HLAAY) 18 5 asl g el
93 il Py (Ordinal) s 5 I3 Gl e sae 4l 6K JAY) il
il i) Sy ssesae 5 yaiall Jiay Lagt (Alaiall) o dele ¢y siasdl
Jelall (i A8 olatl 3 ga g ade o it i) adall Ay 3 LAY 12a sy
il Jalall daliaall iy gisall M4 A6 35 Al Gl gl a5 Jiisal

@A) 2V 30 ) (Ao el Ll e de jallaal ) Ll e il A jo b
38155 @l e laal s 5l Placebo 480 e o) samy | shac ) 5 (oia sall (10 Ao gana
bl CulS 5 (OS) e sl (a) (el 3L 3 gm0 AtV Qi adg & yall

u§3315

SAS i |

data Pain;
input Dose Adverse $ Count @@;
datalines;
No 26 @ Yes 6
No 26 1 Yes 7
No 23 2 Yes 9
No 18 3 Yes 14
No 9 4 Yes 23
proc freq data=Pain;
weight Count;
tables Dose*Adverse / trend measures cl;
test smdcr;
exact trend / maxtime=60;
titlel 'Clinical Trial for Treatment of Pain';
run;

APWNRERO
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Clinical Trial for Treatment of Pain
The FREQ Procedure
Table of Dose by Adverse

Dose Adverse
Frequency,
Percent ,
Row Pct ,
Col Pct ,No ,Yes , Total
FFEFFFFEF FFFFFAFF FEFFFFFF
o, 26 , 6 , 32
, 16.15 , 3.73 , 19.88
, 81.25 , 18.75,
, 25.49 , 10.17 ,
FFEFFFFEF FFFFFAFF FEFFFFFF
1, 26 , 7, 33
, 16.15 , 4.35 , 20.50
, 78.79 , 21.21 ,
, 25.49 , 11.86 ,
FFEFFFFEF FFFFFAFF FEFFFFFFT
2, 23 , 9, 32
, 14.29 , 5.59 , 19.88
, 71.88 , 28.13 ,
, 22.55 , 15.25 ,
FFEFFFFEF FFFFFAFF FEFFFFFF
3, 18 , 14 , 32
, 11.18 , 8.70 , 19.88
, 56.25 , 43.75 ,
, 17.65 , 23.73 ,
FFFFFFFEf " FFFFFAFF FAFFFFFET
4 , 9, 23 , 32

, 5.59, 14.29 , 19.88
, 28.13 , 71.88 ,
, 8.82, 38.98,

FTHFHFFFFEE FEFFFFFF T FEFFFFFFT
Total 102 59 161
63.35 36.65 100.00

518.75 cuxdis de yall 3aly 30 o) alad) 5l dais o o3l ) J saadl (e Jaadls
G—Sayg Mol e 453 251508 =171.88 543.75 528.13521.21
o) S 3 ia e LaS Ly Lol
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80%
70%

60%

50%

40%

30%

20%

Proportion og adverse effect

10%

0% T

Dosage

2 3 4

Statistic

Gamma
Kendall's Tau-b
Stuart's Tau-c

Somers' D C|R
Somers' D R|C

Pearson Correlation
Spearman Correlation

Lambda Asymmetric C|R
Lambda Asymmetric R|C
Lambda Symmetric

Uncertainty Coefficient C|R
Uncertainty Coefficient R|C
Uncertainty Coefficient Symmetric

Value ASE

Clinical Trial for Treatment of Pain
The FREQ Procedure
Statistics for Table of Dose by Adverse

95%
Confidence Limits

FEEEEFFFFF S FFFFESSSFFFFFFSSSSSFFFFLSSSFFFF LSS FFFFLSSSSFFFFSSSSFFFFFSSSSF

.5313 0.0935 0.3480 0.7146
.3373 0.0642 0.2114 0.4631
.4111 0.0798 0.2547 0.5675
.2569 0.0499 0.1592 0.3547
.4427 0.0837 0.2786 0.6068
.3776 0.0714 0.2378 0.5175
.3771 0.0718 0.2363 0.5178
.2373 0.0837 0.0732 0.4014
.1250 0.0662 0.0000 0.2547
.1604 0.0621 0.0388 0.2821
.1261 0.0467 0.0346 0.2175
.0515 0.0191 0.0140 0.0890
.0731 0.0271 0.0199 0.1262

i8de APEN LSJ\ Pravay 3_4;;<9A ClS Gl g l:LqS‘)ﬁ!\ QSXALJLA Gl pass C)\J&L:;:ﬂj

8 e sl 36

Somers' D C|R
FHFFFFFEFFFFFFFFFFFFSFFSFASFFF 1S
Somers' D C|R 0.2569
ASE 0.0499
95% Lower Conf Limit 0.1592
95% Upper Conf Limit 0.3547

Test of HO: Somers' D C|R = @

ASE under Ho 0.0499
Z 5.1511
One-sided Pr > Z <.0001
Two-sided Pr > |Z]| <.0001
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ALl ey (20 (C) 2 smandl (e AS yiSiall A8l ulseS Somer dasd o) iy
iadll /695 A& 3 g0 ol it s n yo S deall Jias 53 (R) il 5 il
il o o g 26 S0 A 35 ol ol 8l ey

AlaiaY

Clinical Trial for Treatment of Pain
The FREQ Procedure
Statistics for Table of Dose by Adverse

Cochran-Armitage Trend Test
FFFFFFFFFFFFFFFFFFFFFFAFIFIFAFS
Statistic (Z) -4.7918

Asymptotic Test

One-sided Pr < Z <.0001
Two-sided Pr > |Z]| <.0001
Exact Test

One-sided Pr <= Z 7.237E-07
Two-sided Pr >= |Z| 1.324E-06

Sample Size = 161

Sl ) (mas oY) 4 las ae 2y Cochran-Armitage Trend sl of aadl
68 )l e aal g cuils e HLIAY) Lia Bagy 3l g de jall 33k ala bl
A giaall e

MedCalc i o
e Tarai a8 dma V1 A pamdlla Jd JEaY) Gl Gaaty UL A a5
frequency table and chi square 5 Categorical data 5 statistics L
2 advirse i Lad dose 438 poaiy code X el 1)) g e yelaid test

.0k & code y
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Frequency table & Chi-square test

Codes X dose
Codes Y Test
Codes X

Codes Y 0 1 2 3 4

0 26 26 22 18 9 101 (62.7%)

1 6 7 10 14 23 60 (37.3%)

32 33 32 32 32 161
(19.9%) | (20.5%) @ (19.9%) | (19.9%) @ (19.9%)

Chi-square 25.796
DF 4
Significance level P < 0.0001
Chi-square test for trend
Chi-square (trend) 22.809
DF 1
Significance level P <0.0001

Frequency chart
G dygina (B8 3say el st S mje Jlidl) o) il (ge Jaadl
de jal
() ) eda odle il Jsaa Jiul Frequency chart sle daaas

Test
B O
I -, 1
0 1 2 3 4

dose

25

20

15

10

al
T

O_
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True Prevalence & Apparent 4palally 488l dla¥) U
Prevalence
Aagaal) Ll A oY @by 4 alall s adall Llal) L CadEa) @l
Jhia) e adias Ll Ly s acinall 8 Le o yay (g sibiaall o) 30 aiall saall Jidd
Lol OV maes gl Enag o 1883 6OV LAY 138 (i pall e oSl
Gl 1A Ao il g Anuluad) Laa Legdll U 380 () 5 (3o iy LAY 5 68 daai Wail
A Aalaall (38 5 coend 4 jallall lal) (e duisall a5

true prevalence = (AP+Sp-1)/(Se+Sp-1)
4 el ALLYI =AP
4e 8l =Sp
dpslaall =Se
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Logistic Regression A sl jlaaiN) ;e Juadl)
DS el dlal iy e 8 2 Gl A Afilian) A3y Hla  Spia ll) oY) ey
Al )3 A pall 8l aaiall G 6Ss Ladie Gaday HlasiY) 138 L8 dale B ) gean g Asan)
Al Jidi s g dala ye dala ) sy Clan 5l Case 5 (o gl Eagaall Al
Eaganll damie i) el (5 6 Ladie Loyl allentins) (Say (S5 alleninn) & La5Lal)
L)) Jazivy WS (Ordinal) sl & & s i 50 ) (polychotomous)
sn aall stV Jleainly AEUEN UL Gy o) s i) el () S Lexie

b sl W) Jlesialy clilnd) Qe e 40 )lia 30 58S e 45y 5k

LOGISTIC REGRESSION MODEL

LINEAR REGRESSION MODEL

> 4

Simple Binary logistic 4aiw¥) A% buwdl Jeaslll aai) 1 -8
regression

ph Sy B SIS ) dale s aaly Jiiae dale 4 (58 @l Hlaad¥) s
(1 40) 448 < i

Al B ppa diae 8 e o)) Ciead G sl s Ay 8 rdba
LSIL Clad) paddll ol adun B JLEd) (sl Jlasill s GESY) Gy 48D
LU Lile ailily Cueat a5 BB bladiul K1 sa( Depression)
5 e oSl aa ) e deas A el )5 9 ) T o= sl 5% (DepCriteria)
Loim Gleas Ldindy (goalad 5 Ll ] L0 24l 130 4lSI Clian Ly yiag
Jsls s (adill 1 &80 (Suicide) 2sead) & 4llily el LS 0 &) 330
i) Jslag ol Al paddll 05 laiay)
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data z;

SAS i -

input Subject Suicide DepCriteria Depression;

cards;
1 1

VoOoNOUVThWN

PRPRPPRPPPOOFRPROOOOFRPROOORLO®
0WOVWOONOVOUNIATRPNMNWNNDOOWDRADN P
PRPRPPRPPPPOOOOOOOOR,RPFRPOOOO®

proc

model suicide

run;

logistic descending;

depression;

The LOGISTIC Procedure
Analysis of Maximum Likelihood Estimates
Standard Wald
Parameter DF Estimate Error Chi-Square Pr > ChiSq
Intercept 1 -0.5596 0.6268 0.7971 0.3720
Depression 1 1.2526 0.9449 1.7574 0.1850
0dds Ratio Estimates
Point 95% Wald
Effect Estimate Confidence Limits
Depression 3.500 0.549 22.300

058y DY) Jslay gl padldl) o) Sixay OR= 3.5 4ai o) i) (e ialy
a3 A8 2508 9495 I bl e (SISl Llae 58 o) i 3.5 s

OR e 4 gima o2 ny Loae A8 2 93 (520 auta gy | 80 0
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SPSS Ll -

el Gy yad aay bl JA) a3

s> me yedad binary logistic & regression & analyze L3 e Jaxa
&3 covariate Jis 4 Depression =i dependent Jisll & Suicide gl

.0k
Suicide DepCriteria] Depression
1. 4. 0.
0 2. 0
1 4. 0
0 3. 0
0 6. 1
0 8. 1
1 4. 0
0 2. 0
0 2. 0
0 3. 0
0 2. 0
1 4. 0
0 1. 0
0 6. 1
1 7. 1
1 9. 1
1 7. 1
1 8. 1
1 9. 1
1 8. 1

Omnibus Tests of Model Coefficients

Chi-square df Sig.
Step 1.848 1 174
Stepl Block 1.848 1 174
Model 1.848 1 174

Model Summary

Step -2 Log likelihood | Cox & Snell R Nagelkerke R

Square Square

1 25.878% .088 118

a. Estimation terminated at iteration number 3 because

parameter estimates changed by less than .001.
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Variables in the Equation

B S.E. Wald df Sig. Exp(B)
A Depression 1.253 .945 1.758 1 .185 3.500
Step 1
Constant -.560- .627 797 1 372 571

a. Variable(s) entered on step 1: Depression.

MedCalc 14 -

& analyze )l laiai &3 SPSS mali g (4 LS dpun )l dadiall 8 clilll o 3

Suicide Ui Hlss a o sedaid logistic regression o regression s

Independent & Depression i L Dependent variable & Lzl

.0k & variable

2

C

Logistic regression

Sample size
Cases with Y=0
Cases with Y=1

Overall Model Fit

Null model -

2 Log Likelihood

Full model -2 Log Likelihood
Chi-square

DF

Significance level

Coefficients and Standard Errors

Variable Coefficient Std. Error
Depression 1.2528 0.9449
Constant -0.5596

20
10 (50.00%)
10 (50.00%)

27.726

25.878
1.848

1

P =0.1740

0.1849

Odds Ratios and 95% Confidence Intervals

Variable Odds Ratio
Depression 3.5000

Classification table (cut-off value p=0.5)

Actual group Predicted group

0 1
Y=0 7 3
Y=1 4 6

Percent of cases correctly classified
ROC curve analysis

Area under the ROC curve (AUC)
Standard Error
95% Confidence Interval

255

95% ClI

0.5492 to 22.3045

Percent correct

70.00 %
60.00 %
65.00 %

0.650
0.125

0.408 to 0.845
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Multiple Logistic Regression aaiall Awa il jlasid) 2.8

S ycine 5l Aije ) Al Allie Jalge s2e cllia o laniVl e gl a3

SAS L Jilua (AL gl Jale o AS) -]

e (Gl SY) uinlly (a5 o) Guall Ll e g atll Al o A il
oL A 9o WS é\lﬂ\ CilS g ‘fb.ns.ﬂ\ bl dzal ya

DATA interview;
INPUT white male interview count;
DATALINES;

11

OO R R RRE
CORROOR
OCRPOROR®

43
134
26
149
29
23
22
36

)

PROC LOGISTIC DATA = interview descending;
weight count;
interview = white male/rsquare lackfit;

MODEL
RUN;

0= 5 1=_835 0= i 1=0anl 0 gl e e s | = usdall laa) e QI3
) el 3l el slac) s palipll 3 bl JAs) vie

= SAS - Output - (UntitlEd) ]

E\\e Edit Wew Tools Solutions Window Help

|

@ Resulks

@ Results

4 @ Logistic: The SAS Syskem

M-S
S HEI&GRL B R 0@
Number of Observations Used 8 [A]
Sum of Heights Read 462
Sum of Heights Used 462
Response Profile
Ordered Total Total
Value intercourse Frequency Height
1 1 4 120.00000
2 0 4 342.00000
Probability modeled is intercourse=1.
Model Convergence Status
Convergence criterion (GCOMV=1E-8) satisfied.
Model Fit Btatistics
Intercept
Intercept and
Criterion Only Covariates
AlC 531.253 497.795
5C 531.333 498.033
=2 log L 529.253 491.795
R-Square 0.9907 Max-rescaled R-Square 0.9907
v
(l 1l | [)]
&l Evplrer ) Output - (Untitled) 2] Log - (Untitled) [ 1aba
(=3 C:\Documents and Settings\K atie
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&8 Gl e 0.9907 O (A 1385 0.9907 (s skt R? 4 o)) gl e aadls
Bl s ) 53l 3 say (Grudall daa) ) aoldl il

