%macro LRpowerCorr10C (lower,upper,nsims,p,avep,or1,or2,

                    or3,or4,or5,or6,






or7,or8,or9,or10,

                    fullmodel,

                    reducedmodel,






alpha,

                    dftest,

                    pcx1,pcx2); 

proc datasets library=work; delete base; run;quit;

options nosource nonotes nosource2 noprintmsglist nosymbolgen nomprint;

/*

%let size=&samplesize; 

%let lower=100;

%let upper=200;

*/
/* Generate sample values with data step */
%do sim=1 %to &nsims;

%let size=round(  ((&upper-&lower)*ranuni(0))+&lower  );

data multiple2 /*(drop=samp)*/; 

  retain Seed_1 0 Seed_2 0 

          Seed_3 0 seed_4 0 seed_5 0 seed_6 0 seed_7 0; 

   do samp=1 to &size; 

/* generate random 0,1 uniform */       

/*x1=6.01*ranuni(Seed_1)-3.01; 

        x2=6.01*ranuni(Seed_2)-3.01;

        x3=6.01*ranuni(Seed_3)-3.01;

        x4=6.01*ranuni(Seed_4)-3.01;

        x5=6.01*ranuni(Seed_5)-3.01;

        x6=6.01*ranuni(Seed_6)-3.01; */
x1=ranbin(Seed_1,1,&pcx1);

x2=ranbin(Seed_2,1,&pcx2);

*x3=ranbin(Seed_3,1,.1);
*call ranbin(seed_1,1,0.5,x1);
*call ranbin(seed_2,1,0.5,x2);
                                      *x1=6.001*ranuni(Seed_1)-3.0001; 

                                      *x2=6.0001*ranuni(Seed_2)-3.0001;
        x3=6.0001*ranuni(Seed_3)-3.0001;

        x4=6.0001*ranuni(Seed_4)-3.0001;

        x5=6.0001*ranuni(Seed_5)-3.0001;

        x6=6.0001*ranuni(Seed_6)-3.0001;

xy=ranuni(Seed_7);

           cx1=(x1-&pcx1)/(((&pcx1)*(1-&pcx1))**.5);

           cx2=(x2-&pcx2)/(((&pcx2)*(1-&pcx2))**.5);

                                      *cx1=x1/((3)**.5);
                                      *cx2=x2/((3)**.5);
           
                          *cx3=(x3-.1)/(((x1x2)*(1-.1))**.5);


    cx3=x3/((3)**.5);

            cx4=x4/((3)**.5);

            cx5=x5/((3)**.5);

            cx6=x6/((3)**.5);




cx7=rand('NORMAL');

            cx8=rand('NORMAL');

            cx9=rand('NORMAL');

            cx10=rand('NORMAL');

      output;

  end;

run;

/* standardize the logit converted values */
ods listing close;

/* Performs matrix algebra to obtain a correlation structure */
/* creates a binary value y */
/* Performs matrix algebra to obtain a correlation structure */
proc iml;

  use multiple2;

  read all var{cx1 cx2 cx3 cx4 cx5 cx6 cx7 cx8 cx9 cx10} into center;

  read all var{xy} into xy;

  corr = {1 &p &p &p &p &p &p &p &p &p,

         &p 1 &p &p &p &p &p &p &p &p,

         &p &p 1 &p &p &p &p &p &p &p,

         &p &p &p 1 &p &p &p &p &p &p,

         &p &p &p &p 1 &p &p &p &p &p,

         &p &p &p &p &p 1 &p &p &p &p,

         &p &p &p &p &p &p 1 &p &p &p,

         &p &p &p &p &p &p &p 1 &p &p,

         &p &p &p &p &p &p &p &p 1 &p,



 &p &p &p &p &p &p &p &p &p 1};

  cy = center * half(corr);

  cx1=cy[,1]; cx2=cy[,2];cx3=cy[,3];cx4=cy[,4];cx5=cy[,5];cx6=cy[,6];

  cx7=cy[,7]; cx8=cy[,8];cx9=cy[,9];cx10=cy[,10];

  cx1=(cx1*(((&pcx1)*(1-&pcx1))**.5))+&pcx1;

  cx2=(cx2*(((&pcx2)*(1-&pcx2))**.5))+&pcx2;

  *cx3=(cx3*(((.1)*(1-.1))**.5))+.1;
  *cx1=cx1*((3)**.5); 

  *cx2=cx2*((3)**.5); 

  cx3=cx3*((3)**.5);

  cx4=cx4*((3)**.5); cx5=cx5*((3)**.5); cx6=cx6*((3)**.5);

  xy=xy;

 create multiple3 var{cx1 cx2 cx3 cx4 cx5 cx6 cx7 cx8 cx9 cx10 xy};

 append ;

run; quit;

