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ABSTRACT

Introduction: The aim of this study was to
investigate the clinical characteristics and
practice pattern of patients with dry eye disease
(DED) in eye clinics across Japan.
Methods: A multi-center, cross-sectional study
was conducted among patients with DED who

visited eye clinics in Japan. Subjective symp-
toms, patient’s background, ocular surface fea-
tures, and tear function were evaluated. Main
outcome measures were tear break-up time
(TBUT), Schirmer I value, kerato-conjunctival
staining score, and dry eye symptom question-
naire score.
Results: Initially, 463 subjects were enrolled,
and 449 cases (63 male and 386 female; mean
age, 62.6 ± 15.7 years) were included in the
final analysis. Overall, 94.9% of patients had a
shortened TBUT (B5 s), and 54.6% had an
aqueous tear deficiency (Schirmer I value
B5 mm). The most prevalent subtype of dry eye
was aqueous-deficient dry eye, which was pre-
sent in 35.0% of all patients, followed by
short-BUT-type dry eye, which was seen in
26.7%.
Conclusion: The two most common DED sub-
types were aqueous-deficient and short-
BUT-type dry eye. Shortened TBUT is the most
common feature of dry eye, regardless of sub-
type. The current treatment choice mainly
consisted of hyaluronic acid, two novel mucin
secretagogues, diquafosol and rebamipide, and
steroidal eye drops.
Trial Registration: University Hospital Medical
Information Network: UMIN (registries no.
UMIN 000015890).
Funding: Japan Dry Eye Society, Tokyo, Japan,
and Santen Pharmaceutical Co., Ltd., Osaka,
Japan.
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INTRODUCTION

Dry eye disease (DED) is a multifactorial chronic
disease of the tears and ocular surface that
results in symptoms including ocular discom-
fort, visual disturbance, and tear film instability
[1, 2]. As the disease concept has matured, var-
ious conditions that compromise tear secretion,
tear evaporation, or tear film stability have been
included in DED. Risk factors for dry eye include
female gender, aging, desiccated environment,
meibomian gland dysfunction (MGD), contact
lens (CL) wear, visual display terminal usage,
topical or oral medications, and ocular surgery
[3–7].

DED is recognized as a common eye disease
that affects a wide range of age groups; however,
the prevalence of DED varies from 0.4 to 33%
according to reports [3–10]. Differences in the
prevalence may result from geographic factors
such as climate, country, and region [11, 12].
Evaluative methods, diagnostic criteria, and
characteristics of the study population, such as
age and gender, are other sources of differences.
Additionally, differences between population-
and clinic-based studies may also be an impor-
tant source of variation.

There appears to be considerable discrep-
ancy between subjects classified as having DED
in population-based studies compared to those
who seek medical care. Shimmura et al. con-
ducted a population-based study in Japan and
reported that 25% of participants with dry eye
symptoms used over-the-counter eye drops
daily, whereas only 11% sought professional
help [8]. In the USA, when DED patients were
classified into three categories according to
severity level, 80% of patients with marginal
DED and half of those with moderate DED
were self-medicated [9]. Data from a large
US-managed care database suggest that the
overall prevalence of clinically treated DED is
0.4–0.5% [10]. Thus, although the prevalence
of DED in a population-based study is gener-
ally high, only a limited proportion of patients
with DED are receiving medical treatment.

There have been, however, only a few reports
on clinic-based surveys of dry eye patients
[13–15].

Medical treatment of DED has traditionally
consisted of artificial tears with or without
viscous materials, hyaluronic acid, and
anti-inflammatory agents. Two novel drugs,
diquafosol and rebamipide, were approved for
clinical use in December 2010 and in Novem-
ber 2011, respectively, by the Ministry of
Health, Labour, and Welfare, Japan. Both
agents are classified as mucin secretagogues
and have become an important modality for
the treatment of dry eye, ahead of other
countries worldwide. On the other hand,
anti-inflammatory agents such as steroidal eye
drops are mainly used, because cyclosporine
eye drops are not approved for DED in Japan.
Accordingly, the current practice pattern for
dry eye patients might be unique. However, at
present little is known regarding the actual
clinical practice pattern and treatment modal-
ities for DED.

Based on this information, we conducted a
clinic-based survey of DED, known as DECS-J
(Dry Eye Cross-Sectional Study in Japan). The
purpose of the study was to review the clinical
characteristics of DED patients and to assess the
current clinical practice pattern in eye clinics.