Eile Edit View Tools Solutions ‘Window Help -8 x

v| RS- IR HEA 208
1m The SAS Systen A
@Results The LOGISTIC Procedure

Logistic: The SAS Syst
* g Logstc The 545 Spstem Testing Glabal Null Hypothesis: BETA=0

Test Chi=Square DF Pr > ChiSg
Likelihood Ratio 37.4586 2 €. 0001
Score 39.0622 2 <. 0001
Wald 35.6983 2 <. 0001

finalysis of Maximum Likelihood Estinates

Standard Wald

Parameter DF Estimate Error Chi=Square Pr > ChiSqg
Intercept 1 -0.4555 0.2221 4.2045 0.0403
white 1 -1.3135 0.2378 30.5132 <.0001
nale 1 0.6478 0.2250 §.2872 0.0040
Odds Ratio Estimates
Point 95% Hald

Effect Estimate Confidence Limits

white 0.263 0.168 0.429

nale 1.911 1.230 2.971

Association of Predicted Probabilities and Dbserved Responses

Percent Concordant 37.5 Somers’ D 0.000 :v
i [ )'

<]
& Resuls &l Elorr Output - (Untitled) ) Log - {Untitled) ‘ [ labs

EIC\Documents and Settingsiatie
e P=0.004 5 P=0.0001 ) Lsire LaadS S Guially oall Ll o oy
(A5

log(odds) = By + Bi(white) + Bo(male)
log(odds) = -0.4555 — 1.3135(white) + 0.6478(male)
Z5M A JEe (0.269 — 1) %73.1 J8 oa ALl das ) o sl
Y e 58SV 3 50 1,91 & sSA sl Allaal) dpas
CLYly z 3l S G canlall daal pall a3l o) 250 L) L jd ),
:oandl
Log(odds)black males = By + B1(0) + Bo(1)
Log(odds)white females = Bo + B1(1) + B2(0)
Log(OR) = Bo + B2 —[Bo + Bu] = B2—P1
Log(OR) = 0.6478 — (-1.3135) = 1.9613
OR =exp(1.9613) =7.11
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wanll SV a0 3e 7,11 ST candall daad sl g3 50 S dpas

= SAS - [Output - (Untitled)T]

B Fle Edt View Took Solutions Window Help 5| X
| dln=alsa DEE %0
[Resuts 2 The 5A5 System [
@Resu\ts The LOGISTIC Procedure
* @Lug\stlc: The 545 System Hosmer and Leneshow Goodness-of-Fit Test
Chi=Square DF Pr » ChiSq
2.8388 2 0.2419
~
g | B
&P Resuts JW]’ [ Output - (Untitled) ] Log - [Untitled) | [ 1ab8
I C:\Documents and Settingsikatie

(H-L GOF )il (e oy 8 adiad iyl

sy LY a5 Hosmer and Lemeshow Goodness of Fit test ol

H,: the model is a good fit, vs.
H.: the model is NOT a good fit
O dld O aaall dpm b by B Jii O

A il

d.aiaua.ﬁjhﬁa‘ﬁ\ Jaa ¢l yal aie

i Jii 51 0.2419 55kt P A o Ty s L g Lilily oy 23 gl

Ll

SAS ;gUﬁ(stiﬂ‘KJUL‘;QQ£LA§JAM‘ﬁJAJy‘,&A
dalal il e gl Qe clile aadas o) J i

zon ga LS 5 i) ) il dalall 50 gealisall el & Jalail) Jlas) sy

DATA interview;

INPUT white male interview count;
DATALINES;
11143
110
10126
100
011
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(]
(]
(4]

[ IR
oOr o
w NN
aN W

)

PROC LOGISTIC DATA = interview descending;

weight count;

MODEL interview = white male white*male/rsquare lackfit;

le Edt Yiew Tools Solutions indow Help

|M dosEl8nl e DB 0D
Number of Observations Used 8 'ﬂ

Sum of Weights Read 462
@Resu\ts Sum of Heights Used 462
{5 Lonistic: The SAS System

Response Profile

Ordered Total Total
Value intercourse Frequency Height
1 1 4 120.00000

2 0 4 342.00000 =

Probability modeled is intercourse=1.

Model Convergence Status

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

Model Fit Statistics

Intercept
Intercept
Criterion Only Covariates
AlC 931.253 499.736
sC 531.333 500.054
=2 Log L 529.253 491.736

R-8quare 0.9308 Max-rescaled R-Square 0.9308

al M 1 [2
& Recls B Output - (Untitled) ] Loz - (Untitled) ||ﬂlah8* |

|53 C1\Documents and SettingsKatie [
G JsY) dilail) 4 R dad e OUB o) a5 0.9908 =R” 4ad o) sl
Caay o aaall Z35all 5005 4 1,0 aaly o Jalall o ey 1385 JAl
Lcalilad)

SAS=[Output
E\\e Edit Yiew Tools Soltions Window Help

| I e dgRl:Boo HBEY 208
Re The SAS System P
@ Results The LOGISTIC Procedure

[+ Logistic: The SA5 st
g Logetcs The i Sysen Testing Global Null Hypothesis: BETA=0

Test Chi-Square DF Pr > ChiSq
Likelihood Ratio 37.5170 3 <.0001
Score 39.8297 3 <.0001
Wald 35.8636 3 <.0001

fAnalysis of Maximum Likel ihood Estimates

Standard Wald
Parameter DF Estimate Error Chi-Square Pr > ChiSqg
Intercept 1 -0.4925 0.2706 3.3118 0.0688
white 1 -1.2534 0.3441 13.2674 0.0003
male 1 0.7243 0.3888 3.4696 0.0625
white*nale 1 =0.1151 0.4765 0.0583 0.8092

fAssociation of Predicted Probabilities and Observed Responses

Percent Concordant 37.5 Somers' D 0.000
Percent Discordant 7.5 Gamma 0,000
Percent Tied 25.0 Tau-a 0.000
Pairs 16 c 0.500
Partition for the Hosmer and Lemeshow Test M
<] I e

& Reuls BA Output - (Untitled) ] Log - (untitled) B labe

I3 C:\Dacuments and SettingsiKatie ‘

k
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Sosral e ould Al (P=0.8092 ) ssime e Jalll ) il e gty
Ol Lsina oS Jalail) il o a8l 1y ozl )l Zasall A Jaladl ela)

f YIS ()5S el

log(odds) = By + Bi(white) + Bo(male) + Bs(white*male)
log(odds)=-0.4925-1.2534(white)+0.7243(male)-

0.1151(white*male)

7% SAS - [Output™= (UntitEd) ]

E\\e Edt View Tools Soltions Window Help g X
v JDsdén DRw s0¢@
|E A
Partition for the Hosmer and Lemeshow Test [ ]
i Results
Logistic: The 545 Swst intercourse = | intercourse = 0
* Eﬁ ok e v Group Total Observed Expected Observed Expected
1 2 1 0.30 1 1.70
2 2 1 0.49 1 1.51
3 2 1 0.76 1 1.24
4 2 1 1.12 1 0.88
Hosmer and Lemeshow Goodness-of-Fit Test
Chi=-Square DF Pr > ChiSg
2.8219 2 0.2439
v
(I li | [)]
& Resuls @ Bl [ Output - (Untitled)  [E] Log - {Untitled) [ labia *
IS C:\Documents and Settings!fatie

0.2439 » H-L GOF _lial & P 4ad o) (M Ahas¥) Jdadll il jds
S Lagh 1y Al e magaill 8 Leied ae Al lan BHnS Cuad g

) Caa gl las canlia g8 J ¥z salll Gl JY Y

o il 4y sina pae Alla oy Jalal) il L) das g oy HA) Slagl Jleaiad (S

DATA intercourse;

15 e il 250 5 olasind o

INPUT white male intercourse count;

DATALINES;
11143
110 134
10126
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10 0 149
01129
010 23
00122
0 0 0 36

B

PROC LOGISTIC DATA = intercourse descending;
weight count;

MODEL intercourse =

white male white*male/selection = forward

lackfit;
RUN;

SAS = [Output = (Untitled)T]

le Edit View Tools Soltions Window Help
| IR oY
P ———————————— Response Profile N
@ Results
= g Log The Sk Systen MUl intercourse  Frequaney Hetont
1 1 4 120.00000
2 L] 4 342.00000
Probability modeled is intercourse=1.
Forward Selection Procedure
Step 0. Intercept entered:
Model Convergence Status
Convergence criterion (GCONV=1E-8) satisfied.
-2 Log L = 529.253
Residual Chi=Square Test
Chi-Square DF Pr > ChiSq
39.8297 3 <.0001
Step 1. Effect white entered:
v
<] . | m
& Resilts [ Output - (Untitled) ] Log - (Untitled) [ labs ~
- mments and Settings|K atie él

SAS - [0utput™ (Untitled)T l
File Edit Yew Tools Solutions ‘Window Help L

[ 0s@ &R s Be- DRUXOS

Model Convergence Status

L]
@ Results

{Tﬁ Logistic: The SAS System

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

Model Fit Statistics

Intercept

Intercept and

Criterion Only Covar iates

fAlc 531.253 504.277
SC 531.333 504.436 A
=2 Log L 529.253 500.277 3

Testing Global Null Hypothesis: BETA=0

Chi=Square DF
8.4806 2

Step 2. Effect male entered:

Test Chi=Sguare DF Pr > ChiSg
Likelihood Ratio 28.9766 ¥ 1 <.0001
Score a.2167 1 <. 0001
Hald 29,3462 1 <.0001

Residual Chi-8quare Test

Pr > ChiSq
0.0144

<] il m
5 Resulls ) Output - (Untitled) ] Log - (Untitied) 1 tabe *
(=3 C\Documents and Settings\atie | él
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File Edt Wew Tooks Solutions Window Help
| ] DR &nli e DRBAILOS
Re The 5AS System ~

@ Restlts

{Tﬁ Lagistic: The 545 System

The LOGISTIC Procedure

Testing Global Null Hypothesis: BETA=0

Test Chi=Square DF Pr » ChiSq
Likelihood Ratio 37.4586 2 <.0001
Score 39,0622 2 <.0001
Hald 35.6983 2 <.0001
Residual Chi-Square Test
Chi=-Square DF Pr > ChiSq
0.0583 1 0.8092

NOTE: Mo (additional) effects met the 0.05 significance level for entry into the model.

Sunmary of Forward Selection

Effect Hunber Score
Step Entered DF In Chi=Square Pr » ChiSq
1 vhite 1 1 31.2167 <.0001
2 nale 1 2 8.4164 0.0037

finalysis of Maxinum Likelihood Estimates

Standard Uald v
4] Im ] &I
& Resils B Output - (Untitled) ] Log - [Untitled) B labs *
IS \Documents and SettingstKatie | @

File Edit Wew Tools Solubions Window Help
| <] JDsE 8R tBEo|[HBAILOS
= 4]
EResulls Sunmary of Forward Selection
Qﬁ Logistic: The 543 System Effect Humber Score
Step Entered DF In Chi=Sguare Pr > Chibg
1 vhite 1 1 31.2167 <.0001
2 male 1 2 8.4164 0.0037
Analysis of Maxinum Likelihood Estimates
Standard Hald
Parameter DF Estinate Error Chi-Square Pr > ChiSq
Intercept 1 =0.4555 0.2221 4.2045 0.0403
vhite 1 -1.3135 0.2378 30.5132 €.0001
nale 1 0.6478 0.2250 8.2872 0.0040
Odds Ratio Estimates
Point 95% Hald
Effect Estimate Confidence Limits
vhite 0.269 0.169 0.429 I
nale 1.911 1.230 2.971
vl
Al m ] &
5 Resuls B Output - (Untitled) ] Log - (Untitled) [ bz *
(=) C:\Documents and Settings\Katie | /4
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%645 - [Output - (Untitled) | i
file Edit Wew Tools Solutions Window Help -8 x
v | ZD=d &R DEw+08

|-% The SAS System [A]
@Resu\ts The LOGISTIC Procedure

+ Logistic: The 545 System
% d ¥ fissociation of Predicted Probabilities and Observed Responses

Percent Concordant 37.5 Somers® D 0.000
Percent Discordant 37.5 Ganma 0.000
Percent Tied 25.0 Tau-a 0.000
Pairs 16 c 0.500

Partition for the Hosmer and Lemeshow Test

intercourse = 1 intercourse = 0
Group Total Observed Expected Observed Expected
1 2 1 0.29 1 1.71
2 2 1 0.49 1 1.51
3 2 1 0.78 1 1.22
4 2 1 1.10 1 0.90

Hosmer and Lemeshow Goodness-of-Fit Test
Chi=-Square DF Pr > ChiSg
2.8388 2 0.2419

I | [ )]

3|
& Reauits 8 Expiorer Output - (Untitled) ] Log - (Untitled) [ labs =

(=) C:\Documents and Settingsikatie

SPSS 3 (e A Jals (e JiSI g
il Cay jat day Skl Jia) 5

x1 X2 Y weight
1. 1. 1. 43.
1. 1. 0. 134.
1. 0. 1. 26.
1. 0. 0. 149.
0. 1. 1. 29.
0. 1. 0. 23.
0. 0. 1. 22.
0. 0. 0. 36.

s me sedad weight cases Jbiss & data Ll e akcai algall Jay 15 (e
Aol dsaall N aas 0k &5 weight cases by Jis 3 weight ssiall aca
QY el s 1 edad binary logistic 5 regression & analyze s s

