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Enhancing the Output from PROC LOGISTIC 

Bharat Thakkar, KwanHur, Charles A Oprian, William G. Henderson, and Sharon Urbanski 
Center for Cooperative Studies in Health Services, Department of V eterans Affairs Hospital. Hines, IL 

Abstract 
A SAS code for enhancing the output from 

PROC LOGISTIC with the stepwise option was 
developed. Among the enhancements provided are: the 
suppression of SAS output from several pages to one 
table, the incremental change in the c-index statistic, 
the -2 LOG likelihood statistic (-2 log L statistic), and 
an incremental test for the significant change by using 
the -21og L statistic. In addition, the code provides the 
parameter estimate, the standard error, the Wald chi­
square, the p-value of the chi-square, the standardized 
estimate, and the odds ratio at each step of the stepwise 
logistic regression output. 

Introduction 
One aspect of data analysis is to find the 

relationship between a response variable and a set of 
explanatory variables. When the response variable is 
dichotomous, logistic regression is used to build a 
model. The stepwise selection procedure provides an 
effective means to screen a large number of explanatory 
variables, and to simultaneously fit a number of logistic 
regression models. 

The c-index is one of the statistics that can be 
used to measure the predictability of the logistic 
regression model. Another statistic that is used to 
evaluate a regression model is the -2 log L statistic. This 
information is presented in a single table of the 
enhanced output. 

Example 
In the following example a subset of 2,056 

surgical cases that had a colectomy for colon cancer 
was identified, from the National VA Surgical Quality 
Improvement Program which contained 107,241 major 
surgeI)' cases pecformed in the VA system, with 30 day 
mortality as the response variable and 15 selected risk 
factors as explanatory variables. 

PROC LOGJSTIC ll4TA.=SAMPIE ORDER=FORMATT.ED; 
MODEL tW.Ith~ ~ liM jimImu hztopd cpMIl1IfOn 

hepaIomg MCiI# impHM IrIaitt CWUIIIItrD 

di_wrIo.r8 br-ldi8 tnmsfiu emupcy/ 
~DII .. nqwi.e WlDy=O.05 sWmy-O.05 deltJilr, 
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Note: slentry-tbe significance level for entry into the 
model, selected to be 0.05, sLstay-the significance level 
for staying in the model, selected to be 0.05, and the 
details produce "analysis of variables NOT in the 
model" and "analysis of maximum likelihood estimates" 
tables at each step. After submitting the above SAS 
code, the following seven page standard SAS PROC 
LOGISTIC output is produced. 
************* SAS output *********** 

The $AS System Pg. 1 

The LOGISTIC Procecll.re 

Data Set: IN.LONGO 
Response Variable: DEATH 
Response Levels! 2 
NIJIIber of Observations: 2OS6 
Link Function: Logit 

Raspanse Profi le 
Ordered 
Val ue DEATH Count 

1 Dead 106 
2 Not Dead 1950 

Stepwise Selection PI"CICeIiIre 

Step o. Intercept lintel ad: 

Analysis of lIIIIIi_ Likelihood bti_tea 

~ SIaudanI Wild Pr> SIaadInIi:zcd Odds 
Varioble DF F.IIlmIfe Enar Chi-Square CJD..Squ.re &limite Ralio 
IIfIERCPT 1 -2.9121 0.0997 &52.59'65 0.0001 0.054 

Residual Chi·Square • 145.8735 with 15 OF (p=O.OOO1) 

Analysis of Variables Not in the Model 

Variable 
DYSPNEA 
DIIlt 
FNSTAWS 
IIXCQPI) 

CPNEUIIDII 
HEPATCIIG 
ASCITES 
1I1I'SEIIS 
HXTIA 
CVANEIJRO 
DISCAIICR 
IITLOSS 
BLEEDDIS 
TRAIISFUS 
EIIERGNCY 

Score 
Chi·Square 
4.8542 
4.8391 
9.8128 
2.5937 
6.0945 

18.5748 
50.1471 
41.9061 
2.5009 
1.5489 

30.0863 
9.6719 
6.6133 

13.8493 
9.9439 

Pr ~ 
Chi·Square 
0.0276 
0.0278 
0.0017 
0.1073 
0.0136 
0.0001 
0.0001 
0.0001 
0.1138 
0.2133 
0.0001 
0.0019 
0.0101 
0.0002 
0.0016 



The SAS System PI. 2 

The LOGISTIC ProcecUre 

Step 1. Varillble ASCITES entered: 