METHODS

Ethics

This study protocol was approved by the
Institutional Review Board of Clinical Study of
Ryogoku Eye Clinic Tokyo, Japan. This study
was conducted in accordance with the guide-
lines of the World Medical Association Dec-
laration of Helsinki and Ethical Guidelines for
Medical and Health Research involving
Human Subjects in Japan. The subjects
received a full explanation of the procedures
and provided their written informed consent
for participation prior to inclusion in the
study. The study was registered in the public
registration system [University Hospital Med-
ical Information Network: UMIN (Registries
No. UMIN 000015890)].

Adv Ther (2017) 34:732–743 733



Study Subjects

DECS-J was a cross-sectional, observational
study conducted at ten eye clinics in Japan. The
ten study sites covered the four main islands of
Japan. All investigators at the study sites had a
special interest in ocular surface disorders and
DED and were certified members of the Japanese
Dry Eye Society. To achieve high standards for
the survey, investigators’ meetings were held
twice prior to the start of patient enrollment to
discuss study protocols and examination pro-
cedures. An instructional DVD demonstrated
the standard examination procedures including
lid margin evaluation, and a sample pho-
tograph showing the grading system of each
van Bijsterveld grading system and NEI grading
system was prepared and distributed to each
investigator.

Outpatients who were C20 years old and
had already been diagnosed as having dry eye
as well as those who were newly diagnosed
with dry eye were consecutively enrolled.
Diagnosis of DED was based on the diagnostic
criteria defined by the Japan Dry Eye Society
[2]. The diagnostic criteria were as follows: (1)
one or more abnormal tear examination
results [Schirmer I test B5 mm or tear film
break-up time (TBUT) B5 s], (2) abnormal
results in ocular surface vital staining tests
(kerato-conjunctival staining score of van
Bijsterveld C3) and (3) the presence of symp-
toms of DED. Subjects who met two of the
criteria (probable dry eye) and all three criteria
(definite dry eye) were included in the study.
Up to 50 patients were enrolled at each of the
ten study sites from 1 December 2014 to 28
February 2015.

Clinical Assessment

Tear Function Tests and Ocular Surface
Evaluation
Ophthalmic examinations included assessment
of kerato-conjunctival vital staining with fluo-
rescein sodium, TBUT, and the Schirmer I test.

Test strips containing fluorescein sodium
(Fluores Ocular Examination Test Paper, Ayumi
Pharmaceutical Co., Tokyo, Japan) were used

for measurement of TBUT and kerato-conjunc-
tival vital staining. After applying the tip of a
moistened test strip to the inferior temporal tear
meniscus, patients were asked to blink several
times to ensure adequate mixing of the fluo-
rescein dye with tears. The time interval
between the last complete blink and the
appearance of the first corneal dark spot was
measured using a stopwatch, with the mean of
three measurements regarded as the TBUT in
this study. Then, kerato-conjunctival damage
was investigated. Corneal fluorescein staining
was evaluated according to the National Eye
Institute (NEI) grading system [16]. Briefly,
corneal staining was graded with a score of 0–3
assigned to each of five corneal zones (superior,
nasal, central, inferior, and temporal) with a
maximum total score of 15. The fluorescein
staining score of kerato-conjunctiva was deter-
mined according to the grading system of van
Bijsterveld [17], where each eye was divided into
three sections (temporal conjunctiva, cornea,
and nasal conjunctiva) and scored from 0 to 3.
The final score ranged from 0 (minimum) to 9
(maximum) points. The Schirmer I test was
performed without topical anesthesia, follow-
ing all other examinations. Schirmer’s Test Strip
(Ayumi Pharmaceutical Co., Tokyo, Japan) was
placed at the outer one-third of the temporal
lower conjunctival fornix for 5 min. The strips
were then removed, and the length of filter
paper that had been dampened (in mm) was
recorded. To avoid the influence of kerato-con-
junctival staining on the Schirmer I test, we
waited a minimum interval of 15 min between
tests.

