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Background: The efficacy of vision screening for adults has not been well established. The
present study aimed to investigate the prevalence of vision-threatening ocular diseases,
including glaucoma, among subjects who participated in specific health checkups in Japan.
Methods: This cross-sectional study included 1360 individuals who underwent comprehen-
sive ophthalmic examinations at 16 ophthalmology clinics located in three municipalities.
We surveyed the study participants using a questionnaire. The participants also underwent
visual acuity and refraction tests, intraocular pressure tests, slit-lamp microscopy, fundus
examinations, fundus photography, optical coherence tomography, and static perimetry.
Results: The mean age of the subjects was 63.7 + 8.7 years (range, 40—74 years). Among
the 1360 participants, 168 (12.4%) were diagnosed with glaucoma and 33 (2.4%) with
preperimetric glaucoma. Cataracts were seen in 741 participants (54.5%), and 77 (5.7%)
were diagnosed with clinically significant cataracts. Retinal diseases included macular
degeneration (1.2%), diabetic retinopathy (1.0%), chorioretinal atrophy (0.5%), macular
epiretinal membrane (2.9%), branch retinal vein occlusion (0.7%), and others (2.0%).
Regarding the type of glaucoma, 93.5% of participants with glaucoma were diagnosed
with open-angle glaucoma in a broad sense (81.0% with normal-tension glaucoma and
12.5% with primary open-angle glaucoma). Multivariate analysis showed that male sex,
age, systemic comorbidities, and myopia were significant risk factors for open-angle
glaucoma.

Conclusion: Many adults with ocular diseases were screened by ophthalmic checkups. The
addition of simultaneous ophthalmic checkups to specific health checkups could be an
effective measure for the prevention of visual impairment in the older population.
Keywords: cataract, glaucoma, ocular disease, prevalence, vision screening

Introduction

In developed countries, including Japan, visual impairment is an important issue
among older adults."™® The number of visually impaired persons in Japan was
estimated to be 1.64 million in 2007 and is expected to reach 2 million by 2030
due to the aging of the population.”® The leading cause of visual impairment was
glaucoma, followed by diabetic retinopathy, degenerative myopia, and age-related
macular degeneration.” The common features of these ocular diseases are that they
are age-related with relatively slow progression and that their treatment modalities
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are limited to maintaining visual function at the most
because of their intractable nature.

We have reported that vision screening for adults can
be an effective measure for the early detection and treat-
ment of vision-threatening ocular diseases.”® Glaucoma,
the leading cause of blindness in Japan, appears to be
a particularly good candidate for vision screening.>®
Glaucoma meets many of the conditions that should
make it eligible for screening (Wilson’s criteria):'® it has
high prevalence, it is the leading cause of blindness in
Japan, early detection is difficult owing to poor subjective
symptoms in the early stage, it is a chronic progressive
condition with a long duration from onset to visual impair-
ment, and its progression can be suppressed by medical
intervention."'

However, there is no nationwide screening program for
glaucoma and other vision-threatening ocular diseases in
Japan. Only a small number of municipalities currently
offer vision screening for adults. Each municipality con-
ducts checkups without a standardized protocol.
According to previous reports from Japan,’ the detection
rate of vision screening programs for glaucoma was about
1.9% to 3.7%, which was less than the estimated preva-
lence of glaucoma in the Tajimi study (5% in those aged
40 years or older), a representative epidemiological study

1214 These results indicate insuffi-

of glaucoma in Japan.
cient sensitivity of the current screening approach. To
reduce visual impairment due to glaucoma, an efficient
approach using the existing general health checkup frame-
work may be useful.

