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ABSTRACT

A SAS@codefor enhancing the output from PROC
LOGISTIC with the stepwise option was developed.
Among the enhancements provided are: the suppression
of SAS output fkom 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
-2 log L statistic. In additio~ the code provides the
parameter estimate, the standard error, the Wald chi-
square, the p-value of the chi-square, the standard~ed
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 ccdectomy for colon cancer was
identified, fi-om the National VA Surgical Quality
Improvement Program which contained 107,241 major
surgery cases performed h-the VA system with 30 day
mortality as the response variable and 15 selected risk

fhctors as explanatory variables.
PROC LOGISilIC DATA=S4MPLEORDER=FWWL4?7W:

MODEL death= dypnea dnrfistatus hxcopd cpneumon
he~tomg ascites impaenahxtia cvaneuro
discancr wtlow bleeddis tranqiu emergncy/

selection = atepwise skiay=O.05 aIen@=O.05 detailq

Note: sikntry-the significance level for entry into the
mod~ selected to be 0.05, slstay-the significance level
for staying in the model, selected to be 0.05, and the
d2taiZs 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 SAS System Pg. 1

The LUISTIC Proca&m

Data Set: IN.LONGD
RespanseVariable:DEATH
ResponseLevels:2
Nuber of observations:2056
Link Function:Logit

ResponseProfile
Or&rd
Value DEATH Cmrlt

1 Dad 106
2 Not Deed 1930

Stepmise Selection Procdure

Stq D. Intercept enterad:

Amlysis of Mexix Likelihood Estimtes

PamneterStsnddWsld R> Stanclafdkd odds
Variable DF E&nste Error Chi-squareCbi-!squareEdimate Rstio
INTER@T 1 -2.9121 0.0997 852.5%S 0.0001 . 0.054

ResidualChi-Squsre= 145.8735with 15 DF (p=O.0001)

Analysisof VariablesNot in the Model

Score Pr >
Variabte Chi-Squere Chi-Squere
DYSPNEA 4.8542 0.0276
DNR 4.8391 0.0278
FNSTATUS 9.8128 0.0017
HXCOPO 2.5937 0.1073
CPNELN40N 6.0945 0.0136
HEPATOMG 18.5748 0.0001
ASCITES 50.1471 0.0001
IHPSENS 41.9061 0.0001
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HXTIA 2.5009
CVANEURO 1.5489
DISCANCR 30.0863
NTLOSS 9.6719
BLEEDDIS 6.6133
TRANSFUS 13.8493
EHERGNCY 9.9439
The SAS System

The LOGISTIC P~

Step 1. VaridAe ASCITES antered:

Criteria for Assessing Hodel Fit

0.1138
0.2133
0.0001
0.0019
0.0101
0.0002

0.0016
Pg. 2

Intercept
Intercept and

Criterion Only Covariates
AIC 837.035 816.746
Sc 842.664 828.003
-2 L& L 835.035 812.746
Score . .

Chi-Squarefor Covariates
.

221290 uith 1 DF (p=O.WDl)
50.147 uith 1 DF (p=O.0001)

Ardyais of Haximm Likelihood Estimtes

Parameter Stsu&rd Wald R> Staodardizd
O&is
Variable DF IMimate Error Clli-square chi-squam E#inlak
Ratio
INTERCPT 1 -2.98440.1035830.8623 O.0001 0.051
ASCITES 1 2.57900.4680 30.3631 O.(U)1 0:139587 13.184

Aaaocietim of Predicted Probkilities d Observd
R=PWS=S

Concordant= 7.5% Santa-s’D = 0.069
Discordent= O.6% Gemne = 0.859
Tied = 91.9% Tau-a = 0.007
(206700 psirs) c = 0.535

ResidualChi-Squere= 92.5433 ~ith 14 DF (P=O.0001)

The SAS

The

step 2.

