Reliability and validity of the Japanese
version of the Ocular Surface Disease
Index for dry eye disease

BM)J Open

To cite: Midorikawa-Inomata A,
Inomata T, Nojiri S, et al.
Reliability and validity of the
Japanese version of the Ocular
Surface Disease Index for

dry eye disease. BMJ Open
2019;9:033940. doi:10.1136/
bmjopen-2019-033940

» Prepublication history and
additional material for this
paper are available online. To
view these files, please visit
the journal online (http://dx.doi.
org/10.1136/bmjopen-2019-
033940).

Received 29 August 2019
Revised 10 October 2019
Accepted 01 November 2019

| '.) Check for updates

© Author(s) (or their
employer(s)) 2019. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published by
BMJ.

For numbered affiliations see
end of article.

Correspondence to
Dr Takenori Inomata;
tinoma@juntendo.ac.jp

Akie Midorikawa-lnomata,1 Takenori Inomata

.23 Shuko Nojiri,*

Masahiro Nakamura,®> Masao lwagami,® Keiichi Fujimoto,” Yuichi Okumura,’
Nanami lwata,” Atsuko Eguchi,’ Hitomi Hasegawa,? Hikaru Kinouchi,?

Akira Murakami,? Hiroyuki Kobayashi'

ABSTRACT

Objectives The Ocular Surface Disease Index (OSDI)
questionnaire is widely used to evaluate subjective
symptoms of dry eye disease (DED) as a primary
diagnostic criterion. This study aimed to develop a
Japanese version of the OSDI (J-OSDI) and assess its
reliability and validity.

Design and setting Hospital-based cross-sectional
observational study.

Participants A total of 209 patients recruited from the
Department of Ophthalmology at Juntendo University
Hospital.

Methods We translated and culturally adapted the OSDI
into Japanese. The J-0SDI was then assessed for internal
consistency, reliability and validity. We also evaluated the
optimal cut-off value to suspect DED using an area under
the receiver operating characteristic curve (AUC) analysis.
Primary outcome measures Internal consistency, test—
retest reliability and discriminant validity of the J-OSDI as
well as the optimal cut-off value to suspect DED.

Results Of the participants, 152 had DED and 57 did not.
The J-0SDI total score showed good internal consistency
(Cronbach's alpha=0.884), test-retest reliability (interclass
correlation coefficient=0.910) and discriminant validity by
known-group comparisons (non-DED, 19.4+16.0; DED,
37.7+22.2; p<0.001). Factor validity was used to confirm
three subscales within the J-0SDI according to the original
version of the questionnaire. Concurrent validity was
assessed by Pearson correlation analysis, and the J-0SDI
total score showed a strong positive correlation with the
Dry Eye-Related Quality-of-Life Score (y=0.829). The
optimal cut-off value of the J-OSDI total score was 36.3
(AUC=0.744).

Conclusions The J-0SDI was developed and validated in
terms of reliability and validity as an effective tool for DED
assessment and monitoring in the Japanese population.

INTRODUCTION

The prevalence of dry eye disease (DED)
continues to grow due to several psychoso-
cioeconomic factors, including an increase
in digital screen usage time, an ageing popu-
lation and stressful social environments.
DED can cause ocular surface damage, eye
discomfort and impaired vision and can also

Strengths and limitations of this study

» This study provides the first validation data on the
Japanese version of the cular Surface Disease Index
(J-OSDI) questionnaire as the primary evaluation for
dry eye disease (DED) diagnosis.

» We conducted a cross-cultural adaptability thor-
oughly compared by a committee of experts for con-
ceptual equivalence.

» This study confirmed the reliability and validity of the
J-0SDI in the 209 patients.

» The main limitation is that this study was conducted
at a single university hospital, which may limit the
generalisability of the findings.