MGD and friction-related conditions
including lid wiper epitheliopathy, conjunc-
tivochalasis, and superior limbic keratocon-
junctivitis (SLK) were also evaluated. Evaluation
of meibomian gland function was performed on
one-third of the central site of the upper eyelid,
according to the Japanese MGD criteria, as fol-
lows: presence or absence of (1) abnormal
findings around the orifice of the meibomian
gland such as vascular engorgement, anterior or
posterior replacement of the mucocutaneous
junction, and irregular lid margin; (2) orifice
obstruction including plugging, pouting, and
ridge; (3) secretion by compression classified as
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hyper-, normal, and hypo-secretion [18]. Fric-
tion-related conditions were determined as
presence or absence of lid wiper epitheliopathy
(upper and lower lid), conjunctivochalasis (on
the lower temporal, central, and nasal sites),
and SLK.

Subjects’ Background Information
and Dry Eye Symptoms Questionnaire

Background information was collected from
medical records and/or by interviewing the
subject. Collected information included sex,
age, duration of DED, therapies for dry eye and
medical history, history of ocular surgeries, CL
wear, hours of visual display terminal (VDT)
tasks, and ocular and systemic comorbidities.
Investigators also recorded the types of DED
treatment at the study date.

The Dry Eye-Related Quality of Life Score
(DEQS) questionnaire evaluates the severity of
dry eye-associated symptoms and the multi-
faceted effect of DED on the patient’s daily life
[19]. The questionnaire used in this study has
been evaluated for its internal consistency,
reproducibility, validity, and responsiveness for
use in the Japanese population. The score derived
from this questionnaire was considered to be a
subjective measure of DED symptoms, whereby 0
indicates the best score and 100 the worst.

As described earlier, diagnosis of DED was
based on the diagnostic criteria defined by the
Japan Dry Eye Society [2]. Subjects who met two
of the criteria (probable dry eye) and all three
criteria (definite dry eye) were included in the
study. In addition, study site investigators
defined and recorded the dry eye subtype based
on the patient’s background, clinical findings,
and subjective symptoms. The criteria for aque-
ous tear deficient dry eye (Schirmer I test B5 mm
and subjective symptoms) and those for short-
BUT-type dry eye (TBUT B5 s, Schirmer I
test[5 mm, and kerato-conjunctival score\3)
were encouraged. However, the distinct obser-
vance of these criteria was not obligatory in this
study. Subtype diagnosis such as CL-related DED
and MGD-related DED were used when study site
investigators determined the presence of an
apparent causative mechanism.

Investigators also recorded the prescribed
drugs and/or means of treatments for DED
immediately after the investigation.

Statistical Analyses

SAS software, version 9.2 (SAS Inc., Cary, NC,
USA) was used to calculate the proportion,
mean, and standard deviation. Continuous data
are expressed as the mean ± standard deviation.
The data collected from both eyes of the sub-
jects were included in the study.

RESULTS

Characteristics of the Study Population

In this study, 463 patients were initially enrol-
led. However, nine cases were excluded because
of disqualification, three patients
were\20 years of age, and two patients with-
drew consent. Therefore, 14 cases in total were
excluded, and 449 cases (63 male and 386
female; mean age, 62.6 ± 15.7 years) were
included in the final analysis.

The characteristics of the study population
are summarized in Table 1. Of these, 377
patients (84.0%) had already received dry eye
therapies, and 72 patients (16.0%) were newly
diagnosed with dry eye. Eighty patients (17.8%)
were CL wearers, and 123 were VDT workers

Table 1 Characteristics of the study population

Initial registration 463 cases

Inclusion for analysis 449 cases

Sex 63 male

386 female

Age (years) 62.6 ± 15.7 (range 21–90)

CL wearers 80 cases (17.8%)

VDT workers 123 cases (27.4%)

Ocular comorbidity 135 cases (30.1%)

Systemic comorbidity 213 cases (47.4%)

CL contact lens, VDT visual display terminals
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(27.4%). Ocular and systemic comorbidities
were present in 135 (30.1%) and 213 patients
(47.4%), respectively. Ocular comorbidities
comprised cataract (59 cases, 13.1%), glaucoma
(43 cases, 9.6%), allergic conjunctivitis (28
cases, 6.2%), retinal diseases (10 cases, 2.2%),
and others (24 cases, 5.3%). Systemic comor-
bidities comprised hypertension (103 cases,
22.9%), sleep disorders (50 cases, 11.1%), dia-
betes mellitus (16 cases, 3.6%), rheumatoid
disease (15 cases, 3.3%), depression (8 cases,
1.8%), and others (113 cases, 25.2%). Oral
medications administered for systemic comor-
bidities included antihypertensive drugs (98
cases, 21.8%), sleep-inducing drugs (55 cases,
12.2%), antidepressants (20 cases, 4.5%), and
others (147 cases, 32.7%).

