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Dry Eye Disease Is Associated with Deterioration of Mental
Health in Male Japanese University Staff
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Dry eye disease (DED) is defined as a multifactorial disease of the tears and ocular surface that results in
symptoms of discomfort, visual disturbance, and tear-film instability, with potential damage to the ocular
surface. It is thought to be associated with reduced quality of life (QOL). The aim of the present study was
to investigate the effects of DED on health-related QOL in Japanese university sedentary office workers
who are daily users of visual display terminal. In this study, 163 university staff (99 male and 64 female),
aged 23-69 years, served as study subjects. Subjects were asked to answer the following three questions.
(1) How often do your eyes feel dry? (2) How often do your eyes feel irritated? (3) Have you ever been
diagnosed by a clinician as having dry eye syndrome? Sixty-eight subjects who answered “constantly,”
“often”, or “sometimes” to both questions 1 and 2 were classified as the DED Group, and the remaining 95
were defined as the Non-DED Group. QOL was assessed by the SF-36 questionnaire, which consisted of
36 items to produce three summary scores, namely, mental, physical, and role/social component summary
scores. For males, the DED Group had significantly lower scores than the Non-DED Group for mental
component summary (MCS) (P = 0.005). In multiple regression analysis, MCS scores were adversely
related to DED in males (P = 0.015). DED was associated with worsened QOL. DED should be regarded

as a factor that can lead to deterioration of mental health.
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Introduction

Dry eye disease (DED) is defined as a multifactorial
disease of the tears and ocular surface that results in symp-
toms of discomfort, visual disturbance, and tear-film insta-
bility, with potential damage to the ocular surface. It is
accompanied by increased osmolality of the tear film and
inflammation of the ocular surface (Lemp et al. 2007).
DED is one of the most common ocular surface diseases
worldwide. The prevalence of DED has been reported to
be from ~4.4% to as high as 50% among middle-aged and
elderly people (Schein et al. 1997; McCarty et al. 1998;
Nichols et al. 2002; Schaumberg et al. 2003; Moss et al.
2008; Guo et al. 2010; Galor et al. 2011). DED causes con-
stant irritation, ocular discomfort, fatigue, and visual distur-
bance, which interfere with daily activities (Miljanovic et
al. 2007), disturbing one’s ability to perform various tasks
that require sustained visual concentration. According to a

survey in clinic-based populations, quality of life (QOL),
including mental health, was significantly lower in patients
with severe DED than in the control group (Mertzanis et al.
2005; Le et al. 2012; Li et al. 2012; Sakane et al. 2013).
The decrease in QOL caused by DED is an important soci-
etal health issue, because this condition results in a larger
burden on society through costs of care and treatment, as
well as those associated with the disease itself (Lemp et al.
2007).

In Japan, a large population-based study revealed that
the prevalence of clinically diagnosed DED was 2.1% and
7.9% in males and females, respectively, and the percent-
ages with severe symptoms were 11.5% and 18.7% in males
and females, respectively (Uchino et al. 2011). However,
to the best of our knowledge, no study has ever examined
the relationship between DED and QOL in non-clinic-based
subjects in Japan, whereas DED has been reported to be
related to poor QOL and depression in a general population
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in other countries (Galor et al. 2011; Le et al. 2012; Wang
et al. 2012). The major purpose of the present study is,
therefore, clarify the relationship between DED and QOL in
non-clinic-based Japanese subjects.