Criteria for Assessi..., Nodel Fit 

Intercept 
Intercept and 

Criterion 
AlC 

Only Covariates Chi -Square for Covariates 
837.035 816.746 

SC 842.664 828.003 • 
·2 LOG L 
Sc:ore 

835.035 812.746 22.290 with 1 DF (p=II.OOO1) 
°50.147 with 1 OF (p=II.0001) 

~ SIaDdard Waid Pr> SIaadudizecl 
VIriablc DF EIIiIIIatt Pmw Qi.SquaIe Cbi-8qulreEalimate 
llITERCPT 1 -2.9844 0.1035 830.8623 0.0001 • 
ASCITES 1 2.5790 0.4680 30.3631 0.0001 0.139587 

Association of Predicted Probabll ities and CIIIseMIed 
Respanses 

Concordant.. 7.n 
Oiscordant.. 0.61 
Tied .. 91.9% 
(206700 pai rs) 

SOIIIers' D .. 0.069 
~ = 0.859 
T~a .. 0.007 
c = 0.535 

Odds 
Ratio 

0.051 
13.184 

Residual Chi'Square .. 92.5433 with 14 DF (p=II.oo01) 

Analysis of Variables Not in the Model 

Variable 
DYSPNEA 
DNR 
FNSTATUS 
HXCOPD 
CPNEIIIOII 
REPATOMG 
INPSENS 
RXTIA 
CVAllEURO 
DlSCAIICR 
WTLOSS 
II.EEOOIS 
TRANSFUS 
EMERGIICY 

The SAS System 

Score 
Chi-Square 

3.9366 
5.5599 

10.6446 
2.7344 
2.1787 
4.2202 

39.2517 
2.8812 
2.1475 

24.9037 
8.6668 
5.7791 

10.3510 
9.2530 

The LOGISTIC Procecb-e 

Step 2. Variable IIIPSElIS entered: 

Criteria for Assessi..., Model Fit 

Intercept 
I ntareept and 

Pr ,. 
Chi-Square 

0.0472 
0.0184 
0.0011 
0.0982 
0.1399 
0.0399 
0.0001 
0.0896 
0.1428 
0.0001 
0.0032 
0.0162 
0.0013 
0.0024 

P9. 3 

Criterion 
AlC 

Only Covar-iates Chi-Square for Coveriates 

SC 
·2 LOG L 
Sc:ore 

837.035 793.227 
842.664 810.113 
835.035 787_227 47.808 with 2 DF (p=II.ooo1) 

89.904 with 2 DF (p=II_OOO1) 
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Analysis of Maxi_ Likelihood Esti_tes 

Poz-. SIaDdanI Wild Pr> SIaadudizecl Odds 
Variable DF&timaIe Pmw Chi-8quIre Cbi-SquIre I!IIimatc Ratio 
INITERCPT 1 -3_1395 0_1136 763.7191 0_0001. 0.043 
ASCITES 1 2.5724 0.4813 28.5649 0.0001 0.139233 13.098 
IIIPSBIS 1 1.6269 0_2854 32'°9560 0.0001 0.192076 5.088 

Association of Predicted Probabil ities and CIIIseMIed 
RespoMeS 

Concordant .. 23.7:11 
Discordant.. 3.61 
Tied .. 72.7:11 
(206700 pai rs) 

Scaers' D .. 0.201 
'- ,. 0.734 
Tau-a .. 0.020 
c .. 0_600 

Residual Chi-Squar-e .. 49.5609 with 13 DF (p=II.0001) 

Analysis of Variables Not inOthe Model 

Variable 
DYSPNEA 
DNR 
FNSTATUS 
IIXCCIPD 
CPNEIIIOII 
IlEPt\TOMG 
NXTlA 
CVANEURO 
DlSCANCR 
WTLOSS 
BLEEDOlS 
TRANSFUS 
EllERGNCY 

Score 
Chi-Square 

2.7828 
1.0269 
0.3701 
2.0544 
1.7011 
3.7391 
3.8051 
0.0826 

22.4806 
7.3106 
4.1473 
7.5478 
7.2757 

The $AS Syst_ 

The LOGISTIC Pnx:ecb-e 

Pr ,. 
Chi'Square 

0.0953 
0.3109 
0.5430 
0.1518 
0.1921 
0.0532 
0.0511 
0.7738 
0.0001 
0.0069 
0.0417 
0.0060 
0.0070 

Pg. 4 

Step 3. Yar-iable DISCAIICR entered: 

