Regression Models for Binary Outcomes Using SAS

(commands= finan_binary.sas)
The models that we have fit so far using Linear Regression, ANOVA, and ANCOVA, can all be classified as Linear Models. We now take a look at a more general class of models, called Generalized Linear Models (Nelder and Wedderburn, 1972). These models cover a wide range of response distributions that belong to the exponential family of distributions. The class of generalized linear models is an extension of traditional linear models that allows the mean of a population to depend on a linear predictor through a nonlinear link function. We use generalized linear models to fit logistic regression models for binary outcome data, ordinal logistic regression models for ordinal categorical outcome data, multinomial logistic regression models for multinomial outcome data, and Poisson or negative binomial regression models for count outcome data.
This general class of models can be fit using Proc Genmod in SAS. Models for discrete outcomes, including binary outcomes, ordinal discrete outcomes, and multinomial outcomes, can also be fit using Proc Logistic. We illustrate models for whether patients lived or died in the Afifi data (described in the data description section of the handouts) using Proc Logistic and Proc Genmod in this handout. We also demonstrate how to get the experimental ODS graphics output for proc logistic in this handout.
In the SAS code below, we use a logistic regression model to model the logit of the probability of dying as a function of Systolic Blood Pressure at time 1 (SBP1). Note the use of the descending option, so we predict the probability of the outcome variable taking on a value of  1 (i.e., Died), rather than the probability of the outcome taking on a value of 0 (i.e. Lived). Notice also, that we save a new dataset called PDAT, that contains diagnostic information. 
ods rtf file = "c:\temp\labdata\logistic.rtf";

ods graphics on;

title "Logistic Regression with a Continuous Predictor";

proc logistic data=sasdata2.afifi descending;

  model died = sbp1 / rsquare;

  units sbp1 = 1 5 10;

  output out=pdat dfbetas= _all_ 

                  difchisq = d_chisq

                  difdev = d_dev

                  reschi = res_chisq

                  resdev = res_dev; 

  graphics estprob;

run;

ods graphics off;

ods rtf close;

	tc "Logistic " \f C \l 1

tc "Model Information " \f C \l 2Model Information

	Data Set
	SASDATA2.AFIFI

	Response Variable
	DIED

	Number of Response Levels
	2

	Model
	binary logit

	Optimization Technique
	Fisher's scoring


	tc "Observations Summary " \f C \l 2Number of Observations Read
	113

	Number of Observations Used
	111


	tc "Response Profile " \f C \l 2Response Profile

	Ordered
Value
	DIED
	Total
Frequency

	1
	1
	43

	2
	0
	68


	Probability modeled is DIED=1.


	Note:
	2 observations were deleted due to missing values for the response or explanatory variables.


	tc "Convergence Status " \f C \l 2Model Convergence Status

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


	tc "Fit Statistics " \f C \l 2Model Fit Statistics

	Criterion
	Intercept
Only
	Intercept
and
Covariates

	AIC
	150.199
	138.018

	SC
	152.909
	143.437

	-2 Log L
	148.199
	134.018


	tc "R-Square and Max-rescaled R-Square " \f C \l 2R-Square
	0.1199
	Max-rescaled R-Square
	0.1628


	tc "Global Tests " \f C \l 2Testing Global Null Hypothesis: BETA=0

	Test
	Chi-Square
	DF
	Pr > ChiSq

	Likelihood Ratio
	14.1814
	1
	0.0002

	Score
	13.4150
	1
	0.0002

	Wald
	11.9840
	1
	0.0005


	tc "Parameter Estimates " \f C \l 2Analysis of Maximum Likelihood Estimates

	Parameter
	DF
	Estimate
	Standard
Error
	Wald
Chi-Square
	Pr > ChiSq

	Intercept
	1
	2.2380
	0.7892
	8.0416
	0.0046

	SBP1
	1
	-0.0261
	0.00754
	11.9840
	0.0005


	tc "Odds Ratios " \f C \l 2Odds Ratio Estimates

	Effect
	Point Estimate
	95% Wald
Confidence Limits

	SBP1
	0.974
	0.960
	0.989


	tc "Association Statistics " \f C \l 2Association of Predicted Probabilities and Observed Responses

	Percent Concordant
	69.0
	Somers' D
	0.388

	Percent Discordant
	30.2
	Gamma
	0.391

	Percent Tied
	0.7
	Tau-a
	0.186

	Pairs
	2924
	c
	0.694


	tc "Estimates for Adjusted Odds Ratios " \f C \l 2Adjusted Odds Ratios

	Effect
	Unit
	Estimate

	SBP1
	1.0000
	0.974

	SBP1
	5.0000
	0.878

	SBP1
	10.0000
	0.770
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/*CHECK THE OUTPUT DATA SET*/

title "Output data set from Proc Logistic";

proc means data=pdat;

var SBP1 DIED res_chisq--d_chisq;

run;

                             Output data set from Proc Logistic                            
                                      The MEANS Procedure

Variable           Label                                        N           Mean        Std Dev

-----------------------------------------------------------------------------------------------

SBP1               Systolic BP at time 1                      111    105.8558559     30.7691838

DIED                                                          113      0.3805310      0.4876801

res_chisq          Pearson Residual                           111      0.0035591      1.0030991

res_dev            Deviance Residual                          111     -0.0646119      1.1018772