The impact of DED on QOL has been evaluated by
several questionnaires (Nichols et al. 2002; Mertzanis et al.
2005; Kim et al. 2011; Le et al. 2012; Li et al. 2012; Sakane
etal. 2013). For example, the visual function questionnaire
such as the National Eye Institute’s Visual Function
Questionnaire 25 (NEI VFQ-25) has been used in many
studies (Nichols et al. 2002; Le et al. 2012; Li et al. 2012).
However, few studies have used the 36-Item Short Form
Health Survey (SF-36) questionnaire, which is a multi-pur-
pose questionnaire that evaluates mental, physical, and
social aspects of QOL (Mertzanis et al. 2005), and is con-
sidered useful in surveys of general and specific popula-
tions, comparing the relative burden between various dis-
eases, and in assessing the health benefits of a specific
method of medical treatment (Fukuhara et al. 1998a, b;
Fukuhara and Suzukamo 2004). SF-36 is capable of evalu-
ating QOL from three aspects by calculating mental, physi-
cal, and role/social component summary (MCS, PCS, and
RCS) scores from the eight subscale scores based on factor
analysis (Fukuhara and Suzukamo 2004). Thus, SF-36 was
used in the present study for the assessment of QOL.

Methods

Study Subjects

A total of 361 university staff at the Shonan Fujisawa Campus
of Keio University were asked to participate in the study during their
annual health checkups in November 2011. All the subjects in this
study were sedentary office workers who used a visual display termi-
nal (VDT) for their work. Eight were excluded because the logarithm
of the minimum angle of resolution of corrected or uncorrected visual
acuity was < 0.16, or they were being treated for glaucoma, diabetic
retinopathy, or any other systemic diseases that might have affected
ocular surface condition, such as Sjégren’s syndrome. Of the 355 eli-
gible candidates, 190 agreed to participate in the study. No signifi-
cant differences were observed between the 190 participants and the
remaining 165 persons in terms of age, sex, or uncorrected/corrected
visual acuity (P> 0.05). All 190 subjects received ophthalmic exami-
nations by a single ophthalmologist (Kenya Yuki). The examination
included corrected visual acuity measurements, slit-lamp biomicros-
copy with fluorescein staining (only for non-contact lens users), and
funduscopy without mydriasis by direct ophthalmoscopy.

The study was approved by the Ethics Review Subcommittee of
the Keio University Research Ethics Committee, and was pre-regis-
tered in the UMIN Clinical Trial Registry (UMING6271, http://www.
umin.ac.jp/ctr/index.htm). The procedures used in this study con-
formed to the tenets of the Declaration of Helsinki. The nature of the
procedure was explained to all the participants, and the study was
conducted with their written informed consent. The study was carried
out during November 7-11, 2011 at the Keio University Shonan
Fujisawa Campus, Fujisawa, Kanagawa, Japan.

Questionnaire
All 190 subjects were asked to answer the following three ques-

tions developed and validated by Schaumberg and coworkers for the
screening of DED (Schaumberg et al. 2001, 2003; Gulati et al. 2006):

(1) How often do your eyes feel dry?

(2) How often do your eyes feel irritated?

(3) Have you ever been diagnosed by a clinician as having dry eye
syndrome?

The response options for the first two questions were “con-
stantly,” “often”, “sometimes”, or “never”, and for the third question,
“yes” or “no.” The questions and response options were translated
into Japanese from the original English, and verified by back-transla-
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tion into English and comparison with the original (Uchino et al.
2011). Twenty-seven participants who responded “yes” to the third
question were excluded from the analysis, because their QOL might
have been affected by being diagnosed with DED.

Sixty-eight subjects who answered “constantly”, “often”, or
“sometimes” to both questions 1 and 2 were classified as the DED
Group, and the remaining 95 were defined as the Non-DED Group.

QOL was assessed by the Japanese version of SF-36, which
consists of 36 items, for which the reliability and validity have been
reported with normative data, and it is considered applicable to those
aged 20-70 years (Fukuhara et al. 1998a, b; Fukuhara and Suzukamo
2004). Subjects were asked to answer each item on the following
eight scales by 3-6 levels of response during the past 4 weeks: physi-
cal functioning, role-physical, bodily pain, general health perception,
vitality, social functioning, role-emotional, and mental health. MCS,
PCS, and RCS scores were then calculated from these eight scale
scores according to the manual.