Criteria

Analysisof VariablesNot in the Model

Score Pr >
Variable Chi-Square Chi-Square
DYSPNEA 3.9366 0.0472
DNR 5.5599 0.0184
FNSTATUS 10.6446 0.0011
HXCOPD 2.7344 0.0982
CPNEUNON 2.1787 0.13?9
HEPATOMG 4.2202 0.0399
IMPSENS 39.2517 0.0001
HXTIA 2.8812 0.0896
CVANEURO 2.1475 0.1428
D1SCANCR 24.9037 0.0001
UTLOSS 8.6668 0.0032
BLEEDDIS 5.7791 0.0162
TRANSFUS 10.3510 0.0013
EMERGNCY 9.2530 0.0024

system Pg. 3

LOGISTIC Procdure

VariAle IWSENS entered:

for AssessingModel-Fit

Intercept
Intercept and

Criterion Only Covariates
AIC 837.035 793.227
Sc 842.664 810.113
-2 LOG L S35.035 m.zn

. .

Chi-Squarefor Covariates

47h08 uith 2 DF (p=O.WDl)
89.904 nith 2 DF @=O.DDOl)

ArmLyais of Maxim Likelihood Estimtes

Psramela Staodad Wald R> Stsndardizd
odds
Variable DF Mimate Erm Cbi-square Cbi-square EStim&e
Ratio
INTERCPT 1 -3.1395 0.1136 763.7WI O.UKJ1 . 0.043
ASCITES 1 2.5Z24 0.4813 28S649 0.0001 0.13923313.098
lFPSENS 1 1.6269 0.2834 32.9560 O.DW1 0.192076 5.088

Association of Predicted Probabilities d (Xswvad

R=WXME=S

Concordant= 23.7% Somers’D = 0.201
Discordant= 3.6% Gsmne = 0.734
Tied = 72.7% Tau-a = 0.020
(206700psirs) c = 0.6(XI

ResichalChi-Square= 49.5609 uith 13 DF (p=O.0001)

Analysisof Variabies Not in the Model

Score pr >
Variable Chi-Squere Chi-Squere
DYSPNEA 2.7828 0.0953
ONR 1.0269 0.3109
FNSTATUS 0.3701 0.5430
HXCOPD 2.0544 0.1518
CPNEUMON 1.7011 0.1921
HEPATONG 3.7391 0.0532
HXTIA 3.8051 0.0511
CVANEURO 0.0826 0.7738
DISCANCR 22.4806 0.0001
UTLOSS 7.3106 0.0069
BLEEDDIS 4.1473 0.0417
TRANSFUS 7.5478 0.0060
EMERGNCY 7.2757 0.0070

The SAS System

The LOGISTIC Pmcadura

Step 3. Varide DISCANCR sntarad:

Criteria for Asaassi~ Model Fit

Intercept
Intercept and

Criterion Only CovariatesChi-squarefor Covariates
AIC 837.035 777.2% .
Sc 842.664 799.810
-2 LOG L ~5J135 769.2% 65:739 with 3 DF (p=O.0001)
Score . . 113.385 with 3 DF (p=O.ODOl)

Ardysis of Naxiu Likelihood Estimates

Parmwter
odds
Variable DF E&natc

standard Wald R>

FdToc Chi-square Chi-square EsthMte

Pg. 4

Ratio
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INTERCPT 1 -3.3160 0.1270681.33290.0001 0.036
ASCITES 1 2.4052 0.4977 23S530 0.0001 ;.130181 11 .0S1
lWSHIS 1 1.5917 0.2882 30.50990.0001 o.wnn7 4.912
DISCANCR 1 1.1116 0.2433 20.8748 O.CNXM 0.187%2 3.039

Association of Predicted Probdilities d Obaervd
R=%XMSWS

Concordant= 39.3% Smersj D = 0.304
Discordant= 8.9% Gemns = 0.631
Tied = 51.7% Tau-a = 0.030
(206700psirs) c = 0.652

ResidualChi-Bquere= 26.7569 uith 12 DF (P=O.0084)