» The validated J-OSDI allows across-country epide-
miological comparisons of patient-reported subjec-
tive symptoms of DED.

lead to substantial economic problems due
to decreased quality of life and work produc-
tivity.”* Therefore, quantifying the symptoms
and severity of DED is important for the diag-
nosis, monitoring and treatment of the condi-
tion.”°

Diagnosis of DED can be made using
various methods, including tear film breakup
time (TFBUT), ocular surface staining and
osmolarity as a homeostasis marker. Addition-
ally, the use of a questionnaire to determine
if symptoms of DED are present is recom-
mended as a primary examination method
in the DED diagnosis protocol by the TFOS
DEWS II Diagnostic Methodology report
and in the 2016 Asia Dry Eye Society (ADES)
consensus report.7 ® Although previous
research has established a divergence between
the subjective symptoms of DED and clinical
severity of the disease,”! questionnaires that
can quantitatively measure the subjective
symptoms of DED are indispensable for DED
diagnosis and management.
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The 2016 dry eye diagnostic criteria published by the
ADES® recommend that DED be diagnosed according
to both subjective symptoms and TFBUT, indicating that
subjective symptoms are now widely recognised as playing
an important role in DED. We previously showed that
this change in diagnostic criteria could lead to a 28.0%
increase in DED patients in Japan®; thus, the need for
effective DED treatments may increase in the future. Both
the Ocular Surface Disease Index (OSDI) and the Dry
Eye-Related Quality-of-Life Score (DEQS)' are widely
used to assess subjective symptoms of DED in Japan, but
the reliability and validity of the OSDI have not been
confirmed in Japan."” Determining the reliability and
validity of the Japanese version of the OSDI (J-OSDI) is
essential for making epidemiological and symptomatic
comparisons with other countries.'*™°

In this study, we developed and evaluated the reliability
and validity of the J-OSDI and determined the cut-off
value of the J-OSDI total score using the 2016 diagnostic
criteria put forth by the ADES.®

MATERIALS AND METHODS

0SDI questionnaire

The OSDI questionnaire contains 12 questions divided
into three subscales: ocular symptoms, vision-related
function and environmental triggers.13 The question-
naire asks patients to rate each symptom on a 5-point scale
according to their frequency, from ‘all of the time’ (score
4) to ‘none of the time’ (score 0). The OSDI total score
and each subscale score are separately translated to scores
of 0-100. According to the OSDI total score, patients
are classified as normal (0-12 points), or as having mild
(13-22 points), moderate (23-32 points) or severe DED
(33-100 points).

Translation of the Japanese version of the OSDI

To obtain a scientifically accurate translation and to
perform a transcultural validation of the original version
of the questionnaire, a forward-backward procedure was
applied to translate the OSDI (Allegan, Irvine, California,
USA) from English to Japanese following previously
established guidelines.w_19 First, a forward translation was
carried out independently by five bilingual ophthalmolo-
gists to produce a consensus version. A cultural adaptation
was conducted to ensure that the translated questionnaire
is easily understandable by Japanese patients. Second,
the consensus version was back-translated into English
by two native-English researchers and was assessed for
comprehensibility. Finally, the original translated and
back-translated versions were thoroughly compared by
a committee of experts for conceptual equivalence. The
J-OSDI is provided for others to use in online supplemen-
tary figure 1.

Study design and participants
This was a cross-sectional observational study. Adult
patients (aged 20 years) who visited the Department

of Ophthalmology at Juntendo University Hospital in
Tokyo, Japan, between September 2017 to May 2018
were included. Of them, we excluded patients with best-
corrected visual acuity (BCVA) values <20/20 and those
with a history of eyelid disorder, ptosis, Parkinson disease,
ocular surface surgery, eyelid surgery, hereditary corneal
disease or any other disease that could affect blinking.
Written informed consent was obtained from all partici-
pants. The study was adhered to the tenets of the Declara-
tion of Helsinki as revised in Brazil in 2013.

All patients underwent a complete ophthalmic evalua-
tion for both eyes, including measuring BCVA, intraocular
pressure (IOP) and subjective symptoms. Additionally,
TFBUT, corneal fluorescein staining (CFS) for kera-
toconjunctival vital staining, maximum blink interval
(MBI) and Schirmer test I for reflex tear production were
assessed for both eyes. TFBUT, CFS and Schirmer test I
values from the worst eye were examined. The mean value
of the MBI was used in accordance with a previous study.”’
For each patient, we evaluated the TFBUT, CFS and MBI
before performing Schirmer test I. We diagnosed DED
and non-DED using the ADES 2016 diagnostic criteria,”
which are based on two positive items: the presence of
subjective symptoms and decreased TFBUT (<5 s).

