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The POPULATION                    DISEASE
EXPOSURE    YES      NO    TOTAL

YES      A         B       A  +  B 
NO       C         D      C  +  D

RELATIVE RISK =   A  / ( A + B )   
C  / ( C + D )

ODDS  RATIO =    A / B 
C / D
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THE POPULATION                          DISEASE

EXPOSURE    YES      NO     TOTAL

YES      A         B       A  +  B 

NO       C         D      C  +  D

A / ( A + B )      A x  (C + D )      A x C   +   A x D                                                                     
RELATIVE RISK  =  ---------------- =  -------------- =  -------------------

( RR )                   C  / ( C + D )    C  x  (A + B)     A x C   +   B x C  

A / B      A x  D     NOTE: For a rare disease  A and
ODDS  RATIO    =  ------- = -------- A x C are very small and

( OR )                 C / D     B  x  C                   RR  =  OR (approximately)
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THE POPULATION                            DISEASE

EXPOSURE      YES       NO     TOTAL   PERCENT      RR

YES     10       990      1000         1.0        5.0

NO      20     9980     10000         0.2

10/(10+   990)     10 x (20 + 9980)        100,000                                              
RELATIVE RISK  = ------------------ = ---------------------- = ------------ = 5.00

( RR )                20/(20+ 9980)     20 x  (10 + 990)          20,000  

10 /990         10 x 9980        99800   
ODDS  RATIO     = ------------ =  ------------- =  --------- =  5.04 

( OR )                 20 /9980        990 x 20         19800       
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THE POPULATION

DISEASE

EXPOSURE    YES         NO      TOTAL   PROPORTION

YES    100        900      1,000          0.10

NO     100     9,900    10,000          0.01

RELATIVE RISK  =  100  / (  1,000 ) =  10.0

100 / (10,000)

ODDS  RATIO    =   100 /  900 =   11.0

100 / 9900
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DATA T ; 

INPUT GROUP $  SUCCESS $  N  @@  ;  

DATALINES ;

DRUG       NO  3  DRUG     YES    7

PLACEBO    NO  8  PLACEBO  YES    2

RUN ;

PROC PRINT DATA = T; RUN ; 

PROC FREQ DATA = T ;

TABLES GROUP * SUCCESS/ NOPERCENT NOCOL
NOROW

CHISQ FISHER EXPECTED ;

WEIGHT N ;

RUN ;
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DATA PERSONS ;  INPUT GROUP $ SUCCESS $ @@;

DATALINES ;

DRUG NO    DRUG NO    DRUG NO   DRUG YES  

DRUG YES   DRUG YES   DRUG YES  DRUG YES  

DRUG YES   DRUG YES

PLACEBO NO    PLACEBO NO    PLACEBO YES    PLACEBO  YES

PLACEBO YES   PLACEBO YES   PLACEBO YES    PLACEBO  YES

PLACEBO YES   PLACEBO YES

RUN ; 

PROC FREQ DATA = T ;

TABLES GROUP * SUCCESS/ NOPERCENT NOCOL NOROW

CHISQ FISHER EXPECTED ;

RUN ;
<<< My Note: No WEIGHT statement needed
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DATA TTT ; 

LIKELIHOOD0  =  ((11/20)11) x ((9/20)9)  ;

LIKELIHOOD1  =  (( 3/10)3) x ((7/10)7)   ; 

LIKELIHOOD2  =  (( 8/10)8) x ((2/10)2)   ;

LR  = LIKELIHOOD0 /(LIKELIHOOD1 x LIKELIHOOD2 );  

MINUS2LOGL = -2 x LOG(LR); 

RUN ; PROC PRINT ; RUN ; 
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TITLE1 "   LIKELIHOOD RATIO TEST  "; 
DATA TT ;  
P1  = (0.30)3 x (0.70)7 ;
P2  = (0.80)8 x (0.20)2 ;
PH0 = (0.55)11 x (0.45)9 ; 
LR  = PH0 / (P1 x P2); MINUS2LOGLR = - 2 x LOG(LR) ;  
Z   = SQRT(MINUS2LOGLR) ; 
PVALUE1 = SDF('CHISQUARE' , MINUS2LOGLR, 1) ; 
PVALUE2 = 2 x SDF('NORMAL', Z, 0, 1); RUN ; 
PROC PRINT ;  RUN ; 

SCORE TEST      CHI SQUARE  =  5.0505    P = 0.0246  
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𝑍𝑍 =
𝑝𝑝1 − 𝑝𝑝0

