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Abstract

Background: A Web-based self-check system including a brief questionnaire would seem to be a suitable tool for rapid disease
screening.

Objective: The purpose of this preliminary study was to test a Web-based self-screening questionnaire for drawing attention
to dry eye disease among general Internet users and identifying those with a higher risk of developing the condition.

Methods: A survey website waslaunched and used to recruit participantsfrom general Internet users. In thefirst phase, volunteers
were asked to complete a Web-based self-screening questionnaire containing 12 questions on dry eye symptoms. The second
phase focused on the respondents who reported five or more dry eye symptoms and expressed their intention to seek medical
attention. These participants performed the Schirmer test, for evaluating tear production, and completed a paper-based lifestyle
guestionnaire to provide relevant background data.

Results. Of the 1689 visitors to the website, 980 (58.0%) volunteers completed the Web-based self-screening questionnaire.
Among these, 355 (36.2%) respondents reported five or more dry eye symptoms. Then, 99 (27.9%) of the symptomatic participants
performed the Schirmer test and completed the paper-based lifestyle questionnaire. Out of these, 32 (32.2%) had abnormal tear
production (<5 mm).

Conclusions: The proposed Web-based self-screening questionnaire seems to be a promising tool for raising awareness of dry
eye disease among general Internet users and identifying those with a higher risk of developing the condition, although further
research is needed to validate its effectiveness.

(J Med Internet Res 2013;15(9):€209) doi: 10.2196/jmir.2198
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: the International Dry Eye Workshop report, it can be defined
Introduction as a multifactorial d)llsea);e of the tegrs?iwd ocular surface that
Dry eye syndrome (International Classification of Diseases, result.s iq sympt.oms.of discomfort, visua disturbance, and
10th revision, clinical modification code H04.1) is a highly ~ t€ar-filminstability with potential damage to the ocular surface
prevalent chronic ocular-surface disease [1-14]. According to  [1]- Themost common symptoms are dry eye sensation, foreign
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body sensation, photophobia, and red eye. These symptomscan
be debilitating and cause difficulties in visual functioning and
other tasks requiring sustained visual concentration [15-23].
They can also have a negative impact on physical, social, and
psychologic health and the overall sense of well-being [15-23].

The increasing prevalence of dry eye disease worldwide is an
important public health problem, especially in developed
countrieswith advanced information technology and those with
an aging population [1-14]. In Japan, the incidence rates of dry
eye disease are almost 22% and are over 10% in female and
male computer users, respectively, implying that the country
has more than 24 million affected individuals [2]. One reason
for therapid rise in the number of cases of dry eye disease over
the last few years is thought to be prolonged visua display
terminal (VDT) exposure because of increased computer use.
VDT exposure is also becoming common in the genera
popul ation because of the widespread use of mobiletechnology
and portable information terminals, especially smartphones,
among all age groups. The number of Internet users worldwide
has doubled in the past 5 years. Japan had approximately 94
million Internet users in 2010, representing 78.2% of the
Japanese population [24].

These changes in work and leisure activities have been
accompanied by an increasein the number of reported symptoms
of several health problems associated with VDT use. Eye
problems, constituting a widespread but largely unknown
epidemic among computer users, are the most common
symptoms[25-30]. Dry eyeisacommon cause of, or isat least
associated with, greater asthenopia symptoms among VDT
workers[31-35]. Clinical observations havelong suggested that
VDT users may be at increased risk of developing dry eye
disease [2,15,36], and epidemiologic data evidence the
magnitude of the problem [36-38]. In a recent clinical study,
the prevalence rate of definite dry eye disease was 8.0% and
18.7% in male and female VDT users, respectively, and that of
probable dry eye disease was 52.1% and 57.8%, respectively
[3], supporting the view that VDT exposureisasignificant risk
factor of this condition.

A clinical diagnosis of dry eye disease requires both objective
findings from eye examinations and a subjective report of dry
eye symptoms. In several studies, a subjective report of the
symptoms was the sole criterion for the diagnosis of dry eye
disease [2,4-10]; this diagnostic basis was considered
appropriate because the condition rarely progressesto the stage
of ocular discomfort without symptom presentation [1,20].
However, genera Internet and heavy VDT users may be
unaware of dry eye disease despite the presence of symptoms.
Another problem is that many individual s with dry eye disease
do not receive medical intervention [21,22].

