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Measurement error in a continuous exposure, if ignored, may lead to reduction in the power to detect 

an exposure-outcome association as well as bias in estimation of the effect size. The presence of 

classical, i.e. random, measurement error has been shown to lead to underestimation of a simple linear 

relationship. When the functional form of the exposure within a regression model is non-linear, 

measurement error obscures the shape of the relationship by making the association appear more 
linear. Bias in this case will be unknown in direction and vary by exposure level. 

Examples of non-linear associations found in epidemiological research with error-prone exposures 

include a J-shaped association between alcohol intake and all-cause mortality and a quadratic 

relationship between blood-pressure and mortality from cardiovascular disease. Polynomial regression 

modelling using the fractional polynomial method, a systematic method of model selection, is often 

employed in these applications.  

Bayesian analysis using Markov chain Monte Carlo (MCMC) has previously been shown to be able to 

accommodate diverse functional forms of the error-prone exposure while correcting for measurement 

error when those forms are known (Carroll et al., 2006). However, selection of the best polynomial 

regression model in the presence of exposure measurement error has received little attention to date. 

In this work, we compare standard Bayesian model selection using the deviance information criteria 

(DIC) after fitting each model, to two alternative approaches. The first is a hybrid method using 

Bayesian posterior means in lieu of maximum likelihood estimates within a common frequentist 

method of measurement error correction (i.e. regression calibration). The second adapts a method of 
Bayesian variable selection to selection of the best transformation of the latent error-prone exposure.  

Simulations studies were used to evaluate each method’s ability to select the best model, detect non-

linearity, and select the linear model in the absence of non-linearity. All methods were shown to 

recover some power to detect non-linearity. Use of DIC results in over-selection of the more complex 

model in the absence of non-linearity in some settings. The methods are illustrated by estimating the 
error-corrected association between blood pressure and cardiovascular mortality. 