Environmental conditions

The temperature and humidity of the examination room
were controlled at 26°C in the summer and 24°C in
the winter with 50% relative humidity, according to the
Guideline for Design and Operation of Hospital HVAC
Systems established by the Healthcare Engineering Asso-
ciation of Japan.*'

Other instruments for DED diagnosis and management
Subjective symptoms were evaluated by interviewing
subjects with DED. The DEQS questionnaire was adminis-
tered to subjects in order to assess the severity of dry eye-
associated symptoms and the multifaceted effects of DED
on daily life."* The score derived from this questionnaire
is a subjective measurement of DED symptoms, where 0
indicates the best score (no symptoms) and 100 indicates
the worst score (maximum symptoms).

TFBUT was measured using a fluorescein dye according
to the standard methodology.® Only a small quantity of
dye was administered using the wetted fluorescein strip in
order to minimise the effect of the dye on tear volume and
TFBUT. Each subject was instructed to blink three times
after the dye was applied to ensure adequate mixing of
the dye and tears. The time interval between the last blink
and the appearance of the first dark spot on the cornea
was measured with a stopwatch. The mean value of three
measurements was used. A cut-off value of TFBUT <5 s
was used to diagnose DED.®

CFS was graded according to the van Bijsterveld
grading system,” which divides the ocular surface into
three zones: the nasal bulbar conjunctiva, the temporal
bulbar conjunctiva and the cornea. Each zone was evalu-
ated on a scale of 0-3, with 0 indicating no staining and
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3 indicating confluent staining. The maximum possible
score was thus 9.

The MBI was considered as the length of time that
subjects could keep their eyes open before blinking.*’ We
calculated the MBI twice by stopwatch under a light micro-
scope without using the light. The MBI was recorded as
30 s if the blink interval exceeded 30 s.

Schirmer test I was performed without topical anaes-
thesia after all other examinations had been completed.
Schirmer’s test strips (Ayumi Pharmaceutical Co, Tokyo,
Japan) were placed on the outer third of the temporal
lower conjunctival fornix for 5 min. The strips were then
removed, and the length of dampened filter paper (in
mm) was recorded.

Statistical analyses

To compare general characteristics between DED and
non-DED participants, two-tailed t-tests were used for
continuous variables and ” tests were used for categor-
ical variables. Pearson rank correlation coefficients were
calculated to determine the correlations between J-OSDI,
DEQS, TFBUT, CFS, MBI and Schirmer test I results.
Receiver operating characteristic (ROC) analysis was
used to determine the optimal cut-off value of the J-OSDI
total score for suspecting DED. The area under the curve
(AUC) was computed using the trapezoidal rule. Data
are presented as mean+SD or proportion (%). Statistical
analyses were performed using STATA V.15 and SPSS
Statistics V.1.0.0. P<0.05 was considered significant.

Reliability

The internal consistency of the J-OSDI was assessed using
Cronbach’s alpha coefficient, with an alpha >0.70 consid-
ered to be acceptable.”® Test-retest reliability was evalu-
ated by calculating the intraclass correlation coefficient

(ICC) values from the first and second entries. An ICC
value of 20.70 was considered acceptable for test-retest
reliability.**

Validity

Discriminant validity was evaluated by comparing the non-
DED and DED groups. For factor validity, confirmatory
factor analysis was conducted by an equamax rotation to
determine whether the subscales in the J-OSDI clustered
together in the same manner as in the original OSDIL
Factors with an eigenvalue >0.90 were retained. Concur-
rent validity was assessed by calculating the correlations
(Pearson coefficients) between the J-OSDI total score or
subscale scores and the DEQS or other clinical results,
including TFBUT, CFS, MBI and Schirmer test I values.

Patient and public involvement
No patients were involved in the research design and
conception of this research study.

