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Abstract

In many medical studies, the definitive
outcome is inaccessible due to cost, time and
difficulty of measurement. A valid surrogate
endpoint is then measured in place of the
biologically definitive or clinicaly most
meaningful  endpoint.  For  example,
biomarkers are very often used as surrogates
of observing new cases of cancer in testing
treatments for cancer prevention, where event
rates are low and a long time may be needed
to obtain definitive outcomes. Functiona
disability is commonly quantified as
self-reported responses to a series of
guestions about difficulty performing tasks of
routine living, because no obvious single
measure of disability exists.

Latent variable models are recognized as
an effective statistical tool for analyzing
surrogates. Such models treat the unobserved
definitive outcome as the one to be analyzed
for relations with risk factors, and the
measured surrogates as quantities that
imperfectly determine the object of interest.
Analysis based on latent variable models is
parsimonious, explicitly recognize errors in
measurement, and can give well-summarized
inferences on the theory underlying the
choice of surrogates.

The author has recently developed a
very flexible latent variable model for
analyzing surrogates. | also addressed issues



about selecting the number of dimensions
needed to characterize the surrogates
distribution and diagnosing various latent
variable model assumptions. In this project, |
propose to extend the latent variable model
developed by the author to evaluate the
validity and reliability of diagnostic tests.
This application is important because the
model enables us to evaluate tests without
knowing the gold standard. | also plan to
incorporate the latent variable methodol ogies
developed by the author into an easy-to-use
statistical software capable of being used
effectively by all levels of participants of data
analysis.

Keywords: latent variable, reliability,
software, surrogate endpoint, validity, web
page.

In many medical studies, the definitive
outcome is inaccessible. A valid surrogate
endpoint is then measured in place of the
biologically definitive or clinically most
meaningful endpoint.

Models that permit exploration of
relationships between unobservable variables
and their surrogates are referred to as latent
variable models. My research is focused on
analyzing data collected in situations where
investigators use multiple discrete indicators
as surrogates, for example, a set of
guestionnaires. These models are called the
latent class analysis (LCA) model (Lazarsfeld
and Henry 1968, Goodman 1974). The basic
LCA postulates an underlying categorical
latent variable, and this latent variable can
explain the association seen among measured
items. Recently, severa authors extended the
LCA model to incorporate covariate effects
on estimating the underlying mechanism
(Dayton and Macready 1988, Bandeen-Roche
et a. 1997), or on estimating measured

indicator distributions within latent classes
(Melton et a. 1994). | and co-author
proposed an LCA model that used covariates
on describing distributions of both the
underlying latent class and the measured

indicators  themselves  (Huang  and
Bandeen-Roche 2003A). Significantly, we
developed a model framework that

guarantees identifiability of the two types of
covariate effects.

In this project, | propose to extend the
latent class model developed by the author to
evaluate the validity and reliability of
diagnostic tests. This application is important
because the model enables us to evaluate
tests without knowing the gold standard. |
also plan to incorporate all the latent variable
methodologies developed by the author into
an easy-to-use statistical software capable of
being used effectively by al levels of
participants of data anaysis. These
methodologies include the proposed LCA
mode (Huang and Bandeen-Roche 2004A),
selecting the number of dimensions needed to
characterize the surrogates distribution
(Huang 2004B), diagnosing various latent
variable model assumptions (Huang and
Bandeen-Roche 2004C), and evaluating tests
without the gold standard (will be done in
this proposal).

(http://www.stat.nctu.edu.tw/f aculty/ghuanag/
software.htm)
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Abstract:

In recent years, latent class models have
proven useful for analyzing relationships
between measured multiple indicators and
covariates of interest. Such models
summarize shared features of the multiple
indicators as an underlying categorical
variable, and the indicators substantive
associations with predictors are built directly
and indirectly in unique model parameters. In
this paper, we provide a detailed study on the
theory and application of building models
that allow mediated relationships between
primary predictors and latent class
membership, but also alow direct effects of
secondary covariates on the indicators
themselves. Theory for model identification
is developed. We detail an
Expectation-Maximization  algorithm  for
parameter  estimation, standard  error
caculation and convergent properties.
Comparison of the proposed model with
models underlying existing latent class
modeling software is provided. A detailed
analysis of how visua impairments affect
older persons functioning requiring distance
vision isused for illustration.

2. Huang GH (2004). Selecting the

number of classes under latent class
regresson: a factor analytic analogue.

Accepted for publication in Psychometrika.

Abstract:

Recently, the regression extension of latent
class analysis (RLCA) model has received
much attention in the field of medica
research. The basic RLCA  mode
summarizes shared features of measured
multiple indicators as an underlying
categorical variable and incorporates the

covariate information in modeling both latent
class membership and multiple indicators
themselves. To reduce complexity and
enhance interpretability, one usually fixes the
number of classes in a given RLCA. Often,
goodness of fit methods comparing various
estimated models are used as a criterion to
select the number of classes. In this paper, we
propose a new method that is based on an
analogous method used in factor analysis and
does not require repeated fitting. Two ideas
with application to many settings other than
ours are synthesized in deriving the method:
a connection between latent class models and
factor analysis, and techniques of covariate
marginalization and elimination. A Monte
Carlo smulation study is presented to
evaluate the behavior of the selection
procedure and compare to aternative
approaches. Data from a study of how
measured visual impairments affect older
persons functioning are used for illustration.

3. Huang GH, Bandeen-Roche K (2004).
Diagnosis of latent class regression models.
Submitted for publication.

Abstract:

Biomedical and psychosocial researchers
increasingly utilize latent class regression
(LCR) models to analyze relationships
between measured multiple categorical
outcomes and covariates of interest. In LCR,
the multiple outcomes are summarized and
their associations with risk factors are
determined in a single modeling step. These
models are parsimonious and can incorporate
theory underlying the multiple response
choices. However, these advantages come at
the price of strong modeling assumptions
which may criticaly influence analytic
findings. Careful evaluation of model
appropriateness is necessary. In this paper,
we first develop Pearson and deviance
residuals to assess overal fit of the LCR



model, and then propose reasonable methods
for diagnosing various LCR's assumptions.
The basic idea of the latter diagnostic method
isto first estimate the underlying latent class,
and then directly assess model assumptions
within and across classes. This approach is
proven to be valid in an asymptotic sense. An
analysis of how measured health impairments
affect older persons functioning is used for
illustration.
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