
Cornea

Tear Interferometric Patterns Reflect Clinical Tear
Dynamics in Dry Eye Patients

Reiko Arita,1,2 Naoyuki Morishige,2,3 Tatsuya Fujii,2,4 Shima Fukuoka,2,5 Jae Lim Chung,6

Kyoung Yul Seo,7 and Kouzo Itoh1

1Itoh Clinic, Saitama, Japan
2Lid and Meibomian Gland Working Group, Japan
3Department of Ophthalmology, Yamaguchi University Graduate School of Medicine, Ube, Yamaguchi, Japan
4Kowa Pharmaceutical Co. Ltd., Nagoya, Japan
5Omiya Hamada Eye Clinic, Saitama, Japan
6Kim’s Eye Hospital, Konyang University College of Medicine, Seoul, South Korea
7Department of Ophthalmology, Yonsei University College of Medicine, Seoul, South Korea

Correspondence: Reiko Arita, De-
partment of Ophthalmology, Itoh
Clinic, 626-11 Minami-Nakano, Min-
umaku, Saitama, Saitama 337-0042,
Japan;
ritoh@za2.so-net.ne.jp.

Submitted: April 22, 2016
Accepted: June 25, 2016

Citation: Arita R, Morishige N, Fujii T,
et al. Tear interferometric patterns
reflect clinical tear dynamics in dry
eye patients. Invest Ophthalmol Vis

Sci. 2016;57:3928–3934.
DOI:10.1167/iovs.16-19788

PURPOSE. We investigated whether the tear interferometric pattern was able to identify
differences in tear film kinetics among clinical subtypes of dry eye.

METHODS. A total of 138 eyes of 76 subjects (38 men and 38 women; mean age 6 SD, 61.6 6
16.2 years) with or without dry eye who visited Itoh Clinic from May to August 2015 were
enrolled in a cross-sectional study. Clinical diagnosis of dry eye subtype was based on tear film
parameters. The pattern of tear film kinetics determined by interferometry was classified as 0
(monotonous gray or multicolor interferometric fringe with a noninvasive breakup time
[NIBUT] of ‡5 seconds), 1 (multicolor interferometric fringe with a NIBUT of <5 seconds), or
2 (grayish amorphous interferometric fringe with a NIBUT of <5 seconds), and reliability of
classification was evaluated. Lipid layer thickness (LLT) for the tear film was also determined
by interferometry.

RESULTS. Interrater j values for evaluation of interferometric patterns ranged from 0.57 to 0.94
for both physicians and nonphysicians with reference to a dry eye expert, the latter of whom
showed an intrarater reliability of 0.90. The distribution of eyes among interferometric
patterns 0, 1, and 2 coincided well with the clinical subgroups of normal tear condition, non–
Sjögren syndrome aqueous-deficient dry eye, and meibomian gland dysfunction, respectively.
A multicolor interferometric fringe was essentially observed only at an LLT of >70 nm.

CONCLUSIONS. Tear interferometry was able to reliably distinguish clinical subtypes of dry eye
by reflecting the balance between the lipid and aqueous layers of the tear film.
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The tear film consists of aqueous, mucin, and lipid layers
with different levels of complexity.1 The quality and

quantity of each layer, as well as their interactive relations,
are important for homeostasis of the tear film. Impairment of
the quality or changes in the quantity of tear film components
can result in dry eye disease, which is categorized as either
aqueous-deficient dry eye (ADDE) or evaporative dry eye
(EDE).2,3 Dysfunction or hypofunction of lacrimal glands and
the consequent reduced volume of the aqueous layer of the tear
film thus underlie ADDE. Similarly, dysfunction or hypofunction
of meibomian glands (which produce the lipid components of
the tear film) or reduced production of mucin proteins by
conjunctival goblet cells increases the evaporation of tear fluid
and results in EDE.