RESULTS

Participant characteristics

Table 1 shows the general characteristics of the study
participants. All subjects responded to the questionnaires,
completed the examination and were eligible for the study.
Overall, 209 participants were included. The average age
was 58.9+15.3 years, and 83.7% of the participants were
women. Using the diagnostic criteria put forth by the
ADES,® 152 and 57 patients were classified as DED (72.7%)
and non-DED (27.3%), respectively. The mean BCVA value
for both eyes was —0.1+0.0 logMAR. The mean IOP for
both eyes was 14.0+2.8 mm Hg. Both the J-OSDI total score
and the DEQS were significantly higher in the DED group
than in the non-DED group, indicating that DED patients

Table 1 Characteristics of study participants

Non-DED DED Total

n=57 n=152 P value n=209
Age, year+SD 61.4+15.5 57.9+15.2 0.149 58.9+15.3
Gender, female (%) 48 (84.2) 127 (83.6) 1.000 175 (83.7)
BCVA, logMAR+SD -0.1+0.0 -0.1+£0.0 0.513 -0.1+0.0
IOP, mm Hg+SD 14.6+2.9 13.8+2.7 0.062 14.0+2.8
Subjective symptoms, yes (%) 5(8.8) 152 (100) ***<0.001 157 (75.1)
J-OSDI, 0-100+SD 19.4+16.0 37.7+22.2 ***<0.001 32.7+29.7
DEQS, 0-100+SD 16.0+14.7 32.7+21.6 ***<0.001 28.1+21.3
TFBUT, s+SD 2.5+2.4 1.5+0.8 ***<0.001 1.7£1.5
CFS, 0-9+SD 2.8+2.5 3.3+2.6 0.192 3.2+2.6
Schirmer |, mm+SD 7.2+8.2 5.7+6.2 0.162 6.1+6.8
MBI, s+SD 15.1+8.1 10.5+6.3 ***<0.001 11.7+7.1

P values were determined using the Student’s t-test (two-tailed) for continuous variables and the x2 test for categorical variables.

***p<0.001.

BCVA, best-corrected visual acuity; CFS, corneal fluorescein staining;DED, dry eye disease; DEQS, Dry Eye-Related Quality-of-Life Score;
IOP, intraocular pressure; J-OSDI, Japanese version of Ocular Surface Disease Index; MBI, maximum blink interval; TFBUT, tear film breakup

time.
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Table 2 Reliability for each subscale

Cronbach's
No of alpha ICC
items n=209 n=173
J-OSDI total score 12 0.884 0.910
Ocular symptoms 5 0.788 0.649
Vision-related function 4 0.669 0.817
Environmental triggers 3 0.902 0.859

ICC, intraclass correlation coefficient; J-OSDI, Japanese version of
the Ocular Surface Disease Index.

showed a greater rate of subjective symptoms. Furthermore,
both TFBUT and the MBI were significantly lower in the
DED group than in the non-DED group. Neither BCVA,
IOP, CFS nor the Schirmer test I results differed signifi-
cantly between DED and non-DED participants.

Reliability

We tested the J-OSDI total score and subscale scores for
internal consistency and test-retest reliability, and the
results are shown in table 2. For internal consistency, the
Cronbach’s alpha coefficient was 0.884 for the J-OSDI
total score and 0.788, 0.669 and 0.902 for the ocular symp-
toms, vision-related function and environmental triggers
subscales, respectively. Test-retest reliability was evaluated
in 173 participants, with a median (IQR) period of 119
(81-182) days between the test and retest. The ICC values
were 0.910, 0.649, 0.817 and 0.859 for the J-OSDI total

3

score, ocular symptoms subscale, vision-related function
subscale and environmental triggers subscale, respectively.

Discriminant validity

Table 3 shows the mean values for the J-OSDI total score,
each of the subscale scores and each of the component
scores. The mean J-OSDI total score was significantly higher
in the DED group than in the non-DED group (DED,
37.7+22.2; non-DED, 19.4+16.0; p<0.001). Additionally, all
three subscales were significantly higher in the DED group
than in the non-DED group (ocular symptoms: DED,
34.6+21.6; non-DED, 20.9+17.4; p<0.001; vision-related
function: DED, 36.5+27.7; non-DED, 20.8+22.0; p<0.001;
environmental triggers: DED, 45.2+29.7; non-DED,
15.5+19.8; p<0.001). Eleven of the 12 (92%) component
scores were significantly higher in the DED group than in
the non-DED group, with only question 2 showing a non-
significant difference.

