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Introduction

Old way of approaching statistics

• By hand or limited computing

• If response variable not normally 
distributed, make it close enough or run 
non-parametric

GLMM

GLM/GMM

Linear Model

ANOVA

T-test

New way of approaching statistics

• Given new understanding and 
computing power, can flexibly fit a vast 
range of data types using a unified 
framework

Statistics

• Using mathematical methods for inference, 
estimation, and prediction of collected 
data

• Using mathematics to help discover and 
tell the truth about the world



What are GLMMs?
• Generalized Linear Mixed Model

• Model that allows for non-normally distributed response variables (y) and 
predictor variables (x) as fixed and/or random effects
• Non-normal: binary, binomial, beta, Poisson, negative binomial, exponential, log-

normal, gamma, etc.
• Fixed effect: Categorical variable in which all levels of interest are included
• Random effect: Categorical variable in which levels included are subset of all levels

Egg_Counts = Temperature + Species + Sandbar

Disease_Status = Age_Class + Sex + Ethnicity + Hospital

Grade = Math_Score + Reading_Score + Classroom + School

Poisson              Num             Fixed      Random

Binary              Fixed      Fixed Fixed Random

Beta            Num                       Num Random     Random



PROC GLIMMIX (SAS)

PROC GLIMMIX data=Dataset;
class Cat1 Cat2 Block;
model Y=Num1 Cat1|Cat2 

/dist=Dist;
random Block;

Basic Syntax Options

Resources
• https://support.sas.com/documentation/onlinedoc/stat/131/glimmix.pdf

• https://documentation.sas.com/?cdcId=statcdc&cdcVersion=14.2&d
ocsetId=statug&docsetTarget=statug_glimmix_toc.htm&locale=en

PROC GLIMMIX data=Dataset method=___ plots=___;
by ___;
where ____;
model Y=Num1 Cat1|Cat2 / dist=Dist

solution oddsratio link=___ offset=___;
random intercept Cat1 /subject=Block;
covtest ___;
weight ___;
lsmeans Cat1 / ilink cl;
ods output LSMeans=lsm_dataset;
output out=pred_dataset pred(ilink) lcl(ilink) ucl(ilink);

https://support.sas.com/documentation/onlinedoc/stat/131/glimmix.pdf
https://documentation.sas.com/?cdcId=statcdc&cdcVersion=14.2&docsetId=statug&docsetTarget=statug_glimmix_toc.htm&locale=en


Tests covered

T-test 

ANOVA 

Linear regression

Poisson regression

Logistic regression

Mixed model

Generalized linear mixed model



*does not include categorical only data, non-linearity, advanced methods, and the kitchen sink.  Offer not 
available in all statistical software.  Message and data rates may apply.  Void where prohibited.



PROC GLIMMIX data=sashelp.Class;
class Sex;
model Height=Sex /solution dist=normal;

Example 1: T-tests
Dataset: sashelp.Class

• Includes Name, Sex and Height of 19 students

Question: Is there a difference in height between boys and girls?

PROC GLIMMIX data=sashelp.Class;
class Sex;
model Height=Sex /solution dist=normal;
lsmeans Sex /cl;
ods output LSmeans=Class_lsm;

PROC SGPLOT data=Class_lsm;
vbarparm category=Sex 
response=Estimate/limitupper=Upper 
limitlower=Lower;

PROC TTEST data=sashelp.Class;
class Sex;
var Height;



T-test Results



T-test Graphs



PROC GLIMMIX data=sashelp.bweight;
class MomEdLevel;
model Weight=MomEdLevel/solution dist=normal;

Example 2: ANOVA
Dataset: sashelp.bweight

• Includes infant birth weight (Weight) and mother's education level (MomEdLevel)

Question: Is there a difference in birthweight across education level?

PROC GLIMMIX data=sashelp.bweight;
class MomEdLevel;
model Weight=MomEdLevel/solution dist=normal;
lsmeans MomEdLevel / cl;
ods output LSMeans=Bweight_lsm;

PROC SGPLOT data=Bweight_lsm;
vbarparm category=MomEdLevel
response=Estimate/
limitupper=Upper limitlower=Lower;

PROC ANOVA data=sashelp.bweight;
class MomEdLevel;
model Weight=MomEdLevel;
means MomEdLevel;



ANOVA Results



ANOVA Graphs



Example 3: Linear Regression
Dataset: sashelp.bmimen

• Includes BMI and Age for men

Question: Is there a relationship between BMI and age in men?