Interferometry has been applied as a noninvasive method for
visualization of the lucent lipid layer at the surface of the tear
film.4 Tear interference images associated with surface phe-
nomena of the tear film have thus been obtained5–8 based on a
principle first described by Newton.9 This approach has been
adopted to study tear dynamics in individuals with Sjögren
syndrome10 or dry eye,11 including EDE,12 as well as in contact

lens wearers.6,13 It has also been used to measure the thickness
of the lipid layer of the tear film in normal subjects,14 in
individuals with ADDE,15 in office workers with dry eye,16 in
patients with Sjögren syndrome or non-Sjögren dry eye,17 and
in those with meibomian gland dysfunction (MGD).18 Tear
interferometry thus provides information on both the quality
and quantity of the lipid layer, yielding insight into the function
of the entire tear film.

The balance of tear film components is important for tear
film stability, and a compensatory system is thought to operate
in response to changes in these components.5,11,17,19–21 We
have now evaluated the overall aqueous and lipid kinetics of
the tear film, as well as measured the thickness of the lipid layer
by tear interferometry, revealing the balance between the lipid
and aqueous layers of the tear film,11,15,22,23 in individuals with
dry eye disease. Our results indicate that the interferometric
color and fringe patterns associated with tear film stability
reflect the balance between the aqueous and lipid layers of the
tear film, and they suggest that these patterns are able to
identify subtypes of dry eye.
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METHODS

Study Design

This cross-sectional study was approved prospectively by the
Institutional Review Board of Itoh Clinic and adhered to the
tenets of the Declaration of Helsinki. Written informed consent
was obtained from all subjects before examination. Patients who
visited Itoh Clinic from May to August 2015 were candidates for
enrollment in the study. Exclusion criteria included acute
infections of the eyelids, ocular allergies, obvious eyelid or
ocular surface disorders, contact lens wear, continuous use of
eyedrops with the exception of those for dry eye treatment, a
history of eye surgery, and systemic or ocular diseases (other
than those to be studied) that might interfere with tear film
production or function. Individuals who wore eye makeup were
also excluded. Individuals with ocular symptoms were enrolled
as dry eye subjects and classified as having non-Sjögren ADDE
(non-SS-ADDE), MGD, or both non-SS-ADDE and MGD as
appropriate (total of 84 eyes of 47 patients; 19 males and 28
females; mean age 6 SD, 61.4 6 13.6 years). Meibomian gland
dysfunction was evaluated as a surrogate for EDE, given that it is a
major cause of EDE.24 Non-SS-ADDE was diagnosed on the basis
of criteria proposed by the Dry Eye Research Group in Japan25:
(1) the presence of dry eye symptoms, (2) abnormal tear
production as determined by Schirmer’s test (�5 mm for 5
minutes) or abnormal tear film stability as determined by
breakup time (BUT, �5 seconds), and/or (3) the presence of
conjunctival and corneal epithelial damage as evidenced by a
fluorescein staining score of ‡3 as determined by the van
Bijsterveld method.26 Meibomian gland dysfunction was also
diagnosed on the basis of previously described criteria27: (1) at
least one symptom from among ocular fatigue, discharge, foreign
body sensation, dryness, uncomfortable sensation, sticky sensa-
tion, pain, epiphora, itching, redness, heavy sensation, glare,
excessive blinking, burning sensation, and ocular discomfort on
arising; (2) at least one lid margin abnormality; and (3) poor
meibum expression. Individuals without any ocular conditions
other than refractive error or cataract were recruited as control
subjects (total of 54 eyes of 29 subjects; 19 males and 10 females;
mean age 6 SD, 67.2 6 13.4 years). Those individuals who used
eyedrops were instructed not to apply them for at least 4 hours
before examinations.

Examinations

Examinations were performed sequentially as follows: (1) tear
interference and noninvasive BUT (NIBUT) were determined by
tear interferometry (DR-1a; Kowa, Nagoya, Japan).11,15 The
subject was asked to blink naturally twice and then to keep both
eyes open as long as possible. Examination of the second eye
was performed at least 1 minute after that of the first. (2) Lipid
layer thickness (LLT) of the tear film was also measured by tear
interferometry (LipiView; TearScience, Morrisville, NC, USA).28

The subject was asked to blink naturally during the examination.

