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GROUP  Å A Ï CASE 5  B Ï CONTROL 
GRP Å 1 Ï CASE,  0 Ï CONTROL
            CASE 

^
 ID

(
1 »zÐ 300 � G tÑr=[

CONTROL
^
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 å \ � ^ GENMOD M°+°í-+ æ
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 DEPCAT   Å DEPRIVATION SCORE (1 - 7, 7
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DATA   CH85;
INPUT ID GROUP $ GRP TIME ONE AGE SEAS DEPCAT SEX SLEEPN1;
CARDS;
   1     A      1      1     1     9.1429     1       7      1       1
   2     A      1      1     1    39.2857     1       7      1       .
   3     A      1      1     1    31.7143     1       5      1       .
   4     A      1      2     1    10.2857     1       7      0       .
   5     A      1      2     1    12.0000     1       5      0       .
 6     A      1      1     1     9.1429     1       2      1       0

   7     A      1      1     1     5.0000     1       4      1       0
   8     A      1      2     1     1.1429     1       4      0       0
   9     A      1      1     1    17.5714     1       1      1       0
  76     A      1      2     1    13.8571     2       6      0       .
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 300     A      1      1     1    10.1429     2       4      1       .
  --------------------------------------------------------------------
  6     B      0      1     1     9.1429     1       2      1       1
  6     B      0      2     1     9.1429     1       2      0       0
  7     B      0      1     1     5.0000     1       4      1       1
  7     B      0      1     1     5.0000     1       .      1       0
  8     B      0      2     1     1.1429     1       5      0       0
  8     B      0      2     1     1.1429     1       6      0       0
 11     B      0      1     1    10.7143     2       4      1       0
  11     B      0      2     1    10.7143     2       4      0       0
 12     B      0      1     1    16.0000     2       7      1       1
 12     B      0      1     1    16.0000     2       6      1       0
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202     B      0      1     1     8.1429     1       1      1       1
203     B      0      1     1    12.0000     1       3      1       1
203     B      0      2     1    12.0000     1       3      0       1
207     B      0      2     1    40.4286     3       3      0       1
207     B      0      .     1    40.4286     3       3      .       1
 ;
� [°7 
:9 + <�>@?BAC
¬D 0�ë�¹�w1h 9Pi +������ A��	��


* ================= Binary response ===================== ;
* Section 8.5, Binary analysis (sleeps in cot), Models 1-4;
OPTIONS LS=80 NODATE NONUMBER;
DATA a; SET  ch85;
/* ----------------- ��~�
�� -----------------------------------
   1     CASE +��
 1 0   CASE=1,  CONTROL= 1

   1 0 0     CASE=1,  CONTROL= 2
   1 0 0 0   CASE=1,  CONTROL= 3
 ---------------------------------------------------------------*/
 PROC SORT DATA= CH85; BY  ID  DESCENDING   GRP;
 DATA MATCHSET;  SET CH85 ; BY ID  DESCENDING  GRP; 
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KEEP  ID  MATCH;  LENGTH  MATCH_  $30; 
 RETAIN  MATCH_ ;
   IF  FIRST. ID  THEN MATCH_=LEFT(GRP);
       ELSE   MATCH_ = TRIM(LEFT(MATCH_)) || TRIM(LEFT(GRP)); 
   IF  LAST. ID THEN DO;
       MATCH = INPUT(MATCH_ , 8. ) ; OUTPUT ; END;
  PROC FREQ DATA=MATCHSET ;TABLES MATCH / ;  RUN
* Model 1;
PROC GENMOD DATA=a; 
CLASS id; 
MODEL sleepn1/one = grp/ DIST=B;
REPEATED SUB=id/ TYPE=CS CORRW MODELSE;

<model 1 0Pé�w SAS + OUTPUT + �����
                 GENMOD Procedure 
 DISTRIBUTION:BINORMIAL, LINK FUNCTION:LOGIT
 DEPENDENT VARIABLE   SLEEPN1
 DEPENDENT VARIABLE   ONE 
 observations used   421
 Number of Event     175
 Number of Trials    421
 Missing values       56
 