Analysisof VariablesNot in the Model

Vsrisble
DYSPNEA
DNR
FNSTATUS
HXCOPD
CPNEUMON
HEPATO14G
HXTIA
CVANEURO
UTLOSS
BLEEDDIS
TRANSFUS
EMERGNCY

Score
Chi-Square

2.6159
0.7627
0.6833
?.2454
1.4709
3.1590
3.3915
0.3677
4.4180
2.3061
5.4018
8.5698

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

The SAS System Pg. 5

The LtXXSTIC Procedure

Step 4. Vari*le EERGNCY entered:

Criteria for Asaesai~ Model Fit
Intercept

Intercept and
Criterion Only CovariatesChi-Squarefor Covariates
AIC 837.035 772.386 .
Sc 842.664 800.529
-2 LOG L 835.035 762.386 72:649 with 4 DF (P=0.00D1)

. . 121.563 uith 4 OF (P=D.WCH)

Analysis of Maximm Likelihood Estimates

Pammeter Stsndsrd Weld R> Stendsl-hed odds
Vsrisble DF IMimete Jhur Chi-square Chi-squsre Eatbste Ratio
INTERCPT 1 -3.39980.1339 644.71B6 0.0001
ASHTES 1 2.38250.5032 22.41290.0001 0:128952 l::Z
IWSENS 1 1.55180.2889 28.8511 0.0001 0.183206 4.720
OISCANCR 1 1.14720.2446 22.0065 0.0001 0.193992 3.149
EERGNCY 1 0.%9 0.3174 8.12990.0044 0.119247 2.4Z?

Association of Predictd Probabilities d Obaerwd
R=Po=$s

Concordant= 45.7K Somers’D = 0.342
Discordent= 11.5% Gemns = 0.599
Tied = 42.9% Tau-a = 0.033
(206700 psirs) c = 0.671

ResidualChi-squere= 18.0431uith 11 DF (p=O.0806)

Analysisof-VariablesNot in the !lode(

Score
Variable Chi-Square
OYSPNEA 2.15Z5
ONR 0.4120
FNSTATUS 0.3043
HXCWD 2.0851
CPNEIMN 1.2288
HEPATOUG 3.9719
HXTIA 3.1348
CVANEURO 0.4170
UTLOSS 4.1854
BLEEODIS 1.8481
TRANSFUS 4.6Z$8
The SAS System

Pr >
Chi-Bauare

0:1419
0.5209
0.5812
0.1487
0.2676
0.0463
0.0766
0.5184
0.0408
0.1740
0.0306

Pg. 6

The LOGISTICPmceckme

Step 5. Vari&le TRANSFUS entered:

Criteria for Aaseasi~ Model

1ntarcept
Intercept and

Fit

CriterionDdy Covariates Chi-Squarefor Covariates
AlC 837.035 770.537 .
Sc 842.(W 804.308
-2 I& L 835.035 758.537 76:41M uith 5 OF (P=O.ODD1)
score. . 128.554 with 5 DF @=D.(NIOl)

Analysisof Maxiu Likelihood Eatimtea

Pammeter Stsndwd Weld R> Stsodeniizd
odds
%rieble DF E4mste Emor Cbi-squafc Cbi-square Eahete
Raiio
INTERCPT 1 -3.42170.1348644.2881 O.ml 0.033
ASCITES 1 2.31630.5116 20.4974 O.OW1 0.;2!369 10.138
IWSENS 1 1.5161 0.2902 27.2857 O.~1 0.178992 4.554
OISCANCR 1 1.10500.2465 20.0984 O.(wl 0.186852 3.019
TRANSFUS 1 0.93540.4418 4.4824 OX$42 0.077095 2S48
EHERGNCY1 0.87830.3207 7.4982 0.0062 0.115737 2.407

Aaaociatim of Predicted Probdilitiaa d Obaerwd
RSSPN==S

Concordant= 48.0% Somers~D = 0.359
Discordant= 12.1% Game = 0.597
Tied = 39.8% Tau-a = 0.035
(206700 psi rs) c = 0.680

ResidualChi-Squere= 13.3137with 10 DF (P=O.2067)

