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Identification of subtypes of dry eye disease, including a
candidate corneal neuropathic pain subtype through the use of a
latent class analysis

Zijun Liu, MS?, Tom Lietman, MD¥2, John A. Gonzales, MD1:2
IFrancis I. Proctor Foundation, University of California, San Francisco, San Francisco, CA, USA

2Department of Ophthalmology, University of California, San Francisco, San Francisco, CA, USA

Abstract

Purpose: In the absence of a gold standard diagnostic test for different subtypes of dry eye
disease, we aimed to identify latent subtypes of dry eye disease within a well-characterized cohort.

Design: Cross-sectional study of participants enrolled in Sjogren’s International Collaborative
Clinical Alliance (SICCA).

Methods: A latent class analysis was applied to different dry eye-related signs/tests and
symptoms of ocular pain (particularly those that aligned with corneal neuropathic pain) giving
relative specificities and sensitivities of each diagnostic test or symptom in the SICCA population.

Results: Four subtypes of dry eye disease were identified with putative designations including
normal, asymptomatic dry eye, symptomatic dry eye, and corneal neuropathic pain.

Conclusions: More specific classification criteria are needed for dry eye disease. Latent class
analysis applied to the signs and symptoms captured in the SICCA cohort may allow for the
development and refinement of classification criteria for specific subtypes of dry eye.

Keywords
latent class analysis; dry eye disease; corneal neuropathic pain

Introduction

All dry eye disease (DED) is not the same.1 DED is a spectrum that broadly includes
aqueous sufficient and aqueous deficient dry eye.2 Some patients complaining of symptoms
that align or overlap with dry eye may have no obvious signs of dry eye, but may have
significant discomfort or pain.3 Instead, these patients may have corneal neuropathic pain
instead.2 There are a variety of ocular signs and tests used either alone or in combination
with each other to identify DED. These measures and tests that may be used to assess

dry eye include the assessment of corneal and conjunctival staining with fluorescein (NEI
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scale), a combination of fluorescein staining of the cornea with conjunctival staining with
lissamine green (such as the ocular staining score, OSS, or van Bijsterveld), tear breakup
time, Schirmer testing, and tear osmolarity.>~8 In addition, patient-reported symptoms of
dry eye are included in the assessments for identifying patients with DED.2° Because of

the marked variation in signs, results of dry eye tests, and symptoms there is significant
heterogeneity that amongst those classified with DED.? Indeed, different studies may

use different reference standards, which can make the classification of patients with dry

eye haphazard between different studies. As a result, the quantitative assessment of the
performance of different index tests and estimates of disease prevalence may be biased.10
Moreover, if unknown or latent classes of DED subtypes are included in studies, the overall
power of a study may be diminished including the ability to detect meaningful differences
with respect to therapeutics. Such issues are not unique to DED classification. Prior to

2016, there was no single, unified consensus for Sjogren’s disease classification were at
least 15 different classifications for Sjogren’s disease, which may have contributed to its
underdiagnosis. In fact, there were 11 prior classification systems prior to the introduction of
the classification criteria accepted by both the American College of Rheumatology and the
European League Against Rheumatism.12-13 This universally accepted classification criteria
for Sjogren’s disease was developed in a data-driven manner and was the result of a latent
class analysis approach.11-14

Since all DED is not the same, the obvious heterogeneity within DED makes it difficult to
identify effective and targeted therapy. Analytic algorithms that use multiple variables (such
as different DED tests and patient-reported symptoms) to identify homogenous subgroups
with a heterogenous population can therefore be helpful. Latent class analysis is one such
analytic algorithm, which can identify distinct clinical and biological subtypes of a disease.
In some cases, a latent class analysis has identified subtypes of disease that have exhibited
different clinical outcomes. A latent class analysis is not a subgroup analysis, since a
subgroup analysis splits participant data into subgroups based upon some characteristic.
Instead, a latent class analysis is an example of finite mixture modeling, which is a tool
that can determine if unmeasured or unobserved groups exist within a population. The
unobserved, or “latent” groups are inferred from the patterns of the observed variable or
“indicators” (which are categorical) used in the modeling.1516