 LOG LIKELIHOOD       -281.0617 

         Analysis of Parameter Estimates

 Parameter DF Estimate  Std Err ChiSquare  Pr>Chi 
 INTERCEPT 1  -0.1238   0.1208    1.0496   0.3056
 GRP       1  -0.6527   0.2153    9.1942   0.0024
 SCALE     0   1.0000   0.0000

         GEE MODEL INFORMATION

 Correlation Structure       Exchangeble 
 Subject Effects             ID
 Number of Clusters          201 
 Cluster with Missing Values 56

 
    Working Correlation Matrix  
      col1    col2     col3
row1   1      0.2939   0.2939
row2  0.2939    1      0.2939
row3  0.2939  0.2939     1

         Analysis of GEE Parameter Estimates
         Empirical Standard Error Estimates
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        Empirical 95% Confidence Limits
 Parameter DF Estimate  Std Err   Lower   Upper     Z     Pr>|Z| 
 INTERCEPT 1  -0.0880   0.1386  -0.3596  0.1837  -0.6345  0.5258
 GRP       1  -0.6721   0.1904  -1.0453 -0.2988  -3.5290  0.0004
 SCALE     0   1.0000   0.0000    .       .        .       . 
                                                                    
Analysis of GEE Parameter Estimates
         Model-based Standard Error Estimates
        
        Empirical 95% Confidence Limits
 Parameter DF Estimate  Std Err   Lower   Upper     Z     Pr>|Z| 
 INTERCEPT 1  -0.0880   0.1386  -0.3596  0.1837  -0.6345  0.5258
 GRP       1  -0.6721   0.1841  -1.0330 -0.3112  -3.6500  0.0003
 SCALE     0   1.0008   0.0000    .       .        .       . 

* Model 2;
PROC PHREG DATA=a NOSUMMARY; 
MODEL time*sleepn1(0)=grp/
TIES=DISCRETE; STRATA id;

<model 2 0Pé�w SAS + OUTPUT + �����
                      The PHREG Procedure 
             Analysis of Maximum likelihood Estimates
Variable DF  parameter Standard  Wald         Pr>         Risk 
             estimate  Error     Chi-Square   Chi-Square  Ratio
 sleepn1        1       -0.332214        0.24538             1.83298                
0.1758                  0.717 

* Model 2’;
* 
¤�¥�¦ÑAR¨/9 �z� iRâ�ã � m (

¦��Næ �
data a ; set a;
status= 2- grp;
/* ��� Å status ^ CASE=1, CONTROL=2 

G 7 
H9 é)r <�>@?BAC
¬D (��  
 
§ ¢L�N¼ � y��pÐÀ��ZR[

 GRP
GN^

 case 
^

1, control 
^
0 �/+ G ,status 

^
 case

G
1, control

GN^
2 
� �Hw  */ 

PROC PHREG DATA=a NOSUMMARY; 
MODEL status*grp(0)=sleepn1/TIES=DISCRETE;
STRATA id;

<model 2’ 0Pé�w  SAS + output + ��� >
Dependent variables     Status
Dependent variables     GRP
Censoring Handlings    Discrete
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Score       14.695  with 1 df (p=0.0002)

             Parameter  Standard   Wald        Pr>         Risk
Variable DF  Estimate   Error      Chi-Square  Chi-Square  Ratio  
Sleepn1  1  -1.043126   0.28746    13.16826    0.0003      0.352   

* Model 3;
PROC GENMOD DATA=a; 
MODEL sleepn1/one = grp seas age/ DIST=B;

<model 3 0Pé�w  SAS +  output + ��� >
 DISTRIBUTION:BINORMIAL, LINK FUNCTION:LOGIT
 DEPENDENT VARIABLE   SLEEPN1
 DEPENDENT VARIABLE   ONE 
 observations used   421
 Number of Event     175
 Number of Trials    421
 Missing values       56
 
 LOG LIKELIHOOD       -209.5423 

         Analysis of Parameter Estimates

 Parameter DF Estimate  Std Err ChiSquare  Pr>Chi 
 INTERCEPT 1  -2.5500   0.4393   33.6968   0.0001
 GRP       1  -1.0051   0.2693   13.9298   0.0002
 SEAS      1   0.1366   0.0175    0.5778   0.4472
 AGE       1   0.1587   0.0175   82.4572   0.0001
 SCALE     0   1.0000   0.0000     .        .