/* specify your logit */
data multiple3 ; set multiple3;

f=0.00001;

b0=log(&avep/(1-&avep));

/*  conversion of selected covariates to binary */
*cx1=round((cx1+3)/6);
*cx2=round((cx2+3)/6);
*cx3=round((cx1+6)/12);
*cx4=round((cx2+6)/12);
/* logit */
logit=b0+

(log(&or1)+f)*(cx1)+

(log(&or2)+f)*(cx2)+

(log(&or3)+f)*(cx3)+

(log(&or4)+f)*(cx4)+

(log(&or5)+f)*(cx5)+

(log(&or6)+f)*(cx6)+

(log(&or7)+f)*(cx7)+

(log(&or8)+f)*(cx8)+

(log(&or9)+f)*(cx9)+

(log(&or10)+f)*(cx10);

prob=(exp(logit))/(1+exp(logit));

        if xy<=prob then y=1;

         if xy>prob then y=0;

        output;  

run;

/* fit the full model */
ods output fitstatistics=fits1 modelinfo=info1 nobs=n1; 

proc logistic data=multiple3 descending ;

*model y=cx1 cx2 cx3 cx4 cx5 cx6; *output out=phats p=probs;
model y=&fullmodel; *output out=phats p=probs;
run;

data n1;set n1 (rename=(N=n1));

if Label='Number of Observations Used' ;

keep n1;

run;

data fits1;set fits1;

if criterion='AIC' or criterion='SC' then delete;

drop interceptonly;

run;

/* fit the reduced model */
ods output fitstatistics=fits2 nobs=n2;

proc logistic data=multiple3 descending ;

*model y=  cx2 cx3 cx4 cx5 cx6; /*cx1-cx5 */;

model y= &reducedmodel ; 

run;

/* 

data n2;set n2 (rename=(N=n2));

if Label='Number of Observations Used' ;

keep n2;

run;

*/
data fits2;set fits2 (rename=(interceptandcovariates=interceptandcovariates2));

if criterion='AIC' or criterion='SC' then delete;

drop interceptonly;

run;

/* specify chi-square critical value */
/* 3.84 5.99 7.81 9.49 11.07 */
data both;merge fits1 fits2 n1;

likelihoodratio=interceptandcovariates2-interceptandcovariates;

critval=cinv(1-&alpha,&dftest);

if likelihoodratio>critval then reject=1;

else reject=0;

run;

proc append base=base data=both;

run;

/*dm 'log;clear;output;clear;'; */
/*dm 'log;clear;'; */
%end;

ods output "One-Way Frequencies"=freqs;

proc freq data=base;

tables reject;

run;

data power;set freqs (keep=frequency cumfrequency reject);

where reject=1;

Power=frequency/cumfrequency;

se=sqrt((power*(1-power))/cumfrequency);

LCL=power-(1.96*se);

UCL=power+(1.96*se);

drop reject frequency cumfrequency se;

format power lcl ucl percent8.;

run;

ods listing;

options nodate nonumber;

title  "Simulations = &nsims; Rho = &p; P(Y=1) = &avep";

title2 "OR1=&or1, OR2=&or2, OR3=&or3, OR4=&or4, OR5=&or5, OR6=&or6";

title3 
"OR7=&or7, OR8=&or8, OR9=&or9, OR10=&or10";

title4 "Full Model: &fullmodel";

title5 "Reduced Model: &reducedmodel"; 

proc print data=power noobs;

run;

title ' ';

ods graphics on;

proc logistic data=base desc plots(only)=(roc(id=obs) effect);

model reject=n1/;

run;

ods graphics off;

%mend LRpowerCorr10C;

/*

%LRpowerCorr10C (50,150,500,.1,.5,

                    1,1,

                    1,1,1,1,






2.0,1,1,1,

                    cx7 cx8 cx9 cx10,

                        cx8 cx9 cx10,






.05,

                    1,

                    .25,.25);


proc plot data=base;

plot reject*n1;

run;

*/
ods graphics on;

proc logistic data=base desc plots(only)=(roc(id=obs) effect);

model reject=n1/;

run;

ods graphics off;
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 /*=

=Description:

 Commonly when designing studies, researchers propose to measure 

 several independent variables in a regression model, a subset of

 these are identified as the main variables of interest while the 

 remainders are retained in a model as covariates or confounders.  

 Power for linear regression in this setting can be calculated 

using SAS Proc Power.  There exists a void in estimating power 

for the logistic regression models in this same setting.  

