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ABSTRACT
In the past, the SAS programming tools available for logistic regression problems have been trapped in a “fixed
effects” modeling world. PROC LOGISTIC gives very few options when dealing with random effects, which has made
the modeling of binary data from any kind of experimental design challenging at best. Such design elements as
blocking or repeated measures are not readily analyzed using PROC LOGISTIC. PROC GLIMMIX has sought to fill
in the gaps. With this new procedure, design elements can be accounted for and a more correct modeling of
variances can be done. The popular and useful mixed modeling techniques available in PROC MIXED can now be
readily utilized for the analysis of binary data using PROC GLIMMIX. A practical example will demonstrate the
convenience features GLIMMIX offers, and also highlight the differences between the two procedures, using a sideby-side comparison. Data from an experiment involving sperm morphology in game deer will be utilized for this simple
demonstration.

INTRODUCTION
Control of variation is commonly the goal of statistical modeling. In the past, logistic regression using the statistical
procedures available in SAS has limited statisticians and programmers to corralling logistic and binary problems into
“fixed effects” models. However, modeling of random effects is important for accuracy. In the past, there was no
easy way to control for variation caused by such things as experimental design or blocking effects. Recently,
however, a new procedure has changed the way SAS/STAT users program for logistic regression. This paper seeks
to contrast the old way (PROC LOGISTIC) with a new procedure (PROC GLIMMIX) to illustrate the differences and
improvements afforded by GLIMMIX, but by no means is intended to be a comprehensive report on either procedure.
Rather, this is an introduction to the exciting potential of PROC GLIMMIX and a personal show of enthusiasm for the
new procedure.
What is the big deal with random effects? I’ve been asked this question in consulting settings, so here goes an
explanation. Picture yourself sitting in a quaint, crowded sidewalk café in the dream destination city of your choice.
Across from you is your vacation partner and the two of you are locked in a potentially riveting conversation (likely
about SAS programming). The only problem is that you can’t quite understand what your partner is saying because
there is so much crowd noise. There may be multiple sources of noise, such as the other people talking, maybe a
construction site not very far away, and traffic. These other sources of noise are random effects; the conversation
with your partner is the model you’re interested in. In accounting for random effects, you filter out that crowd noise so
that all you are left with is the clearest possible model (conversation). Your ears are suddenly very discerning and
you are able to easily tell the difference between what is random noise and what is conversation.
Binary data is often analyzed using logistic regression. This paper will assume that the reader has at least a basic
understanding of logistic regression. By using a simple example, this paper will highlight some of the new features
PROC GLIMMIX offers for modeling of binary data in comparison to those options currently available in PROC
LOGISTIC.

DATA & METHODOLOGY
PROC LOGISTIC is a suitable procedure to utilize when true regression models are warranted, i.e. there are no
random effects and your model is simple. However, in most research settings, experimental design is not only
utilized, but it is a standard procedure. For this reason, modeling of binary data without accounting for the variation
random effects may contribute has profound implications for the precision of models and predictions.
The Experiment
The data is from an experiment that sought to determine the best treatment methods for the preservation of deer
sperm function via cryogenesis. The treatment in this experiment was a four level treatment; levels were pre-freeze A
& B versus post-thaw A & B where A represents room temperature processing and B represents processing at a
cooler temperature. They were coded as PFA, PFB, PTA, PTB and so were not done in a factorial design.
Specifically, tail and head morphology was observed to determine sperm viability and thus, degree of preservation.
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Several morphological features of damaged sperm were measured. If a sperm had no defects, it was assigned a "1,"
and if the sperm was deemed damaged, it was assigned a "0." All counts became a ratio of "success" (no damage,
variable name: “normal_”) over total.
In this experiment, sperm was collected from 7 deer which were treated as a random block effect. The model was
established as:
Yij = µ + βi + δj + εij
th
th
Where µ is the overall mean, βi is the fixed effect of trt at the i level, δj is the random effect of the j deer, and ε is
the residual error. Using PROC LOGISTIC, the basic SAS code could look as follows:

proc logistic data=data;
class trt;
model normal_/total = trt;
output out=pred_log;
run;
As is evident, there is no place in this procedure for easy address of the random effect of deer; there is no random
statement available. That means that the variation for that effect is essentially unaccounted for and the model is
perhaps not as precise as it could be. All that variation is pooled into the residual error, making the test for the
differences between the treatment groups not as precise.
PROC GLIMMIX offers researchers the option of implementing a linear mixed model by including deer as a random
effect.