* Model 4;
PROC GENMOD DATA=a;
MODEL sleepn1/one = grp/ DIST=B;
RUN;

<model 4 0Pé�w SAS +  OUTPUT + ��� �  <--------- \ � ^ ��� D 1 + õ ��� � � Ë�Ì
                 The GENMOD Procedure
 DISTRIBUTION:BINORMIAL, LINK FUNCTION:LOGIT
 DEPENDENT VARIABLE   SLEEPN1
 DEPENDENT VARIABLE   ONE 
 observations used   421
 Number of Event     175
 Number of Trials    421
 Missing values       56
 
 LOG LIKELIHOOD      -281.0617 
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 Analysis of Parameter Estimates

 Parameter DF Estimate  Std Err ChiSquare  Pr>Chi 
 INTERCEPT 1  -0.1238   0.1208    1.0496   0.305
 GRP       1  -0.6527   0.2153    9.1942   0.0024
 SCALE     0   1.0000   0.0000     .        .
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    1    45  o å 7 
:9 +�� G �]�x� >/����� ��4 æ  
   10    36 o å 7 
H9 1 Å <�>@?BAC
�D  1 æ ----------> 1:1 MATCHING DATA
   100  120 o å 7 
H9 1 Å <�>@?BAC
�D  2 æ ----------> 1:2 MATCHING DATA
LOGIT SCALE 0���¼Nw ��D:
 ����� å 7 
:9��]<�>@?BAL
�D Å ª¬«1^ GRP æ +����

          LOGIT  SCALE               
             ESTIMATE   SE    ODDS RATIO  95 C.I.
 MODEL 1   -0.67     0.19     0.51    0.35-0.74
 MODEL 2     -0.33     0.25     0.72    0.44-1.16
 MODEL 3     -1.01     0.27     0.37    0.22-0.62
 MODEL 4     -0.65     0.22     0.52    0.34-0.80
 --------------------------------------------------------------
���J0Ué�wL�]�x� >/� T ��� 4YX`l�m����

          LOGIT SCALE
                             ESTIMATE    SE     ODDS RATIO
 MODEL 2’    -1.043     0.29      0.352  

è +����P5���� D ��� �)^ Z�! � íYú a M º �]½ ÁNM#" G + $�% ^ ú a M º �Ñ½ � � å _�&
' 5�( 9 7�� ? 5*) + æHG +*$�% �-,�. h 9Pi (�/�0 ¹�w8\ � (�132 I � X�[
��� G �]�x� >/� 4YX)\ � T ��� 465 1:1 , 1:2 Tx­p��X¬�]�x� >/� å

NM �]�x� >��CæHGN^
é)r54�6�0�ú a M º � ? ÁNM10Pé�w1h 9Pi + /�0°(87�� k/Z�wx[
4u»Ñ46589J0 1 I � X���� D � GN^ h 9Pi +�: ���<; / ^>= �JÐ � ��»�?�X�[ TIME

ª¬« +@ � ¸8O (�ACB 0 � ÐÀ��ZN+ G l�� ^�DFE°G tHwx[
 
 �]�x� ½ ; 7 
:9�<�>@?BAC
¬D�E:FHGN^ conditional logistic regression 
model é)r random effects model 0Ué�wYl�m)+-¸ (�GIH G MHZ]Ð � wx[ è � ^
conditional logistic regression 

GN^ 7 
:9 í <�>@?BAC
�D í b © 0 &�' tÑr£g ^J�K A-9 � �]r 587 
:9 t:w-Z ^U<�>@?BAC
�D +�� G &�' T �NX Í o «°G � m I � w � Z@êL M í�±�jU+�NPO G t:wx[ · .N��� D + © ��Q�R�S 0 ^  compound symmetry 
covariance 