.0k & covariate Jis 8 x2 5 x1 =35 dependent Jisll
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GSS2000R. SAV [DataSet1] - SPSS Data Editor HEIE
Fle Edit view Data Transform Graphs  Utlities  Add-ons  windew Help
= By @ % | B m Reports
. Descriptive Statistics  »
1 caseid Tables N
caseid | wrkstal Compare Means v If | wrkgowt | prestg80 |  marital | divorce | widowed | spwrks .
1[20000008 General Linear Model  » 2 51 1 2 2 1
2|z0000072 Mixed Models 2 1 74 1 2 2
3|20000020 Correlats ' 1 1 2 o
4| 20000028 ped g”eaf et 40 3 1
5|20000032 ety o| SrveEmAnen- 56 1 2 2
620000034 Data Reduction , m 55 5
7|20000042 cede L Mulnomial Logiste..” 26 3 7
8|20000080 Monparametric Tests > Ord_al”' 29 5
5|20000070 Time Series y  Frobit 35 5
10|20000072 Survival >l Norinear 36 2 1
1120000078 Multiple Response | weight Estimation... 64 1 2 5
12|20000097 1 40 ZStage Least Squares... 35 1 2 B
13(20000117 1 49 Optimal Scaling... 51 3 2
14120000128 1 40 2 2 33 3 2
15|20000138 s 2 2 23 3 2
16|120000145 5 2 2 22 2 1
17|20000746 1 46 z 7 58 5
18|200007158 1 42 2 7 40 5
19120000158 1 40 1 2 51 1 2 2
20(20000171 1 45 2 2 38 s
21(20000173 1 40 9 2 53 1 2 2
22|20000174 8 z 7 51 1 2 z
23|20000175 1 40 2 7 66 1 2 2
24120000178 S 2 2 T4 1 2 2
25(20000179 1 40 1 2 38 1 2 2
< | » \Data View { Variable View [ T A - ‘ : . aall
&
elala| @ ol =] al £l BIEE %@
1: caseid 20000009
caseid | wrkstat | hrs1 | wrkslf | wrkgovt | prestg80 | marital | divorce | widowed | spwrks .
1[20000008 1 50 2 2 51 1 2 2 —
220000012 il A0 - il Ri kil - 2
3|z0000020 Legistic Regression 2 o
420000028 1
& ahdefect a Dependent
5[20000082 # sbnomara m r ] 2
620000034 ﬁﬁghm
abpoor Black 1 0f1
720000043 & atrape e 2
3|20000060 & absingla _Previsus | e |
9[20000070 & ehidi Covariates w
[ chididel
10/20000072 Fsmovie \Il Helo
11|20000079 gfgs‘"&‘;‘”g 2
12|20000067 & suicidel _ 2
1320000117 ﬁi‘”‘”jei Vet 2
suicide Ent -
4] 200007126 o et 2
15|20000138 & polhitol Selection Variakle: 2
1620000145 & polsbuse - ]
17(20000146
18| 20000156 ‘ Save.. | Options... |
19(20000159 2
2020000171 1 45 2 2 36 5
21120000173 1 40 9 2 53 1 2 2
22)20000174 8 . 2 2 51 1 2 2
23|20000175 1 40 2 2 66 1 2 2
24120000178 5 . 2 2 74 1 2 2
25120000179 1 40 1 2 36 1 2 2
I -
< | » [\Data view [ Variable View f 1 nall
Variables in the Equation
B S.E. Wald df Sig. Exp(B)
x1 -1.313- .238 30.513 1 .000 .269
a
Step 1 X2 .648 .225 8.287 1 .004 1.911
Constant -.455- .222 4.205 1 .040 .634

a.

Variable(s) entered on step 1: x1, x2.
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4 538 lipiall Jlaatiedy e sl lasiy) 3-8

Logistic Modeling with Categorical Predictors

<l Alisall Jol sadl () 5S5 Latie Lyl 4dpdal oSy St sl jlasa¥) oy U S0
olad

Osibay Gl LS (e orim pe e il cladlall il e (goaill Al 0 Al
48Ul 5 Placebo culae) (Jd3¥) e gana MW &y jaill Ciecal | dguac oY) (10
(Aandl) (prmsall oo Lag) clilyll Chiasiy B e &y A e Cuylel
Gsllaall 60 (i all dae iy g el A1 J (el Al (e pgililas B g agunia g
sl Al AV e Jal sl elli il A 5o

g5 La cpllally Two-way logit with interaction model Jueaiv) i
Gl uiaS yeall 5 (duration) sUleal) 3aa 48l e Lot Jalaill 5 sl O\l

.(Covariates) 4&l

Data Neuralgia;
input Treatment $ Sex $ Age Duration Pain $ @@;

datalines;

PF681 No BM74 16 No P F 67 30 No
P M66 26 Yes B F 67 28 No B F 77 16 No
AF 71 12 No BF 7250 No BF 76 9 Yes
AM71 17 Yes A F 63 27 No A F 69 18 Yes
BF 66 12 No AMG62 42 No P F 64 1 Yes
AF 64 17 No PM744 No AF 72 25 No
PM701 Yes BM66 19 No B M 59 29 No
AF 64 30 No AM70 28 No AMG6E9 1 NO
BF781 No PM831 Yes BF 69 42 No
BM75 30 Yes PM 77 29 Yes P F 79 20 Yes
AM70 12 No AF 69 12 No B F 65 14 No
BM701 No BMG67 23 No A M 76 25 Yes
PM78 12 Yes BM 77 1 Yes B F 69 24 No
PM®66 4 Yes P F 65 29 No P M 60 26 Yes
AM78 15 Yes B M 75 21 Yes A F 67 11 No
PF 72 27 No P F 70 13 Yes AM 75 6 Yes
BF657 No P F 68 27 Yes P M 68 11 Yes
P M67 17 Yes B M 70 22 No A M 65 15 No
PF671 Yes AMG67 106 No P F 72 11 Yes
AF 741 No BMB80 21 Yes AF 69 3 No

)

proc logistic data=Neuralgia;

class Treatment Sex;

model Pain= Treatment Sex Treatment*Sex Age Duration / expb;
run;
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| Type 3 Analysis of Effects

Wald
Effect DF Chi-Square Pr > ChiSq
Treatment 2 11.9886 0.0025
Sex 1 5.3104 0.0212
Treatment*Sex 2 0.1412 0.9318
Age 1 7.2744 0.0070
Duration 1 0.0247 0.8752
Analysis of Maximum Likelihood Estimates
Standard Wald
Parameter DF Estimate Error Chi-Square Pr > ChiSq Exp(Est)
Intercept 1 19.2236 7.1315 7.2661 0.0070 2.232E8
Treatment A1l 0.8483 0.5502 2.3773 0.1231 2.336
Treatment B 1 1.4949 0.6622 5.0956 0.0240 4.459
Sex F 1 0.9173 0.3981 5.3104 0.0212 2.503
Treatment*Sex A F 1 -0.2010 0.5568 0.1304 0.7180 0.818
Treatment*Sex B F 1 0.0487 0.5563 0.0077 0.9302 1.050
Age 1 -0.2688 0.0996 7.2744 0.0070 0.764
Duration 1 0.00523 0.0333 0.0247 0.8752 1.005
The SAS System 18:58 Thursday, August 25, 2
The LOGISTIC Procedure
Odds Ratio Estimates
Point 95% Wald
Effect Estimate Confidence Limits
Age 0.764 0.629 0.929
Duration 1.005 0.942 1.073

) Ladliy &Y sae Gl Jaluill & gins pae plal) Jalas W (g Ll
s 13 EZS‘}AJJ‘ QSé Jalatll Jiaa) e Alalaall 5 (pialdl el ?j doaa )Y A
A el W) Jlariiady Jlacll 34855 83 gla s Jadaill il a8
proc logistic data=Neuralgia;
class Treatment Sex;

model Pain= Treatment Sex Age Duration / expb;
run;

12 45 cang 13 s siee e duration Ll o) asiu oDle) el sV Jlexial die
2l e Juantd Jdadll 53 slas 5 Jalall

sastaa s Jale A3 050 A el g Jlaatinly 3838 o Sy ol i) (52 Jlaill o)
N ) Al 5 4 gima ) Jal gl A1 5L gealial o s a5 sl

proc logistic data=Neuralgia;

class Treatment Sex;

model Pain=Treatment|Sex@2 Age Duration/selection=forward
rule=single

expb;

run;
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Type 3 Analysis of Effects
Wald
Effect DF Chi-Square Pr > ChiSq
Treatment 2 12.6928 0.0018
Sex 1 5.3013 0.0213
Age 1 7.6314 0.0057
The SAS System 18:58 Thursday, August 25, 2014
The LOGISTIC Procedure
Analysis of Maximum Likelihood Estimates
Standard Wald
Parameter DF Estimate Error Chi-Square Pr > ChiSq Exp(Est)
Intercept 1 19.0804 6.7882 7.9007 0.0049 1.9343E8
Treatment A 1 0.8772 0.5274 2.7662 0.0963 2.404
Treatment B 1 1.4246 0.6036 5.5711 0.0183 4.156
Sex F 1 0.9118 0.3960 5.3013 0.0213 2.489
Age 1 -0.2650 0.0959 7.6314 0.0057 0.767
Odds Ratio Estimates
Point 95% Wald
Effect Estimate Confidence Limits
Treatment A vs P 24.022 3.295 175.121
Treatment B vs P 41.528 4.500 383.262
Sex Fvs M 6.194 1.312 29.248
Age 0.767 0.636 0.926

data genmod;

i) e S slll jlaaiy) 4 -8
A 058 e ) il sty o il (A St sl laas) Jleatinl oSy

input Group Gender Continue N;

cards;
18 34

P NEFEPNEPEPNMNEDN
=
=
IS
N

19 43
2 15 20

VU R DN WWNNRR

Proc logistic; Class Group Gender;
Model Continue/N

run;

Group Gender;
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Type 3 Analysis of Effects

Wald
Effect DF Chi-Square Pr > ChiSq
Group 4 9.8216 0.0435
Gender 1 26.9031 <.0001

Analysis of Maximum Likelihood Estimates

Standard Wald
Parameter DF Estimate Error Chi-Square Pr > ChiSq
Intercept 1 -0.2369 0.1243 3.6339 0.0566
Group 1 1 -0.1301 0.2452 0.2815 0.5957
Group 2 1 -0.5028 0.2522 3.9754 0.0462
Group 3 1 -0.1381 0.2450 0.3177 0.5730
Group 4 1 0.1054 0.2414 0.1906 0.6624
Gender 1 1 -0.6582 0.1269 26.9031 <.0001

Predicting Accidents Using Logistic Regression
15:32 Thursday, August 24, 2014

The LOGISTIC Procedure

0dds Ratio Estimates

Point 95% Wald
Effect Estimate Confidence Limits
Group 1 vs 5 0.451 0.212 0.959
Group 2 vs 5 0.311 0.144 0.670
Group 3 vs 5 0.448 0.212 0.946
Group 4 vs 5 0.571 0.273 1.195
Gender 1 vs 2 0.268 0.163 0.441

Stepwise logistic regression sl Fwa sl Jlaaiy) 5 -8

el 188y Ll daeBlay @lldy Lo Caaa g 85 dlldialy 5ouill aadiiy 35l o
OSar s (Predictors ) sl sia i ysie sae s sl Hasi¥) padiy s
Ay gl Al oS5 0

Oen Al g Lee, (1974) Saldl (2 (aldd¥) (e de ganal clily (e
remiss Gtadl jey g sasagae o) Glayuall 2 sa 5 letara ey Gunliall any
Boshd Jalge du e il Jaidi LS 0 a8l 2ahsasa g ate 5 1 @80 23k

SAS 3du -

data Remission;
input remiss cell smear infil 1li blast temp;
cards;

o o : 1.9 1.100 0.996
1. 0.99 0.36 0.32 1.4 0.740 0.992
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OFRPRFRPORFRPROORFROOORFROOOOOPOOOFRrRORLROO®

PRPFRPOROFRPRRFRPROFROFRPRRFRPLROOOOOROORORO®

.80
.00
.90
.00
.95
.95
.00
.95
.85
.70
.80
.20
.00
.00
.65
.00
.50
.00
.00
.90
.00
.95
.00
.00
.00

[OEORRIENO R R RIC BB R RO BB RO RO BRI RO IO RO RO RE O BN W)

.88
.87
.75
.65
.97
.87
.45
.36
.39
.76
.46
.39
.90
.84
.42
.75
.44
.63
.33
.93
.58
.32
.60
.69
.73

[OEOREIEO RO R R BB R RO BB RO RO BRI RO IO BRI OB O BB W)

.70
.87
.68
.65
.92
.83
.45
.34
.33
.53
.37
.08
.90
.84
.27
.75
.22
.63
.33
.84
.58
.30
.60
.69
.73

OCO0OFrRrFRPFRPOOFRPROFRPROFRPRPFRPROOFROOORPFRPORLROO®
NOUNOOCTOCOOPLPRPOOUVIORLROOANNUIOOOOO WNO®
O OO O0OOFROFRPROFRONPFPOOOOCOOR,RRPROORO®

.176
.053
.519
.519
.230
.354
.322
.000
.279
.146
.380
.114
.037
.064
.114
.322
.114
.072
.176
.591
.531
.886
.964
.398
.398

.982
.986
.980
.982
.992
.020
.999
.038
.988
.982
.006
.990
.990
.020
.014
.004
.990
.986
.010
.020
.002
.988
.990
.986
.986

OCO0OCOCOCFRrRRPRROOFRRFRPRPRPOOFROORORFROOOOO

proc logistic data=Remission descending outest=betas covout;
model remiss=cell smear infil 1i blast temp
/ selection=stepwise
slentry=0.3
slstay=0.35
details
lackfit;
output out=pred p=phat lower=1lcl upper=ucl
predprobs=(individual crossvalidate);

run;

proc print data=betas;

title2 ’Parameter Estimates and Covariance Matrix’;

run;

proc print data=pred;
title2 ’Predicted Probabilities and 95% Confidence Limits’;

run;

Parameter

Intercept

cell
1i
temp

The SAS System

10:57 Thursday, August 26, 2014

’Predicted Probabilities and 95% Confidence Limits’

DF

R R R R

The LOGISTIC Procedure

Analysis of Maximum Likelihood Estimates

Estimate

67.6339
9.6521
3.8671

-82.0737

Standard
Error Chi-Square
56.8875 1.4135
7.7511 1.5507
1.7783 4.7290
61.7124 1.7687

Wald
Pr > ChiSq

0.2345
0.2130
0.0297
0.1835
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0Odds Ratio Estimates
Point 95% Wald
Effect Estimate Confidence Limits
cell >999.999 0.004 >999.999
1i 47.804 1.465 >999.999
temp <0.001 <0.001 >999.999

MedCalc L& -
Aansi ) Adeall L) ) Jal o

Remiss Cell Smear Infil li blast temp
1. 0.80 0.83 0.66 1.9 1.100 0.996
1. 0.90 0.36 0.32 14 0.740 0.992
0. 0.80 0.88 0.70 0.8 0.176 0.982
0. 1.00 0.87 0.87 0.7 1.053 0.986
1. 0.90 0.75 0.68 1.3 0.519 0.980
0. 1.00 0.65 0.65 0.6 0.519 0.982
1. 0.95 0.97 0.92 1.0 1.230 0.992
0. 0.95 0.87 0.83 1.9 1.354 1.020
0. 1.00 0.45 0.45 0.8 0.322 0.999
0. 0.95 0.36 0.34 0.5 0.000 1.038
0. 0.85 0.39 0.33 0.7 0.279 0.988
0. 0.70 0.76 0.53 1.2 0.146 0.982
0. 0.80 0.46 0.37 0.4 0.380 1.006
0. 0.20 0.39 0.08 0.8 0.114 0.990
0. 1.00 0.90 0.90 1.1 1.037 0.990
1. 1.00 0.84 0.84 1.9 2.064 1.020
0. 0.65 0.42 0.27 0.5 0.114 1.014
0. 1.00 0.75 0.75 1.0 1.322 1.004
0. 0.50 0.44 0.22 0.6 0.114 0.990
1. 1.00 0.63 0.63 1.1 1.072 0.986
0. 1.00 0.33 0.33 0.4 0.176 1.010
0. 0.90 0.93 0.84 0.6 1.591 1.020
1. 1.00 0.58 0.58 1.0 0.531 1.002
0. 0.95 0.32 0.30 1.6 0.886 0.988
1. 1.00 0.60 0.60 1.7 0.964 0.990
1. 1.00 0.69 0.69 0.9 0.398 0.986
0. 1.00 0.73 0.73 0.7 0.398 0.986