Currently, an approach that calculates power for only one 

variable of interest in the presence of other covariates is in 

common use and works well for this special case.  

We propose an algorithm and a SAS macro that extends power 

estimation for one or more primary variables of interest in the 

presence of several confounders.  The user provides conjectured odds

ratios associated with up to 10 predictors of interest and the full and 

reduced models in consideration.

=Usage:

 ==Parameters:

                   Table 1 Macro Variables

SAMPLESIZE         The sample size to be evaluated

NSIMS              The number of simulation runs

P                  The correlation among the predictors 

AVEP               The average number of “1” responses in

                       the samples when all terms are not

                       significant.  This term is associated

                       with the intercept term

OR1                The odds ratio associated with CX1

OR2                The odds ratio associated with CX2

OR3                The odds ratio associated with CX3 

OR4                The odds ratio associated with CX4 

OR5                The odds ratio associated with CX5

OR6                The odds ratio associated with CX6

OR3                The odds ratio associated with CX7 

OR4                The odds ratio associated with CX8 

OR5                The odds ratio associated with CX9

OR6                The odds ratio associated with CX10

FULLMODEL          The predictor terms in the full model among

                       CX1 CX2 CX3 CX4 CX5 CX6 CX7 CX8 CX9 CX10    

REDUCEDMODEL       The predictor terms in the reduced model among

                       CX1 CX2 CX3 CX4 CX5 CX6 CX7 CX8 CX9 CX10     

ALPHA              The significance level of the testing 

DFTEST             The degrees freedom of the testing

PCX1               The probability for a success for cx1

PCX2               The probability for a success for cx2

=Example:  

Suppose we wish to power a study of the

relation of the probability of a disease

with cx7= cholesterol, cx8= age, cx9= sbp, and cx10=dbp(assuming 

xc6 through cx10 are standard normal distributed). Suppose we focus 

on cx7 and cx8 as the primary variables of interest while cx9 and 

cx10 are covariates.  The full model has cx7-cx10 as predictors while

the reduced model has only cx9 and cx10.  Furthermore we assume that

the odds ratios associated with a one unit increase in cx7 through cx10

are 2.0, 1.5, 1.0, and 1.0 respectively.  We assume that the average

probability of the disease is 0.5 and all the predictors are correlated

with each other at a value of 0.1. We wish to estimate the power of a 

sample size of 80 with 1000 simulations and at the 5% level of 

significance. The test would have 2 degrees of freedom.  Since cx1 and

cx2 are not being used in this scenario we set them at a middle of the 

road value of 0.25(they have to be set at something in the macro to have

it work properly even though they do not affect the result.

This would correspond to the macro with commands as follows:

%LRpowerCorr10 (80,1000,.1,.5,

                    1,1,

                    1,1,1,1,






2.0,1.5,1,1,

                    cx7 cx8 cx9 cx10,

                            cx9 cx10,






.05,

                    2,

                    .25,.25);

The resulting output for a run would appear as follows:

                  Sample size = 80; Simulations = 1000; Rho = .1; P(Y=1) = .5

                            OR1=1, OR2=1, OR3=1, OR4=1, OR5=1, OR6=1

                                OR7=2.0, OR8=1.5, OR9=1, OR10=1

                                  Full Model: cx7 cx8 cx9 cx10

                                    Reduced Model: cx9 cx10

                                   Power         LCL         UCL

                                    88%         86%         90%

=*/
%macro LRpowerCorr10 (samplesize,nsims,p,avep,or1,or2,

                    or3,or4,or5,or6,






or7,or8,or9,or10,

                    fullmodel,

                    reducedmodel,






alpha,

                    dftest,

                    pcx1,pcx2); 

proc datasets library=work; delete base; run;quit;

options nosource nonotes nosource2 noprintmsglist nosymbolgen nomprint;

%let size=&samplesize; /* input sample size */
/* Generate sample values with data step */
%do sim=1 %to &nsims;

data multiple2(drop=samp); 

  retain Seed_1 0 Seed_2 0 

          Seed_3 0 seed_4 0 seed_5 0 seed_6 0 seed_7 0; 

   do samp=1 to &size; 

/* generate random 0,1 uniform */       

/*x1=6.01*ranuni(Seed_1)-3.01; 

        x2=6.01*ranuni(Seed_2)-3.01;

        x3=6.01*ranuni(Seed_3)-3.01;

        x4=6.01*ranuni(Seed_4)-3.01;

        x5=6.01*ranuni(Seed_5)-3.01;

        x6=6.01*ranuni(Seed_6)-3.01; */
x1=ranbin(Seed_1,1,&pcx1);

x2=ranbin(Seed_2,1,&pcx2);