( KNM�I � wx[ ��� D 1,2,3,4 ^�è �3T���U �Hw ��D:
 �����pT 1 ¹/[
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 \ � ^ $�%H+-, � ( ��� � ��� 4Yk/Z�w8\ � 0Ué�w-X:�¬»�íU4 � �¬ZR[N��� D �L� ��� D �^ ACB 0L��� G �]�x� >/� I � k�Z�wx[s4u»Ñ465C��� (CU �Hw NPO ^ ��� D �6^ $�%:+-, �^�� ����� D � GN^���� I � k/Z�w-X:� G t:w�[
��� D	�6^ ���)+���� ( :�� G t:wx[UX�
]465R��� ( AR¨�9 �z� i�9 7 
�D � G + µN¶ G t
w � +
�:3 ( t:wx[N��� D � ^ ���)+���� (�� » � k/Z:��Z�X:����� � ^�� � ��ZR[:��� D� +�������� ^ ��� D	� é)r�� IxZ ( 51\ � ^ 7 
:9 � <�>@?BAC
¬DUG ��! + Ö:× ( 	 > (��>�9/G t]r"��� � ^�� � �¬ZR[]é8?�k/5C���:��� D	� GN^ ������� (�� § ¢L��?�X ���1�
Ð � wx[]\ � Ð�+Ll�m���� ^ · .����N��� D T�KNM�¹�w | *�T$#s4uk/Z�wx[% ¯ (�&(' 4YX)éJê60�5*)�3 ���N��� D 0 ,�. · .����N��� D)^
+ ����+��������JT /�0
I-,UX�[
6. . � rx0
h 9Pi + {/| 0 · .N��� D ( KNM�I � X�[]\�\ GN^ ìPk8+R�(/ � ( � ' I � X�[
�]�x� >�� � ^ CASE � ���U� � + ��� ( Ë �J0/�HwNéJê60 CONTROL T$0�1�\ � G t:wx[
é8?�k�± ³ 0 ^ � m)+ 243�/ ^65 Z � � �R� k�Z�wx[s4u»Ñ465¬���°� � ^ ��! b87�9 ª�: �;$� ¹�w8\ � g85=<U0 b &�' ª�: � í ;$� ¹�wNí-+�g G �N¼ � y���ÐÀ��ZR[:�]�x� >�� ¹�w>�?A@�B�CAD=EGFIHKJMLON�PRQ ,TS(UWVTXKY[ZT\ @^]�_a` bTDdcWe�f�: X�UWV�g HKJhLON�Pi4j�k�l6m�ndo g*p j E=q=HrJMLON�PTQIsRDdc6t�uRE=v X w�xzy j X=g HKJMLON�P U6VTX^{| @=} ~TE p j e
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1. Maura E. Stokes et al.(1995):  Categorical data Analysis using the  
SAS SYSTEM, p275.

     Chapter 10, Conditional Logistic regression .  
2. SAS Institute(version 6):        Logistic Regression Examples using 
the SAS System.  p119.

      Example 14. analysis of N:M matched data.  
3. �G������� �  �M��������� ���6���W��� �-�(�(�����W���
4. Helen Brown and Robin Prescott (1999) :  Applied Analysis in 
Medicine, John  Wiley & sons   
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¥§¦
¨=©(ª¬« £W­ Z LGJ \W®d¯�w�° @  N:M HKJMLON�P XW�(�A� |�±=² QIs j e �G� @^³�´ �(�
�dX�µ�¶*g PHREG  M·�¸ i4jh¹�º  �»�¼�½�¾ c j e �G��X u (1:1 MATCED DATA) g
¿AÀ�Á
¾�Â�S E�Ã�Ä*Å |^Æ�Ça|
È(É @�D À�ÊdS eËv X Æ�Ç q ®6¯WÌ�{  = -1.0986, SE=0.57735,
p=0.0571 g*p�Ê�S e Í ¹ q k�k gW»�¼ QIs S6Î ?�Ï Ç�Ð ��Ñ q S l y=Ò Ð ��Ñ*� 1   ±² i4j >�?Tq k X u g @=Ó ��Z qaÔ=NÖÕ×£ �dÑ l6m |�Ø=² D ½ �Ù�(�Ú� E  48 uËq�Û SdÜ |Ø=² pÞÝ � 11 � E 16 u p j S*Á q k sßF X*�^àËX^{ E ØËá ½ q GRP X�®6¯6Ì�{ @  -0.4796l Y[ZË\�âRã6ä6å�æ6çÖèIé @ ê§Q�ë�D j E=q�v ã�ì�í�î È �  SE=0.3487 � @�ê§Q�ë�D Ý qv ã Æ�Ç  P=0.042 l�ï�ð È E ª ë k�l @
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DATA A;
 INPUT  CASE CONTROL W  @@ ;
 DO I=1 TO W; OUTPUT;  END;
 CARDS;
  0 0 48
  1 1 16
  1 0 12
  0 1  4