(3) Abnormalities of the upper and lower lid margins were
evaluated by slitlamp microscopy and scored from 0 to 4
according to the number present.29 (4) Fluorescein staining of
the ocular surface was divided into three zones (nasal
conjunctival, corneal, and temporal conjunctival areas) for
determination of the superficial punctate keratopathy (SPK)
score. The staining score ranged from 0 to 3 for each zone,
yielding a total score of 0 to 9 for the ocular surface.26 (5) Tear
film BUT was measured after instillation of 1 lL of a
preservative-free solution of 1% fluorescein into the conjunctival
sac with the use of a micropipette. The subjects were asked to
blink several times, and BUT was determined three times with a
stopwatch. The mean of the three values was calculated. (6) The
upper and lower eyelids were evaluated with the use of a
noninvasive meibography system (SL-D701 DC-4 BG-5; Topcon,
Tokyo, Japan).30 Partial or complete loss of meibomian glands
was scored as the meiboscore for each eyelid as previously
described.30 The meiboscores for the upper and lower eyelids of
each eye were summed to obtain an overall score of 0–6. (7) A
Schirmer strip (Whatman no. 41; Showa, Tokyo, Japan) was
inserted over the lower lid margin (midway between the middle
and outer thirds) for 5 minutes without topical anesthesia.
Subjects were asked to close their eyes during the measurement.
(8) Digital pressure was applied to the upper tarsus, and the
degree of ease with which meibomian secretion (meibum) was
induced was evaluated semiquantitatively.19 All examinations
were completed on the same day in the morning, usually within
a total time of 15 minutes. Both room temperature (24.5 6
3.78C) and humidity (40.5 6 8.5%) were relatively constant.

Repeatability of LLT and NIBUT Measurements

The repeatability of LLT measurement with LipiView and
NIBUT measurement with DR-1a was assessed by having one
examiner (R.A.) repeat the measurements three times in five
eyes of five normal subjects selected randomly. The intra-
examiner repeatability for each eye was assessed as the
coefficient of variation (SD for the three measurements/mean
of the three measurements), and the mean 6 SD for the
coefficient of variation for the five eyes was then calculated.

Interferometric Pattern Classification

One dry eye expert (R.A.) developed a classification system for
tear lipid interferometric images based on viewing videos
obtained from the 138 eyes of the study subjects. The pattern
of tear film kinetics and NIBUT were determined with the DR-
1a tear interferometer. The interferometric images were
classified into three types: pearl-like appearance (monotonous
gray interferometric fringe), Jupiter-like appearance (multicol-
ored interferometric fringe), or crystal-like appearance (grayish
amorphous interferometric fringe) (Fig. 1). The time from the
last blink to the appearance of a break or discontinuity in the
surface of the tear film visualized by interferometry without
fluorescein staining was measured as the NIBUT by reviewing

FIGURE 1. Representative interferometric fringe images. (A) Pearl-like appearance (monotonous gray interferometric fringe). (B) Jupiter-like
appearance (multicolored interferometric fringe). (C) Crystal-like appearance (grayish amorphous interferometric fringe).
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interferometric movies. Receiver operating characteristic
(ROC) curves for NIBUT in normal subjects and in patients
with non-SS-ADDE or MGD yielded a cutoff value of 4 seconds
(area under the curve¼ 0.9116, 95% confidence interval [CI]¼
0.8377–0.9537), and we therefore defined a NIBUT of <5
seconds to be shortened. Interferometric images were com-
bined with NIBUT to yield the following interferometric
patterns: class 0 (pearl- or Jupiter-like appearance, NIBUT of
‡5 seconds), class 1 (Jupiter-like appearance, NIBUT of <5
seconds), and class 2 (crystal-like appearance, NIBUT of <5
seconds; Supplementary Videos S1–S3).

Validation Test

A validation test was performed to evaluate the robustness of
the proposed interferometric pattern classification. Videos for
evaluation included tear lipid interferometry of the central
cornea (8.0 mm wide 3 7.2 mm long) performed with DR-1a
for the 138 eyes of the 76 subjects. Each movie had a randomly
assigned number for analysis. Each rater categorized each
image according to the interferometric pattern classification.
The test was performed by each rater at a separate site. After
the test, the assigned numbers of the classified images were
recorded for statistical analysis.