Tear and Ocular Surface Examination

Results of the ocular surface and tear examina-
tions are shown in Table 2. The mean TBUT,
Schirmer I test value, kerato-conjunctival score,
and cornea staining score (NEI) were 3.0 ± 1.6 s,
9.9 ± 9.3 mm, 2.6 ± 1.9, and 3.5 ± 3.4, respec-
tively (Table 2). According to the Japanese dry
eye diagnostic criteria cutoff value, the propor-
tion of positive subjects was 94.9% for TBUT
(B5 s), 54.6% for the Schirmer I test (B5 mm),
and 57.0% for the kerato-conjunctival score (C3
points).

Results for meibomian gland abnormalities
and friction-related conditions are presented in
Table 3. Findings suggestive of meibomian

gland orifice obstruction such as plugging were
observed in 42.3% of patients; hyposecretion of
meibum was observed in 37.0%. Regarding
friction-related conditions, conjunctivochalasis
was the most common, and nasal/temporal
chalasis was observed in more than 30% of
patients.

Dry Eye Subtypes and their Characteristics

The prevalence of DED subtypes judged by the
physician in charge are shown in Table 4. The
most prevalent subtype of dry eye was aque-
ous-deficiency dry eye, which included 35.0%
of all patients, followed by short-BUT-type dry
eye, which comprised 26.7%, then CL related
(7.8%), Sjögren syndrome related (7.6%), MGD
related (7.6%), and friction related (6.4%).

The results of the ocular surface and tear
examinations of DED subtypes are shown in
Table 5. We confirmed that a shortened TBUT of
less than 5 s is the most common feature of dry
eye, regardless of the subtype. The TBUT in
Sjögren syndrome was the shortest, followed by
short-BUT-type dry eye.

The mean DEQS score across all partici-
pants was 26.8 ± 20.6 (0–98.3). For subscales
of DEQS, the Bothersome Ocular Symptoms
score was 33.5 ± 22.2 (0–100), and the Impact
on Daily Life and quality of life (QOL) was
22.3 ± 22.3 (0–97.2). The results of DEQS in
DED subtypes are shown in Table 5. Sjögren
syndrome was associated with the worst
symptoms. The DEQS scores of the

Table 2 Ocular surface and tear examination results

Mean – SD Cutoff value Proportion of abnormal results

Cases %

TBUT (s, 0–10) 3.0 ± 1.6 B5 s 426 94.9

Schirmer I test (mm, 0–35) 9.9 ± 9.3 B5 mm 245 54.6

KC score (points, 0–9) 2.6 ± 1.9 C3 points 256 57.0

Cornea staining score (points, 0–15) 3.5 ± 3.4 – – –

Cutoff values were based on the diagnostic criteria defined by the Japan Dry Eye Society
SD standard deviation, TBUT tear break-up time, KC score kerato-conjunctival staining score
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short-BUT-type and aqueous deficiency dry
eye were nearly equal (p = 0.91, two-sample
t test).

Distribution of Current Treatments

Numbers and percentage of patients treated
with each treatment modality are shown in
Table 6. The most common treatments used
were hyaluronic acid eye drops (296 cases,
65.9%) followed by two novel drugs for the
treatment of DED, diquafosol and rebamipide,
which were used in 40.1% (180 cases) and
22.7% (102 cases), respectively.

Concerning the combination of treatment
modalities, single therapy was chosen in 214
cases (47.7%), whereas 2 drugs were concur-
rently used in 174 cases (38.8%) and more than
3 drugs in 49 cases (10.9%, Supplemental
Table 1). In single therapy, hyaluronic acid eye
drops (120 cases), diquafosol (59 cases), and
rebamipide (11 cases) were prescribed. A distri-
bution map of the current treatment modalities
(diquafosol, rebamipide, hyaluronic acid, artifi-
cial tears, and fluorometholone) is shown in
Fig. 1. Treatment options other than these five
eye drops were used in three cases (0.6%). In
total, the most prevalent treatment modalities
were first hyaluronic acid eye drops alone (120
cases, 26.7%), second diquafosol plus

Table 3 Meibomian gland abnormalities and friction-related conditions

Ocular findings Eyes (%)