In this regard, a Web-based questionnaire targeting VDT users
as a high-risk population would be effective. The World Wide
Web has enabled the increased use of questionnaires to collect
data for various research surveys [39-41]. This tool can be
optimized to promote awareness of dry eye disease. However,
until now, Web-based self-screening of dry eye disease has not
been attempted.
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The purpose of this study wasto test a Web-based self-screening
guestionnaire for drawing attention to dry eye disease among
genera Internet users and identifying those with a higher risk
of developing the condition.

Methods
Study Design

Phases

This preliminary study consisted of two phases: the first phase
involved aWeb-based survey with a self-screening questionnaire
on dry eye symptoms, and the second phase involved
measurement of tear secretion and a physical survey with a
paper-based lifestyle questionnaire. The volunteers were free
to participate in either the first phase only or both phases of the
study. The study duration was from September 1 to December
29, 2011.

Ethical Statement

The research was conducted in accordance with the ethical
principles of the Declaration of Helsinki and was based on a
protocol approved by the Institutional Review Board of Ryogoku
Eye Clinic. Written informed consent, including approval for
the use of information collected during the study, was obtained
from the participants through the survey website.

First Phase

Survey Website

In this phase, an informative survey website wasfirst launched.
Then, location-specific advertising banners were placed on
different websites and search engines by employing Google
AdSenseto recruit a cross-section of prospective subjects from
genera Internet users. Because the second phase of the study
was to be conducted in Yokohama, Kanagawa Prefecture,
volunteerswith easy accessto Yokohamawere preferred. Study
information was provided via tweets and posts on Facebook.
Every visit to the survey website was recorded. Underage
visitors and those recelving medical treatment for any eye
problems were excluded. Registration was free, and the
volunteers received no compensation for participation.

Web-Based Self-Screening Questionnaire

The applied Web-based self-screening questionnaire was a
modified version of the questionnaire used by Toda et a [31],
whichisgenerally used for clinical diagnosisof dry eyedisease
in Japan. The questionnaire consisted of 12 questionsregarding
dry eye symptoms, and only “yes’ or “no” responses via
checkboxes were allowed (Figure 1). Respondents with five or
more dry eye symptomswere considered to have subjective dry
eye symptomatol ogy.

All the respondents were requested to provide an email address
voluntarily. Those with subjective dry eye symptomatology
were encouraged to participate in further tests and asked about
their intention to see adoctor for definitive diagnosis, to assess
whether the online self-check system could motivate Internet
usersto seek medical attention and because they were considered
to have ahigher risk of dry eye disease.
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The following data were also collected: number of visitors to
the website, number of respondents to the questionnaire, and
descriptive data of the participants (age group, gender, and
symptom distribution).

Second Phase

Overview

The second phase of the study was directed at the respondents
with subjective dry eye symptomatol ogy, who gave their contact
information and consent for the study. The research site was a
health center in Yokohama, and only nurses were present.

Schirmer Test

Tear production was measured by using the Schirmer test [42],
which isthe most common objective diagnostic test for dry eye
disease. The participants of this phase performed the test without
anesthesia (Schirmer method 1) by themselves under the nurses
instructions, asisallowed in Japan. The procedure was approved
by the local public health center. The participants with tear

Figure 1. Web-based self-screening questionnaire.
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production of <5 mm were advised to see adoctor (at any clinic
of their choice).

Paper-Based Lifestyle Questionnaire

This questionnaire included items on the durations of VDT and
contact lens use, because these are the major factors contributing
todry eye disease[1-3,36]. To collect relevant background data,
health-related physical activity was also examined by using the
International Physical Activity Questionnaire (IPAQ) [43,44].
Each participant’s physical activity level in metabolic equivalent
(MET) per week (MET, min/week) was then cal culated.

Statistical Analysis

Datawere analyzed by using IM P statistical discovery software
version 9.0 (SAS Institute). Independent-sample t tests were
used to determine whether the parametric differences between
those with and without an intention to seek a medical opinion
for suspected dry eye disease, aswell as between those with >5
mm (normal) and <5 mm (abnormal) tear production, were
significant. P<.05 was considered significant.
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Results

Characteristics of the First-Phase Participants

Figure 2 depicts the flow diagram of the study. Of the 1689
visitorsto the survey website, 980 (58.0%) volunteers, including
440 men (44.9%), 539 women (55.1%), and one person of

http://www.jmir.org/2013/9/e209/
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unidentified gender, completed the Web-based self-screening
guestionnaire. Their demographic dataare summarized in Table
1. Ocular fatigue (61.4%), dry eye sensation (40.7%), and
sensitivity to bright light (31.3%) were the major symptoms.