Ul me ek Jogistic regression & regression & statistics il haas
4@ =i oindependent Jis 45 dependent Jis 2 remiss sl
0.30 x=i enter variable 45 stepwise Jtss method Jis (.l il

.0k &5 remove variable Jis 2 0.35 pai Laid

270




o el (gl 3,2 Al paddal ¢ Lad) g slaall

Coefficients and Standard Errors

Variable Coefficient Std. Error P
cell 10.5361 8.1261 0.1948
li 4.0597 1.9373 0.03613
temp -90.4032 68.8068 0.1889
Constant 74.8901
Variables not included in the model
blast
infil
smear
Odds Ratios and 95% Confidence Intervals
Variable Odds Ratio 95% CI
cell 37648.5994 0.0046 to 311E+009
li 57.9560 1.3002 to 2583.3852
temp 0.0000 0.0000 to 20.3E+018
Classification table (cut-off value p=0.5)
Actual group Predicted group Percent correct
0 1
Y=0 15 3 83.33%
Y=1 3 6 66.67 %
Percent of cases correctly classified 77.78 %
ROC curve analysis
Area under the ROC curve (AUC) 0.895
Standard Error 0.0753
95% Confidence Interval 0.716 t0 0.978

Multinomial Logistic Regression 3saal) ssalia  fuasll) jlaai¥) 6-8
Al i) (S e Caliag a3l W) S sl laaiDU ek dlvial s
1O 5 () el Sy (e e ST 281

Ordinal Logistic Regression (sl (fwa sll) jlaaiN) 1- 6-7

Lol A Jie a5 @l L) dalil) ol jutall ) 66 Ladie jlansV) 138 Jasios
(ieale 5 IS 5 dpalae 1) Al all (s i o) (Poor/Fair/Good/Excellent)
() 5 Sh ol cled dalse de gana Ll e (goadll Ay B il
3 Agalae ) adlsill (5 a5 (o) ) 75 5ie) A 5Ol Al 5 (Dase pia) seall
(Dlhess s iy ha (i ) dasall Al Je(lle Glul ol 408
¢l gall Al duaa) 1aa3 o gllaall
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BMQ\)@}MJAﬁQJM‘)A@M\Q\)MM’M\Q\M\u\bu
i sl laasyl s i) Jidat) 43 jla Judad) (8 (5 pa el 2l psiall O

gl
SAS i -
data CHIS;
input gender$ age marital$ educ$ health$ ;
datalines;

46 yes 1
62 yes
52 yes
50 no
44 no
68 no
50 no
93 no
60 yes
88 no
58 yes
62 yes
64 yes
49 yes
71 yes
32 no
88 no
36 yes
85 no
38 no
49 yes
43 no
61 yes
47 yes
36 yes
44 yes
41 no
55 yes
37 no
58 yes
40 yes
97 no

T M EEEEETNTEZEETEETZTTTT T T n===
NNNWRNRPPRPRWNRPWWWWNWWNWNNWNRWNWERENER
P WANMNWWAWNWWANWPAMNRPRPRWDNWWWPANWPARNNENPARPRW

J

proc format;

value $maritalfmt 'yes'='married' 'no'='not married';

value $educfmt '1'="'<HS' '2'='HSgrad' '3'='HS+';

value $healthfmt '1'='poor' '2'='fair' '3'='good' '4'='excellent';
run;

proc logistic;

class gender (ref='M') marital (ref='yes') educ (ref='3"')/param=ref;
model health=gender age marital educ/link=clogit rsq;

run;
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The SAS System
06:55 Thursday, September 18, 2014

R-Square 0.5988 Max-rescaled R-Square 0.6466
The LOGISTIC Procedure

Analysis of Maximum Likelihood Estimates

Standard Wald
Parameter DF Estimate Error Chi-Square Pr > ChiSq
Intercept 1 1 -8.3785 2.2137 14.3258 0.0002
Intercept 2 1 -6.6506 1.9151 12.0597 0.0005
Intercept 3 1 -2.9271 1.5069 3.7731 0.0521
gender F 1 1.8504 0.8187 5.1082 0.0238
age 1 0.0251 0.0234 1.1540 0.2827
marital no 1 4.1511 1.2304 11.3819 0.0007
educ 1 1 2.2937 1.0633 4.6532 0.0310
educ 2 1 0.9264 0.9206 1.0125 0.3143
Odds Ratio Estimates
Point 95% Wald
Effect Estimate Confidence Limits
gender F vs M 6.363 1.279 31.662
age 1.025 0.980 1.074
marital no vs yes 63.501 5.694 708.125
educ 1vs 3 9.912 1.233 79.660
educ 2 vs 3 2.525 0.416 15.343

Association of Predicted Probabilities and Observed Responses

Percent Concordant 90.6 Somers' D 0.815
Percent Discordant 9.1 Gamma 0.817
Percent Tied 0.3 Tau-a 0.595
Pairs 362 C 0.907

e e Ll b aglaill (5 giue s dpa g ) Al y Guinll Gl 2l e iy
Lisine e yeall il S Lad dacal) A
R2 a8 g i Y @l 5 Luulia (S UL Caa g 8 Jerdianall 23 saill

logit P(poor health) = In - (Poor health)
P( fair, good, or excellent health)

=—-8.3785+1.8504 female +0.0251age + 4.1511 not married
+2.2937"' < HS' +0.9264'HSgrad'.

logit P(poor or fair health) = In — P(poor or fair health)
P(good, or excellent health)

= —6.6505+1.8504 female +0.0251age + 4.1511 not married
+2.2937' < HS'+0.9264'HSgrad’.
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P(poor, fair, or good health)

logit P(poor, fair, or good health) = In .
gt P(p : ) P(excellent health)

=—-2.9271+1.8504 female +0.0251age + 4.1511 not married

+2.2937"' < HS'+0.9264'HSgrad’.

@) OsSAL L ae s e 6.366 A LY A dApaidl daall D) L i o
Ll Al Zana ol go 25 D peally 3305 IS Gl eall iy Wl %636.6
(al sad) A dally 1388 5.942.5 (51 0.025 )aiay Apiial
P(poor health), P(poor il il dueseail) Zollaia¥) e dddas ol o2a
or fair health) and P(poor, fair, or good health).

SPSS 3% —a
LS5 ald ) ) dan) o puiiall Jygad aay g )l Aadeall b cilild) Ja) &

st

3=lle clul yo 5 2=20K 5 [=Alac) (=g 5 e e 5 D=7 5 e ¢ =005 2= <3
A= Niaay 3=0a s 2=Camia g [=]2a Caa dnall Al

gender age status education health
2. 46. 2. 1. 3.
68.
58.
32.
49,
44,
40.
62.
50.
62.
88.
43.
41,
97.
52.
93.
64.
36.
61.
55.
50.
60.
49.

NN RN (W NN N NN 0 N =0 (W NN

FPININININ (PR PN P N RN PN NN NN (-
NN NN NN NP R RN R IR 2N
WA IN W IW AW R WW W IN 00 | A (WA N
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85.

47.

37.

44.

88.

71.

38.

36.

NE PRI IN NN

58.

NN NP R RN

N |00 | fw | w|w|w|w

AWM AW IN A W

ek Ordinal regression & regression e é% s analyze L)l haazal
dis ) Jalsall 485 dependent Jis I health sidll Jas | lss ao e
goodness Jsasll ydisis s e sekad output LY e i S5 factors
sl x e S35 continue & parameter estimates s summary s of fit
OK & I Jlsall gy S agil )

Goodness-of-Fit
Chi-Square df Sig.
Pearson 142.387 85 .000
Deviance 54.150 85 .996
Link function: Logit.
Pseudo R-Square
Cox and Snell .599
Nagelkerke .647
McFadden .351
Link function: Logit.
Parameter Estimates
Estimate ESrtrdc;r Wald df Sig. 95%|Et%?\f/igf nee
Lower Upper
Bound Bound
[health = 1] -8.379- 2.214 |14.326 1 .000 -12.717- -4.040-
Threshold [health = 2] -6.651- 1.915 |12.060 1 .001 -10.404- -2.897-
[health = 3] -2.927- 1.507 3.773 1 .052 -5.881- .026
age -.025- .023 1.154 1 .283 -.071- .021
[gender=1] -1.850- .819 5.108 1 .024 -3.455- -.246-
JLocation
[gender=2] 0® 0
[status=1] -4.151- 1.230 ]11.382 1 .001 -6.563- -1.740-
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[status=2] 0? 0
[educ=1] -2.294- 1.063 4.653 1 .031 -4.378- -.210-
[educ=2] -.926- 921 1.013 1 314 -2.731- .878
[educ=3] 0? 0

Link function: Logit.

L. This parameter is set to zero because it is redundant.

Logistic regression for 4wau¥) dalil) & paiall g olll jlaady) 2-6-8
nominal response

ne a5 Ll Gl 15 ) il kil (55 lani¥) (g g il 13
Al o lae A3 ) (93 gan (alal) e A GO (40 Ao genal Al 3 A U
e A ) el yas g g ddlida (3 e A Jleainls agasy 35 o

SAS L

data school;
length program$ 9;
input school program$ style$ count @@;
datalines;

1 regular self 10
regular class 26
afternoon team 12
regular self 21
regular class 26
afternoon team 12
regular self 15
regular class 16
afternoon team 12

regular team 17
afternoon self 5

afternoon class 50
regular team 17
afternoon self 16
afternoon class 36
regular team 15
afternoon self 12
afternoon class 20

W wwhNhNNNER R
W wwhNhNNNER R

e

proc logistic;
freq count;
class school(ref="'1"') program(ref="'afternoon')/param=ref;
model style(order=data)=school program/link=glogit rsq;

run;
Type 3 Analysis of Effects
Wald

Effect DF Chi-Square Pr > ChiSq

school 4 14.8424 0.0050

program 2 10.9160 0.0043

Analysis of Maximum Likelihood Estimates

Standard Wald

Parameter style DF Estimate Error Chi-Square Pr > ChiSq
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Intercept self 1 -1.9707 0.3204 37.8418 <.0001
Intercept team 1 -1.3088 0.2596 25.4174 <.0001
school 2 self 1 1.0828 0.3539 9.3598 0.0022
school 2 team 1 0.1801 0.3172 0.3224 0.5702
school 3 self 1 1.3147 0.3839 11.7262 0.0006
school 3 team 1 0.6556 0.3395 3.7296 0.0535
program  regular self 1 0.7474 0.2820 7.0272 0.0080
program regular team 1 0.7426 0.2706 7.5332 0.0061
The SAS System
06:55 Thursday, September 18, 2014
The LOGISTIC Procedure
0dds Ratio Estimates
Point 95% Wald
Effect style Estimate Confidence Limits
school 2 vs 1 self 2.953 1.476 5.909
school 2 vs 1 team 1.197 0.643 2.230
school 3 vs 1 self 3.724 1.755 7.902
school 3 vs 1 team 1.926 0.990 3.747
program regular vs afternoon self 2.112 1.215 3.670
program regular vs afternoon team 2.101 1.237 3.571

Conditional Logistic Regression Jall (A il lasid) 7-8
Gidat ellia () 6<y Coolaill (s a0 AGUaTall CUlall 8 stV e Jexiay
S AY Gl g e el 5 _kad Jlaziul - Dlia 3 jlavall § e yall u (Matched)
e ) e 8 Lagi Jaaad g aaliills 45 5091 (e (e 58 38G Gl gl il ) el
LY g AnUaiall o) 31 e dud ja el yal o))y Guindl 5l yaally ol 3V Gallaty a8
unpaired t test daxiwin 4 el Lils Eile Uaca o) LS5 ol Jolis 8 Lac L
ligd LoVl Jlaniasl L) 13 Lol AgUaiall ol 8 McNemar test Jesxios Leg

.conditional logistic regression Juaiul (e 1Y

e e el gall Gian 3l 6l 31 (g Jilaia 7 55 20 et Al o 3 2 e
2l Ge s IS el 85 (0 = dagill) 3kl 5 (1 = dagiill) aa )l Al
Gall : sa el el dalse (o (piil Ciladiy Q8,01 i Lagd Allaall 3 jlayall
e agl) (pal) b p i Y S aie) Hyper (301 el gl Y sdise yic)
gl Ll e s jhandl (805 ) el ) e L) 3 ghadll 3aas g4 Al all

ol aia

277



o el (gl 3,2 Al paddal ¢ Lad) g slaall

SAS i
data Datal;

input Obs ID Outcome Gall Hyper;

datalines;
1. 1. 1. 0. 0
2. 1. 0. 0. 0
3. 2. 1. 0. 0
4. 2. 0. 0. 0
5. 3. 1. 0. 1
6. 3. 0. 0. 1
7. 4. 1. 0. 0
8. 4. 0. 1. 0
9. 5. 1. 1. 0
10. 5. 0. 0. 1
11. 6. 1. 0. 1
12. 6. 0. 0. 0
13. 7. 1. 1. 0
14. 7. 0. 0. 0
15. 8. 1. 1. 1
16. 8. 0. 0. 1
17. 9. 1. 0. 0
18. 9. 0. 0. 0
19. 1e. 1. 0. 0
20. 1o. 0. 0. 0

J
proc logistic data=Datal;
strata ID;
model outcome(event='1')=Gall;
run;
Analysis of Maximum Likelihood Estimates
Standard Wald
Parameter DF Estimate Error Chi-Square Pr > ChiSq
Gall 1 1.0986 1.1547 0.9052 0.3414

