Bias in fitting linear models to transformed responses
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Abstract 
Objectives

In case of skewed data, the most common approach is to fit a linear model to log-transformed data, with the parameters being eventually evaluated after a back-transformation on the original scale. This method is known to be biased, in particular in repeated measurement studies, with the bias increasing with the heterogeneity in data. An alternative approach based on the Generalized Linear Mixed Model (GLMM) is therefore hereby proposed.

Methods

We provide evidence on the performance of the GLMM model with log link function and Gamma distribution in terms of bias and precision under a variety of data generating mechanisms and compare it to that of the Linear Mixed Effect Model on the log-transformed response (log-LME).

In a case study from fixed prosthodontics, the comparison of impression materials on a sample of 180 repeated measures is analyzed under both GLMM and log-LME model. 
Results
The simulation study shows that the method of fitting linear models to a log-transformed response may have relatively little bias if the gamma shape parameter is constant, but suffers from substantial bias if the shape parameter varies with the covariate. 

Conclusions

No single alternative is best under all the conditions examined in this paper. However, the gamma regression model with a log link seems to be more robust to alternative data generating mechanisms than either log-LME.
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