A self-administered questionnaire was used to obtain the fol-
lowing characteristics: subjective quality of vision, method for cor-
recting visual acuity, smoking habit, exercise well, and history of
hypertension, diabetes mellitus, hyperlipidemia, or mental disease
and treatment.

Statistical Analysis

Differences in variables between the DED and Non-DED
Groups were examined by the Mann-Whitney U-test, Fisher’s exact
probability test, or y* test. Stepwise multiple linear regression analy-
sis was performed to explore dependent variables significantly related
to SF-36 summary scores. In this analysis, age, DED or Non-DED,
contact lenses use, smoking habit, exercise well, and subjective qual-
ity of vision were entered and removed as dependent variables into
the regression equation with a significance level of P < 0.05. All
analyses were conducted using SPSS version 20.0 statistical package
(SPSS, Chicago, IL, USA).

Results

The characteristics of the 163 subjects by sex are
shown in Table 1. The DED Group accounted for 41.7% of
subjects. The average age in males was significantly higher
than that in females. The proportion of contact lens users
was significantly higher in females than males. No signifi-
cant differences were observed in subjective quality of
vision, smoking habit, exercise well, or the rates of hyper-
tension, diabetes, hyperlipidemia, or mental disease
between the sexes. The characteristics between the DED
and Non-DED Groups according to sex are shown in Table
2. The proportion of female contact lens users was signifi-
cantly higher in the DED than Non-DED Group. No signif-
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Table 1. Differences in Characteristics between 99 Male and 64 Female Subjects: Average + Standard De-

viation or Number (%).

Male subjects Female subjects P value
Age (years) 46 £ 11 41 +£10 0.024*
DED Group 36 (36) 32 (50) 0.104"
Non-DED Group 63 (64) 32 (50)
Subjective quality of vision
Fine 79 (80) 53 (83) 0.687"
Not fine 20 (20) 11 (17)
Method for correcting visual acuity
Contact lenses use ISNEE)) 18 (28) 0.001*
Glasses use 50 (51) 15 (24)
Naked eye 38 (38) 31 (48)
Smoking habit
Yes 6 (6) 0 (0) 0.082f
No 93 (94) 64 (100)
Exercise well
Yes 32 (32) 16 (25) 0.380"
No 67 (68) 48 (75)
Hypertension
Yes 10 (10) 4 (6) 0.569°
No 89 (90) 60 (94)
Diabetes
Yes 3(3) 0 (0) 0.280"
No 96 (97) 64 (100)
Hyperlipidemia
Yes 7(7) 1(2) 0.150"
No 92 (93) 63 (98)
Mental disease
Yes 1 (1) 1) 1.000°
No 98 (99) 63 (98)

*Mann-Whitney U-test, TFisher’s exact probability test, ¥y test.
The average age in males was significantly higher than that in females.
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icant differences were observed in subjective quality of
vision, smoking habit, exercise, or the rates of hypertension,
diabetes, hyperlipidemia, or mental disease between the
DED and Non-DED Groups.

SF-36 scores for the DED and Non-DED Groups are
shown in Table 3. For males, the DED Group had a signifi-
cantly lower score than the Non-DED Group for MCS
score. For both sexes, the DED Group had an average
MCS below the Japanese norm of 50 (Fukuhara et al.
1998a, b; Fukuhara and Suzukamo 2004). Table 4 shows
the results of a stepwise multiple linear regression analysis.
DED was significantly related to MCS score in males. In
contrast, DED was not significantly related to PCS and
RCS scores in either males or females (P > 0.05).

