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Abstract In analyses of bivariate ordered polytomous cataract data from
atomic-bomb survivors, we compared two methods, the univariate worse-eye
method, and the bivariate generalized estimating equations (GEE’s) method
using global odds ratio by Williamson et al. (Journal of the American Statistical
Association, 90, 1432–1437, 1995). When the association was large and only sub-
ject level covariates were used, model selection in the univariate and bivariate
methods resulted in the same mean model and similar risk estimates. We showed
that the mean parameter and the standard error (SE) in the univariate model
are emphasized relative to those in the bivariate model, the biases of which
are negligible when the association between both eyes is large. Large sample
simulation studies indicated that the univariate Wald statistics are slightly con-
servative. The simulations also showed that, in bivariate cases, irrespective of
the degree of association, the independence estimating equations method with
robust SE, and the GEE method with model-based and robust SE are almost
fully efficient in parameter estimation when only subject level covariates are
included in the mean.
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1 Introduction

It is known that atomic-bomb radiation causes cataract (Choshi et al., 1983;
Minamoto et al., 2004). The most recent cataract prevalence study by Minamoto
et al. (2004) used the Lens Opacity Classification System II (LOCS II) (Chylack
et al., 1989) in grading four major lens changes: nuclear color (NC), nuclear
opacity (NO), cortical cataract (CC) and posterior sub-capsular opacity (PS).
The system shows good inter- and intra-observer reproducibility (Chylack et al.,
1989), which suggests that the response measurement error is small. We did not
use LOCS III (Chylack et al., 1993), because the grading of cataract in LOCS
III is so precise that observer bias could be relatively large, i.e., large response
measurement error. The outcome variables for these lens changes in LOCS II
are qualitative, ordered and polytomous. For analysis of this data, Minamoto
et al. (2004) used the univariate worse-eye method—that is, the outcome of a
subject is the outcome of the worst grade among the grades of both eyes—and
found significant radiation dose responses in CC and PS. The worse-eye method
is more conventionally used since bivariate analysis is often difficult. If we want
to have estimates specific to each eye of the subject for lens opacity and to
obtain a smaller standard error for the estimates, however, bivariate analysis
would be most appropriate.

In ophthalmology studies, we often observe bivariate ordered polytomous
data, a pair of polytomous outcomes of interest from the right and left eyes of
a subject. Covariates are obtained from an individual (subject level covariate)
or obtained separately from each eye of a subject (within subject level covari-
ate). We are usually interested in the effects of such covariates on the ordered
polytomous marginal probabilities and the degree of association between right
and left eyes affected by the covariates.

Dale (1986) and Molenberghs and Lesaffre (1994) considered the maximum
likelihood (ML) method for correlated bivariate and multivariate discrete data,
respectively, using a global odds ratio association model (Plackett, 1965; Dale,
1984). Kim (1995) proposed a bivariate ML method that used polychoric cor-
relation as a measure of association and that is an extension of the probit
model for univariate dichotomous data. However, the ML method does not
provide consistent estimates of parameters unless correct specifications of both
the mean and association models are available. The method is also computa-
tionally inconvenient. Conversely, because of its computational convenience
and the fact that it provides consistent estimates with only correct specification
of the mean model, the generalized estimating equations (GEE’s) approach is
appropriate for analysis of multivariate correlated data although the estimation
efficiency is lowered.

Liang and Zeger (1986) developed the GEE method for multivariate corre-
lated binary data using correlation as a measure of association and showed that