Interrater Reliability

An introduction to and explanation of the interferometric
pattern classification were given before the test by a dry eye
expert (R.A.). Consistency between the results for R.A. and
those for each of two groups of raters including two Japanese
and two Korean physicians (S.F., N.M., K.Y.S., and J.L.C.) and
two Japanese nonphysicians (T.F. and Yasuko Fukuda, Itoh
Clinic) was evaluated as interrater reliability.

Intrarater Reliability

The dry eye expert (R.A.) who participated in determination of
interrater reliability performed the test a second time after an
interval of >2 weeks. Consistency between the results of the
first and second tests was evaluated as intrarater reliability.

Statistical Analysis

All statistical analysis was performed with Stata MP software,
release 14.1 (StataCorp LP, College Station, TX, USA).
Pairwise j values were determined for assessment of
interrater and intrarater reliability. In addition, Fleiss’s j
value was computed for the seven evaluators as a group, for
the five physicians as a group compared with the two
nonphysicians as a second group, and for the three Japanese
physicians as a group compared with the two Korean
physicians as a second group. For comparison of groups of
raters, the difference in Fleiss’s j between groups was
bootstrapped for 1000 replications, and the asymptotic SE of
the difference was computed. Each test of the difference in
j between groups was performed by calculating the 95% CI
of the difference with the use of the bootstrapped SE. If the
95% CI excluded the value of zero, then the difference was
declared statistically significant at the 5% level of type I error
(a ¼ 0.05). Fleiss’s j values of <0.01, 0.01–0.20, 0.21–0.40,
0.41–0.60, 0.61–0.80, and 0.81–1.00 were considered as
poor, slight, fair, moderate, substantial, and almost perfect
agreement, respectively.31 The Kruskal-Wallis test was
applied for comparison of parameters among three groups.
Differences in parameters between two groups were
evaluated with the Steel-Dwass test. A P value of <0.05
was considered statistically significant.

RESULTS

The study subjects with dry eye were classified into groups
of non-SS-ADDE, MGD, and non-SS-ADDE/MGD comprising
23 eyes of 14 patients (4 males and 10 females; mean age 6

SD, 66.2 6 15.9 years), 51 eyes of 27 patients (12 males and
15 females; 60.4 6 12.2 years), and 10 eyes of 6 patients (3
males and 3 females; 55.2 6 12.5 years), respectively (Fig.
2).

Repeatability of LLT and NIBUT Measurements

The intraexaminer coefficient of variation for measurement of
LLT or NIBUT was 0.98 6 0.32% and 4.72 6 1.76%, respectively.

FIGURE 2. Flowchart showing participant progress through the study.
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Validation Test for Tear Interferometric Pattern
Classification

The j value for evaluation of intrarater reliability for
classification of tear interferometric patterns by a dry eye
expert (R.A.) who performed the test twice was 0.90.
Evaluation of pairwise interrater reliability for performance of
the validation test yielded a range of j values from 0.57 to 0.94.
Fleiss’s j values for all seven evaluators, the five physicians, the
two nonphysicians, the three Japanese physicians, and the two
Korean physicians were 0.79, 0.75, 0.87, 0.75, and 0.75,
respectively. The 95% CI for the difference between Japanese
physicians and Korean physicians ranged from �0.1164 to
þ0.1164, which does not exclude zero, and the difference is
therefore not statistically significant (the difference is zero, and
the 95% CI is distributed symmetrically around zero).