proc glimmix data=morph12o;
class trt;
model normal_/total = trt / dist=bin solution;
output out=morphpred pred(ilink noblup)=pred resid=r ucl(ilink
noblup)= up lcl (ilink noblup)=low;
lsmeans trt /adjust=tukey;
random deer / solution;
run;
Our model is now fully specified in the SAS coding. The solution option in the random statement of PROC GLIMMIX
offers us a test for significance for the random effect of deer. The output of that test is show below in table 1.

Solution for Random Effects
Effect
Deer

Estimate

Std Err
Pred DF

0.1115 0.005408

50

t Value

Pr > |t|

20.62

<.0001

Table 1
As you can see, the random effect of deer is significant. Again, by accounting for the variance, our ability to correctly
detect differences based on this model is more precise.
The Output
The output for these two procedures looks different. However, it is important to note that the effect of trt is still
analyzed by a difference in log-odds ratios, like PROC LOGISTIC. The parameterization is also the same, as is
shown in tables 2 and 3 below.
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Type III Coefficients for trt
Effect

trt

Row1 Row2

Class Level Information
Row3
Class Value

Design
Variables

trt

PFA

1

0

0

PFB

0

1

0

1

PTA

0

0

1

-1

PTB

-1

-1

-1

Intercept
trt

PFA

trt

PFB

trt

PTA

trt

PTB

1
1

-1

-1

Table 2: Coefficients from PROC GLIMMIX

Table 3: Coefficients for PROC
LOGISTIC using the default effect
Parameterization.

As a consultant in a university setting, my clients are often graduate students who need assistance in analyzing their
thesis, dissertation or other project data. Often these students have a working grasp of statistics, but when it comes
to reading output, they are “stuck” on ANOVA tables. The first words out of my clients’ mouths usually are, “I need to
do an ANOVA” regardless of whether that is the most appropriate analysis, because everyone likes a clear, concise
ANOVA table.
The output generated from PROC LOGISTIC is shown below in tables 4 & 5.

Type 3 Analysis of Effects
Effect
trt

Odds Ratio Estimates

DF

Wald
Chi-Square

Pr > ChiSq

3

199.3996

<.0001

Point
Estimate

Effect

Table 4

95% Wald
Confidence Limits

trt PFA vs PTB

2.168

1.930

2.435

trt PFB vs PTB

1.815

1.624

2.028

trt PTA vs PTB

1.480

1.327

1.650

Table 5
The type 3 Analysis of Effects is the Wald’s test for the global null hypothesis β=0. This is essentially testing for a
difference between the 4 groups of trt. The point estimates are only given as odds ratios (table 5), which is the
probability of an event occurring in one group over the probability of an event occurring in another group. As I’ve
alluded to, this output is sometimes difficult to interpret for those with only a basic level of instruction in statistics.
(There is another table outputted in PROC LOGISTIC which offers maximum likelihood estimates used to calculate
the estimated logit for each effect group, but these are not readily interpretable and not included here.)
In contrast, the output for PROC GLIMMIX is given below in tables 6 & 7.