Meibomian gland abnormalities Lid margin abnormalities Telangiectasia 226 (25.2)

Marx’s line 168 (18.7)

Irregularity 155 (17.3)

Orifice obstruction Plugging, pouting, ridge 380 (42.3)

Expressibility Hyper-secretion 35 (3.9)

Normal 531 (59.1)

Hypo-secretion 332 (37.0)

Friction-related conditions Lid wiper epitheliopathy Upper lid 153 (17.0)

Lower lid 115 (12.8)

Conjunctivochalasis Lower temporal 295 (32.9)

Lower central 145 (16.1)

Lower nasal 307 (34.2)

Superior limbic keratoconjunctivitis 54 (6.0)

Table 4 Dry eye subtype judged by investigators

Subtypes Cases (%)

Aqueous tear deficient 157 (35.0)

Short BUT 120 (26.7)

CL related 35 (7.8)

MGD 34 (7.6)

Sjögren syndrome 34 (7.6)

Friction related 29 (6.4)

VDT related 17 (3.8)

Drug induced 9 (2.0)

Incomplete blinking 4 (0.9)

Oral medicine induced 2 (0.4)

Nerve palsy 2 (0.4)

Others 6 (1.3)

BUT tear break-up time, CL contact lens, MGD meibo-
mian gland dysfunction, VDT visual display terminals
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hyaluronic acid eye drops (69 cases, 15.4%),
third diquafosol (59 cases, 13.1%), and fourth
rebamipide plus hyaluronic acid eye drops (37
cases, 8.2%).

DISCUSSION

In this cross-sectional, observational study, we
assessed clinical characteristics of patients with
DED who visited eye clinics in Japan. Regarding
the ocular surface and tear examinations, the
mean TBUT score across the study was
3.0 ± 1.6 s, the mean value of Schirmer I test
was 9.9 ± 9.3 mm, and the mean kerato-con-
junctival score was 2.6 ± 1.9 points. When the
cutoff value was applied using the Japanese dry
eye diagnostic criteria, 94.9% of participants
were associated with a shortened TBUT (B5 s)
and the high level of prevalence of shortened
TBUT was consistent regardless of dry eye sub-
type. In the Osaka study, a dry eye survey of
VDT workers in Japan, it was reported that
94.6% of participants exhibited a shortened
TBUT [20]. These results confirmed that the
instability of tear film is involved as a core

Table 5 Dry eye subtype, ocular surface, and tear examinations

Eyes TBUT (s) (mean – SD) Schirmer (mm)
(mean – SD)

KC score (mean – SD) DEQS
(mean – SD)

Proportion of abnormal
value (£5 s) (%)

Proportion of abnormal
value (£5 mm) (%)

Proportion of abnormal
value (‡3 points) (%)

Sjögren

syndrome

68 2.4 ± 1.3 4.0 ± 3.9 4.2 ± 2.0 38.8 ± 27.4

100 91.2 91.2

Aqueous

deficiency

314 3.0 ± 1.6 5.6 ± 5.6 2.7 ± 2.1 26.6 ± 20.9

96.8 76.4 59.2

MGD 68 3.4 ± 2.0 10.6 ± 8.4 2.8 ± 1.6 18.1 ± 12.3

91.2 32.4 50

CL related 70 3.2 ± 1.6 14.5 ± 10.8 2.8 ± 1.7 32.4 ± 22.7

88.6 34.3 68.6

Friction

related

58 3.0 ± 2.1 11.0 ± 9.5 2.2 ± 1.4 20.8 ± 16.5

93.1 44.8 51.7

Short BUT 240 2.8 ± 1.5 14.4 ± 10.2 1.9 ± 1.6 26.4 ± 20.5

96.7 30.8 41.7

Total 898 3.0 ± 1.6 9.9 ± 9.3 2.6 ± 1.9 26.8 ± 20.6

94.9 54.6 57.0

TBUT tear break-up time, KC score kerato-conjunctival staining score, SD standard deviation, DEQS Dry Eye-related
Quality of life Score, MGD meibomian gland dysfunction, CL contact lens

Table 6 Numbers and percentage of patients treated with
each treatment modality

Treatment Cases
(n5 449)

%

Eye drops Hyaluronan 296 65.9

Diquafosol 180 40.1

Rebamipide 102 22.7

Artificial tears 70 15.6

Steroids

(fluorometholone)

57 12.7

Others 31 6.9

Punctal plugs 14 3.1
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mechanism of DED. Rege et al. have also
reported that TBUT is the test most likely to
diagnose mild dry eye and that it has better
sensitivity as well as specificity than other tests
[14].

