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Modeling covariates effects on ROC curves with smoothing
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In modern medicine, biomarkers, clinical data and measured values in molecular biology
analysis are routinely used for classification or prediction with respect to clinical
diagnoses. Scientific assessment of such measurements or measurement methods
involves assessing the accuracy of classification and prediction of outcomes of interest
based on the measurements. A receiver operating characteristic (ROC) curve is used to
evaluate classification and prediction accuracy based on such measurement. Recently, the
curve is often applied to the fields of medicine and epidemiology, where it is used to
summarize the potential performance of diagnostic testing (in broad terms, classification
and diagnostic accuracy).

It is commonly assumed that a test performance summarized by the ROC curve does
not depend on covariates such as characteristics of subjects and methods of examinations.
In fact, however, as argued by Begg (1987) and Kraemer (1992), many factors (covariates)
may affect the performance of a medical test. Therefore, in order to summarize the
diagnostic performance appropriately, it is necessary to evaluate influences of the
covariates on the test.

Various ROC regression models have been proposed to evaluate covariates effects on the
diagnostic performance of medical tests. An approach for estimating the ROC regression
models focused in this dissertation is referred to as “direct approach” (Pepe, 1997, 2000).
Alternatively, there is an approach which is called “induced approach” (Tosteson & Begg,
1988).

In the direct approach, it may lead to wrong conclusions to use the ROC regression
model based on Generalized Linear Model (GLM) in the case where we cannot assume
linearity assumptions with respect to covariates effects. To deal with this problem,
Rodriguez-Alvarez et al (2011b) extended the ROC regression model based on GLM and
suggested an inference process in the framework of Generalized Additive Model (GAM)
(Hastie & Tibshirani, 1984). They proposed to use a local linear kernel smoother (Wand &
Jones, 1995) with a bandwidth selected by Cross Validation (CV) in order to estimate
smoothing functions. In the direct approach, however, the responses are empirical
estimates of the ROC curve and are correlated. In such case, Diggle & Hutchinson (1989)
and Wang (1998) have pointed out that the bandwidth selected by CV may result in
under-smoothing. We, here, propose to use a spline regression model in order to estimate
the smoothing functions. Since the estimation of the smoothing functions based on the
spline regression model is reduced to fitting a linear mixed model, we can estimate the
smoothing parameter based on the restricted maximum likelihood (REML) framework. In
this approach, even if responses are correlated, smoothing parameters can be selected




appropriately (Wang, 1998; Krivobokoba & Kauermann, 2007). We compare the fitting
performance of the proposed approach with their approach by some simulations.

The above approaches mainly focus on smoothing influences of continuous covariates
such as age or weight on the accuracy of a diagnosis. Discrete covariates such as sex or
smoking, however, may also have a significant influence on the diagnostic performance.
We further extend the approach so that we can model discrete and continuous covariates
simultaneously. The formulation and inference procedure are described, and the
inference performance of this approach is studied through several simulations.
Furthermore, we apply our approach to the neonatal hearing impairment screening data
and the diagnostic data of coronary artery disease (CAD),

For the first proposal, when we compared the proposed approach and the existing one
(Rodriguez-Alvarez et al, 2011b) by some simulations, we found that our approach
outperformed theirs in terms of the precision of estimating, especially when the sample
size was not large.

For the second proposal, the simulation study indicated that the influence of the discrete
covariates was appropriately estimated, and that smoothing of the continuous covariates
effects on the ROC curve gave reliable model estimates. Additionally, we found that our
approach was more efficient than the approach of Rodriguez-Alvarez et al, (2011b).

In the application to the neonatal hearing screening data, we focused on the evaluation
of the diagnostic performance of the auditory brainstem response (ABR) and considered
the ROC regression model based on our approach, which included discrete covariates
(sex, left/right of ears) and a continuous covariate (Transient Evoked OtoAcoustic
Emission, TEOAE) at the same time. As a result of the analysis, it was suggested that sex
and TEOAE influenced on the diagnosis performance of ABR while ears had little
influence.

In the analysis of the diagnostic data of CAD, the diagnostic performances of three
indices (apoB48, HbAlc and adiponectin) to diagnose CAD are compared, considering risk
factors (age, sex) of CAD as covariates. As a result, although the overall diagnostic
performance of apoB48 was the best of these, adiponectin might be better than the other
depending on sex and age. ~
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