0dds Ratio Estimates

Point 95% Wald
Effect Estimate Confidence Limits
Gall 3.000 0.312 28.841

Jyaall (Sars A giea e LIV 3,00 Sal (Gall) dV s )Y das o) Jaadl
Al Sl Jleainls dda goaall aaa HY) A e

proc logistic data=Datal exactonly;
strata ID;
model outcome(event='1"')=Gall;
exact Gall / estimate=both;
run;
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Exact Conditional Analysis
Conditional Exact Tests
--- p-Value ---
Effect Test Statistic Exact Mid
Gall Score 1.0000 0.6250 0.5000
Probability 0.2500 0.6250 0.5000
The SAS System
06:55 Thursday, September 18, 2014
The LOGISTIC Procedure
Exact Conditional Analysis
Exact Parameter Estimates
95% Confidence
Parameter Estimate Limits p-Value
Gall 1.0986 -1.4235 5.0594 0.6250
Exact Odds Ratios
95% Confidence
Parameter  Estimate Limits p-Value
Gall 3.000 0.241 157.492 0.6250

A apas o) W) Y ) Gilae S Baa V) Aaed a8 ) @ G iy

5l 8 sl Galall &y ina pie Liagl liil) 255 5 gl
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(Drug Interaction) sl Jeliill; aulill Juadl)
O Akl g 5 5dl) apen (8 dagall paal sall (e (A sl Je il api ¢ guia 50 2ay
Aty (b dag ) lia g Aaline < il 53 05 S ) o i (w Jeldll J pas

o sl Jelaill apgil
Curve shift analysis -1

Isobologram -2

Combination Index -3

Universal surface response analyses -4

e g alaie gl 50U ) rand il Ll (55 0 sall Jeliill el o)
ari clinale 5 s e 1 G ST 51 cre J31 5 1wl A ) il 43 )k
Alban¥) gal yall (lany Jleaialy clilnd) Jilas 2 5 1 s (5 ) sl Jelal)

Al ) O3 ks L S 5 ) Jstaia

(Constant combination ratio ) 4idsill 446 4w -1-9
Al (Ao o laall e did g il Al 0 Ua )l B s A GpJlie Wal IS o)l
¢ Additive st ) 2l il 5l g 5 st (g dula jull LAY sai Janal 4 ial
Ml dad gl Jds e lalaie) (Antagonistic swaie sl synergistic b
e Smd (sbmia 1 e ST 5 5531 1 (e Bl 5 panand = 1) c¥ls 3 058,
)5 Sl o sSAs 8 (Drug reduction index) il (alassl Jia i

Legiad 63 () Adlizal o jlaall e g3 AN gad slial cilibadl

Drug Effect Drug B Effect Comb.A+Bym Effect
Aum % pm % (1:17.4) %
0.5 0.175 8.7 0.132 0.5+8.7=9.2 0.507
1 0.358 17.4 0.267 1+17.4=18.4 0.769
1.5 0.492 26.1 0.411 1.5+26.1=27.6 0.872
2 0.542 34.8 0.476 2+34.8=36.8 0.919
2.5 0.598 43.5 0.548 2.5+43.5=46 0.944
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data conc;
input dose r ;
N=1;
cards;
0.175
1 0.358
1.5 0.492
2 0.542
0.598

proc probit data=conc lackfit logl@ inversecl;

model r/N = Dose;
run;

Probability

000NN

01

.02
.03

04

.05

06

.07
.08

09

.10
.15

20

.25
.30

35

.40

45

.50
.55

60

.65
.70

75

.80
.85

90

.91

92

.93
.94

95

.96

97
98

.99
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Probit 4& jh Jerii

Probit Procedure

Probit Analysis on dose

OCOUPRDWNNNRPRPRPROOOOIODOOIODIOOOOOOOO®

ANVNNRRRLRRRR
ONROUDNRO®

dose

.07095
.10286
.13020
.15546
.17958
.20303
.22610
.24897
.27178
.29462
.41145
.53655
.67378
.82669
.99920
.19607
.42338
.68923
.00473
.38573
.85577
.45170
.23503
.31822
.93518
.68547
.49924
.46096
.62041
.05452
.89008
.35517
.91579
.74046
.21980

95% Fiducial Limits
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JEall dass e %70 550 530 Cueall 5853 e Joas A (1

LC30=0.826
LC50=1.689
LC70=3.451

data conc;
input dose r ;
N=1;

cards;

8.7 0.132
17.4 0.267
26.1 0.411
34.8 0.476
43.5 0.548

proc probit data=conc lackfit logl@ inversecl;

model r/N = Dose;
run;

Probability

000D

.01
.02

03

.04

05

.06
.07

08

.09
.10

15

.20
.25

30

.35

40

.45
.50

55

.60
.65

70

.75
.80
.85
.90

91

.92
.93
.94

gsltﬂ\‘}iaj\gskz QSSLuacsﬁﬂ Llﬁ=;ﬂ‘gﬁﬂ}?i
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Probit Procedure

Probit Analysis on dose

Noouvuulbh wwNBR

(o]

12.
15.
18.
22.
26.
31.
36.
43.
51.
60.
72.
87.
109.
140.
191.
207.
225.
246.
272.

dose

.85816
.63796
.29478
.89459
.46217
.00998
.54537
.07311
.59657
.11820
.75471
53066
53388
83960
52771
69285
45424
96863
44976
20020
66660
54293
98057
06684
10456
99794
18038
03765
45429
79140

95% Fiducial Limits
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306.28129
350.91706
414.80194
518.08150
735.50282

A a3 gl ol kil 30D 3815 e Joan il e

LC30=18.839
LC50=36.968
LC70=72.542

data conc;
input dose r ;
N=1;
cards;
9.2 0.507
18.4 0.769
27.6 0.872
36.8 0.919
46  0.944

proc probit data=conc lackfit logl@ inversecl;

model r/N = Dose;
run;

GOl Add 65 e Jaladll (g i el any

Probit Procedure

Probability

[OIORORO R RRR ORI R IR RGBT R R R IR

.01
.02
.03
.04
.05
.06

o7

.08
.09

10

.15
.20
.25
.30

35

.40
.45

50

.55
.60

65
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Probit Analysis on dose

dose

.85193
.12191
.33602
.52362
.69547
.85694
.01112
.16000
.30495
.44696
.13423
.81567
.51721
.25649
.04914
.91152
.86274
.92660
10.13440
11.52917
13.17282

NV WWNNNNRPRRPRRRRO

95% Fiducial Limits
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0.70 15.15919
0.75 17.64012
0.80 20.88342
0.85 25.42387
0.90 32.56453
0.91 34.57085
0.92 36.89078
0.93 39.62176
0.94 42.91150
0.95 46.99815
0.96 52.29936
0.97 59.64287
0.98 71.02524
0.99 93.53375

70 550 530 45l g o Jpasl) lia) (Sa il o
LC30=5.256
LC50=8.926

LC70=15.159

Al il e e JS 58 5 aass o) Jslas

18.4 =17.4 +1 = S Llall ¢ gana 13117.4 1 o Ll B o) o Ly

0.285 =18.4 e L suia 5,256 =(LC30 ) A Jliall 3 i

4,971 =0.285—-5.256 = B _laall S s

i oA SVl G G plaadl 38 5 canas A3 Hhall iy

LC value A B
LC30 5.256 0.285 4971
LC50 8.926 0.485 8.441
LC70 15.159 0.823 14.336

Combination Index 4d sill Juds oY) s
C130=0.285/0.826 + 4.971/18.839=0.60
CL50=0.485/1.689 + 8.441/36.978=0.51
CL70=0.823/3.452 + 14.336/72.542=0.43

Synergism 5 S 13 1 cpe 8 ALY Lag o)) Lay 13
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Dl palaas) s s Saall e g b ol (5 S e e
:=5¥ (Drug reduction index)
DRI= Concen of drug A alone/Concen of drug A in comb.
DRI30 (Drug A)=0.826/0.285=2.89
DRI30 (Drug B)=18.839/4.971=3.79
DRI50 (Drug A)=1.689/0.485=3.48
DRI50 (Drug B)= 36.978/8.441=4.38
DRI70 (Drug A)=3.452/0.823=4.19
DRI70 (Drug B)= 72.542/14.336=5.06
Ad] il a5 00 jial Hlaell S i el (S

4
3_
e
3.
S
8 27
[
)
(@]
1_
O_
S (N (S (N S S
o) o) <5 <> A\ A\
@Vo QVO e\/o Qyo 6\9 Qyo
,&0(\ C,oé\ \00 c)c)é\ \00 c)c)é\
e e D et e et

o o
g 9

Concen pm
N
o
1
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CompuSyn i -

Alia ol Lale Ulaa geali pall ot (S s danadill geal ) (g gealipll 138 any

Ad i ade by amaliall 138 oY) CalcuSyn s s daleall (i 5351 HAS zali

e Slunh Sy €1 55 ot Al el ) Jlaoxioly ol 365 ) 5N

o) Y ALl bl Guds o adinin 5 A gl by 40 )l 483 381 Lea S

Experiment

Name:
Date:

File Name:
Description

Drug:
Drug:

Drug Combo:

el 138 Jlanialy Jolail

CompuSyn Report

Drug A

30/7/20014
C:\Firas espacial.cse

Estimation of comination index of two drugs with
constant ratio

Drug A (A) [mg]
Drug B (B) [mg]
A+B Combination (AB) (A+B [1:17.4])

Data for Drug: A [mg]

Dose
0.5
1.0
15
2.0
2.5

Effect

0.175
0.358
0.492
0.542
0.598

5 data points entered.

X-int:
Y-int:
m:
Dm:
r:

0.22910

-0.2788 +/- 0.02071
1.21678 +/- 0.07607

1.69473
0.99419

Data for Drug: B [mg]

Dose

Effect
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Dose Effect

8.7 0.132

17.4 0.267

26.1 0.411

34.8 0.476

43.5 0.548

5 data points entered.

X-int:  1.56589

Y-int:  -2.0393 +/- 0.06278

m: 1.30233 +/- 0.04557

Dm: 36.8032

r: 0.99817

Data for Drug Combo: AB (A+B [1:17.4])

Dose A Effect

0.5+ 0.507

1.0+ 0.769

1.50000+ 0.872

2.0+ 0.919

2.50000+ 0.944

5 data points entered.

X-int:  0.95987

Y-int:  -1.6691 +/- 0.01631

m: 1.73884 +/- 0.01164

Dm: 9.11747

r: 0.99993
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Dose-Effect Curve

oA

[0 B

AB

0 Cose 50
Median-Effect Plot
LogiFarFu)

2T oA

[0 B

AB

CI Data for Drug Combo: AB (A+B [1:17.4])

Fa Cl Value Total Dose
0.05 1.01787 1.67675
0.1 0.86064 2.57688
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Fa Cl Value  Total Dose
0.15 0.77587 3.36232
0.2 0.71767 4.10802
0.25 0.67296 484712
0.3 0.63621 5.60083
0.35 0.60460 6.38649
0.4 0.57647 7.22113
0.45 0.55074 8.12371
0.5 0.52666 9.11747
0.55 0.50364 10.2328
0.6 0.48121 11.5118
0.65 0.45889 13.0162
0.7 0.43619 14.8421
0.75 0.41252 17.1500
0.8 0.38702 20.2356
0.85 0.35827 24.7235
0.9 0.32340 32.2592

0.95 0.27420 49.5769
0.97 0.24388 67.3080
Cl values for actual experimental points:

Total Dose Fa Cl Value
9.2 0.507 0.51968
18.4 0.769 0.40736
27.6 0.872 0.34539
36.8 0.919 0.30680
46.0 0.944 0.27984
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Combination Index Plot

ar C) AB

cl

Fa

DRI Data for Drug Combo: AB (A+B [1:17.4])

Fa Dose A Dose B DRI A DRI B
0.05 0.15072 3.83695 1.65393 2.41984
0.1 0.27853 6.81027 1.98879 2.79473
0.15 0.40737 9.71490 2.22927 3.05540
0.2 0.54238 12.6938 2.42934 3.26758
0.25 0.68704 15.8316 2.60805 3.45390
0.3 0.84466 19.2014 2.77490 3.62534
0.35 1.01895 22.8797 2.93568 3.78841
0.4 1.21446 26.9571 3.09453 3.94763
0.45 1.43707 31.5476 3.25492 4.10658
0.5 1.69473 36.8032 3.42015 4.26854
0.55 1.99859 42.9343 3.59376 4.43689
0.6 2.36494 50.2456 3.78003 4.61555
0.65 2.81870 59.1998 3.98457 4.80953
0.7 3.40032 70.5405 4.21543 5.02587
0.75 4.18042 85.5551 4.48511 5.27534
0.8 5.29541 106.704 4.81506 5.57614
0.85 7.05046 139.422 5.24718 5.96337
0.9 10.3119 198.887 5.88168 6.51959

0.95 19.0561 353.008 7.07251 7.52963
0.97 29.4982 530.982 8.06393 8.34222
DRI values calculated at experimental points

Fa Dose A Dose B DRI A DRI B
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Fa Dose A Dose B DRI A DRI B
0.507 1.73419 37.6031 3.46837 4.32219
0.769 4.55366 92.6718 4.55366 5.32597
0.872 8.20252 160.600 5.46835 6.15325
0.919 12.4740 237.598 6.23699 6.82754
0.944 17.2713 322.017 6.90850 7.40269

DRI Plot for Combo: AB (A+B [1:17.4])

Ll
m =

ORI |

Fa
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Isobologram for Combo: AB (A+B [1:17.4])

207

Dose A |
107

D[:;IBE.\-O

- Fa=05
[ Fa=07%
Fa=049

0

100 200
Dose B

Experiment

Summary Table

Name: Drug A
Date: 30/7/20014
File Name: C:\Firas espacial.cse
Description Estimation of comination index of two drugs with
constant ratio
Drug: Drug A (A) [mg]
Drug: Drug B (B) [mg]
Drug Combo:  A+B Combination (AB) (A+B [1:17.4])
Drug/Combo Dm m r
A 1.69473 1.21678 0.99419
B 36.8032 1.30233 0.99817
AB 9.11747 1.73884 0.99993
Cl values at:
Combo ED50 ED75 ED90 ED95
AB 0.52666 0.41252 0.32340 0.27420
Data for Fa=0.5
Drug/Combo Cl value Dose A Dose B
A 1.69473
B 36.8032
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Drug/Combo Cl value Dose A Dose B
AB 0.52666 0.49551 8.62195

Data for Fa = 0.75

Drug/Combo Cl value Dose A Dose B
A 4.18042

B 85.5551
AB 0.41252 0.93207 16.2179

Data for Fa=0.9

Drug/Combo Cl value Dose A Dose B
A 10.3119

B 198.887
AB 0.32340 1.75322 30.5060

Data for Fa = 0.95

Drug/Combo Cl value Dose A Dose B
A 19.0561

B 353.008
AB 0.27420 2.69439 46.8825

Data for Fa =0.97

Drug/Combo Cl value Dose A Dose B
A 29.4982

B 530.982
AB 0.24388 3.65804 63.6499

(Non constant combination ratio) 44 & 4dy ¢ 4w -2-9

(& iainn 13 Conal () oS AR gl Jals a B 430 e 280 ) s () 65 Laie
.CompuSyn gl yll e JEall Ja

Legie dilide cilid i 50 53 e Db olin) zraia ga LaS Lat 380 53 o) jlie Ui
a8 gl s s o slladll

Drug A/ dose Effect Drug B/dose Effect
0.5 0.175 8.7 0.132

1 0.358 17.4 0,267

15 0.492 26.1 0.411

2 0.542 34.8 0.476

2.5 0.598 43.5 0.548
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CompySyn i
Data for Non-Constant Combo: C (A+B)

Daose A Daose B Effect
1.0 87 0.676
1.5 87 0.742
20 87 0.783
25 87 0.817
03 174 0633
1.5 174 0823
20 174 0865
23 174 0883
03 261 0738
1.0 26.1 0829
20 261 09
23 26,1 0914
03 348 0777
1.0 348 0838
1.5 348 0895
23 348 0934
03 435 0816
1.0 435 0882
1.5 435 0915
20 435 0932

20 data points entered.