Factor validity

Factor validity was assessed by confirmatory factor analysis
to determine the subscales. As shown in figure 1, corre-
spondent with the three homogeneous content domains
that were identified and constructed, three factors were
rotated to an equamax solution. These three factors
accounted for 71.9% of the total variance, and each
factor comprised sets of items that were interpretable
and relevant in content. Factor 1, accounting for 53.0%
of the total variance and 23.6% of the common vari-
ance, comprised items assessing the frequency of ocular
symptoms (five items). Factor 2, accounting for 11.1% of

Table 3 J-OSDI score for each question

Non-DED DED Total
Classification, score +SD, score n=57 n=152 P value n=209
J-OSDI total score, 0-100 19.4+£16.0 37.7+22.2 ***<0.001 32.7+22.2
Ocular symptoms, 0-100 20.9+17.4 34.6+21.6 ***<0.001 30.9+21.4
1. Eyes that are sensitive to light? 0.8+0.9 1.5+1.3 **<0.001 1.3+1.3
2. Eyes that feel gritty? 0.8+1.2 1.0+1.0 0.338 1.0+1.1
3. Painful or sore eyes? 0.4+0.7 1.0+1.0 ***<0.001 0.8+1.0
4. Blurred vision? 1.1£1.0 1.6+£1.2 **0.002 1.5+£1.2
5. Poor vision? 1.1+1.1 1.8+1.3 ***<0.001 1.6+1.3
Vision-related function 20.8+22.0 36.5+27.7 ***<0.001 32.2+27.2
6. Reading? 0.8+1.1 1.6+1.3 ***<0.001 1.4+1.3
7. Driving at night? 0.4+0.6 1.1+1.4 *0.022 0.9+1.3
8. Working with a computer or bank machine (ATM)?  1.1+1.3 1.6+1.4 *0.030 1.5+14
9. Watching TV? 0.7+1.0 1.3+1.2 **0.002 11141
Environmental triggers 15.5+19.8 45.2+29.7 ***<0.001 37.1£30.4
10. Windy conditions? 0.7+0.9 1.9+1.4 ***<0.001 1.5+1.3
11. Places or areas with low humidity (very dry)? 0.5+0.8 1.6+1.3 ***<0.001 1.3+1.3
12. Areas that are air conditioned? 0.6+0.9 2.0+1.3 ***<0.001 1.6+1.3

P values were determined using the Student’s t-test.
*p<0.05, *p<0.01 and ***p<0.001.

DED, dry eye disease; J-OSDI, Japanese version of Ocular Surface Disease Index.
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Figure 1 Three subscales of the J-OSDI as determined by
factor analysis. The existence of three clusters that were used
as subscales are shown. These were in accordance with the
subscales that are used in the original version of the OSDI:
vision-related function (components 1-5), ocular symptoms
(components 6-9) and environmental triggers (components
10-12).

the total variance and 22.8% of the common variance,
comprised items assessing the frequency of vision-related
function (four items). Factor 3, accounting for 7.7% of
the total variance and 17.7% of the common variance,
comprised items assessing the frequency of environmental
triggers (three items). All factors were in accordance with
the subscales in the original version. The factor matrix of
each J-OSDI component can be viewed in online supple-
mentary table 1. All subscales and the total instrument
underwent formal reliability and validity testing.

Concurrent validity
Table 4 shows the correlations between the J-OSDI total
score, subscale scores and other clinical items related to

DED diagnosis, including DEQS, TFBUT, CFS, Schirmer
test I results and the MBI. The J-OSDI total score showed
a significant strong positive correlation with the DEQS
(v=0.829). Among the clinical items related to DED diag-
nosis, there was a modest but significant negative correla-
tion between the J-OSDI total score and MBI (y=-0.258).
The subscales were each significantly and positively
correlated with the DEQS (y=0.786, 0.702 and 0.650,
respectively), while ocular symptoms and environmental
triggers were significantly and negatively correlated with
the MBI (y=—0.195 and -0.370, respectively).