Analysisof VariablesNot in the Model

Score pr >
Variable Chi-tquere Chi-Squera
DYSPNEA 1.5497 0.2132
DNR o.453s 0.5006
FNSTATUS 0.D791 0.7786
HXCDPD 2.0449 0.1527
CPNEUNON 0.5155 0.4728
HEPATDNG 3.1570 0.0756
HXT1A 3.0383 0.0813
CVANEURO 0.2909 0.5897
UTLOSS 3.3336 0.0679
BLEEDDIS 0.8911 0.3452

The SAS System Pg. 7

The LOGISTIC Pmcadure
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NOTE: M (ditiaml) variables mt the 0.05 simificance
level for entry into * mdel.

-W of Stepuise Proce&re

Variable Number Scae Wald R>
Stepkreaemovey Chi-square Cl&square yo4J&ale
1 ASCITES 50.1471 .
2 IMPSENS 2 39.2517 . 0:0001
3 DISCANCR 3 22.4806 . D.0001
4 EMERGNCY 4 8.5698 .
5

0.0034
TRANSFUS 5 4.6W . 0.0306
****x*~** ~Dd of SAS output ************;

In order to reformat the above SAS output file, the
SAS code used requires SAS/BASE@, SAS/STA~
software (SAS/GRAP~ soilware 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. Using the DO While loop and
the INPUT statement (INPUT (ZJ1rec $char13 1.;) to
read each record of the file.

The first task is to stop the cursor at each record
containing (’Step ‘) using the INDEX fimction. In
other words, the cursor will stop at the record ‘Step
O.Intercept entered:’ first. Whh the cursor stopped,
read the step number, the variable name, and entered
or removed status using the INDEX fimction 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. First, move the cursor
using the INDEX fimction 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 of records= O+ 1). Now
set up a DO loop and read the table using the
SUBSTR fimction 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. Ift%e variable is removed

then output to a SAS dataset anti move cursor to tne
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.

Ne~ move the cursor to the analysis of maximum
likelihood estimates table and read the ii
information as above and output to a SAS dataset.

Finally, move the cursor to the association of
predicted probabilities and observed responses table
and read the c-iidex statistic and output to a SAS
dataset. Repeat the above steps for all the steps in the
output file.

Using the DATA _NULL_ step with the appropriate
put statements a SAS code creates table 1 and
creates the logit equation. Based on the information
from tablel and SAS/GRAP& software(or use any
other graphical software or use PROC PLOT@)
creates figure 1 if desired.

The above step can be applied to any SAS procedural
output files. Some usefid applications include
reading the SAS PROC FREQ@output file or the
SAS PROC TTES~ 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-inde~ -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,
standardmed estimate, pr > chi-square, parameter
estimate, and explanatory variables) for each of the
steps. In additio~ 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). Statistical
significant can be checked using chi-square 1 degree
of freedom. The logit equation of the probability is
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Figure 1. Change in c-index & -2 log L statistic

available at each step. For example, the logit equation
for step # 4 is

Logit(j) = -3.3998+ (2.382S) *Ascites + (1.5518) *
Imspens i- (1.1472) “Discancr +(0.9049) *Emergncy

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 additio~ this enhanced output can provide
the incremental change in the c-index and the -2 log
L statistic. This enhanced output becomes more
usefid 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 -2 log L statistic is depicted as the vertical

dashed lines).

SAS, SASIBASE, SASISTAT, and SASIGRAPH
are a registered trademark of SAS Institute Inc. in
the USA and other countries. e indicates USA
registration.
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ASCITES 2.3163 0.5116 20.4974 0.0001 0.1254 10.138

IMPSENS 1.5161 0.2902 27.28570.0001 0.1790 4.554

DISCANCR 1.1050 0.2465 20.09840.0001 0.1869 3.019

TRANSFUS 0.9354 0.4418 4.48240.0342 0.0771 2.548

EMERGNCY 0.8783 0.3207 7.49820.0062 0.1157 2.407

Table 1. Enhanced Logistic Output
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