CompuSyn Report

Experiment Name: Drug combination index

Date: 30/7/2014

File Name: C:\FIRAS NON CONCTANT RATIO.cse
Description Estimation drug combination index

Drug: DRUG A (A) [MICRO GRAM]

Drug: DRUG B (B) [MICRO GRAM]

Drug Combo: AB COMB (AB) (A+B)

Data for Drug: A [MICRO GRAM]
Dose  Effect
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Dose  Effect
0.5 0.175
1.0 0.358
1.5 0.492
2.0 0.542
2.5 0.598
5 data points entered.
X-int:  0.22910
Y-int:  -0.2788 +/- 0.02071
m: 1.21678 +/- 0.07607
Dm: 1.69473
r: 0.99419

Data for Drug: B [MICRO GRAM]

Dose
8.7
17.4
26.1
34.8
43.5

Effect
0.132
0.267
0.411
0.476
0.548

5 data points entered.

X-int:
Y-int:
m:
Dm:
r:

1.56589
-2.0393 +/- 0.06278
1.30233 +/- 0.04557
36.8032
0.99817

Data for Non-Constant Combo: AB (A+B)

Dose A
1.0
1.5
2.0
2.5
0.5
1.5
2.0
2.5
0.5
1.0
2.0
2.5

Dose B  Effect

8.7 0.676
8.7 0.742
8.7 0.783
8.7 0.817
17.4 0.633
17.4 0.823
17.4 0.865
17.4 0.883
26.1 0.738
26.1 0.829
26.1 0.9

26.1 0.914

295



o el (gl 3,2 Al paddal ¢ Lad) g slaall

Dose A DoseB  Effect

0.5 34.8 0.777
1.0 34.8 0.858
1.5 34.8 0.915
2.0 34.8 0.932

16 data points entered.

Dose-Effect Curve

oA

O B

AB

0 Cose a0
Median-Effect Plot
LagiFaiFu)

27T oA

[0 B

AB
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ClI Data for Non-Constant Combo: AB (A+B)

Dose A Dose B Effect Cl

1.0 8.7 0.676 0.45680
1.5 8.7 0.742 0.47653
2.0 8.7 0.783 0.49932
2.5 8.7 0.817 0.50629
0.5 17.4 0.633 0.49959
1.5 17.4 0.823 0.39558
2.0 17.4 0.865 0.36999
2.5 17.4 0.883 0.38034
0.5 26.1 0.738 0.44615
1.0 26.1 0.829 0.37227
2.0 26.1 0.9 0.32518
2.5 26.1 0.914 0.32698
0.5 34.8 0.777 0.46836
1.0 34.8 0.858 0.37215
1.5 34.8 0.915 0.27806
2.0 34.8 0.932 0.26395

Combination Index Plot

ar ) AR

Cl

O &~

)

Fa

DRI Data for Non-Constant Combo: AB (A+B)
Fa Dose A Dose B DRI A DRI B
0.676 3.10169 64.7351 3.10169 7.44082
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Fa Dose A Dose B DRI A DRI B
0.742 4.03784 82.8258 2.69189 9.52021
0.783 4.86536 98.5855 2.43268 11.3317
0.817 5.79576 116.096 2.31830 13.3443
0.633 2.65254 55.9327 5.30508 3.21452
0.823 5.99267 119.777 3.99511 6.88373
0.865 7.79950 153.215 3.89975 8.80546
0.883 8.92264 173.736 3.56906 9.98483
0.738 3.96944 81.5141 7.93887 3.12314
0.829 6.20186 123.679 6.20186 4.73865
0.9 10.3119 198.887 5.15594 7.62019
0.914 11.8217 225.969 4.72867 8.65783
0.777 4.72754 95.9738 9.45508 2.75787
0.858 7.43230 146.465 7.43230 4.20876
0.915 11.9466 228.199 7.96439 6.55745
0.932 14.5700 274.705 7.28499 7.89382

DRI Plot for Non-Constant Combo: AB (A+B)

O o S
O LB
o070
o)
i oo
DRI o0
Co
1
1] .
1] 04 1

Fa
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Normalized Isobologram for Combo: AB (A+B)

Faint 1
Foint 2
Faint 3
Faint 4
Point 4
Point &
Foint 7
Foint 2
Foint 9
Point10
Point 11
Point12
Foint13
Faint14
Point15
Point 16

Cl &4 3 S <l e [0+ S =100

Summary Table
Experiment Name: Drug combination index
Date: 30/7/2014
File Name: C:\FIRAS NON CONCTANT RATIO.cse
Description Estimation drug combination index
Drug: DRUG A (A) [MICRO GRAM]
Drug: DRUG B (B) [MICRO GRAM]
Drug Combo: AB COMB (AB) (A+B)

Drug/Combo Dm m r

A 1.69473 1.21678 0.99419

B 36.8032 1.30233 0.99817
Cl values at:

Combo ED50 ED75 ED90 ED95

Data for Fa=0.5

Drug/Combo Clvalue Dose A  DoseB
A 1.69473

B 36.8032

Data for Fa=0.75
Drug/Combo Clvalue DoseA DoseB
A 4.18042
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Experiment Name:

Date:
File Name:
Description
Drug:
Drug:
Drug:

Drug Combo:
Drug Combo:
Drug Combo:
Drug Combo:

o el (gl 3,2 Al paddal ¢ Lad) g slaall
Drug/Combo Clvalue Dose A  DoseB
B 85.5551
Data for Fa=0.9
Drug/Combo Clvalue DoseA DoseB
A 10.3119
B 198.887
Data for Fa = 0.95
Drug/Combo Clvalue DoseA DoseB
A 19.0561
B 353.008
Data for Fa = 0.97
Drug/Combo Clvalue Dose A  DoseB
A 29.4982
B 530.982

AL Al Al 5 s 33 - 9

CompuSyn i

CompuSyn Report

Combination of 2-3 drugs
30/7/2014

C:\Firas 3 drugs.cse

Estimation of all combination of three drugs
Drug A (A) [micro gram]

Drug B (B) [micro gram]

Drug C (C) [micro gram]

Drug A and B (AB) (A+B [1:100])

Drug B and C (BC) (B+C [10:1])

Drug A and C (AC) (A+C [1:10])

Drug A, B and C (ABC) (A+B+C [1:100:10])
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Data for Drug: A [micro gram]
Dose Effect

0.002 0.429
0.004 0.708
0.005 0.761
0.01 0.882
0.02 0.932

5 data points entered.
X-int:  -2.6640
Y-int:  3.32420 +/- 0.22896

m: 1.24783 +/- 0.10195
Dm: 0.00217
r: 0.99013

Data for Drug: B [micro gram]
Dose Effect

0.05 0.055
0.1 0.233
0.2 0.301
0.5 0.559
1.0 0.821
2.0 0.953

6 data points entered.
X-int:  -0.4946
Y-int:  0.72212 +/- 0.09243

m: 1.45990 +/- 0.12346
Dm: 0.32016
r: 0.98600

Data for Drug: C [micro gram]
Dose Effect

0.01 0.069
0.02 0.213
0.05 0.373
0.1 0.785
0.2 0.94

0.5 0.991

6 data points entered.
X-int:  -1.3352

Y-int:  2.47666 +/- 0.16272
m: 1.85486 +/- 0.12506
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Dm: 0.04621
r: 0.99103

Data for Drug Combo: AB (A+B [1:100])

Dose A
0.001+
0.002+
0.005+
0.01+

4 data points entered.

X-int:
Y-int:
m:
Dm:
r:

Effect
0.45
0.701
0.91
0.968

-0.9361

1.47111 +/- 0.00683
1.57160 +/- 0.01093

0.11586
0.99995

Data for Drug Combo: BC (B+C [10:1])

Dose A
0.05000+
0.10000+
0.20000+
0.5+
1.0+

5 data points entered.

X-int:
Y-int:
m:
Dm:
r:

Effect

0.304
0.413
0.675
0.924
0.977

-0.9360

1.48617 +/- 0.10394
1.58782 +/- 0.13403

0.11588
0.98948

Data for Drug Combo: AC (A+C [1:10])

Dose A
0.001+
0.002+
0.005+
0.01+

4 data points entered.

X-int:
Y-int:
m:
Dm:

Effect
0.274
0.579
0.901
0.965

-1.7382

3.28664 +/- 0.09192
1.89081 +/- 0.06098

0.01827
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r: 0.99896

Data for Drug Combo: ABC (A+B+C [1:100:10])
Dose A Effect

0.001+ 0.456

0.002+ 0.806

0.003+ 0.947

0.005+ 0.995

4 data points entered.

X-int:  -0.8896
Y-int:  2.99211 +/- 0.27462
m: 3.36336 +/- 0.42992
Dm: 0.12894
r: 0.98405

Dose-Effect Curve for Drugs

Ll
o M 1=

0 Dose 3
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Dose-Effect Curve for Drug Combos

1 AB
[ BC
AC
WWoOABC
0 Cose 3
Median-Effect Plot for Drugs
LooiFalFu)
3 oA
[ B
c

)4[ Log(D}
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Median-Effect Plot for Drug Combos

Log(FaFu)

[ BC
AC
W ABC

LogiD)

ClI Data for Drug Combo: AB (A+B [1:100])

Fa
0.05
0.1
0.15
0.2
0.25
0.3
0.35
0.4
0.45
0.5
0.55
0.6
0.65
0.7
0.75
0.8
0.85
0.9
0.95
0.97

Cl Value

1.27397
1.15934
1.09453
1.04860
1.01241
0.98203
0.95539
0.93127
0.90883
0.88749
0.86676
0.84622
0.82544
0.80393
0.78105
0.75585
0.72670
0.69014
0.63591
0.60063

Total Dose
0.01779
0.02863
0.03842
0.04796
0.05759
0.06758
0.07814
0.08951
0.10197
0.11586
0.13164
0.14996
0.17179
0.19865
0.23309
0.27991
0.34936
0.46894
0.75440
1.05809

Cl values for actual experimental points:

Total Dose

Fa

CIl Value
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Total Dose Fa Cl Value
0.101 0.45 0.90016
0.202 0.701 0.81458
0.505 0.91 0.68132
1.01 0.968 0.60241

ClI Data for Drug Combo: BC (B+C [10:1])

Fa Cl Value  Total Dose
0.05 0.56165 0.01814
0.1 0.55825 0.02904
0.15 0.55689 0.03887
0.2 0.55625 0.04840
0.25 0.55596 0.05801
0.3 0.55591 0.06796
0.35 0.55600 0.07847
0.4 0.55623 0.08977
0.45 0.55657 0.10213
0.5 0.55701 0.11588
0.55 0.55757 0.13149
0.6 0.55827 0.14960
0.65 0.55912 0.17113
0.7 0.56018 0.19759
0.75 0.56153 0.23148
0.8 0.56331 0.27746
0.85 0.56580 0.34551
0.9 0.56969 0.46238
0.95 0.57742 0.74024
0.97 0.58404 1.03464
Cl values for actual experimental points:
Total Dose Fa CI Value
0.055 0.304 0.44454
0.11 0.413 0.65895
0.22 0.675 0.67049
0.55 0.924 0.56357
1.1 0.977 0.52625

ClI Data for Drug Combo: AC (A+C [1:10])

Fa
0.05
0.1
0.15

Cl Value

2.07991
1.76214
1.59522

Total Dose
0.00385
0.00572
0.00730
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Fa Cl Value  Total Dose
0.2 1.48260 0.00878
0.25 1.39722 0.01022
0.3 1.32786 0.01167
0.35 1.26880 0.01317
0.4 1.21672 0.01475
0.45 1.16951 0.01643
0.5 1.12570 0.01827
0.55 1.08418 0.02032
0.6 1.04405 0.02264
0.65 1.00447 0.02535
0.7 0.96460 0.02860
0.75 0.92342 0.03267
0.8 0.87954 0.03804
0.85 0.83072 0.04573
0.9 0.77247 0.05841

0.95 0.69222 0.08671
0.97 0.64400 0.11487
Cl values for actual experimental points:

Total Dose Fa Cl Value
0.011 0.274 1.37314
0.022 0.579 1.07913
0.055 0.901 0.72191
0.11 0.965 0.68525

ClI Data for Drug Combo: ABC (A+B+C [1:100:10])

Fa Cl Value  Total Dose
0.05 4.01225 0.05373
0.1 2.89997 0.06709
0.15 2.37773 0.07698
0.2 2.05022 0.08538
0.25 1.81559 0.09301
0.3 1.63377 0.10022
0.35 1.48526 0.10726
0.4 1.35920 0.11429
0.45 1.24892 0.12147
0.5 1.15003 0.12894
0.55 1.05942 0.13687
0.6 0.97473 0.14546
0.65 0.89405 0.15499
0.7 0.81563 0.16588
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Fa Cl Value  Total Dose
0.75 0.73771 0.17875
0.8 0.65817 0.19471
0.85 0.57398 0.21595
0.9 0.47959 0.24780

0.95 0.36068 0.30944

0.97 0.29566 0.36244

Cl values for actual experimental points:
Total Dose Fa CI Value

0.111 0.456 1.12184
0.222 0.806 0.73098
0.333 0.947 0.40455
0.555 0.995 0.13710

Combination Index Plot

AC
W ABC

Fa
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Logarithmic Combination Index Plot

AC
W ABC

Logich \ﬁ\

Fa

DRI Data for Drug Combo: AB (A+B [1:100])