Criteria for Assessi..., Model Fit 

Cr-iterion 
AIC 
SC 
-2 LOG L 
Score 

Inter-cept 
Only 
837_035 
842.664 
835.035 

Intercept 
and 

Co¥ariates Chi-Square for Coveriates 
TT7.296 
199.810 • 
769.296 65.739 with 3 OF (poD.OOO1) 

113.385 with 3 OF (p=D.OOO1) 

~ ........ Waki Pr> sc.adardizecI Odds 
Variable DF F.IIimIIB Pmw Cbi S...- CIsi-SqIIan EcIimoIe l!.aIio 
INTERCPT 1 ·3.3160 0.1270 681.3329 0.0001. 0.1136 
ASCITES 1 2.4052 0.4977 23.3530 0.0001 0.130181 11.081 
IIIPSElIS 1 1.5917 0.2882 30.5099 0.0001 0.187917 4.912 
DISCAIICR 1 1.1116 0.2433 20.8748 0.0001 0.187962 3.039 

Association of Predicted Probabil ities and Ilbserved 
Responses 

Concordant .. 39 .3% 
Discordant.. 8.9% 
Tied = 51.7X 
(206700 pai rs) 

SDIIIIIrs' D .. 0.304 
GaIIAa .. 0.631 
Tau·a .. 0.030 
c .. 0.652 
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Residual Chi-Square" 26.7569 Nith 12 DF (p=O.OO84) 

Analysis of Variables Not in the Model 

variable 
DYSPNEA 
DNR 
FNSTATUS 
HXCOPD 
CPIIEUIION 
IlEPATDMG 
HXlIA 
CVANElIRO 
WTLOSS 
BLEEDDIS 
TIWISFUS 
EMERGNCY 

The $AS Systlll 

kore 
Chi-Square 

2.6159 
0.7627 
0.6833 
2.2454 
1.4709 
3.1590 
3.3915 
0.3677 
4.4180 
2.3061 
5.4018 
8.5698 

The LOGISTIC Procedure 

Pr ,. 
Chi-Square 

0.1058 
0.3825 
0.4085 
0.1340 
0.2252 
0.0755 
0.0655 
0.5442 
0.0356 
0.1289 
0.0201 
0.0034 

Pg. 5 

Step 4. variable BERGNCY entered: 

Criteria for Assessing Madel Fit 
Intercept 

and 
Criterion 
AIC 

Intercept 
Only 
837.035 

CoYeriates Chi-Square for COYBriates 
m.386 

SC 800.529 • 
·2 LOG L 
Score 

. 842.664 
835.035 762.386 72.649 Nith 4 DF (poD.0001) 

121.563 Nith 4 DF (p=O.0001) 

Analyst. of llaxi_ Likel ihood bti_tea 

r- SIaDdon:I WakI Pr> SIIodadized Odds 
VaiobIe DF EoIim.te EmIl' ~ aai Sp •• IIIIiauIte RaIio 
INTERCPT 1 -3.3998 0.1339 644.1836 0.0001 0.033 
ASCITES 1 2.3825 0.5032 22.4129 0.0001 0.128952 10.832 
IIIPSEIIS 1 1.5518 0.2889 28.85" 0.0001 0.183206 4.720 
DISCANCR 1 1.1472 0.2446 22.0065 0.0001 0.193992 3.149 
EMERGNCY 1 D.~ 0.3174 8.1299 0.0044 0.119247 2.472 

Association of Predicted Prababilities and Obserwd 
Responses 

Concordant = 45.7: 
Discordant = 11.5% 
Tied " 42.9% 
(206700 pai rs) 

SoIers' D " 0.342 
'- "0.599 
Tau-a " 0.033 
c " 0.671 

Resieilal Chi-Square" 18.0431 Nith 11 DF (p=D.D8D6) 

Analysis of Variables Not in the Model 

Variable 
DYSPNEA 
DNR 
FNSTATUS 
HXCOPD 
CPNE\IIICtI 
IlEPATDMG 
HXTIA 
CVANEURO 
WTLOSS 
BLEEDDIS 

Score 
Chi-Square 

2.1573 
0.4120 
0.3043 
2.E1 
1.2288 
3.9719 
3.1348 
0.4170 
4.1854 
1.8481 
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Pr ,. 
Chi-Square 