𝑃𝑃𝑚𝑚 × 𝑄𝑄𝑚𝑚
𝑛𝑛1

+ 𝑃𝑃𝑚𝑚 × 𝑄𝑄𝑚𝑚
𝑛𝑛

=
8

10 − 3
10

11
20 × 9

20 × 1
10 + 1

10

=
0.5

0.0495
=

0.5
0.222486 = 2.24733

𝑍𝑍2 =   5.0505
𝑍𝑍 = 2.247
𝑝𝑝 = 0.0246

𝑇𝑇𝑇𝑇𝑇𝑇 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑇𝑇   𝑇𝑇𝑇𝑇𝑆𝑆𝑇𝑇 − 𝐴𝐴𝑆𝑆𝑆𝑆𝐴𝐴𝐴𝐴𝑇𝑇 𝑁𝑁𝐴𝐴𝑁𝑁𝑁𝑁 𝑇𝑇𝐻𝐻𝑃𝑃𝑆𝑆𝑇𝑇𝑇𝑇𝑇𝑇𝑆𝑆𝐻𝐻𝑆𝑆 𝑃𝑃1 = 𝑃𝑃0
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𝑍𝑍 =
(𝑝𝑝1 − 𝑝𝑝0) − 1

2𝑛𝑛0
+ 1

2𝑛𝑛1

𝑃𝑃𝑚𝑚 × 𝑄𝑄𝑚𝑚
𝑛𝑛1

+ 𝑃𝑃𝑚𝑚 × 𝑄𝑄𝑚𝑚
𝑛𝑛

=

8
10 − 3

10 − 1
20 + 1

20
11
20 × 9

20 × 1
10 + 1

10

=
0.5  −    0.10

0.0495
=

0.40
0.22246 = 1.79807

𝑍𝑍2 = 3.2331    𝑝𝑝 = 0.0712

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑇𝑇𝑆𝑆𝑇𝑇𝐻𝐻𝑆𝑆𝑁𝑁 𝐹𝐹𝐴𝐴𝑆𝑆𝑇𝑇𝑆𝑆𝑆𝑆 𝐹𝐹𝑆𝑆𝑆𝑆 𝑆𝑆𝑆𝑆𝑁𝑁𝑇𝑇𝐻𝐻𝑁𝑁𝐴𝐴𝐻𝐻𝑇𝑇𝐻𝐻
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P VALUE BASED ON  NUMBER OF POSSIBLE COMBINATIONS

AS  OR MORE EXTREME THAN THE OBSERVED DIFFERENCE ()

Number of Ways of Getting Each Table

3    7   10   10C3   =  120

() 8   2   10   10C8   =   45        Sum = 45 x 120 =  5400      

2    8   10   10C2   =   45

9    1   10   10C9   =   10        Sum = 10 x   45 =  450   

11    9   10   10C1  =  10

0     0   10   10C10  =    1      Sum =  1  x   10 = 10

TOTAL          = 5860 
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Total Number of 2 by 2 tables = 20C11 = 167,960 

P Value = 2 x 5860 / 167,960  =  0.0698

P VALUE IS THE PROPORTION OF POSSIBLE COMBINATIONS AS 
EXTREME OR MORE  EXTREME THAN THE OBSERVED DIFFERENCE 
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SUCCESS

NO     YES                                     

DRUG         A         B       p1   =   B / A

GROUP CONTROL         C         D      p2   =   D / C

p0    =   ( B  +  D ) / ( A + B + C + D )       q0   =   1  - p0 

If we assume the difference between the observed proportions p1 and p2 is 
due to chance then we replace them by p0 and q0.  We can test the 
hypothesis that the probabilities P1 and P2  are  equal , that is, that P1 = P2.

Probability tells you the likelihood of something happening, while proportion is just the comparison of 
(measurable) quantities. If you have a standard deck, the proportion of diamonds there is 1/4, and 
so is the probability to draw one.

17



Table of GROUP by SUCCESS

GROUP             SUCCESS
NO       YES      Total

-----------------------------------------
DRUG              3         7          10

-----------------------------------------
PLAC              8         2          10

-----------------------------------------
Total              11         9          20
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Table of GROUP by SUCCESS