In this study, we applied a latent class analysis to data from participants in the Sjogren’s
International Collaborative Clinical Alliance (SICCA) to estimate the probability of testing
positive or negative of some of the most commonly used clinical tests and symptoms

used to diagnose DED. While we have previously shown that the OSS exhibits both a

high sensitivity and specificity for distinguishing between keratoconjunctivitis sicca and
dry eye that is not keratoconjunctivitis sicca (or, not aqueous deficient dry eye), we

wished to use the SICCA cohort database to determine if additional latent classes could be
identified, particularly allowing for the identification of a potential corneal neuropathic pain
subtype.817 In the absence of a gold standard corneal neuropathic pain classification, this
model-based approach provides a preliminary sense of the relative diagnostic performance
of the dry eye tests and ocular pain questions used in SICCA.
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Study Design and Population

SICCA was a cross-sectional study of participants enrolled from 9 international research
sites. Participants (=21 years of age) met at least one of the following conditions: 1)
complaint of dry eye or dry mouth, 2) previous diagnosis of primary or secondary Sjogren’s
disease, 3) abnormal serology (positive anti-SSA, anti-SSB, or elevated ANA and RF), 4)
bilateral parotid gland enlargement, or 5) multiple cervical/incisal dental caries. At baseline,
participants completed an interview and questionnaires, had oral/ocular/rheumatologic
examinations, had blood and saliva samples collected, and had a labial salivary gland biopsy
among other procedures.11-14 Institutional review board approval was obtained at each
clinical site and the study adhered to the tenets of the Declaration of Helsinki.

Variables and Measures

Independent variables recorded included OSS (abnormal = 5), Schirmer | (abnormal <5
mm at 5 minutes), TBUT (abnormal < 10 seconds), light sensitivity (abnormal “some of
the time”, “half of the time”, “most of the time”, or “all of the time”), burning or stinging
(abnormal “some of the time”, “half of the time”, “most of the time”, or “all of the time”),
and pain or burning in the middle of the night or upon waking in the morning (abnormal
“some of the time”, “half of the time”, “most of the time”, or “all of the time”).

Statistical Analysis

Results

Levels of specificity and sensitivity for each relevant variable (clinical sign/diagnostic

test and patient-reported symptom) were estimated using latent class analysis. Using

this analysis, model-based clustering of SICCA participants into a specified number of
“disease” classes is based on the observed patterns of a series of binary predictor variables
representing the presence or absence of important diagnostic-related features. The resulting
classes can then be related to disease status based on the class-specific patterns of

the diagnostic features. Our modeling was based on 6 predictor variables that relate to

DED and corneal neuropathic pain (see “Variables and Measures” section above). Models
incorporating different numbers of classes were compared using Bayes information criterion
(BIC). In addition, we also fitted latent class analysis models incorporating a random effect
to relax the conventional assumption of condition independence of within-class outcomes.
Finally, sensitivity and specificity of individual predictors were estimated using the model-
based classification with an underlying, unobservable (latent) “gold standard”.12:18.19
Analyses were performed with the R package poLCA (available from the Comprehensive R
Archive Network, http://cran.r-project.org).

There were 3,514 participants enrolled into SICCA. The cohort was comprised of 3,185
women (91%) and 329 men (9%). There were 1,541 participants (43.9%) that met the
American College of Rheumatology/European League Against Rheumatism (ACR/EULAR)
classification criteria for Sjogren’s disease. Mean age of SICCA participants was 52.9 years
+/- 13.3 years (range 21 to 89 years).
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Latent class analysis revealed the following estimated class population shares for the
following designations: 1) no signs and no symptoms (28%); 2) signs, but no symptoms of
dry eye (20%); 3) signs and symptoms of dry eye (25%); and 4) no signs, but symptomatic
(26%). When evaluating the latent class analysis outputs, we determined that the specificity
of a particular test or symptom was represented by the class that had no evidence of DED
and was asymptomatic (essentially, a “normal” or control designation). Table 1 shows the
sensitivity for a specific dry eye test or ocular symptom in the SICCA cohort in the other,
non-“normal” candidate designations.