Fa Dose A Dose B DRI A DRI B
0.05 2.05E-4 0.04260 1.16220 2.41819
0.1 3.73E-4 0.07108 1.31479 2.50778
0.15 5.40E-4 0.09758 1.41914 2.56490
0.2 7.14E-4 0.12387 1.50314 2.60876
0.25 8.99E-4 0.15085 1.57625 2.64556
0.3 0.00110 0.17919 1.64303 2.67812
0.35 0.00132 0.20951 1.70613 2.70805
0.4 0.00157 0.24252 1.76736 2.73635
0.45 0.00185 0.27904 1.82814 2.76377
0.5 0.00217 0.32016 1.88972 2.79090
0.55 0.00255 0.36733 1.95337 2.81830
0.6 0.00300 0.42265 2.02055 2.84654
0.65 0.00356 0.48923 2.09306 2.87629
0.7 0.00427 0.57203 2.17344 2.90843
0.75 0.00523 0.67948 2.26552 2.94423
0.8 0.00658 0.82748 2.37572 2.98576
0.85 0.00870 1.05045 2.51634 3.03682
0.9 0.01261 1.44211 2.71606 3.10599

0.95 0.02295 2.40591 3.07266 3.22106
0.97 0.03514 3.46290 3.35455 3.30551
DRI values calculated at experimental points

Fa Dose A Dose B DRI A DRI B
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Fa Dose A Dose B DRI A DRI B
0.45 0.00185 0.27904 1.84575 2.79039
0.701 0.00429 0.57390 2.14554 2.86949
0.91 0.01384 1.56181 2.76873 3.12361

0.968 0.03332 3.30846 3.33161 3.30846

DRI Data for Drug Combo: BC (B+C [10:1])

Fa Dose B Dose C DRI B DRIC
0.05 0.04260 0.00945 2.58327 5.72911
0.1 0.07108 0.01414 2.69201 5.35382
0.15 0.09758 0.01814 2.76162 5.13389
0.2 0.12387 0.02189 2.81521 4.97429
0.25 0.15085 0.02556 2.86026 4.84622
0.3 0.17919 0.02927 2.90021 4.73704
0.35 0.20951 0.03310 2.93697 4.64000
0.4 0.24252 0.03714 2.97179 455102
0.45 0.27904 0.04147 3.00556 4.46729
0.5 0.32016 0.04621 3.03903 4.38674
0.55 0.36733 0.05149 3.07287 4.30765
0.6 0.42265 0.05750 3.10779 4.22840
0.65 0.48923 0.06452 3.14464 414730
0.7 0.57203 0.07297 3.18450 4.06235
0.75 0.67948 0.08356 3.22897 3.97083
0.8 0.82748 0.09758 3.28064 3.86859
0.85 1.05045 0.11774 3.34431 3.74833
0.9 1.44211 0.15109 3.43078 3.59435

0.95 2.40591 0.22604 3.57520 3.35890
0.97 3.46290 0.30106 3.68165 3.20082
DRI values calculated at experimental points

Fa Dose B Dose C DRI B DRI C
0.304 0.18153 0.02957 3.63061 5.91365
0.413 0.25164 0.03823 2.51636 3.82340
0.675 0.52819 0.06853 2.64093 3.42663
0.924 1.77201 0.17768 3.54402 3.55363
0.977 4.17466 0.34878 4.17466 3.48782

DRI Data for Drug Combo: AC (A+C [1:10])

Fa Dose A Dose C DRI A DRI C
0.05 2.05E-4 0.00945 0.58498 2.69941
0.1 3.73E-4 0.01414 0.71709 2.72017

0.15 5.40E-4 0.01814 0.81345 2.73310
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Fa Dose A Dose C DRI A DRI C
0.2 7.14E-4 0.02189 0.89444 2.74288
0.25 8.99E-4 0.02556 0.96739 2.75098
0.3 0.00110 0.02927 1.03596 2.75808
0.35 0.00132 0.03310 1.10245 2.76454
0.4 0.00157 0.03714 1.16852 2.77060
0.45 0.00185 0.04147 1.23559 2.77642
0.5 0.00217 0.04621 1.30504 2.78214
0.55 0.00255 0.05149 1.37840 2.78787
0.6 0.00300 0.05750 1.45751 2.79372
0.65 0.00356 0.06452 1.54486 2.79985
0.7 0.00427 0.07297 1.64401 2.80641
0.75 0.00523 0.08356 1.76055 2.81365
0.8 0.00658 0.09758 1.90413 2.82196
0.85 0.00870 0.11774 2.09372 2.83205
0.9 0.01261 0.15109 2.37505 2.84551
0.95 0.02295 0.22604 2.91143 2.86739
0.97 0.03514 0.30106 3.36535 2.88307
DRI values calculated at experimental points

Fa Dose A Dose C DRI A DRIC
0.274 9.93E-4 0.02733 0.99283 2.73286
0.579 0.00280 0.05488 1.39924 2.74379
0.901 0.01272 0.15200 2.54478 3.03996
0.965 0.03093 0.27628 3.09304 2.76284

DRI Data for Drug Combo: ABC (A+B+C [1:100:10])

Fa
0.05
0.1
0.15
0.2
0.25
0.3
0.35
0.4
0.45
0.5
0.55
0.6
0.65
0.7

Dose A
2.05E-4
3.73E-4
5.40E-4
7.14E-4
8.99E-4
0.00110
0.00132
0.00157
0.00185
0.00217
0.00255
0.00300
0.00356
0.00427

Dose B
0.04260
0.07108
0.09758
0.12387
0.15085
0.17919
0.20951
0.24252
0.27904
0.32016
0.36733
0.42265
0.48923
0.57203

Dose C
0.00945
0.01414
0.01814
0.02189
0.02556
0.02927
0.03310
0.03714
0.04147
0.04621
0.05149
0.05750
0.06452
0.07297

311

DRI A
0.42303
0.61652
0.77844
0.92784
1.07264
1.21750
1.36596
1.52122
1.68665
1.86619
2.06483
2.28938
2.54960
2.86049

DRI B
0.88021
1.17594
1.40692
1.61031
1.80029
1.98451
2.16812
2.35526
2.54987
2.75615
2.97911
3.22527
3.50366
3.82782

DRI C
1.95210
2.33868
2.61549
2.84531
3.05028
3.24139
3.42533
3.60687
3.78998
3.97841
417621
4.38823
4.62080
4.88301
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Fa Dose A Dose B Dose C DRI A
0.75 0.00523 0.67948 0.08356 3.24681
0.8 0.00658 0.82748 0.09758 3.75349
0.85 0.00870 1.05045 0.11774 4.47388
0.9 0.01261 1.44211 0.15109 5.64885
0.95 0.02295 2.40591 0.22604 8.23258
0.97 0.03514 3.46290 0.30106 10.7628
DRI values calculated at experimental points

Fa Dose A Dose B Dose C DRI A
0.456 0.00188 0.28371  0.04202 1.88191
0.806  0.00679  0.84927 0.09959  3.39368
0.947 0.02185 2.30677  0.21867  7.28273
0.995 0.15076  12.0234 0.80193  30.1526

DRI B
4.21951
471732
5.39927
6.45983
8.63018
10.6054

DRI B

DRI C
5.18895
5.56275
6.05155
6.76782
8.10805
9.22037

DRI C

2.83706  4.20197

4.24633  4.97972

7.68925  7.28906

24.0468  16.0386

DRI Plot for Combo: AB (A+B [1:100])

ORI |

0.5
Fa

Ll &
m =
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DRI Plot for Combo: BC (B+C [10:1])

ar
o B
O c
DRI |
1
0 05 1
Fa
DRI Plot for Combo: AC (A+C [1:10])
-
o A
0 c

ORI |

Fa
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DRI Plot for Combo: ABC (A+B+C [1:100:10])

.
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Fa
Log(DRI) Plot for Combo: AB (A+B [1:100])
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0
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Fa
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Log(DRI) Plot for Combo: BC (B+C [10:1])

-
O B
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0
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Log(DRI) Plot for Combo: AC (A+C [1:10])
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i
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Lag(DRI) /e/j
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Log(DRI) Plot for Combo: ABC (A+B+C [1:100:10])

ar
oA
B |oe
C
17 B
m‘"ﬂf -
Log(DRI /
0
1r
-2 .
0 0.5 1
Fa
Isobologram for Combo: AB (A+B [1:100])
nozr
- Fa=05
[ Fa=074
Fa=048
Dose A |
notr
: 2
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Isobologram for Combo: BC (B+C [10:1])

-
O Fa=05
[ Fa=074
Fa=08
Dose A
n
I\_,‘ 1 P 1 1 1 1 1 1
0 0.1 0z
Doce B
Isobologram for Combo: AC (A+C [1:10])
onzr
- Fa=04
[ Fa=074
Fa=04
Dose d |
RN

0.2
Dose B

317



o el (gl 3,2 Al paddal ¢ Lad) g slaall

Polygonogram at Fa = 0.9
A

b
m

Summary Table

Experiment Name: Combination of 2-3 drugs

Date: 30/7/2014

File Name: C:\Firas 3 drugs.cse

Description Estimation of all combination of three drugs
Drug: Drug A (A) [micro gram]

Drug: Drug B (B) [micro gram]

Drug: Drug C (C) [micro gram]

Drug Combo: Drug A and B (AB) (A+B [1:100])

Drug Combo: Drug B and C (BC) (B+C [10:1])

Drug Combo: Drug A and C (AC) (A+C [1:10])

Drug Combo: Drug A, B and C (ABC) (A+B+C [1:100:10])

Drug/Combo Dm m r

A 0.00217 1.24783 0.99013

B 0.32016 1.45990 0.98600

C 0.04621 1.85486 0.99103

AB 0.11586 1.57160 0.99995

BC 0.11588 1.58782 0.98948

AC 0.01827 1.89081 0.99896

ABC 0.12894 3.36336 0.98405

Cl values at:

Combo ED50 ED75 ED90 ED95
AB 0.88749 0.78105 0.69014 0.63591
BC 0.55701 0.56153 0.56969 0.57742
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Cl values at:

Combo ED50 ED75 ED90 ED95
AC 1.12570 0.92342 0.77247 0.69222
ABC 1.15003 0.73771 0.47959 0.36068
Data for Fa=0.5
Drug/Combo Cl value Dose A Dose B Dose C
A 0.00217
B 0.32016
C 0.04621
AB 0.88749 0.00115 0.11471
BC 0.55701 0.10535 0.01053
AC 1.12570 0.00166 0.01661
ABC 1.15003 0.00116 0.11616 0.01162
Data for Fa = 0.75
Drug/Combo Cl value Dose A Dose B Dose C
A 0.00523
B 0.67948
C 0.08356
AB 0.78105 0.00231 0.23078
BC 0.56153 0.21043 0.02104
AC 0.92342 0.00297 0.02970
ABC 0.73771 0.00161 0.16103 0.01610
Data for Fa=0.9
Drug/Combo Cl value Dose A Dose B Dose C
A 0.01261
B 1.44211
C 0.15109
AB 0.69014 0.00464 0.46430
BC 0.56969 0.42034 0.04203
AC 0.77247 0.00531 0.05310
ABC 0.47959 0.00223 0.22324 0.02232
Data for Fa = 0.95
Drug/Combo Cl value Dose A Dose B Dose C
A 0.02295
B 2.40591
C 0.22604
AB 0.63591 0.00747 0.74693
BC 0.57742 0.67294 0.06729
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Drug/Combo Cl value Dose A Dose B Dose C
AC 0.69222 0.00788 0.07883
ABC 0.36068 0.00279 0.27878 0.02788

Data for Fa = 0.97

Drug/Combo Cl value Dose A Dose B Dose C
A 0.03514

B 3.46290

C 0.30106
AB 0.60063 0.01048 1.04761

BC 0.58404 0.94058 0.09406
AC 0.64400 0.01044 0.10442
ABC 0.29566 0.00327 0.32652 0.03265

601 Lasdil Al A ) s 5 2o e JS

Cl = [(D)A/(Dx)A] + [(D)B/(Dx)B]
where
Dx = Dm[fa/(1-fa)]"1/m

[D0.91] Drug A = (Dm) drug A [0.91/(1-0.91)]"1/1.248
=0.00217uM x 6.385 = 0.01385uM
[D0.91] B = (Dm) drug B [0.91/(1-0.91)]"1/1.458
=0.320uM x 4.888 = 1.564uM
Cl=(0.005/0.01385) + (0.5/1.564)=0.68 at 91% inhibition

Response surface methodology (RSM) Akl daiud) 43y )k 4-9
3 euaill 23 gaill bl Ailan¥ g Al I okl (e de sane 48 hall oda Jidd
Jal sall (e e gana o lalaiel alill Jalall dlaiod Jomdl i il g0 oKy
s yiil 385 1951 ale Box and Wilson dé (s 43y hall oda apai i Al
oS (Second-dgree polynomial model) 4t da )all (e Aalaall Jlesial

A4kl gl
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Bt il sda Caaa (5 Al g e liall el 8 dage Cilinat 44 Hlall s3]
Jumdl yand 2y wlil) Jaladl 8 Alaid o) Gisy ) Jiadd) Jalal) 4o
Ol el Jalall JiSI o) A3 g die y aiul) IS8 DA e el
b a8 Se (quadratic response surface) dwen il dnhadll dlaiuy)
.(Least square regression) ¢s_sall Glay jall jlasil Jlaxiuly

LS Design-Expert 6.08 W (e 48 yhll oda 2851 duaiadd mal j cllia
SAS 5 SPSS s Minitab Jis s A el s Loayl Ladadss (Kay

Aol s calall g Uapall & gay A Laslaic ] a3 38 48 jlall 28 (8 SHL paall (e g
e 5 2l 45 Hla pragane S JUEA) i S0 sal) Jelaill ady Laid g diaal)
SAS gy Jlerindy Jalail) 4é 243 (Al 5 il

data P013;

input dosageA dosageB effect;
cards;

5 8.7 50

6 17.4 76

7 26.1 87

8 34.8 22

9 43.5 33

10 87 55

run;

Proc rsreg data=P013 out=pri23;

model effect=dosageA dosageB/lackfit predict residual;
ridge max;

run;

data grid;

do dosageA=1 to 10 by 0.2;

do dosageB = 1 to 87 by 0.2;

output;

end;

end; run;

data P013;

set pol3 grid;

dosageA2=dosageA**2;

dosageB2=dosageB**2;

dosageAB=dosageA*dosageB;

run;

proc reg data=P013;

model effect=dosageA dosageB dosageA2 dosageB2 dosageAB;
output out=results

p=yhat r=residual rstudent=rstudent h=hatvalue;
id obs;

run;

data fit;

set results;

if effect=.;

effect=yhat;

run;
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proc g3d data=fit;

plot dosageA*dosageB=effect /

grid caxis=blue

xticknum=7 yticknum=9 zticknum=6;;
run;

Predicted value at stationary point: 147.011725

Eigenvectors
Eigenvalues dosageA dosageB
0 (2] 1.000000
-47.321429 1.000000 (2]

Stationary point is in a flatness.
Stationary point is a maximum.