J-0SDI severity results and cut-off value for detecting DED
Figure 2A shows the proportion of DED participants
in each severity category as determined by the J-OSDI
total score. The clinically diagnosed DED patients were
divided according to their J-OSDI scores as follows: 22.0%
were categorised as normal, 17.2% were categorised as
mild DED, 12.9% were categorised as moderate DED and
47.8% were categorised as severe DED. Figure 2B shows
the proportion of patients who were clinically diagnosed
with DED in each severity category determined by the
J-OSDI total scores. Overall, 47.8% of the patients who
were classified as normal by their J-OSDI total score
were clinically diagnosed with DED, while 66.7%, 74.0%
and 86.0% of patients classified as mild, moderate and
severe, respectively, were clinically diagnosed with DED.
Figure 2C shows the ROC curve of the J-OSDI total score
from the non-DED and DED groups, which was used
to determine the diagnostic efficacy of the J-OSDI total
score. The optimum cut-off value for detecting DED
was 36.3 points, with an AUC, sensitivity and specificity
of 0.744, 51.3% and 87.7%, respectively. Online supple-
mentary table 1 shows the details of the J-OSDI total score
sensitivity and specificity analysis.

DISCUSSION

This study developed, and assessed the reliability and
validity, of the J-OSDI, which is the Japanese version
of OSDI, and determined a cut-off value for detecting
DED using the ADES diagnostic criteria of 2016. Our

Table 4 Correlation between the J-OSDI total score and other clinical assessments

J-OSDI total score

Ocular symptoms

Vision-related function Environmental triggers

Clinical items vy P value Y P value v P value v P value

DEQS 0.829 ***<0.001 0.786 ***<0.001 0.702 ***<0.001 -0.650 ***<0.001
TFBUT —-0.066 0.349 -0.044 0.532 -0.057 0.416 -0.131 0.063
CFS 0.018 0.791 -0.013 0.852 -0.137 *0.049 0.161 *0.022
Schirmer | -0.090 0.195 -0.013 0.844 -0.071 0.311 -0.129 0.067
MBI -0.283 ***<0.001 -0.215 **0.002 -0.135 0.053 -0.407 ***<0.001

Pearson rank correlation coefficient was used to determine the correlations between the J-OSDI total score and subscale scores and various

clinical assessments.
*p<0.05, *p<0.01 and ***p<0.001.

CFS, corneal fluorescein staining; DEQS, Dry Eye-Related Quality-of-Life Score;J-OSDI, Japanese version of the Ocular Surface Disease

Index; MBI, maximum blink interval; TFBUT, tear film breakup time.
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Figure 2 Clinical utility of the J-OSDI for evaluating DED. (A) The proportion of patients in each DED severity category as
determined by the J-OSDI total score. (B) The proportion of patients who were clinically diagnosed with DED by category of
severity according to the J-OSDI total score. (C) The receiver operator characteristic (ROC) curve for the diagnosis of DED
determined by the Asia Dry Eye Society 2016 criteria using the J-OSDI. The area under the ROC curve (AUC) is 0.744.

results validate the use of the J-OSDI in Japan and make
it possible to compare epidemiological results between
Japan and other countries.

In this study, the J-OSDI total score showed both high
internal consistency and test-retest reliability (table 2).
The factor analysis confirmed three subscales within the
J-OSDI, ocular symptoms, vision-related function, and
environmental triggers, in accordance with the subscales
in the original English version (figure 1)." The environ-
mental triggers subscale showed good internal consis-
tency and reliability, whereas the other two subscales,
ocular symptoms and vision-related function, showed
lower internal consistency and reliability compared with
environmental triggers. Vision-related function only
showed modest internal consistency. Internal consistency
denotes whether all items of an instrument measure the
same characteristic.”” In the sensitivity analysis, deleting
question item 7 (ie, night driving) provided the highest
ICC value of 0.74 (online supplementary table 2). This
study was conducted in central Tokyo, where the traffic
network was developed, and numerous elderly people
were included. Therefore, question item 7 on night
driving may have affected the internal consistency. This
result indicates that the question items included in OSDI
need to be adjusted to the changing demands. The ocular
symptoms of DED patients have typically varied because
of the known fluctuations in the subjective symptoms of
DED,*?’ thus violating this assumption of reliability.