DFBETA_Intercept   DfBeta for Intercept                       111    0.000104560      0.0933282

DFBETA_SBP1        DfBeta for SBP1                            111   -0.000097052      0.0941719

d_dev              One Step Difference in Deviance            111      1.2251101      0.7967729

d_chisq            One Step Difference in Pearson Chisquare   111      1.0148957      1.0635689

-----------------------------------------------------------------------------------------------

  Variable           Label                                           Minimum         Maximum

  ------------------------------------------------------------------------------------------

  SBP1               Systolic BP at time 1                        26.0000000     171.0000000

  DIED                                                                     0       1.0000000

  res_chisq          Pearson Residual                             -1.6360581       2.5699004

  res_dev            Deviance Residual                            -1.6136987       2.0143115

  DFBETA_Intercept   DfBeta for Intercept                         -0.3336562       0.1250817

  DFBETA_SBP1        DfBeta for SBP1                              -0.1130896       0.3838927

  d_dev              One Step Difference in Deviance               0.2079537       4.2344664

  d_chisq            One Step Difference in Pearson Chisquare      0.1109765       6.7814035

  ------------------------------------------------------------------------------------------
/*RUN THE LOGISTIC REGRESSION WITH A CATEGORICAL AND CONTINUOUS PREDICTOR*/

title "Logistic Regression With Categorical and Continuous Predictors";

proc logistic data=sasdata2.afifi descending;

 class shoktype(ref="2") / param=ref;

  model died = SHOKTYPE  sbp1 /rsquare;

run;

                Logistic Regression with a Categorical and Continuous Predictor              

                                    The LOGISTIC Procedure

                                      Model Information

                        Data Set                      SASDATA2.AFIFI

                        Response Variable             DIED

                        Number of Response Levels     2

                        Model                         binary logit

                        Optimization Technique        Fisher's scoring

                            Number of Observations Read         113

                            Number of Observations Used         111

                                        Response Profile

                               Ordered                      Total

                                 Value         DIED     Frequency

                                     1            1            43

                                     2            0            68

                                Probability modeled is DIED=1.

NOTE: 2 observations were deleted due to missing values for the response or explanatory

      variables.

                                    Class Level Information

                     Class        Value            Design Variables

                     SHOKTYPE     2          0      0      0      0      0

                                  3          1      0      0      0      0

                                  4          0      1      0      0      0

                                  5          0      0      1      0      0

                                  6          0      0      0      1      0

                                  7          0      0      0      0      1

                                   Model Convergence Status

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

                                   Model Fit Statistics

                                                         Intercept

                                          Intercept            and

                            Criterion          Only     Covariates

                            AIC             150.199        133.509

                            SC              152.909        152.476

                            -2 Log L        148.199        119.509

                     R-Square    0.2278    Max-rescaled R-Square    0.3091

                            Testing Global Null Hypothesis: BETA=0

                    Test                 Chi-Square       DF     Pr > ChiSq

                    Likelihood Ratio        28.6906        6         <.0001

                    Score                   25.3638        6         0.0003

                    Wald                    19.5205        6         0.0034

                                  Type 3 Analysis of Effects

                                                   Wald

                         Effect        DF    Chi-Square    Pr > ChiSq

                         SHOKTYPE       5       11.9418        0.0356

                         SBP1           1        4.8641        0.0274

                           Analysis of Maximum Likelihood Estimates

                                              Standard          Wald

             Parameter      DF    Estimate       Error    Chi-Square    Pr > ChiSq

             Intercept       1     -0.0399      1.1654        0.0012        0.9727

             SHOKTYPE  3     1      2.1113      0.8214        6.6064        0.0102

             SHOKTYPE  4     1      2.0243      0.7886        6.5896        0.0103

             SHOKTYPE  5     1      1.2458      0.8328        2.2378        0.1347

             SHOKTYPE  6     1      1.5265      0.8284        3.3956        0.0654

             SHOKTYPE  7     1      2.8397      0.9450        9.0298        0.0027

             SBP1            1     -0.0184     0.00833        4.8641        0.0274

                                     Odds Ratio Estimates

                                            Point          95% Wald

                      Effect             Estimate      Confidence Limits

                      SHOKTYPE 3 vs 2       8.259       1.651      41.317

                      SHOKTYPE 4 vs 2       7.570       1.614      35.510

                      SHOKTYPE 5 vs 2       3.476       0.679      17.781

                      SHOKTYPE 6 vs 2       4.602       0.907      23.341

                      SHOKTYPE 7 vs 2      17.111       2.685     109.061

                      SBP1                  0.982       0.966       0.998

                 Association of Predicted Probabilities and Observed Responses

                       Percent Concordant     77.9    Somers' D    0.560

                       Percent Discordant     21.9    Gamma        0.561

                       Percent Tied            0.2    Tau-a        0.268

                       Pairs                  2924    c            0.780

The commands to run the equivalent model using Proc Genmod are shown below (output not displayed).

/*RUN THE LOGISTIC REGRESSION USING PROC GENMOD*/

title "Logistic Regression Using Proc Genmod";

proc genmod data=sasdata2.afifi descending;

 class shoktype(ref="2") / param=ref;

  model died = SHOKTYPE  sbp1 /dist=bin type3;

run;
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