Of the 979 gender-identified respondents, 355 participants had
subjective dry eye symptomatology. The symptoms were
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significantly more common among women than among men
(226 female participants, 63.7%, P=.0001, Fisher's exact test).
Ninety-two participants (25.9%) did not intend to seek medical
attention for the symptoms (Table 2). Men were significantly

Table 1. Characteristics of the 980 first-phase participants.

Kawashimaet al

less inclined to visit a clinic for definitive diagnosis (P=.006,
Fisher's exact test). Further, significantly fewer participantsin
their 20s intended to see a doctor (P<.001, chi-square test).

Characteristic Category Total, n (%)
Gender
Male 440 (44.9)
Female 539 (55.1)
Unidentified 1
Agegroup, years
20-29 446 (45.5)
30-39 227 (23.2)
40-49 158 (16.1)
50-59 73(7.4)
>60 76 (7.8)
Dry eye symptom
Ocular fatigue 602 (61.4)
Discharge 296 (30.2)
Foreign body sensation 227 (23.2)
Heavy sensation 213(21.7)
Dry sensation 399 (40.7)
Uncomfortable sensation 271 (27.7)
Excess tearing 166 (16.9)
Blurred vision 296 (30.2)
Itching 252 (25.7)
Sensitivity to bright light 307 (31.3)
Redness 198 (20.2)
Pain 189 (19.3)

http://www.jmir.org/2013/9/e209/
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Table 2. Characteristics of the 979 gender-identified respondents?.
Characteristic Category “Yes’ response, n (%) “No” response, n (%) P
Number of dry eye symptoms
<5 428 (68.6) 196 (31.4) .080°
>5 263 (74.1) 92 (25.9)
Gender
Mae 291 (66.1) 149 (33.9) .006°
Female 400 (74.2) 139 (25.8)
Agegroup, years
20-29 291 (65.4) 154 (34.6) .004°
30-39 160 (70.5) 67 (29.5)
40-49 120 (75.9) 38(24.1)
50-59 60 (82.2) 13(17.8)
>60 60 (78.9 16 (21.1)
@0ne of the 980 respondents did not provide information about gender.
BFisher’s exact test.
CChi-square test.
Figure 2. Flow diagram of participants.
Recruitment Site Visit (n=1689)
First Component: Web-based Questionnaire (n = 980)
. > :
Symptom: 2 5/12 (n=355) Symptom: < 5/12 (n=625)
Visit Desire: Yes | (n =263) Visit Desire: No (n=92)
Second Component: Schirmer test & Paper-based Questionnaire
IA (n = 99)
Schirmer test £ 5mm (n=32) Schirmer test > 5mm (n=67)

Characteristics of the Second-Phase Participants

Of the 355 participantswith subjective dry eye symptomatol ogy,
99 (27.9%) participants, including 24 men (24%) and 75 women
(76%), performed the Schirmer test and answered the
paper-based lifestyle questionnaire. Most of these participants
were healthy: only 19.2% had a systemic disease. Contact lenses
were used by 40.4%, and 10.1% had a smoking history (Table
3).

http://www.jmir.org/2013/9/e209/

Thirty-two participants had tear production of <5 mm (Table
4). No significant differenceswere noted in theduration of VDT
use (P=.82, Wilcoxon rank-sum test), use of contact lenses
(P=.67, Fisher’sexact test), duration of contact lens use (P=.98,
t test), and smoking history (P=.49, Fisher's exact test) between
the >5 mm and <5 mm tear production groups. A significant
difference was found only in exercise habits: a lower level of
physical activity was significantly associated with alower value
in the Schirmer test (P=.02, Wilcoxon rank-sum test).
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Table 3. Characteristics of the 99 second-phase participants.
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Characteristic Category Total, n (%)
Gender
Male 24 (24)
Female 75 (76)
Agegroup, years
20-29 29(29.3)
30-39 25 (25.2)
40-49 14 (14.1)
50-59 15 (15.2)
>60 16 (16.2)
Dry eye symptom
Ocular fatigue 90 (90.9)
Discharge 46 (46.5)
Foreign body sensation 43 (43.4)
Heavy sensation 52 (52.5)
Dry sensation 66 (66.7)
Uncomfortable sensation 66 (66.7)
Excess tearing 21(21.2)
Blurred vision 53 (53.5)
Itching 40 (41.7)
Sensitivity to bright light 37 (37.4)
Redness 38(38.4)
Pain 33(33.3)
Related lifestyle habits
Duration of VDT use, mean hours (SD) 5.8 (3.0)
Contact lens use 40 (40.4)
Duration of contact lens use, mean hours (SD) 12.6 (3.2
Smoking 10(10.2)
Systemic disease 19 (19.2)
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Table 4. Comparison of the groups with >5 mm (normal) and <5 mm (abnormal) tear production.