Discussion

In the SICCA cohort we found that using a latent class analysis 4 DED-related classes were
identified: one class without symptoms or signs of DED (“normal”) and 3 types within

the DED spectrum: asymptomatic DED, symptomatic DED, and corneal neuropathic pain.
Because latent class analysis is an unsupervised analysis, the designations identified in Table
1 are our putative designations/interpretations of the latent classes. The test negative rate for
no signs and asymptomatic (a “normal eye™) could be interpreted as the overall specificity
of a diagnostic test for any of the dry eye disease subtypes (Table 1). The sensitivity for a
particular entity could be interpreted as the test positivity rate for that class (or subtype of
dry eye disease). As an example, for a patient truly without any of the dry eye diseases, we
would expect OSS to be normal 87% of the time (specificity of OSS). If a patient truly has
asymptomatic or symptomatic dry eye disease, we would expect the OSS to be abnormal
90% and 9!% of the time, respectively( sensitivity of OSS for asymptomatic or symptomatic
dry eye disease).

Latent class analysis is able to identify qualitatively different and hidden (or latent)
subpopulations (in this case, candidate dry eye designations) within a population (in this
case, the SICCA cohort), with each subpopulation sharing specific characteristics with
respect to their scores on the different dry eye tests or response to ocular symptoms.20-22
Our group has used a latent class analysis approaches before: 1) to distinguish Sjégren’s
disease from non-Sjogren’s disease participants within the SICCA cohort and 2) to
distinguish between aqueous deficient (keratoconjunctivitis sicca) DED from non-aqueous
deficient.11-13.17 The SICCA cohort was established to develop new and universally
accepted diagnostic criteria for Sjogren’s disease. Participants were enrolled into SICCA
if they had signs or symptoms of dry eye or dry mouth, had dental caries or parotid gland
enlargement, had abnormal serologies that could be compatible with Sjégren’s disease, or
a prior diagnosis of Sjogren’s disease using older classification criteria. Within the SICCA
cohort, then, approximately half of the participants were classified as Sjogren’s disease
while the other half were classified as non-Sjégren’s disease. Therefore, the SICCA cohort
represents a rich resource with which to characterize Sjégren’s disease as well as DED
since it is comprised of participants that share some features that could be compatible

with Sjogren’s disease as well as the spectrum of DED, respectively. Remarkably, SICCA
participants were divided nearly evenly between the 4 latent classes, which further speaks to
the utility of this cohort for future studies.
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Prior studies have identified different subtypes of dry eye disease, but this has typically been
based upon prespecified parameters of dry eye-related symptoms as well as determining
whether there is a predominance of signs that align primarily with an aqueous sufficient/
evaporative dry eye or those that align primarily with an aqueous deficient dry eye.?3 The
typical algorithm is that patients are categorized based on response to questionnaires and
then having an ocular sign of dry eye (tear break-up-time, tear osmolarity, or staining of

the ocular surface) present. Therefore, it is possible to classify a patient with dry eye using
different types of symptom questionnaires and signs.23-25

While prior studies have sought to identify specific tests that may correlate with dry eye
disease severity, identifying latent subtypes of dry eye disease based on observed data from
symptom and test results has not been performed before prior to the development of the
SICCA cohort.17:26 Since SICCA enrolled participants over 15 years ago and, at that time,
ocular pain questionnaires, such as the Ocular Pain Assessment Survey and Neuropathic
Pain Symptom Inventory-Eye, had not been introduced yet. It is possible that including such
questionnaires in future studies may further refine the DED subtypes that LCA identified in
the present study.27:28

Conclusion

In the absence of a gold standard dry eye test and without a single set of universally accepted
classification criteria, the accurate classification of potentially fundamentally different
subtypes of DED is challenging. Appropriately classification of DED spectrum subtypes

is important in ensuring fidelity in future randomized controlled trials and identifying more
specific and targeted therapeutic targets. A latent class analysis is the first step toward

a more refined classification of different DED subtypes. Indeed, in the SICCA cohort,

by incorporating participant-reported symptoms, including those that align with corneal
neuropathic pain, latent class analysis identified 4 subtypes within the DED spectrum.
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Latent classes with putative candidate designations and probability of testing negative or positive for each

ocular test or symptom.