Regarding the other objective examinations,
54.6% of subjects had an abnormal Schirmer I
test, and 57.0% had an abnormal kerato-con-
junctival score in this study. These results are
quite different from those of the Osaka study
(Schirmer I test B5 mm: 19.3%, kerato-con-
junctival score C3: 24.2%) [20]. Reasons for
these differences may relate to the increased age
of patients in this study compared to those in
the Osaka study as well as differences between
the subjects, for example, VDT workers and
clinic visitors. As mentioned earlier, only a
limited proportion of patients with DED seek
medical care. DED patients who visit eye clinics

may have more severe subjective symptoms and
objective findings. Lienert et al. recently repor-
ted that factors associated with the severity of
DED in clinic visitors include spending [$20
per month on DED treatments, a history of
MGD, and the use of systemic beta-blockers
[21]. This observation also suggests a distinction
between clinic patients and the general
population.

In this study, investigators at each clinical
site judged the dry eye subtype based on the
patient’s background, clinical findings, and
subjective symptoms. There may be a slight
locational difference in judgment; the most
prevalent subtype was aqueous-deficient dry
eye, which accounted for 35.0% of all patients,
followed by short-BUT-type dry eye, which
comprised 26.7%. The two main subtypes,
aqueous tear-deficient and short-BUT type, were

Fig. 1 Distribution map of the current treatment modal-
ities (diquafosol, rebamipide, hyaluronic acid, artificial
tears, and fluorometholone). Only three patients (0.6%)
were prescribed a different treatment apart from these five
eye drops. Hyaluronic acid eye drops, two mucin secret-
agogues, diquafosol and rebamipide, and artificial tears are
the main agents for dry eye treatment in Japan. Several

combinations of these four eye drops are prescribed.
Fluorometholene is added in combination with these eye
drops as necessity. DECS-J Dry Eye Cross-Sectional Study
in Japan, DQS 3% diquafosol, MCS 2% rebamipide, HYA
hyaluronic acid, AT artificial tears, FLU 0.1%
fluorometholone
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associated with different Schirmer I test values
and kerato-conjunctival staining scores,
although a shortened TBUT was common in
both. Interestingly, the DEQS scores for these
subtypes were approximately the same; in other
words, both subtypes have a similar subjective
severity and impact on QOL. This is in agree-
ment with the recent report by Yokoi et al. [20].
It should be noted that the severity of subjective
symptoms in short-BUT-type dry eye is similar
to that of aqueous-deficient type dry eye,
despite no or minor epithelial damage.

The prevalence of MGD-related DED was low
(7.6%) in the current study. Previous clin-
ic-based studies have reported that MGD-related
dry eye was more common than aqueous-defi-
cient dry eye [13, 15, 22]. Rege et al. also
reported a similar prevalence of aqueous-defi-
cient dry eye and lipid anomaly dry eye [14].
Investigators at clinical sites in this study likely
chose to assign these to short TBUT or aque-
ous-deficient dry eye subtypes mainly because
the criteria for aqueous tear-deficient dry eye
and those for short-BUT-type dry eye were
encouraged. In the present study, however,
abnormal findings of meibomian glands such as
plugging and hypo-secretion of meibum were
observed in approximately 40% of cases.
Therefore, these results suggest that a common
set of patients objectively have had signs of
MGD, although these findings were not reflec-
ted in the DED subtype diagnosis. A similar
situation extends to the friction-related condi-
tions, as there was a higher presence of objec-
tive friction-related findings compared to those
that were judged as this subtype (6.4%). Yam-
aguchi et al. reported low rates of MGD and
conjunctivochalasis among DED patients (3.4%
and 5.5%, respectively) in their subgroup anal-
ysis in a prospective observational study in
Japan [23, 24]. The influence of MGD and fric-
tion-related conditions on the severity of dry
eye might be underestimated in Japan, and
these issues should be clarified in a further
study.