*x3=ranbin(Seed_3,1,.1);
*call ranbin(seed_1,1,0.5,x1);
*call ranbin(seed_2,1,0.5,x2);
                                      *x1=6.001*ranuni(Seed_1)-3.0001; 

                                      *x2=6.0001*ranuni(Seed_2)-3.0001;
        x3=6.0001*ranuni(Seed_3)-3.0001;

        x4=6.0001*ranuni(Seed_4)-3.0001;

        x5=6.0001*ranuni(Seed_5)-3.0001;

        x6=6.0001*ranuni(Seed_6)-3.0001;

xy=ranuni(Seed_7);

           cx1=(x1-&pcx1)/(((&pcx1)*(1-&pcx1))**.5);

           cx2=(x2-&pcx2)/(((&pcx2)*(1-&pcx2))**.5);

                                      *cx1=x1/((3)**.5);
                                      *cx2=x2/((3)**.5);
           
                          *cx3=(x3-.1)/(((x1x2)*(1-.1))**.5);


    cx3=x3/((3)**.5);

            cx4=x4/((3)**.5);

            cx5=x5/((3)**.5);

            cx6=x6/((3)**.5);




cx7=rand('NORMAL');

            cx8=rand('NORMAL');

            cx9=rand('NORMAL');

            cx10=rand('NORMAL');

      output;

  end;

run;

/* standardize the logit converted values */
ods listing close;

/* Performs matrix algebra to obtain a correlation structure */
/* creates a binary value y */
/* Performs matrix algebra to obtain a correlation structure */
proc iml;

  use multiple2;

  read all var{cx1 cx2 cx3 cx4 cx5 cx6 cx7 cx8 cx9 cx10} into center;

  read all var{xy} into xy;

  corr = {1 &p &p &p &p &p &p &p &p &p,

         &p 1 &p &p &p &p &p &p &p &p,

         &p &p 1 &p &p &p &p &p &p &p,

         &p &p &p 1 &p &p &p &p &p &p,

         &p &p &p &p 1 &p &p &p &p &p,

         &p &p &p &p &p 1 &p &p &p &p,

         &p &p &p &p &p &p 1 &p &p &p,

         &p &p &p &p &p &p &p 1 &p &p,

         &p &p &p &p &p &p &p &p 1 &p,



 &p &p &p &p &p &p &p &p &p 1};

  cy = center * half(corr);

  cx1=cy[,1]; cx2=cy[,2];cx3=cy[,3];cx4=cy[,4];cx5=cy[,5];cx6=cy[,6];

  cx7=cy[,7]; cx8=cy[,8];cx9=cy[,9];cx10=cy[,10];

  cx1=(cx1*(((&pcx1)*(1-&pcx1))**.5))+&pcx1;

  cx2=(cx2*(((&pcx2)*(1-&pcx2))**.5))+&pcx2;

  *cx3=(cx3*(((.1)*(1-.1))**.5))+.1;
  *cx1=cx1*((3)**.5); 

  *cx2=cx2*((3)**.5); 

  cx3=cx3*((3)**.5);

  cx4=cx4*((3)**.5); cx5=cx5*((3)**.5); cx6=cx6*((3)**.5);

  xy=xy;

 create multiple3 var{cx1 cx2 cx3 cx4 cx5 cx6 cx7 cx8 cx9 cx10 xy};

 append ;

run; quit;

/* specify your logit */
data multiple3 ; set multiple3;

f=0.00001;

b0=log(&avep/(1-&avep));

/*  conversion of selected covariates to binary */
*cx1=round((cx1+3)/6);
*cx2=round((cx2+3)/6);
*cx3=round((cx1+6)/12);
*cx4=round((cx2+6)/12);
/* logit */
logit=b0+

(log(&or1)+f)*(cx1)+

(log(&or2)+f)*(cx2)+

(log(&or3)+f)*(cx3)+

(log(&or4)+f)*(cx4)+

(log(&or5)+f)*(cx5)+

(log(&or6)+f)*(cx6)+

(log(&or7)+f)*(cx7)+

(log(&or8)+f)*(cx8)+

(log(&or9)+f)*(cx9)+

(log(&or10)+f)*(cx10);

prob=(exp(logit))/(1+exp(logit));

        if xy<=prob then y=1;

         if xy>prob then y=0;

        output;  

run;

/* fit the full model */
ods output fitstatistics=fits1; 

proc logistic data=multiple3 descending ;

*model y=cx1 cx2 cx3 cx4 cx5 cx6; *output out=phats p=probs;
model y=&fullmodel; *output out=phats p=probs;
run;

data fits1;set fits1;

if criterion='AIC' or criterion='SC' then delete;

drop interceptonly;

run;

