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ABSTRACT Dry eye is a multifactorial disease which would
require a broad spectrum of test measures in the monitoring
of its treatment and diagnosis. However, studies have
typically reported improvements in individual measures
with treatment. Alternative approaches involve multiple,
combined outcomes being assessed by different statistical
analyses. In order to assess the effect of various statistical
approaches to the use of single and combined test measures
in dry eye, this review reanalyzed measures from two pre-
vious studies (osmolarity, evaporation, tear turnover rate,
and lipid film quality). These analyses assessed the measures
as single variables within groups, pre- and post-intervention
with a lubricant supplement, by creating combinations of
these variables and by validating these combinations with
the combined sample of data from all groups of dry eye
subjects. The effectiveness of single measures and combi-
nations in diagnosis of dry eye was also considered.
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I. INTRODUCTION

S tudies attempting to define dry eye have varied
widely in the test measures employed and in the
effectiveness of the diagnosis. Criteria used for defi-

nition and classification have been based on symptom-
atology, clinical test results (Schirmer wetting, tear film
breakup time, ocular surface staining) and a range of tear
physiology tests that measure distribution, stability, evapo-
ration, etc. The number and variety of tests used in various
studies have made it difficult to assess prevalence levels of
dry eye and the efficacy of treatment regimens. Descriptions
of the assessment techniques and their advantages and
shortcomings have been well described in recent litera-
ture.1-7

The multifactorial etiology of dry eye disease makes it
unlikely that a single test can provide a complete assessment
of the condition; for example, if the only study outcome is a
change in the Schirmer test, this may be inadequate for the
assessment of subtypes such as evaporative dry eye or
meibomian gland disease. The effectiveness of definition
and diagnosis can be improved if multiple, combined out-
comes are assessed by different statistical approaches.
Previously, we have shown the benefit of discriminant func-
tion analysis in the diagnosis of dry eye,8,9 In recent inter-
national workshops re-evaluating dry eye disease, multiple
tests have been advocated for diagnosis and evaluation of
therapeutic effects.3,6

There are significant problems in comparing the effec-
tiveness of single and combined test measures in the pub-
lished dry eye studies because of differences in study
design, test technique, criteria (cut-off value) for diagnosis,
and the ever-present problem of selection and spectrum
bias. A comprehensive survey by Khanal et al of published
studies lists diagnostic sensitivities and specificities varying
from 10-99% and 49-100%, respectively.8 In the present re-
view, data from two previous studies of the tear physiology
of dry eye subjects (osmolarity [OSM], evaporation [EVAP],
tear turnover rate [TTR], and lipid film quality [TFI]) were
reanalyzed to compare directly single versus multiple
outcome measures in the effectiveness of diagnosis and the
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evaluation of therapeutic benefits of treatment. This
approach avoids many of the problems inherent in
comparing results from different studies.5-7

In this review, we re-evaluated data from two studies of
dry eye conducted in our laboratory. In the first study,10 two
groups of subjects (n1¼27, n2¼26) were compared, and in
the second study,11 three groups (n3¼24, n4¼24, n5¼25)
were evaluated. In both previous studies, the same four
aspects of tear physiology were measured as single variables
within groups pre- and post-intervention with a lubricant
supplement. The techniques of measurement of these vari-
ables, evaporimetry,12 interferometry,13 TTR,14 and tear
OSM,10 have been well described in the literature.

The purpose of the current investigation was to evaluate
the effectiveness of single and multiple test measures in
determining the effectiveness of diagnosis and treatment
of dry eye disease. This was carried out by applying various
statistical techniques to existing sets of data (a range of
laboratory measures of tear physiology) collected in our
laboratory. By this means it was possible to avoid the biases

and inconsistencies inherent in comparisons of the results
from studies from different clinical sites. The statistical
methods used ranged from Analysis of Variance (ANOVA)
and Analysis of Covariance (ANCOVA) models for single
measure analyses, to multivariate statistical techniques
such as factor analysis and discriminant analysis for multi-
ple measures.

The difference between treatment groups on a single
outcome measure is analyzed over time in Section III.A by
the commonly employed repeated measures ANOVA
models. However, when the groups being compared have
significantly different baseline levels, it is more appropriate
to use ANCOVA with the baseline measures as the covari-
ate, as illustrated in this section.

When considering multiple outcome measures statisti-
cally as in Sections III.B and C, it is common practice to
attempt to reduce the dimensionality, ie, number of vari-
ables, while still retaining a large proportion of the variation
of the data. A commonly used technique, factor analysis, is
used in Sections III.B.1 and 2 and III.C.2 and 3 to create
factors (linear combinations of the original variables which
represent the original variables). These factors or indices
are usually independent of one another (orthogonal). Once
a number of indices have been developed, the difference
between treatment groups on each index over time is
assessed in Sections III.B.4 and III.C.5, using ANOVA and
ANCOVA.

It is also possible to assess the effectiveness of these
indices for the initial diagnosis of dry eye. Multivariate
discriminant analysis and logistic regression are commonly
used in such clinical scenarios when the predicted outcome
is dichotomous (dry eye or not dry eye). However, when a
single independent index as an outcome variable is analyzed,
the clinical interpretation is simpler with use of discriminant
analysis. This is illustrated in Section III.C.6.

II. STATISTICAL METHODOLOGY
The present study reassessed the effects of artificial tears

on aspects of tear physiology (EVAP, TTR, OSM and TFI)
by adopting a range of approaches to the statistical analyses
of the effect of treatment for dry eye. The physiology mea-
sures were assessed first as single variables, then by creating
combinations of these variables, and finally by repeating
with the combined sample of data from five groups of dry
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