Discussion

For males, the DED Group had significantly lower
MCS scores than the Non-DED Group had. This agrees

with previous studies in which DED had a negative effect
on mental health (Mertzanis et al. 2005; Galor et al. 2011,
Kim et al. 2011; Le et al. 2012; Li et al. 2012; Wang et al.
2012; Sakane et al. 2013). The study on a non-clinic-based
population in China showed lower QOL for mental health
in subjects with DED (Le et al. 2012). In a survey of the
general population aged > 65 years in Korea, the DED
Group had a higher rate of depression compared with the
Non-DED Group (Kim et al. 2011). Wang et al. (2012)
demonstrated significantly higher prevalence of comorbid-
ity in patients with depression and DED in Taiwan. Thus, it
seems that even a small degree of ocular discomfort or loss
of vision due to DED significantly affects mental health in
the general population. However, patients with depression
might be more prone to experience dry eye symptoms,
therefore, the negative mental condition may possibly
enhance complaints of dry eye symptoms in the general
population (Galor et al. 2011; Kim et al. 2011; Wang et al.
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Table 2. The Characteristics between the DED and Non-DED Groups according to Sex Subjects: Average + Standard Deviation or

Number (%).

Male subjects

Female subjects

DED Non-DED P value DED Non-DED P value
(n=1306) (n=063) (n=32) (n=32)
Age (yrs) 42 £ 11 48 £ 11 0.019* 38+10 45 +9 0.006*
Subjective quality of vision
Fine 28 (78) 51 (81) 0.796¢ 27 (84) 26 (81) 1.0007
Not fine 8 (22) 12 (19) 5 (16) 6 (19)
Method for correcting visual acuity
Contact lenses 6 (17) 5(8) 0.413* 14 (44) 4 (12) 0.003*
Spectacles 17 (47) 33 (52) 9 (28) 6 (19)
Naked eye 13 (36) 25 (40) 9 (28) 22 (69)
Smoking habit
Yes 1(3) 5(8) 0.412% 0 (0) 0 (0) —
No 3597) 58 (92) 32 (100) 32 (100)
Exercise well
Yes 9 (25) 23 (37) 0.271% 5(16) 11 (34) 0.148"
No 27 (75) 40 (63) 27 (84) 21 (66)
Hypertension
Yes 3(8) 7 (11) 0.7437 309 1(3) 0.613f
No 33 (92) 56 (89) 29 (91) 31 (97)
Diabetes
Yes 0 (0) 3(5) 0.552% 0 (0) 0 (0) —
No 36 (100) 60 (95) 32 (100) 32 (100)
Hyperlipidemia
Yes 1(3) 6 (10) 0.419° 1(3) 0 (0) 1.000°
No 35(97) 57 (90) 31 (97) 32 (100)
Mental disease
Yes 0 (0) 1(2) 1.000" 1(3) 0 (0) 1.0007
No 36 (100) 62 (98) 31 (97) 32 (100)
*Mann-Whitney U test, "Fisher’s exact probability test, ¥y test.
Table 3. Differences in Three Summary Scores of SF-36 between DED and Non-DED Groups by Sex*.
Male subjects Female subjects
Summary scores DED Non-DED Pvalue DED Non-DED Pvalue
(n=136) (n=63) vald (n=32) (n=32) vaiu
Mental component 48.2 +10.0 529 +£8.7 0.005 47.0 £8.5 50.2+9.5 0.101
Physical component 562 +£7.2 544 +£6.7 0.118 542 £6.9 52.7 8.8 0.667
Role/social component 52.0 £6.9 523+7.0 0.341 53.9 £6.6 524 +£8.0 0.428

*Values are average + standard deviation.

2012). Further studies are necessary to confirm our present
findings.

In this study, the average age in the male group was
significant higher than that in the female group. The differ-
ence in age may affect the difference in MCS score between
the male and female groups. It is possible that duration of
exposure to DED syndrome in male subjects was longer

than in female subjects, which may have reduced MCS
score in male DED subjects. However, as shown in Table 4,
after multivariable adjustment, MCS score was associated
with DED, but not age in male subjects. This suggests that
the effect of difference in age between the male and female
groups on MCS score is not strong.