                     *  O  O 48 
l @

 CASE
m
 CONTROL

m ����� ½
 *  1  1 16 

l @
 CASE

m
 CONTROL

m ��� pÞÝ
 *  1  0 12 

l @
 CASE

@ ��� pÞÝ�g  CONTROL @ ��� D ½
   *  O  1  4 

l @
 CASE

@�D ½ g  CONTROL @ ��� pÞÝ
DATA B ; SET A ; 
ID=_N_;
 T=1;
 GRP=0;  SLEEPN1= CASE;   OUTPUT;
 GRP=1;  SLEEPN1=CONTROL; OUTPUT;

 * ������� k�k g���½ S ¨=©(ªz« £W­ Z LGJ \W®6¯*g�ã���æ ¹�º �
	 �����������
 DATA C; SET B;
 STATUS=2-GRP;
 PROC SORT DATA=C; BY ID;
 PROC PRINT DATA=C; VAR GRP SLEEPN1  STATUS  T; 
 PROC PHREG DATA=C;
 STRATA ID;
 MODEL STATUS*GRP(0)=SLEEPN1 ; RUN;

* ���������(���������������(��������{  T ã�
�¸ ���M���(���������������(�����
 PROC PHREG DATA=C;
 STRATA  ID8;
 MODEL T*GRP(1) = SLEEPN1 / TIES =DISCRETE ; RUN;
                   * T 

@
CASE 

l
CONTROL g � Ü��Tã
ç4  l j������ �={

  * GRP
@

CASE=0, CONTROL=1

* ���������(���������������(� Ð ��Ñ*� 1   ±�² ���M���������(�����������������(�  
 PROC GENMOD DATA=C;
  CLASS ID ;
  MODEL SLEEPN1 / ONE = GRP / DIST = B ;
  REPEATED SUB=ID / TYPE =CS  CORRW  MODELSE ;  RUN;

* �������������(� v ã��Aã ¹�º (LOGISTIC PROCEDURE �������(������� �
1:1 

HKJMLAN�P g @  McNemar ] æ E 
�¸ QIs j e SAS g @ CASE l CONTROL ã È   l
Ý q k s  ��TS |��! ��{ l�i4j e�"�# ��{ @�$ ¾�ã�%'&�g�(*)�çG  l j ��{ � S l y�Ò 1 �
 
æ,+Ö½ q �.-�/ D ½Mã  LOGISTIC w�° � | ¾1012Og « j e
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&a¢ Õ � JKÕ

�
	 �
                      The PHREG Procedure 
             Analysis of Maximum likelihood Estimates
Variable DF  parameter Standard  Wald         Pr>         Risk 
             estimate  Error     Chi-Square   Chi-Square  Ratio
 sleepn1        1       -1.098612        0.57735             3.62085                
0.0571                  0.333 

���M�
Variable DF  parameter Standard  Wald         Pr>         Risk 
             estimate  Error     Chi-Square   Chi-Square  Ratio
 sleepn1        1        1.098612        0.57735             3.62085                
0.0571                  3.000

���M�
Subject Effect          ID (80 levels) 
Number of Cluster       80
                        col1    col2
               row1       1     0.5517
               row2     0.5517    1

     Analysis of GEE Parameter Estimate 
     Empirical Standard Error Estimate   95% Confidence Limits
                                  Lower    Upper      Z    Pr>|Z|
     INTERCEPT -0.6190  0.2344   -1.0785  -0.1596  -2.641  0.0083
     GRP       -0.4796  0.2360   -0.9420  -0.0171  -2.032  0.0421
     Scale      1.0063
      
     Analysis of GEE Parameter Estimate 
     Model Based Standard Error Estimate 95% Confidence Limits
                                  Lower    Upper      Z    Pr>|Z|
     INTERCEPT -0.6190  0.2359   -1.0814  -0.1567  -2.624  0.0087
     GRP       -0.4796  0.2356   -0.9414  -0.0177  -2.035  0.0418
     Scale      1.0063