Parameter Estimates
Parameter Standard

Variable DF Estimate Error t Value
Intercept B -159.85714 304.09731 -0.53
dosageA B 77 .00000 90.51557 0.85
dosageB B 2.32184 1.84747 1.26
dosageA2 B -7.57143 7.26102 -1.04
dosageB2 0 4]

dosageAB (%] 0

Pr > |t]

0.6516
0.4845
0.3357
0.4065

B el ail) sl o) s dsa g A Huds Lae 4l Eigen values L
i) G i) 50 ) (Ll iy A5 A i) A S Lok

sl de ja 5 6.15 e (%90 ) pd A el Baa3 A el sall de
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effect

238

161

85

-68

-145
10.00

dosageA 3.25 2.13 1.00

il LS s Bl Jsandl (A laasV) Colalaa o alaiely Jolacll 35 Sy

data abc;
a= -159.85;
b= 77;

c= 2.32;

d= -7.57;
e= 0;

f=0

; do dosageA=1 to 10 by 0.5;

do dosageB=1 to 90 by 5;

output;

end;

output;

end; run;

data abcz;

set abc ;

do pctchange= a + b*dosageA + c*dosageB + d*dosageA*dosageA +
e*dosageB*dosageB + f*dosageA*dosageB;
output;

end; run;

proc g3d data=abcz;

plot dosageA*dosageB=pctchange/

grid caxis=blue

xticknum=8 yticknum=10 zticknum=10;
format dosageA dosageB pct_change 5.0 ; run;
proc gcontour data=abcz;

plot dosageA*dosageB=pctchange

/ XTICKNUM=11 yticknum=8 levels= 90 88 85 80 75 70 ;
run;

proc g3grid data=abcz out=gridnums;
grid dosageA*dosageB=pctchange

/ spline smooth=0.05

axisl=1 to 10 by .5 axis2=1 to 90 by 5;
run

;proc g3d data=gridnums ;

plot dosageA*dosageB=pctchange /

grid caxis=black

xticknum=8 yticknum=10 zticknum=10;
run;
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pctchange
247

dosageA

-7 7 7

10.00

8.71

7.43

6.14

4.86

3.57

2.29

1.0 T T T T T T T T T

1.

00

9.95

data P013;

input obs V1 V2 visc mw;

datalines;

80
80
90
90
85
85
85
85

ONOUVIDA WNPR

170
180
170
180
175
175
175
175

62
60
66
59
72
69
68
70

18.90

pctchange

2940
3470
3680
3890
3480
3200
3410
3290

27.85

90

36.80

88

45.75

dosageB

85

324
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80

75

63.65

70

72.60

81.55

90.50
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9 85 175 71 3500

10 92.07 175 68 3360

11 77.93 175 71 3020

12 85 182.07 58 3630

13 85 167.93 57 3150

55

run;

Proc rsreg data=P013 out=pri23;

model mw =V1 V2/lackfit predict residual;

ridge max;
run;
data grid;

do V1=80 to 95 by 0.55;

do V2 = 165 to 185 by 0.5;
output;

end;

end; run;

data P013;

set pol3 grid;

V3=V1**2;

V4=\2**2;

V12=V1*V2;

run;

proc reg data=P013;

model mw=V1 V2 V3 V4 V12;
output out=results

p=yhat r=residual rstudent=rstudent h=hatvalue;
id obs;

run;

data fit;

set results;

if mw=.;

mw=yhat;

run;

proc g3d data=fit;

plot V1*V2=mw /

grid caxis=blue
xticknum=7 yticknum=9 zticknum=6;;
run;
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data abc;

a= 5417.99;

b= 884.88;

c= -508.53;

d= -1.669;

e= 2.33;

f= -3.20

; do v1=80 to 95 by 0.5;

do v2=165 to 185 by 0.5;

output;

end;

output;

end; run;

data abcz;

set abc ;

do mw= a + b*vl + c*v2 + d*vl*vl + e*v2*v2 + f*vl*v2;
output;

end; run;

proc g3d data=abcz;

plot vl*v2=mw/

grid caxis=blue

xticknum=8 yticknum=10 zticknum=10;
format vl v2 mw 5.0 ; run;

proc gcontour data=abcz;

plot vl*v2=mw

/ XTICKNUM=11 yticknum=8 levels= 3000 3200 3300 3400 3500 3600 3700,
run;

proc g3grid data=abcz out=gridnums;
grid v1*v2=mw

/ spline smooth=0.05

axis1l=80 to 95 by .5 axis2=165 to 185 by .5;
run

;proc g3d data=gridnums ;

plot vl*v2=mw /
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black
8 yticknum

grid caxis

=10;

10 zticknum

xticknum=

run;

[T T7
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mw

3933

3809

3685

3561

3437

91.67
99.00
88.33 86.67

93.33

85.00

vl

vl
95.00

92.86

90.71

88.57

86.43

84.29

82.14

80.00

167.05 169.10 171.15 173.20 175.25 177.30 179.35 181.40 183.45 185.50

165.00

3700
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3500

3400

3300

3200

3000
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The SAS System

11:55 Thursday, April 24, 2015
The RSREG Procedure

Coding Coefficients for the Independent Variables

Factor Subtracted off

V1 85.000000
V2 175.000000

Divi

7.
7.

Response Surface for Variable

Response Mean
Root MSE
R-Square

Coefficient of Variation

3386.
172.

ded by

070000
070000

mw

153846
324285
0.7590
5.0891

&5 38 Adall 8 il (e %76 O i s 0.76 &b R? 0 odle ) Jsaall (e ey
deriundl 73 gaill J8 (40 ddia
OIS L (s e BIS Jalaill 5 a5l lasi¥) o) il JidaS Jgas (e (i
Lisina Jadll lasiyl

Type I Sum
Regression DF of Squares R-Square F Value Pr > F
Linear 2 588196 0.6820 9.90 0.0091
Quadratic 2 40842 0.0474 0.69 0.5337
Crossproduct 1 25600 0.0297 0.86 0.3841
Total Model 5 654638 0.7590 4.41 0.0391
Parameter
Estimate
Standard from Coded
Parameter DF Estimate Error t Value Pr > |t Data
Intercept 1 5417.991786 98915 0.05 0.9578 3375.975233
V1 1 884.882574 749.261586 1.18 0.2762 290.048127
V2 1 -508.537319 960.732424 -0.53 0.6129 250.796630
V1*V1 1 -1.669749 2.613993 -0.64 0.5433 -83.462251
V2*V1 1 -3.200000 3.446486 -0.93 0.3841 -159.951680
V2*V2 1 2.331459 2.613993 0.89 0.4021 116.537749
Liﬂjhﬁﬁ\ u_éa‘aJd Clia o8 Aﬂjtﬂ\ 34;‘)Jﬂ\ (e czh;y&ﬂ\ Gy olidl Ll}dqu\ (e Zfaiaﬁ\
Sum of
Residual DF Squares Mean Square F Value Pr > F
Lack of Fit 3 142150 47383 2.88 0.1663
Pure Error 4 65720 16430
Total Error 7 207870 29696
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eigenvalue 4ed Je) o) J (Canonical Analysis) (Sl Jaladl) il jals
Al 5 .(V2) 0.94 5 (V1) 0.33 — eigenfactor 8 as & il (1 144.58)
5 V1 0= S ((saddle point) gl ddads Gl 5 das 5e dpdas 483 V2 5 V1 O
A8Mall (5 ) Sl s N oS 5la 58 5 M sill e 175,49 596.80 aidll xie & V2

The RSREG Procedure
Canonical Analysis of Response Surface Based on Coded Data

Critical Value

Factor Coded Uncoded
V1 1.670298 96.809008
V2 0.070236 175.496571

Predicted value at stationary point: 3627.016192

Eigenvectors
Eigenvalues V1 V2
144.585142 -0.330937 0.943653
-111.509645 0.943653 0.330937

data P013;
input obs V1 V2 visc mw;

datalines;

80 170 62 2940

80 180 60 3470

90 170 66 3680

90 180 59 3890

85 175 72 3480

85 175 69 3200

85 175 68 3410

85 175 70 3290

85 175 71 3500

10 92.07 175 68 3360

11 77.93 175 71 3020

12 85 182.07 58 3630

13 85 167.93 57 3150

55

run;

Proc rsreg data=P013 out=pri23;
model visc =V1 V2/lackfit predict residual;
ridge max;

run;

data grid;

do V1=80 to 95 by 0.55;

do V2 = 165 to 185 by 0.5;
output;

end;

end; run;

data P013;

VoOoONOAUVTD WNER
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set pol3 grid;

V3=V1%%2;

V4=V2**2;

V12=V1*V2;

run;

proc reg data=P013;

model visc=V1 V2 V3 V4 V12;
output out=results

p=yhat r=residual rstudent=rstudent h=hatvalue;
id obs;

run;

data fit;

set results;

if visc=.;

visc=yhat;

run;

proc g3d data=fit;

plot V1*V2=visc /

grid caxis=red

xticknum=7 yticknum=9 zticknum=6;;
run;

visc

70.03

62.71

55.40

48.08

40.76

33.45
94.85

0N ol Sl alaie s Liay) Al oSy
data abc;
a= -9030.74;
b= 13.39;
c= 97.7;
d= -0.027;
e= -0.267;
f= -0.05
; do v1=80 to 95 b

y 0.5;
do v2=165 to 185 by 0.5;
output;
end;
output;
end; run;
data abcz;
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set abc ;

do visc= a + b*vl + c*v2 + d*vl*vl + e*v2*v2 + f*vl*v2;
output;

end; run;

proc g3d data=abcz;

plot vl*v2=visc/

grid caxis=blue

xticknum=8 yticknum=10 zticknum=10;

format vl v2 visc 5.0 ; run;

proc gcontour data=abcz;

plot vl*v2=visc

/ XTICKNUM=11 yticknum=8 levels= 60 65 70 75 80 85 90 95 100 105;
run;

proc g3grid data=abcz out=gridnums;

grid vl1*v2=visc

/ spline smooth=0.05

axisl=80 to 95 by .5 axis2=165 to 185 by .5;
run

;proc g3d data=gridnums ;

plot vi*v2=visc /

grid caxis=black

xticknum=8 yticknum=10 zticknum=10;

run;

olial (8 e ga LS

data rsm;

input vl v2 visc mw;
label visc='viscosity' mw='molecular weight';
datalines;

80 170 62 2940

80 180 60 3470

90 170 66 3680

90 180 59 3890

85 175 72 3480

85 175 69 3200

85 175 68 3410

85 175 70 3290

85 175 71 3500
92.07 175 68 3360
77.93 175 71 3020
85 182.07 58 3630
85 167.93 57 3150

ods rtf file='rsreg.rtf';

ods graphics on;

proc rsreg data=rsm

plots (unpack)=surface (3d);

model visc mw =v1 v2/lackfit;

title 'Response Surface Regression Analysis for Viscosity and
Molecular Weight';

run; ods graphics off;

ods rtf close;
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DATA P013;
INPUT obs V1 V2 visc ;
DATALINES;
115.4
4.9
5.2

10.3
13.3
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Proc rsreg data=P013 out=pri23;
model visc =V1 V2/lackfit predict residual;
ridge max;

run;

data grid;

do V1=1 to 5 by 0.5;

do V2 =1 to 5 by 0.5;

output;

end;

end; run;

data P013;

set pol3 grid;

V3=V1**2;

VA=\2**2;

V12=V1*V2;

run;

proc reg data=P013;

model visc=V1 V2 V3 V4 V12;
output out=results
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p=yhat r=residual rstudent=rstudent h=hatvalue;
id obs;

run;

data fit;

set results;

if visc=.;

visc=yhat;

run;

proc g3d data=fit;

plot V1*V2=visc /

grid caxis=blue

xticknum=7 yticknum=9 zticknum=6;;
run;

:;\th.d\
SIS o 5 gl ) 3w aay Aalaall e J gl Ky

yhat=- 3.00+2.715*v1+4.229*v2-0.339*v1? -
0.639*Vv2%+0.376%v1*v2

16.66 |
13.99 7

11.33 7

iy e S a ) adn e J sl A Y1l Sl Jlaninly 2l Sy
A 5iSl) I lasll

data abc;

a= -3.001;

b= 2.715;

c= 4.229;

d= -0.339;

e= -0.639;

f= 0.376

; do vl=1 to 5 by 0.5;
do v2=1 to 5 by 9.5;
output;

end;

output;

end; run;
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data abcz;

set abc ;

do visc= a + b*vl + c*v2 + d*¥vli*vl + e*v2*v2 + f*vl*v2;
output;

end; run;

proc g3d data=abcz;

plot vl*v2=visc/

grid caxis=blue

xticknum=8 yticknum=10 zticknum=10;
format vl v2 visc 5.0 ; run;

proc gcontour data=abcz;

plot vl*v2=visc

/ XTICKNUM=11 yticknum=8 levels= 6 8 10 12 14 16 18;
run;

proc g3grid data=abcz out=gridnums;
grid vl*v2=visc

/ spline smooth=0.05

axisl=1 to 5 by .5 axis2=1 to 5 by .5;
run

;proc g3d data=gridnums ;

plot vl*v2=visc /

grid caxis=black

xticknum=8 yticknum=10 zticknum=10;
run;

vl
5.00

3.86

Hoer| dataa

DATA PO13;
INPUT obs V1 V2 visc ;

DATALINES;
115.4
4.9
5.2
10.3
13.3
2.5
11.6
15.1

ONOUVTDNWN PR
W wwNNR R
ViwkEk bhNDUTw
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Proc rsreg data=P013 out=pri23;
model visc =V1 V2/lackfit predict residual;
ridge max;

run;

data grid;

do V1=1 to 5 by 0.5;

do V2 =1 to 5 by 0.5;

output;

end;

end; run;

data P013;

set pol3 grid;

V12=V1*V2;
logvl=log(vl);
logv2=log(v2);
logvlv2=logvl*logv2;

run;

proc reg data=P013;

model visc=V1 V2 V12 logvl logv2 logvilv2;
output out=results

p=yhat r=residual rstudent=rstudent h=hatvalue;
id obs;

run;

data fit;

set results;

if visc=.;

visc=yhat;

run;

proc g3d data=fit;

plot V1*V2=visc /

grid caxis=blue

xticknum=7 yticknum=9 zticknum=6;;

run;

alalaall

yhat=0.149+4.015*v1+2.638*v2-5.005*logv1-2.237*logv2-
1.505*v1*v2+11.800*logv1*logv2;
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