In the present study, although QOL scores for mental
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Table 4. Variables Significantly Related to Three Summary Scores of SF-36 in 99 Males and 64 Females: Results of A
Stepwise Multiple Regression Analysis*.

Male subjects Female subjects

Variables selected Variables selected

Dependent variable

R* (standardized regression R* (standardized regression
coefficient)” " coefficient) "4
Mental component 0.049 DED (-0.243)'5 0.100 Exercise well (0.339)"°
Physical component 0.076 Age (-0.292)"% 0.095 Contact lenses use (0.331)"%%

Role/social component - - - _

*Independent variables were age, DED or Non-DED, contact lenses use, smoking habit, exercise well, and subjec-
tive quality of vision.
fR? = Multiple correlation coefficient adjusted for the degree of freedom.

Table 5. Differences in Three Summary Scores of SF-36 between DED and Non-DED Groups*.

Summary scores DED Non-DED P value
(n=68) (n=295)
Mental component 47.6+93 52.0+9.0 0.001
Physical component 553 +7.0 53.8+74 0.169
Role/Social component 525+7.1 523 +73 0.946
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*Values are average + standard deviation.

health were lower than the reference values in Japan, no
significant changes in QOL were observed between females
in the DED and Non-DED Groups. Among 27 subjects
with clinically diagnosed DED, who were excluded from
the analysis, only five were men, therefore, a lower number
of men with DED might have received medical treatment as
compared with women. Thus, it is possible that, in the
present study, the DED Group had more potent patients
among males than females.

We observed no significant differences in PCS and
RCS scores between the DED and Non-DED Groups.
However, Mertzanis et al. (2005) reported that patients with
serious DED consistently had lower role-physical and
bodily pain scores, which were related to PCS and RCS
scores, than the Non-DED Group using SF-36. The reason
for the discrepancy is unclear. One possible explanation is
the racial difference. Eighty-two percent of subjects in the
study of Mertzanis et al. were white and all the subjects in
our study were Japanese. The effect of DED on health-
related QOL may differ with ethnicity. The average age
and sex distribution also differed between the two studies.
Average age was significantly higher in the study of
Mertzanis et al. compared with our study. These differ-
ences may have had an effect on health-related QOL for
DED in these two studies.

The present study showed an association between
DED and QOL in non-clinic-based subjects in Japan. DED
adversely affected QOL, especially mental health in males.
A similar tendency was observed regardless of sex, and
MCS was lower in the DED than Non-DED Group (Table
5). DED should be viewed not only as an eye disorder, but

also as a condition that affects mental health in non-clinic-
based subjects.

There were several limitations to the present study.
First, the study subjects were employees of a single organi-
zation and may not be representative of the general
Japanese population. Recently, the amount of work per-
formed using VDTs has greatly increased in Japan (Uchino
et al. 2013); DED symptoms reported by VDT users include
eyestrain, reduced visual acuity, ocular pain, and dry eyes
(Thomson 1998). University staff are involved in many
VDT operations, therefore, prevalence of DED might be
higher than that in the general population (Uchino et al.
2011). Second, we surveyed medical history for hyperten-
sion, diabetes, hyperlipidemia, and psychiatric disease but
could not find a history of menopausal disorders, hormone
therapy or LASIK, and dietary habits, including caffeine
and supplement use. Third, differences in consulting
behavior for DED by sex should also have been considered.

In this study, we showed that DED was associated
with reduced mental-health-related QOL. However, this
study was cross-sectional. Therefore, the cause of DED
and reduced mental QOL is still unclear. A prospective
study that evaluates subjects with DED symptoms and
reduced mental-health-related QOL will give us stronger
evidence for a causal association. Furthermore, we should
establish whether treatment for DED symptoms improves
mental-health-related QOL in subjects with DED. If treat-
ment for DED could improve mental-health-related QOL,
treatment for DED has the possibility of being a new ther-
apy for improving mental-health-related QOL.
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