PROC REG data=sashelp.bmimen;
model BMI=age;

PROC GLIMMIX data=sashelp.bmimen;
model BMI=age/solution dist=normal;
output out=Bmimen_pred pred lcl ucl;

PROC SGPLOT data=Bmimen_pred;
band x=age lower=lcl upper=ucl;
scatter x=age y=BMI;
series x=age y=Pred;

PROC GLIMMIX data=sashelp.bmimen;
model BMI=age/solution dist=normal;



Linear Regression Results



Linear Regression Graphs



Example 4: Logistic Regression

PROC LOGISTIC data=sashelp.birthwgt;
class Married AgeGroup Race;
model LowBirthWgt(Event='Yes’)= 

Married AgeGroup Race;

Dataset: sashelp.birthwgt
• Includes infant birth weight (LowBirthWght: Yes/No), marriage status (Married), 

age group (AgeGroup) and race (Race: White, Asian, Black, Hispanic, Native)

Question: Does marriage status, age group, and race help predict the 
probability of having an infant of low birth weight?

PROC GLIMMIX data=sashelp.birthwgt;
class Married AgeGroup Race;
model LowBirthWgt(Event='Yes’)= 

Married AgeGroup Race /
solution dist=binary oddsratio;



Logistic Regression Results



Logistic Regression Tables



Example 5: Poisson Regression
Dataset: poisson.sas7bdat

• https://stats.idre.ucla.edu/sas/output/poisson-regression/

• Includes days absent during the school year (daysabs), math standardized tests 
score (mathnce), language standardized tests score (mangnce), and gender 
(female)

Question: Do math scores, language scores, and gender help predict the 
number of days absent from school?

PROC GENMOD data=absent;
model daysabs=mathnce
langnce female / 
link=log dist=Poisson;

PROC GLIMMIX data=absent;
model daysabs=mathnce
langnce female /
solution dist=Poisson;

https://stats.idre.ucla.edu/sas/output/poisson-regression/


Poisson Regression Results



Example 6: Linear Mixed Models
Dataset: Split-Plot

• https://documentation.sas.com/?cdcId=pgmsascdc&cdcVersion=9.4_3.4&docsetI
d=statug&docsetTarget=statug_mixed_examples01.htm&locale=en

• Includes block (Block), whole-plot factor (A), subplot factor (B), and yield (Y)

Question: Is yield different across a whole-plot factor and subplot factor, 
while controlling for blocking?

PROC MIXED data=sp;
class A B Block;
model Y = A B A*B;
random Block A*Block/solution;

PROC GLIMMIX data=sp;
class A B Block;
model Y = A B A*B;
random Block A*Block/solution;

https://documentation.sas.com/?cdcId=pgmsascdc&cdcVersion=9.4_3.4&docsetId=statug&docsetTarget=statug_mixed_examples01.htm&locale=en


Linear Mixed Models Results



Example 7: Actual GLMMs
Dataset: poisson.sas7bdat

• https://support.sas.com/resources/papers/proceedings/proceedings/sugi30/196-30.pdf

• Includes hospital center (center), treatment group (group), total number of individuals 
(n) and number of individuals with side effect (SideEffect)

Question: Is the proportion of those with side effects different between 
treatment groups while controlling for hospital center?

PROC GLIMMIX data=multicenter;
class center group;
model SideEffect/n = group / solution;
random center; 
lsmeans group / ilink cl;
ods output LSMeans=lsm1;

PROC SGPLOT data=lsm1;
vbarparm category=group 
response=Mu /
limitlower=LowerMu
limitupper=UpperMu;

https://support.sas.com/resources/papers/proceedings/proceedings/sugi30/196-30.pdf


Actual GLMMs Results



The Kitchen Sink: Things you can’t do

• Categorical only data (PROC FREQ)

• Non-linear models (PROC NLIN)

• Hierarchical models with non-normal random 

effects (PROC MCMC)

• Other specialized advanced models such as 

Structural Equation Modeling, Principal 

Components Analysis, etc.



Acknowledgements

• The DaCCoTA is supported by the National 
Institute of General Medical Sciences of the 
National Institutes of Health under Award 
Number U54GM128729.

• For the labs that use the Biostatistics, 
Epidemiology, and Research Design Core in 
any way, including this Module, please 
acknowledge us for publications. "Research 
reported in this publication was supported 
by DaCCoTA (the National Institute of 
General Medical Sciences of the National 
Institutes of Health under Award Number 
U54GM128729)".