Relation of Tear Film Parameters and Clinical

Subtypes of Dry Eye to Tear Interferometric
Patterns

Tear film parameters for eyes of both normal subjects and dry
eye patients classified according to the three types of
interferometric pattern (0, 1, and 2) are shown in Table 1,
and the statistical significance of differences in these param-
eters between pairs of the three groups are shown in Table 2.
The LLT in group 2 was significantly smaller than that in the
other two groups. Lid margin abnormality score was signifi-
cantly higher in group 2 than in group 1, as well as in group 1
than in group 0. Both NIBUT and BUT were significantly longer
and SPK score was significantly smaller in group 0 than in

groups 1 and 2. Meibum grade was significantly worse in group
2 than in the other two groups. Meiboscore was significantly
higher in group 2 than in group 0. The Schirmer test value was
significantly lower in group 1 than in the other two groups.
The LLT/Schirmer test value ratio differed significantly for each
pairwise comparison, with the distribution of this parameter
among each group of eyes of both normal subjects and dry eye
patients being shown in Figure 3. We also examined the
relation between tear interferometric patterns and clinical
classification of the study subjects (Table 3). The interferomet-
ric pattern classification of 0, 1, and 2 coincided well with the
clinical classification of normal, non-SS-ADDE, and MGD,
respectively.

Relation Between LLT and Schirmer Test Value
According to Tear Interferometric Pattern

The relation between LLT and tear secretion as measured by
the Schirmer test was examined for each tear interferometric
pattern (Fig. 4A) and for each clinical diagnosis (Fig. 4B).
Interferometric pattern 1 was apparent only in eyes with an
LLT of >74 nm. Eyes with interferometric pattern 1 tended to

TABLE 1. Tear Film Parameters According to Tear Interferometric Pattern for All Study Subjects

Parameter

Interferometric Pattern Classification

P0 1 2 Total

LLT, nm 100.0 6 32.3 114.3 6 28.5 45.8 6 17.5 81.6 6 39.6 <0.0001

Lid margin abnormalities, 0–4 0.2 6 0.5 1.1 6 0.6 1.9 6 0.9 1.1 6 1.0 <0.0001

NIBUT, s 10.4 6 3.4 2.5 6 1.3 2.2 6 1.2 5.4 6 4.6 <0.0001

BUT, s 5.9 6 3.5 3.0 6 1.8 3.1 6 1.7 4.1 6 2.9 <0.0001

SPK score, 0–9 0.1 6 0.3 0.9 6 0.9 0.7 6 0.5 0.5 6 0.7 <0.0001

Meibum grade, 0–3 0.0 6 0.0 0.1 6 0.3 1.6 6 0.8 0.7 6 0.9 <0.0001

Meiboscore, 0–6 2.7 6 1.5 3.0 6 1.9 3.7 6 1.3 3.2 6 1.6 0.0054

Schirmer value, mm 8.7 6 5.4 3.9 6 3.8 10.6 6 7.8 8.4 6 6.7 <0.0001

LLT/Schirmer value 17.7 6 18.9 59.2 6 47.6 8.4 6 9.9 23.3 6 32.6 <0.0001

Data are means 6 SD. P values for comparisons of tear film parameters among the three interferometric patterns were determined with the
Kruskal-Wallis test. For calculation of the LLT/Schirmer test value ratio, a Schirmer test value of 0 was assigned a value of 0.9 mm.

TABLE 2. P Values (Steel-Dwass Test) for Pairwise Comparisons of Tear
Film Parameters Among Tear Interferometric Patterns for All Study
Subjects

Parameter

Pattern Classification

0 vs. 1 0 vs. 2 1 vs. 2

LLT 0.1097 <0.0001 <0.0001

Lid margin abnormalities <0.0001 <0.0001 <0.0001

NIBUT <0.0001 <0.0001 0.5684

BUT 0.0001 <0.0001 0.9966

SPK score <0.0001 <0.0001 0.5630

Meibum grade 0.0235 <0.0001 <0.0001

Meiboscore 0.8522 0.0028 0.1957

Schirmer value <0.0001 0.5386 <0.0001

LLT/Schirmer value <0.0001 <0.0001 <0.0001

FIGURE 3. Distribution of the LLT/Schirmer test value ratio for all study
subjects according to interferometric pattern classification. If the
Schirmer test value was 0 mm, we used a value of 0.9 mm to calculate
the ratio.
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be distributed in the area of the plot corresponding to a normal
or high LLT and a low Schirmer test value, whereas those with
interferometric pattern 2 tended to be distributed in the area
corresponding to a low LLT and a normal or high Schirmer test
value. The distributions of normal, non-SS-ADDE, and MGD
subjects were similar to those of interferometric patterns 0, 1,
and 2, respectively. Non-SS-ADDE/MGD subjects were localized
to the area corresponding to a low LLT and a low Schirmer test
value.