We also investigated treatment modalities in
DED patients in Japan. In this study, hyaluronic
acid eye drops were prescribed in 296 cases
(65.9%), followed by diquafosol and rebami-
pide, which were used in 40.1% and 22.7% of

cases, respectively. In these cases, combinations
with mucin secretagogues such as diquafosol or
rebamipide were common choices (Supple-
mental Table 1; Fig. 1). These results were sig-
nificantly different from our previous
hospital-based survey of dry eye patients in
2008 [25]. In the previous report, hyaluronic
acid eye drops were used in 73.7%, followed by
artificial tears (33.9%), steroidal eye drops
(18.6%), and over-the-counter (OTC) eye drops
(12.7%). Since diquafosol and rebamipide have
become available in Japan, they are now
important modalities for the treatment of DED
in Japan. On the other hand, artificial tears and
OTC eye drops appear to be less commonly
used. Regarding anti-inflammatory agents,
steroidal eye drops (0.1% fluorometholone)
were prescribed in 57 cases (12.7%) in this
study. Although cyclosporine eye drops are
commonly used in the US, EU countries, and
Korea [26], cyclosporine eye drops are not
approved for treatment of DED in Japan.

Importantly, only 0.4% were prescribed
treatment options apart from the following five
agents: hyaluronic acid, diquafosol, rebamipide,
artificial tears, and fluorometholone. In other
words, almost all of the patients are treated with
these five eye drops as a single modality or in
combination. Concerning the combination of
treatment modalities, single therapy was chosen
in 47.7%, whereas combination therapy con-
sisting of two or more agents was used in 51.2%
of patients. Patterns of combination therapies
are numerous and complex. To help understand
current treatment modalities and their combi-
nations (diquafosol, rebamipide, hyaluronic
acid, artificial tears, and fluorometholone), we
created a distribution map of combination
therapies (Fig. 1). Although current treatment is
mainly with hyaluronic acid eye drops, the
combination with two novel drugs, diquafosol
and rebamipide, is also prevalent. Topical
anti-inflammatory agents were often prescribed
in combination with these mucin
secretagogues.

Thus, the emergence of diquafosol and
rebamipide may represent a paradigm shift in
DED treatment in Japan. In this study, almost
all subjects with DED (94.9%) exhibited a
shortened TBUT (B5 s) regardless of dry eye
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subtype. These results suggest that tear film
instability is the most common feature of DED
and may be involved as a core mechanism of its
pathogenesis. Both diquafosol and rebamipide
are recognized as mucin secretagogues, whereas
recent studies have shown that they each have
different and unique actions. Diquafosol facili-
tates the secretion of water from the conjunc-
tival epithelium as well as secretion of mucins
from goblet cells. Rebamipide has a role in
reducing inflammation at the ocular surface.
Experimental studies suggest that both diqua-
fosol and rebamipide enhance the expression of
membrane-associated mucins in the cornea and
conjunctiva. According to these reports, diqua-
fosol and rebamipide may work to improve tear
stability, which is very important for dry eye
treatment. We have shown that diquafosol and
rebamipide have now become important
modalities for the treatment of DED in Japan.

This study has several limitations. Although
this was a multicenter study performed in vari-
ous areas in Japan, the number of study sites
may have been too small to fully represent the
number of Japanese eye clinics. Therefore, the
number of cases may be an insufficient repre-
sentation of patients who visit eye clinics in
Japan. Although all the investigators were dry
eye specialists educated to the same standards
and who followed the same guidelines, there
may still be some variation in their evaluations.
Judgment of the dry eye subtype depended on
the individual investigators, considering the
patient’s clinical assessment, background
information, and symptom questionnaire. For
example, in this study it is possible that the
short-BUT-type dry eye may include various
subtypes such as MGD-related dry eye and
contact lens-related dry eye in addition to the
short-BUT-type dry eye [18]. Future studies need
to address these limitations to further elucidate
the clinical characteristics of patients with DED
who visited eye clinics in Japan.

CONCLUSION

We investigated the clinical features and treat-
ment modalities in this clinic-based survey of
dry eye patients in Japan. In total, 94.9% of

patients were associated with shortened TBUT
(B5 s), confirming that unstable tear film
appears to be a core mechanism of DED. The
most common dry eye subtype was aqueous
tear-deficient (35.0%) followed by short-BUT
type dry eye (26.7%). The current treatment
choice mainly consisted of hyaluronic acid, two
novel mucin secretagogues, diquafosol and
rebamipide, and steroidal eye drops. The emer-
gence of diquafosol and rebamipide has had a
significant impact on DED treatment in Japan.
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