The discriminant validity of the J-OSDI was verified
from the finding that the J-OSDI total score and subscale
scores were significantly higher in the DED group than
in the non-DED group (table 3). Further, the percentage
of participants who were clinically diagnosed with DED
increased proportionally in each severity category, indi-
cating that the J-OSDI total score can discriminate DED
(figure 2B). Our study also determined that the optimal
J-OSDI total score cut-off value for detecting DED
according to the ADES criteria was 36.3. One previous
study reported an OSDI total score cut-off value of 15."

However, the difference between this cut-off value and
that of the current study is probably the result of differ-
ences in the methods used to clinically diagnose the
severity of DED, as the previous study used lissamine
green staining, Schirmer test I, and patient perception
of ocular symptoms. In contrast, the current study used
TFBUT as an essential part of the diagnostic criteria.”®
Online supplementary table 3 shows the sensitivity and
specificity of our reported optimal cut-off value and the
sensitivity and specificity for the different severity catego-
ries: normal (0-12), mild (13-22), moderate (23-32) and
severe (33-100)."> Our results suggest that it is necessary
to re-evaluate the OSDI total score cut-off values for diag-
nosis and the severity categories to reflect the changes
made to the diagnostic criteria for DED.” 8253

Table 4 shows the correlations between the J-OSDI total
score and other clinical tests, including DEQS, TFBUT,
CFS, MBI and Schirmer test I. The J-OSDI total score
showed a strong positive correlation with the DEQS.
Because the DEQS has been validated in‘]alpam,12 this result
supports the use of the J-OSDI as a valid method of quan-
tifying subjective symptoms. In contrast, the respective
correlations between the J-OSDI total score and TFBUT,
CFS and Schirmer I were relatively low. This is consistent
with previous studies that reported low correlations and
high divergence between subjective symptoms assessed
by questionnaires and clinical tools,” ** * underscoring
the importance of combining knowledge about subjec-
tive symptoms and clinical tools in order to effectively
evaluate and monitor DED. Our group® has proposed
the MBI as a simple self-check screening test for DED
because it is highly correlated with subjective symptoms
compared with other dry eye items (table 4). Because of
the divergence between the subjective and clinical symp-
toms of DED,? it is necessary to perform multilateral
evaluations using not only the OSDI total scores but also
the subscales and each component. In the present study,
we assessed the respective relationship between each
subscale and various clinical tools for DED examination
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and found that the ocular symptoms and environmental
trigger subscales were negatively correlated with MBI.
We recently reported that the MBI is also significantly
associated with TFBUT and CFS.*” Our previous results
and those of this study suggest that the MBI reflects both
TFBUT and CFS results, possibly explaining its negative
correlation with the ocular symptoms and environmental
triggers subscale scores of the J-OSDIL

This study has several limitations. First, it was conducted
at a single university hospital in Japan, possibly introducing
selection bias into our sample. Second, under the simplified
ADES diagnostic criteria, those with low TFBUTS can still be
classified as non-DED due to lack of subjective symptoms;
thus, our non-DED group showed a low TFBUT. Third, the
test-retest method that we used to confirm reliability intro-
duced recall bias due to the required length of the test-re-
test period between 2 days and 2 weeks.™ Next, we did not
account for differences in variables such as socioeconomic
status or education level, possibly affecting the responses.
Finally, this study was designed to investigate the J-OSDI as a
primary evaluation and monitoring method for DED. Thus,
rose bengal stain scores, tear osmolality, meibomian gland
dysfunction assessments and corneal sensations were not
applied in this study. Despite these limitations, we verified
the reliability and validity of the J-OSDI for DED assessment
and monitoring in Japan.

In summary, we developed and validated the J-OSDI by
assessing its reliability and validity. We report that a J-OSDI
score of 36.3 is the optimal cut-off value for suspecting DED
under the 2016 ADES criteria. We believe that the J-FOSDI
will be useful for primary assessment and monitoring of
DED in routine clinical practice and in remote diagnosis.
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