DISCUSSION

We classified tear interferometric kinetics into three patterns
and examined the relation of these patterns to subtypes of dry
eye defined on the basis of tear film parameters. Our results
have shown that the interferometric pattern classification
largely coincides with the subtypes of dry eye. Interferometric
patterns 1 and 2 were associated with a normal or high and a
low LLT, respectively. The ratio of LLT to the Schirmer test
value as a measure of tear secretion differed significantly for
pairwise comparisons among all three interferometric patterns.
We therefore suggest that our classification of tear interfero-
metric kinetics reflects the balance of tear film components.

Tear interferometry is a noninvasive technique for assess-
ment of the preocular tear film that allows observation of the
surface interference fringe of the lipid layer of the tear
film,6,8,12,32,33 as well as semiquantitative5,14,34,35 or quantita-
tive28 evaluation of LLT. In addition to observing the
interferometric fringe, we evaluated the stability of the tear
film by determining NIBUT. We combined evaluation of the
interferometric fringe with measurement of NIBUT to classify
interferometric kinetics into three patterns. The tear interfer-
ometric fringe pattern was previously related to the severity of
dry eye,11 whereas tear dynamics visualized by interferometry
were related to the volume of the aqueous layer of the tear
film,15,23 suggesting that the interferometric fringe pattern
indicates the condition of both the lipid and aqueous layers.
Given that our classification is based not only on the
interferometric fringe pattern but also on tear film stability, it
potentially reflects the relation between tear dynamics and the
condition of the lipid layer.

The three interferometric patterns of our classification
system were found to be highly related to the clinical condition
of the tear film based on measurement of tear film parameters.
In general, tear film stability is disrupted in subjects with any
tear film abnormalities, giving rise to a shortened tear film BUT.
The presence of a shortened NIBUT was incorporated into our
classification scheme to distinguish patterns 1 and 2 from
pattern 0, reflecting abnormal and normal conditions of the
tear film, respectively. The three patterns were also based on
the interferometric fringe, with patterns 0, 1, and 2 corre-
sponding to a pearl-like, Jupiter-like, or crystal-like fringe
appearance. The Jupiter-like appearance was associated with a
thickened lipid layer of the tear film (approximately >70 nm),
consistent with previous findings.14 The crystal-like appear-

ance, reflecting grayish amorphous interferometric fringe, was
associated with a reduced LLT. Interferometric pattern 1
(Jupiter-like appearance with a shortened NIBUT) thus
corresponds to an unstable tear film with a thick lipid layer,
indicative of loss of the aqueous layer, or ADDE. On the other
hand, interferometric pattern 2 (crystal-like appearance with a
shortened NIBUT) corresponds to an unstable tear film with a
thin lipid layer, indicative of a tear film with an insufficient lipid
layer but with sufficient tear fluid, or EDE. Indeed, we found
that most cases of non-SS-ADDE and of MGD showed
interferometric patterns of classes 1 and 2, respectively.
Furthermore, patients with both non-SS-ADDE and MGD
showed either pattern 1 or pattern 2, suggesting that the
interferometric pattern of such individuals may be influenced
by the tear condition of the moment (reduced aqueous or lipid
volume). Our interferometric pattern classification may thus be
applicable to identifying the current tear condition of these
patients.

A previous study found that tear film evaporation does not
necessarily correlate with LLT.36 Other studies showed that
NIBUT or BUT, each of which reflects tear film stability, was
not significantly correlated with LLT.23,28,37–39 In the present
study, we measured both LLT and tear secretion as indicated by
Schirmer’s test. We found that many cases categorized as
interferometric pattern 1 showed an increased LLT, reduced
tear secretion, and shortened NIBUT. Furthermore, these cases
tended to correspond to a clinical diagnosis of non-SS-ADDE.
The shortened NIBUT and increased LLT in these subjects
indicate that an increase in LLT does not necessarily improve
tear film stability. Rather, the balance between the aqueous and
lipid layers is likely to be a key determinant of tear film stability.