/* fit the reduced model */
ods output fitstatistics=fits2;

proc logistic data=multiple3 descending ;

*model y=  cx2 cx3 cx4 cx5 cx6; /*cx1-cx5 */;

model y= &reducedmodel ; 

run; 

data fits2;set fits2 (rename=(interceptandcovariates=interceptandcovariates2));

if criterion='AIC' or criterion='SC' then delete;

drop interceptonly;

run;

/* specify chi-square critical value */
/* 3.84 5.99 7.81 9.49 11.07 */
data both;merge fits1 fits2;

likelihoodratio=interceptandcovariates2-interceptandcovariates;

critval=cinv(1-&alpha,&dftest);

if likelihoodratio>critval then reject=1;

else reject=0;

run;

proc append base=base data=both;

run;

/*dm 'log;clear;output;clear;'; */
/*dm 'log;clear;'; */
%end;

ods output "One-Way Frequencies"=freqs;

proc freq data=base;

tables reject;

run;

data power;set freqs (keep=frequency cumfrequency reject);

where reject=1;

Power=frequency/cumfrequency;

se=sqrt((power*(1-power))/cumfrequency);

LCL=power-(1.96*se);

UCL=power+(1.96*se);

drop reject frequency cumfrequency se;

format power lcl ucl percent8.;

run;

ods listing;

options nodate nonumber;

title "Sample size = &samplesize; Simulations = &nsims; Rho = &p; P(Y=1) = &avep";

title2 "OR1=&or1, OR2=&or2, OR3=&or3, OR4=&or4, OR5=&or5, OR6=&or6";

title3 
"OR7=&or7, OR8=&or8, OR9=&or9, OR10=&or10";

title4 "Full Model: &fullmodel";

title5 "Reduced Model: &reducedmodel"; 

proc print data=power noobs;

run;

title ' ';

%mend LRpowerCorr10;

%macro quickpower2(nsims,p,avep,

                     or1,or2,

                     or3,or4,or5,or6,

                     or7,or8,or9,or10,

                    fullmodel,

                    reducedmodel,






ntermsfull,

                    alpha,

                    dftest,

                    pcx1,pcx2);

%LRpowerCorr10 (100000,1,&p,&avep,&or1,&or2,&or3,&or4,&or5,&or6,

                     &or7,&or8,&or9,&or10,

                    &fullmodel,

                    &reducedmodel,

                    &alpha,

                    &dftest,

                    &pcx1,&pcx2);run;

proc corr data=multiple3;

var cx1-cx10;

run;

ods output fitstatistics=tempF;

ods listing close;

proc reg data=multiple3;

model y=&fullmodel;

 run;quit;

data tempF;  set tempF (keep=label2 nvalue2);

  if Label2 ne 'R-Square' then delete;

    call symput ('r2full', nvalue2);

run;

%put r2full = &&r2full;

ods output fitstatistics=tempR;

ods listing close;

proc reg data=multiple3;

model y=&reducedmodel;

 run;quit;

ods listing;

data tempR;  set tempR (keep=label2 nvalue2);

  if Label2 ne 'R-Square' then delete;

    call symput ('r2red', nvalue2);

run;

ods listing;

%put r2red = &&r2red;

ods output output=powerout;

proc power;

multreg 

model=random

alpha=.05
nfullpredictors= &ntermsfull

ntestpredictors= &dftest

rsqfull=&&r2full

rsqreduced=&&r2red

ntotal=.
power=.8; 

run;

data powerout;set powerout;

call symput ('nforsim', NTotal);

run;

%put nforsim = &&nforsim;

%LRpowerCorr10 (&&nforsim,&nsims,&p,&avep,&or1,&or2,&or3,&or4,&or5,&or6,

                     &or7,&or8,&or9,&or10,

                    &fullmodel,

                    &reducedmodel,

                    &alpha,

                    &dftest,&pcx1,&pcx2);

                     run;

%mend quickpower2;

%LRpowerCorr10 (250,50,0,.1,

                    3,1,

                    1,1,1,1,






1,1,1,1,

                    cx1 ,

                        ,






.05,

                    1,

                    .25,.25);


%quickpower2(50,0,.1,

                    3,1,

                    1,1,1,1,






1,1,1,1, 

                    cx1 ,

                    ,






1,






.05,

                    1,

                    .25,.25);run;

%LRpowerCorr10C (200,300,500,0,.1,

                    3,1,

                    1,1,1,1,






1,1,1,1,

                    cx1  ,

                     ,






.05,

                    1,

                    .25,.25);

ods graphics on;