0.1419 
0.5209 
0.5812 
0.1487 
0.2676 
0.0463 
0.0766 
0.5184 
0.0408 
0.1740 

TlWlsFUS 4.6738 0.0306 
The SItS Syst_ PI. 6 

The LOGISTIC PrOCllkre 

Step 5. Variable TRANSRIS entered: 

Criteria for Assessing JIodeI Fit 

Intercept 
IIIId Intercept 

Criterion Only 
AIC 837.035 

CoYeriates Chi ·Square for CoYeriates 
770.537 

SC 842.664 804.308 • 
-2 LOG L 835.035 
Score 

758.537 76.498 Nith 5 DF (p=O.0001) 
128.554 Nith 5 DF (p=O.OOO1) 

'-SIaadad WakI 
VuiabIc DF F.oIiomte EmIl' ~ 
IIITERCPT 1 -3.4217 0.1348 644.2881 
ASCITES 1 2.3163 0.5116 20.4974 
IIIPSEIIS 1 1.5161 0.2902 27.'lIJ57 
DISCANCR 1 1.1050 0.2465 20.0984 
TRANSRIS 1 0.9354 0.4418 4.4824 
EJIERGIICY 1 0.8783 0.3207 7.4982 

Pr > Slmdadized Odds 
CIIi Squ... EIIimIle Rallo 
0.0001. 0.0S3 
0.0001 0.125369 10.138 
0.0001 0.178992 4.554 
0.0001 0.186852 3.019 
0.D342 0.077D95 2.548 
0.DD62 0.115737 2.407 

Association of Predicted Prababil ities and abaerved 
R~ 

Concordant = 48.0% 
Discordant = 12.1% 
Tied .. 39.11X 
(206700 pairs) 

SoIers' D .. 0.359 
GamIa .. 0.597 
Tau-a .. 0.035 
C .. 0.680 

Residual Chi-Square. 13.3137 Nith 10 DF CpoD.2D67) 

Analysis of Va,.illbles Not in the JIodeI 

Variable 
DYSPNEA 
DIIR 
FNSTATUS 
IIXtOPD 
CPNEUMaII 
HEPATDMG 
HXTIA 
CVANEllRO 
WTLOSS 
BLEEDDIS 

Score 
Chi-Square 

1.5497 
0.4538 
0.0791 
2.0449 
0.5155 
3.1570 
3.0383 
0.2909 
3.3336 
0.8911 

The SItS Syst_ 

The LOGISTIC Proceclre 

Pr ,. 
Chi-~re 

0.2132 
0.5006 
0.7786 
0.1527 
0.4728 
0.0756 
D.0813 
0.5897 
0.0679 
0.3452 

Pi. 7 

MOTE: 10 C .... iti_t> vari.,l_ -.t the 0.05 aillllifi_e 
level for entry into the .adel. 

~ of Stepwise ProcecU-e 

V.n.ble NIIIIIbcr Score WaIcl Pr > 
IMp &IIcnd Raaow:d fa ~ aai Square CJIi..Square 
1 ASCITES 1 50.1471 D.0001 
2 INPSEHS 2 39.2517 0.0001 
3 DISCANCR 3 22.4806 0.0001 
4 EMERGNCY 4 8.5698 0.0034 
5 TRAHSFUS 5 4.6738 0.0306 
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••••••••• end of SAS output •••• _-----_.; 
In order to reformat the above SAS output file, the 
SAS code used requires SAS BASE, SAS STAT 
software (SAS GRAPH software is optional) and 
works on all platforms and can be obtained by 
contacting the author. The first step is to read the 
SAS file using a SAS DATA step along with the SAS 
statement INFILE with missover, pad, & eof options. 
Using the DO While loop and the INPUT statement 
(INPUT @1 rec $char131.;) to read each record of 
the file. 

The first task is to stop the cursor at each 
record containing ('Step ') using the INDEX function. 
In other words, the cursor will stop at the record 
'Step o. Intercept entered:' first. With the cursor 
stopped, read the step number, the variable name, 
and entered or removed status using the INDEX 
functi9n and the SUBSTR. fimction. Determine if the 
current record is the initial Step and output to a SAS 
dataset. 

The second task depends on if the cursor is at 
the initial step. If this. is true then read the Analysis 
of maximum likelihood estimate table for parameter 
estimate, standard error, wald chi-square, pr> chi­
square, standardized estimate and the odds ratio for 
each of the variables listed. FlfSt, move the cursor 
using the INDEX function to the record containing 
the text 'INTERCPT', which is always the first record 
of the table. To determine the number of records in 
the table, add one to the step number( ex. for the initial 
step number ofrecords== 0 + 1). Now set up a DO 
loop and read the table using the SUBSTR. function 
along with the INPUT statement. 