GROUP           SUCCESS
NO    YES      Total   Probability

--------------------------------------
DRUG          3        7          10

--------------------------------------
PLACEBO      8        2          10

--------------------------------------
Total           11        9          20                

3
10

3

×
7

10

7

8
10

8

×
2

10

2

11
20

11

×
9

20

9
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LR = 
𝑁𝑁𝑆𝑆𝑋𝑋 × 𝑃𝑃1

𝑋𝑋 × 𝑄𝑄1
𝑁𝑁−𝑋𝑋 × 𝑀𝑀𝑆𝑆𝑌𝑌 × 𝑃𝑃2

𝑌𝑌× 𝑄𝑄2
𝑀𝑀−𝑌𝑌

𝑁𝑁𝑆𝑆𝑋𝑋 × 𝑃𝑃𝑂𝑂
𝑋𝑋 × 𝑄𝑄𝑂𝑂

𝑁𝑁−𝑋𝑋 × 𝑀𝑀𝑆𝑆𝑌𝑌 × 𝑃𝑃𝑂𝑂
𝑌𝑌× 𝑄𝑄𝑂𝑂

𝑀𝑀−𝑌𝑌

𝑁𝑁𝑆𝑆 =

3
10

3
× 7

10
7

× 8
10

8
× 2

10
2

11
20

11
× 9

20
9

𝐴𝐴𝑛𝑛𝑈𝑈𝑈𝑈𝑈𝑈 𝑡𝑡𝑡𝑈𝑈 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑇𝑇𝐻𝐻𝑝𝑝𝐻𝐻𝑡𝑡𝑡𝑈𝑈𝐻𝐻𝐻𝐻𝐻𝐻 𝑇𝑇𝐻𝐻: 𝑃𝑃1 = 𝑃𝑃2
𝑎𝑎𝑛𝑛𝑈𝑈 𝑡𝑡𝑡𝑈𝑈 𝑐𝑐𝐻𝐻𝑐𝑐𝑐𝑐𝐻𝐻𝑛𝑛𝑎𝑎𝑡𝑡𝐻𝐻𝑈𝑈𝐻𝐻𝑎𝑎𝑁𝑁 𝑐𝑐𝐻𝐻𝑛𝑛𝐻𝐻𝑡𝑡𝑎𝑎𝑛𝑛𝑡𝑡𝐻𝐻 𝑐𝑐𝑎𝑎𝑛𝑛𝑐𝑐𝑈𝑈𝑁𝑁 𝐻𝐻𝑁𝑁𝑡𝑡.

Likelihood Ratio
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3 7 8 2

11 9

3 7 8 2

10 10 10 10

11 9

20 20
2 ln ( )

1

LIKELIHOOD RATIO TEST

LR

LR has a Chi Square
Probability Distribution with Degree of Freedom

× × ×
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×

       
       
       

   
   
   

− ×
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DATA TTT ; 

LIKELIHOOD0  =  ((11/20)11)    ((9/20)9)   ;

LIKELIHOOD1  =  (( 3/10) 3)    ((7/10)7)   ; 

LIKELIHOOD2  =  (( 8/10) 8)    ((2/10)2)   ;

LR  =   LIKELIHOOD0 / (LIKELIHOOD1   LIKELIHOOD2 ) ;  

MINUS2LOGL = -2 LOG(LR); 

RUN ; PROC PRINT ; RUN ; 
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DATA T  ;   

INPUT DRUG $  SUCCESS $   N   @@  ;   

DATALINES ;

ASPIRIN       NO  3        ASPIRIN  YES    7

PLACEBO       NO  8        PLACEBO  YES    2

RUN ;

PROC LOGISTIC DATA = T ;   

CLASS DRUG  ;   WEIGHT N ;  

MODEL SUCCESS  =  DRUG  ; RUN ; 

LOGISTIC MODEL
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<< Derived from the ratio of likelihoods.
<< Derived from the standard Gaussian Z value.
<< Derived from the logistic regression analysis.
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CURE        NO  YES  TOTAL   PROPORTION ODDS

DRUG 3  7 10          0.7           7/3 = 2.3333
PLACEBO   8      2    10          0.2           2/8 = 0.25

RELATIVE RISK 1 = 0.7 / 0.2           =   3.50     
RELATIVE RISK 2 = 0.2 / 0.7           =   0.29
ODDS RATIO 1    =  2.333 / 0.25     =   9.333
ODDS RATIO 2    =  0.25   / 2.33     =   0.107  
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PROC LOGISTIC DATA = T ;   

CLASS DRUG (ref="ASPIRIN")/ param = ref ;   
WEIGHT N ;  

MODEL SUCCESS  =  DRUG  ; RUN ; 

Note: Exp(2.2336) = 9.333
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PROC LOGISTIC DATA = T ;   

CLASS DRUG (ref="ASPIRIN")/ param = ref ;   
WEIGHT N ;  

MODEL SUCCESS  =  DRUG  ; RUN ; 

My note: 
27.526 - 22.225 = 5.3002

28



PROC LOGISTIC DATA = T ;   

CLASS DRUG ;   WEIGHT N ;  

MODEL SUCCESS  =  DRUG SEX AGE ; RUN ; 
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Next up in Part 4 Lecture 3: Diagnostic Accuracy
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