Table 1.

Schirmer | (positive test is <5 mm in 5 seconds)

Class

Candidate designation

Test statistic (95% ClI)

No signs and no symptoms

Normal

0.89 (0.84, 0.93) specificity for no disease state

Signs, but no symptoms

Asymptomatic dry eye *

0.48 (0.44, 0.53) sensitivity for this disease state

Signs and symptoms

Symptomatic dry eye *

0.47 (0.42, 0.51) sensitivity for this disease state

No signs, but symptomatic

Corneal neuropathic pain

0.11 (0.06, 0.15) sensitivity for this disease state

Ocular Staining Score (positive test is = 5)

Class

Candidate designation

Test statistic (95% CI)

No signs and no symptoms

Normal

0.87 (0.81, 0.95) specificity for no disease state

Signs, but no symptoms

Asymptomatic dry eye *

0.90 (0.83, 1.00) sensitivity for this disease state

Signs and symptoms

Symptomatic dry eye *

0.91 (0.85, 1.00) sensitivity for this disease state

No signs, but symptomatic

Corneal neuropathic pain

0.20 (0.13, 0.26) sensitivity for this disease state

Tear-break-up time (positive test is < 10 seconds)

Class

Candidate designation

Test statistic (95% CI)

No signs and no symptoms

Normal

0.33 (0.28, 0.38) specificity for no disease state

Signs, but no symptoms

Asymptomatic dry eye *

0.99 (0.97, 1.00) sensitivity for this disease state

Signs and symptoms

Symptomatic dry eye *

1.00 (0.99, 1.00) sensitivity for this disease state

No signs, but symptomatic

Corneal neuropathic pain

0.69 (0.63, 0.74) sensitivity for this disease state

Burning or pain awaking one at night

(positive test is “yes” response)

Class

Candidate designation

Test statistic (95% CI)

No signs and no symptoms

Normal

0.91 (0.88, 0.95) specificity for no disease state

Signs, but no symptoms

Asymptomatic dry eye *

0.09 (0.05, 0.12) sensitivity for this disease state

Signs and symptoms

Symptomatic dry eye *

0.79 (0.74, 0.84) sensitivity for this disease state

No signs, but symptomatic

Corneal neuropathic pain

0.76 (0.69, 0.83) sensitivity for this disease state

Light sensitivity (positive test is “yes” response)

Class

Candidate designation

Test statistic (95% CI)

No signs and no symptoms

Normal

0.83 (0.80, 0.87) specificity for no disease state

Signs, but no symptoms

Asymptomatic dry eye *

0.12 (0.09, 0.15) sensitivity for this disease state

Signs and symptoms

Symptomatic dry eye *

0.58 (0.53, 0.62) sensitivity for this disease state

No signs, but symptomatic

Corneal neuropathic pain

0.58 (0.53, 0.63) sensitivity for this disease state

Burning or stinging (positive

test is “yes” response)

Class Candidate designation Test statistic (95% Cl)
No signs and no symptoms Normal 0.75 (0.07, 0.82) specificity for no disease state
Signs, but no symptoms Asymptomatic dry eye * | 0.20 (0.15, 0.25) sensitivity for this disease state

Signs and symptoms

Symptomatic dry eye *

0.94 (0.91, 0.97) sensitivity for this disease state
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No signs, but symptomatic | Corneal neuropathic pain | 0.98 (0.95, 1.00) sensitivity for this disease state

*

This candidate designation could represent either aqueous sufficient or aqueous deficient (keratoconjunctivitis sicca) dry eye. The population share
within the SICCA cohort for each candidate designation are as follows: Normal, 28%; Asymptomatic dry eye, 20%; Symptomatic dry eye, 26%;
Corneal neuropathic pain, 26%.
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