After determining that the cursor is NOT at 
the initial step, than determine if the step is entering or 
removing the variable. If the variable is removed then 
output to a SAS dataset and move cursor to the next 
step and continue. After determining that the 
variable is entered into the model, read the criteria for 
assessing model fit table for the - 2 log L statistic and 
the score statistic along with the appropriate p-values 
using similar steps as above. 

Next, move the cursor to the analysis of 

maximum likelihood estimates table and read the 
similar information as above and output to a SAS 
dataset. 
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FmaIly, move the cursor to the association of 
predicted probabilities and observed responses table 
and read the c-index statistic and output to a SAS 
dataset. Repeat the above steps for all the steps in the 
output file. 

Using theDATA_NULL_ step with the 
appropriate put statements and create table 1 and 
create the logit equation. Using the information from 
tablet and SAS/GRAPH software( or use any other 
graphical software or use PROC PLOT) create figure 
1 if desired. 

The above step can be applied to any SAS 
procedural output files. Some useful applications 
include reading the SAS PROC FREQ output file or 
the SAS PROC TTEST output file for univariate 
screening for statistical model building 

The enhanced Logistic output compresses the 
seven page output into a single table (Table 1) which 
includes the c-index, -2 log L statistic, score statistic 
with the corresponding p-values from each of the five 
steps, and also provides statistical information 
(standard error, wald chi-square, odds ratio, 
standardized estimate, pr > chi-square, parameter 
estimate, and explanatory variables) for each of the 
steps. In addition, the output shows a test for 
significant change for each of the steps. The test 
compares the -2 log L statistic for the previous and 
current step (delta -2 log L statistic). With 1 degree 
offreedom and 95% confidence interval, the chi­
square distribution indicates that if the difference is 
greater than 3.84, the change is statistically 
significant'. In addition, the change in c-index is 
provided (delta c-index). The highlighted lines 
indicate the beginning of each step. The estimated 
logit equation of the probability of mortality is 
available at each step. For example, the logit equation 
forstep#4is 
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Logit(p) = -3.3998 + (2.3825) • Ascites + (1.5518) • 
11rUperu + (1.1472)*DisCQ7lC1" +(0.9049) • Emer-gncy 
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llImlWiU~ ~I ~! ill !lI!mliilil 1I~!9!!!!li1il!m 
ASCITES 

ASCITES 
IMPSENS 

ASCITES 
IMPSENS 
DISCANCR 

IMPSENS 
DISCANCR 
EMERGNCY 

IMPSENS 
DISCANCR 
TRANSFUS 
EMERGNCY 

2.5790 

2.5724 
1.6269 

2.4052 
1.5917 
1.1116 

2.3825 
1.5518 
1.1472 
0.9049 

.... 

II ilnn IIliltiliRIi Ill) 
0.4680 30.3631 0.0001 

0.4813 28.5649 0.0001 
0.2834 32.9560 0.0001 

0.4977 23.3530 0.0001 
0.2882 30.5099 0.0001 
0.2433 20.8748 0.0001 

0.5032 22.4129 0.0001 
0.2889 28.8511 0.0001 
0.2446 22.0065 0.0001 
0.3174 8.1299 0.0044 

0.2902 27.2857 0.0001 
0.2465 20.0984 0.0001 
0.4418 4.4824 0.0342 
0.3207 7.4982 0.0062 

Table 1. Enhanced Logistic Output 

~ 
l\ 
~ 

0.1396 13.184 

0.1392 13.098 
0.1921 5.088 

0.1302 11.081 
0.1879 4.912 
0.1880 3.039 

0.1290 10.832 
0.1832 4.720 
0.1940 3.149 
0.1192 2.472 

3.019 
0.0771 2.548 
0.1157 2.407 
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Conclusion 

The enhanced SAS output provides 
information about the relationship between the 
response & explanatory variables in a more 
comprehensible format than. the standard SAS PROC 
LOGISTIC output. In addition, this enhanced output 
can provide the incremental change in the c-index and 
the -2 log L statistic. This enhanced output becomes 
more useful as the number of explanatory variables 
(and steps) increases. Finally figure 1 shows the 
change in the c-index (delta c-index is depicted as the 
vertical solid lines) and the change in the -2 log L 
statistic (delta -210g L statistic is depicted as the 
vertical dashed lines). 
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