TABLE 3. Comparison of Tear Interferometric Pattern Classification
With Clinical Diagnosis for the Study Subjects

Pattern Normal

Non-

SS-ADDE MGD

Non-

SS-ADDE/MGD Total

0 47 3 3 0 53

1 5 20 2 3 30

2 2 0 46 7 55

Total 54 23 51 10 138

FIGURE 4. Relation between Schirmer test value and LLT for all study
subjects according to interferometric pattern classification (A) or dry
eye subtype (B).
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Validation analysis for interferometric pattern classification
revealed j values for intra- and interrater reliability ranging
from 0.57 to 0.94, with the physician raters including a dry eye
specialist and general ophthalmologists. Furthermore, Japanese
and Korean physicians showed similar validation results, with
no significant difference being detected in their performance.
Similar results were obtained for comparison between
physicians and nonphysicians. The moderate to almost perfect
j values obtained reflect the easily discriminated classification
criteria, and they suggest that our classification system is
applicable to international evaluation of interferometry data.

Our interferometric pattern classification has limitations
with regard to evaluation of tear film abnormalities, however.
In subjects with an obviously reduced volume of tear fluid or
with severe corneal epithelial disorders, such as Sjögren
syndrome, Stevens-Johnson syndrome, or graft-versus-host
disease, an interferometric fringe is not observed because of
the inadequate tear film. The interferometric pattern classifi-
cation is thus not applicable to such patients. The dynamics of
the lipid layer in individuals with these diseases remain to be
investigated.

We also here propose the LLT/Schirmer test value ratio as an
index of tear film balance. Although the Schirmer test value is
thought to fluctuate, the test is still a standard procedure for
the evaluation of tear fluid secretion.40 Loss of balance
between LLT and tear fluid volume reflects an imbalanced
condition of the tear film. The LLT/Schirmer test value ratio
differed significantly for all pairwise comparisons among the
three interferometric patterns, suggesting that imbalance in the
tear film condition is reflected in the classification of
interferometric kinetics. The balance of tear film components
may thus be critical for maintenance of the tear film, with loss
of such balance giving rise to dry eye disease.

Subjects with interferometric pattern 1 tended to have a
normal or high LLT and a low Schirmer test value, whereas those
with interferometric pattern 2 tended to have a low LLT and a
normal or high Schirmer test value. We have previously shown
that tear fluid secretion is increased in individuals with MGD,
suggesting that such secretion increases to compensate for the
reduced production of the lipid layer.21 We have now found that
LLT tended to be increased in subjects with reduced tear fluid
secretion, suggesting that production of the lipid layer increases
to compensate for the reduced volume of tear fluid. Given that
the condition of the tear film is thought to be dynamic, such
compensation would also be expected to be dynamic. Secretion
of both tear fluid and lipid components of the tear film may be
able to adapt rapidly to changing conditions, whereas adaptation
of mucin production may occur over a longer time frame. The
mechanisms responsible for sensing and responding to changes
in the condition of the tear film remain to be determined.
Subjects classified as non-SS-ADDE/MGD tended to have both a
low LLT and a low Schirmer test value. Such individuals appear
to lack the ability to increase secretion of both aqueous and lipid
components of the tear film and thus possess defective
compensatory systems.

Blinking may represent an important reflex response to
dynamic changes in the tear film condition. In the present
study, we evaluated tear interferometric patterns after each
subject was asked to blink naturally twice to maintain the tear
film condition. Our data therefore reveal the compensatory
systems of the tear film without the influence of blinking.

In summary, we proposed a classification of tear interfer-
ometric kinetics that is closely related to the condition of the
tear film. Evaluation of patients based on our tear interfero-
metric patterns is expected to be widely applicable for
characterization of tear film kinetics and dry eye pathophys-
iology, and it may provide a strategy for dry eye management.
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