Characteristic Category >5 mm, n (%) <5mm, n (%) P
Gender
Male 18 (75.0) 6 (25.0) 4582
Female 49 (65.3) 26 (34.7)
Agegroup, years
20-29 25 (86.2) 4(13.8) .022°
30-39 18 (72.0) 7(28.0)
40-49 6 (42.9) 8(57.1)
50-59 8(53.3) 7 (46.7)
>60 10 (62.5) 6 (37.5)
Duration of VDT use, mean hours
(SD) 5.9 (2.9) 59(3.2) .821°
Contact lens use 26 (38.9) 14 (43.8) 6672
Duration of contact lens use, mean
hours (SD) 12.6 (3.5) 12.6 (2.7) g7g¢
Smoking 8(11.2) 2(6.3) 4932
Systemic disease 10 (14.9) 9(28.2) 1712

8Fisher's exact test.

bChi -square test.
®Wilcoxon rank-sum test.
Y test.

Discussion

Principal Results

In this study, a Web-based self-screening questionnaire was
used to draw attention to dry eye disease among general I nternet
users and identify those at higher risk. Of the 1689 visitors to
the survey website, 58.0% (980/1689) completed thefirst phase
of the study, 36.2% (355/980) had five or more dry eye
symptoms, 27.9% (99/355) completed the second phase of the
study, and 32.3% (32/99) had tear production of <5 mm. This
self-screening tool therefore identified a few individuals with
probable dry eye disease. We speculate that a high number of
genera Internet users have latent dry eye symptomatol ogy.

Comparison With Previous Research

In the first phase of this study, 63.7% (226/355) of the female
participants reported five or more dry eye symptoms, supporting
previous conclusions that dry eye disease is more common in
women [1-3,5-7,36].

Overall, the participants in phase 2 were generally healthy and
health conscious, with alow percentage of smokers and good
reported dietary habits (data not shown). A lower level of
physical activity was significantly associated with alower value
in the Schirmer test. Notably, 25.9% of the 355 participants
who had five or more dry eye symptoms, especialy men and
people in their 20s, did not intend to see a doctor. The
self-screening questionnaire may have slightly improved their
health consciousness but was not sufficient to persuade them

http://www.jmir.org/2013/9/e209/

to seek medical care. Therefore, only some VDT users may be
motivated enough to visit a doctor despite having symptoms.
Ophthalmol ogists should promote awareness of dry eye disease
more proactively, and the public should be educated about the
condition for early detection and intervention.

Limitations and Future Research

First, because the participants were recruited from genera
Internet usersin alimited target area, a considerable part of the
high-risk population was excluded. The recruitment method
would have also introduced selection bias. Second, the
participants with fewer than five dry eye symptoms were
excluded from the physical phase of the study. Therefore,
parametric differences between these participants and the
participants with subjective dry eye symptomatology were not
analyzed. Third, the second-phase results were based on the
Schirmer test, which measures tear production; therefore, the
evaporative aspects of dry eye disease were overlooked. Finaly,
the Web-based self-screening questionnaire has not yet been
validated; the validation process is now underway under the
supervision of the Japan Dry Eye Research Society.

Future research should include both biologic measures (break-up
time and fluorescein staining) and the Schirmer test to diagnose
dry eyedisease. In addition, anormal control group and general
Internet users in a wider geographic area should be included.
Moreover, the self-screening system needs to be improved. As
the next research step, the Web-based self-screening
questionnaire should be optimized and validated to ensure its
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effectiveness in increasing awareness of dry eye disease
especialy among VDT users.

Conclusion

The proposed Web-based self-screening questionnaire seems
to be a promising tool to raise awareness of dry eye disease
among general Internet users and identify those with a higher

Kawashimaet al

risk of developing the condition. The factors that encourage
people with probable dry eye symptomatology to seek medical
help are yet to be identified. Further research is required to
provide sufficient information on the disease and diagnostic
tests, determine symptom severity viaavalidated self-screening
tool, and introduce improved diagnostic measures.
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