Type III Tests of Fixed Effects
Effect
Trt

Num Den
DF DF
1

F Value

Pr > F

133.54

<.0001

52

Table 6
Notice, the type III test of fixed effects now involve the F-distribution and a p-value based on the F-distribution (table
6) which is something that most students are taught in their basic statistics courses. Explaining a new and often
foreign looking set of output and tests is time consuming and frequently frustrating for the student/client. While the
output should not be a huge hurtle, the reality is that GLIMMIX has made life that much easier with this familiarlooking significance test for fixed effects.
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Pred_Log

Low_Log

Up_Log

Pred_GLIMMIX

Low_GLIMMIX

Up_GLIMMIX

1 PFA

0.55995

0.54347

0.57629

0.56207

0.53222

0.59148

2 PFB

0.53984

0.52374

0.55585

0.52836

0.50022

0.55631

3 PTA

0.49626

0.48014

0.51239

0.47518

0.44750

0.50301

4 PTB

0.40476

0.38913

0.42059

0.37530

0.34964

0.40169

Table 7
Table 7 shows the predicted values as well as the lower and upper confidence limits from each procedure. As you
can see the predicted values are very similar, but the confidence interval for PROC GLIMMIX is wider. Below is a
graph depicting the confidence intervals from each of the procedures (Figure 1).

Figure 1
Again, it appears, at first glance, that PROC LOGISTIC gives a more precise prediction because the confidence
interval is thinner. You must remember that when a random effect is accounted for, the variance is taken from the
residual error term and “put in” the standard error of the mean (SEM) for the effect. Therefore, the SEM gets larger
and confidence intervals widen. The test for the difference between groups, however, becomes better because the
standard error of the difference is more accurate. Therefore your test for significance is actually improved for having
a completely specified model, including random effects.

CONCLUSIONS AND PRACTICAL IMPLICATIONS
Other SAS Considerations & Convenient Options
One cannot talk about mixed modeling in SAS without mentioning PROC MIXED. In mixed modeling, PROC MIXED
has become widely used. The options available, the robustness of predictions, its ability to handle missing
observations, and simply the familiarity that comes with repeated use makes it a forerunner when deciding how to
program for mixed models. Now, PROC GLIMMIX offers these same benefits as MIXED, but with several new and
exciting options. As seen above in PROC GLIMMIX, lsmeans statements, contrast statements (available in both
MIXED and LOGISTIC), even the random statement are all artifacts of the MIXED procedure. Indeed, the ease of
transition to GLIMMIX from MIXED will no doubt add to its growing popularity.
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There are differences that programmers should be aware of, however. The optimization method in GLIMMIX is
different from that in MIXED. GLIMMIX offers many different options for optimization than does PROC MIXED, which
has only one option: ridge-stabilized Newton-Raphson algorithm. GLIMMIX, by default, uses a Quasi-Newton
algorithm. In addition, the MIXED procedure offers more options for specifying covariance structures than GLIMMIX
currently does. The specifics of these algorithms and covariance structures are beyond the scope of this paper.
New options define GLIMMIX as the next generation of SAS programming tool for mixed models and logistic
regression. One such option- and probably the most influential- is the ability to specify a distribution for the data.
This option, of course, is the driving force of this example. Gone are the days when mixed modeling was only easily
done with normal data. For this data, the dist=bin option was invoked, but almost any distribution from the
exponential family can be used. A list is available in the GLIMMIX documentation.
Another feature of GLIMMIX that has made consulting life easier is the outputting of predicted values relative to
LOGISTIC. In GLIMMIX, there are options. Outputting using the option ilink in the output statement generates the
predicted values on the scale of the original data, while the default of nolink and is on the scale of the link function.
Outputting on the scale of the original data allows for very easy use when calling data into graphical procedures, as
well as for interpretation of results. In addition, in the LSMEANS statement, ilink will output estimates that are means
(on the scale of the data), in addition to average logits.
The noblup option, in addition to its statistical function, in the output statement automatically outputs on a per
treatment basis, and has been easily used for graphing purposes in other analyses. This is a seemingly simple thing
and yet a very huge help. If using the blup option, each predicted observation will have its own predicted value and
confidence limits. This takes into account the predicted value for the random effect, adding it into the predicted value
for the mean.
Discussion
This was my first foray into the use of GLIMMIX. While I obviously have much left to learn and utilize, I feel that this
was an important and exciting step. Of course, my client did not fully appreciate my enthusiasm which is why I am
grateful for this type of venue. In conclusion, the marriage of these two procedures- LOGISTIC AND MIXED- has
produced a new generation of statistical tool, and GLIMMIX will prove better still as it moves into standard production.
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