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•  Data involving nonlinear, sparse grouped data are common in the health sciences, especially 
in drug trials. 

 
•  Nonlinear mixed-effects (NLME) modeling provides a good solution for modeling sparse data 

and in which both fixed and random effects enter non linearly. 
 
•  Nonlinear mixed-effects models have received a great deal of attention in the statistical 

literature in recent years because of the flexibility they offer in handling the unbalanced 
repeated-measures data. 

Introduction 



+1.609.454.3312	

Linear regression requires a linear model. But what does that really mean? 
 
A model is linear when each term is either a constant or the product of a parameter and a 
predictor variable. A linear equation is constructed by adding the results for each term. This 
constrains the equation to just one basic form: 
 
Response = constant + parameter1 * predictor1 + ... + parameterk * predictork + error 
 
Y = b o + b1X1 + b2X2 + ... + bkXk   + e 

Linear Regression 
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In statistics, a regression equation (or function) is linear when it is linear in the parameters. 
While the equation must be linear in the parameters, you can transform the predictor variables 
in ways that produce curvature. For instance, you can include a squared variable to produce a 
U-shaped curve. 
 
Y = b o + b1X1 + b2X1

2 + e 

 
This model is still linear in the parameters even though the predictor variable is squared. You 
can also use log and inverse functional forms that are linear in the parameters to produce 
different types of curves. 
 

Linear Regression Cont… 



+1.609.454.3312	

Here is an example of a linear regression model that uses a squared term to fit the curved 
relationship between BMI and body fat percentage. 

Linear Regression - Example 
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Linear vs Non-Linear 

In simple terms “Linear functions are lines and non-linear functions are other shapes like 
parabolas” 
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•  A linear model is one in which the independent variable/s  is/are multiplied together with the 
parameters. 

•   A non-linear model has exponents, logarithms, or other complicated functions of the 
independent variable and parameters. 

•   A linear regression model is linear in the parameters. That is, there is only one parameter in 
each term of the model and each parameter is a multiplicative constant on the independent 
variable(s) of that term. 

The Difference 
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•  A nonlinear model is nonlinear in the parameters. Nonlinear, in this sense, means that the 
mathematical relationship between the variables and parameters is not required to have a 
linear form. 

•  When fitting a linear model, the general form of the model is known. It is only necessary to 
identify the dependent and independent variables and the terms to include in the model.  

•  For a nonlinear model, the form of the model must be specified, the parameters to be 
estimated identified, and starting values for those parameters must be provided.  

The Difference cont… 
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General form of NLR model: 

   

 Yi = F(xi, Ө) + ei,  
 
where i = 1, …, n is the number of measurement, Yi are responses, xi  is the vector (xi1, …, xik) 
of measurements of k independent variables, Ө is the parameter vector (Ө1, …, Өp), and ei are 
random errors, usually assumed to have mean 0 and constant variance.    

Non-Linear Model 
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General Syntax Core Syntax 

•  Proc NLMIXED <Options> 
•  Bounds <Boundary constraints> 
•  Parms <Parameters and starting values> 
•  Model <Model specification> 
•  Random <Random effect specification> 
•  Predict <Expression OUT=SAS-data-set < 

options > > 
•  Estimate <’label’ expression < options >> 

SAS Procedure 
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Clinical trials in Dermatology 
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Categorical: Analysis of Proportions of subjects who achieve a Physician Global Assessment 
                     score of 0 or 1 and a minimum 2-grade improvement from baseline to each 
                     study visit. 

Analysis Proposed: A Repeated Measure Factorial Logistic Regression for the dichotomous 
                                  endpoint. 
 
Model Specification: 

Endpoint Types in Dermatology  
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Table Mock 
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SAS Code 
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SAS Code cont…. 
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SAS Code cont…. 
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Output 



+1.609.454.3312	

 
 
Continuous: Analysis of mean change in weekly average of Itch/Pruritus (Numeric Rating 
                      Scale) from Baseline to each study visit. 

Analysis Proposed: A Repeated Measures E-Max model with Integrated Two - Component  
                                  Prediction (ITP) time component. 
 

Endpoint Types in Dermatology  
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Model Specification:  
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Table Mock 
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SAS Code 
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SAS Code cont… 
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SAS Code cont… 
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Output 
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•  Dose 

•  Frequency of administration 

•  Study Day 

•  Baseline PGA ^ 

•  Dose*Frequency of administration 

•   Random Effect - Subject 
 
 
 
^ will be included in the model only if it is statistically significant. 

Covariates 



+1.609.454.3312	

•  Nonlinear models are common and widely used in Clinical industry for analyzing 
Pharmacokinetic, Dose-response modelling Etc.,  

•  They enable us to analyze data that are Normal, Binomial, or Poisson. 

•  To fit a nonlinear model, we have to rely on iterative methods.  

•  PROC NLMIXED supports a large number of iterative methods for fitting nonlinear models. 
The choice is problem-dependent and we need to select the iterative method by trial and 
error. 

•  Various Statistical software's such as SAS, R, SPSS, Stata, Minitab etc., help us to analyze 
Nonlinear models. 

•  Though the analysis might look complicated, a SAS programmer’s challenge in 
understanding and programming such an analysis can be made simpler by liaising with a 
study statistician. A statistician’s support in educating SAS programmers is the key. 

Summary 
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Nonlinear regression can be a powerful alternative to linear regression but there are a few 
drawbacks.  
 
•  PROC NLMIXED allows only one RANDOM statement, which makes it difficult to incorporate 

random effects at different levels. 

•  Impossible to calculate a valid R-squared.  

•  The effect each predictor has on the response can be less intuitive to understand. 
 

•  P-values are impossible to calculate for the predictors. 
 

•  Confidence intervals may or may not be calculable. 

Limitations 
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