Specific health checkups, which are an annual health
screening program introduced in 2008 by the Japanese
Ministry of Health, Labor and Welfare, are the most com-
mon medical checkups in Japan. The target group of the
program is all individuals between 40 and 74 years of age,
and the national participation rate for specific health
checkups in 2017 was 53.1%."° The implementation cri-
teria for ocular fundus examination have changed signifi-
cantly since the introduction of specific health checkups
because the aim of the program is the early detection of
individuals at high risk for metabolic syndrome to enable
healthcare intervention. Currently, only 13.4% of those
receiving specific health checkups are having ophthalmic
checkups.”'® A recent study suggests that additional
simultaneous ophthalmic checkups could increase the
rate of participation in specific health checkups, and effec-
tive use of the existing framework for specific health
checkups could be an important measure for protecting

eye health nationwide.'® However, there have been no
detailed reports on the characteristics of glaucoma patients
in the population undergoing specific health checkups.

In this study, we conducted detailed comprehensive
ophthalmic examinations on persons who underwent spe-
cific health checkups. The examinations included optical
coherence tomography (OCT) and static perimetry in addi-
tion to general ophthalmic examinations in order to make
a definitive diagnosis of glaucoma. We report here the
characteristics of glaucoma and other vision-threatening
ocular diseases among persons who received specific
health checkups.

Methods
Ethics

This study was conducted according to the Declaration of
Helsinki and was performed in accordance with the Ethical
Guidelines for Medical and Health Research Involving
Human Subjects. The protocol of the study was reviewed
and approved by the Institutional Review Board of Kyorin
University School of Medicine (No. 1034), and the
Research Ethics Committee of the Shinanozaka Clinic,
Medical Corporation Shinanokai (No. 2017-22). The sub-
jects received a full explanation of the procedures and
provided informed consent for participation prior to inclu-
sion in the study.

Study Population

In this cross-sectional study, data were collected from 16
ophthalmology clinics located in three municipalities in
Japan (Matsue City, Shimane Prefecture; Sendai City,
Ward,
Metropolitan). These three municipalities provide addi-

Miyagi Prefecture; and Setagaya Tokyo
tional simultaneous ophthalmic checkups at the same
time as specific health checkups from their own supple-
mentary budget. All candidates with national health insur-
ance are cligible for fundus examination as part of the
specific health checkups, whether they meet certain criteria
or not. Subjects who visited a participating facility to take
the opportunity for specific health checkups between June
and December 2017 were invited to participate in the
study. The participating facilities are listed in the
Acknowledgements section.

Background information on the study participants was
collected with a questionnaire that contained the following
items: sex, age, history of systemic comorbidities (hyper-
tension, diabetes, and other systemic comorbidities),
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history of ophthalmic diseases and surgery, and presence
or absence of ophthalmic diseases that were under treat-
ment at the time of the study.

A general eye examination consisting of visual acuity,
refraction, intraocular pressure with a noncontact ton-
ometer, slit-lamp microscopy examination, and fundus
examination with pupil dilation was conducted. Digital
color photographs of the fundus were obtained by the
fundus camera. The circumpapillary retinal nerve fiber
layer (RNFL) was analyzed by OCT in each facility. As
examinations for a definitive diagnosis of glaucoma, static
perimetry tests were performed using the Humphrey
Visual Field Analyzer (Carl Zeiss Meditec, Oberkochen,
Germany) with the SITA Standard 24-2 algorithm.

The ophthalmologist in charge of the examination
determined the presence of abnormalities and made
a diagnosis of vision-threatening ocular diseases. For glau-
coma and preperimetric glaucoma, the examination results
were reviewed by a central committee consisting of three
glaucoma specialists to ensure a definitive diagnosis.
According to the Japan Glaucoma Society, glaucoma is
defined as a disease with characteristic changes in the
optic nerve and visual field and with functional and struc-
tural abnormalities of the eye.'' The diagnosis of glau-
coma was made based on morphological abnormalities of
the optic disc determined by fundus photograph,'’ the
results of RNFL analysis in OCT, and the visual field
defect criteria of Anderson and Patella.'®

Statistical Analysis

Data for all parameters are presented as mean + standard
deviation or percentage values. The chi-square test was
used to compare percentages between groups. Odds ratios
and 95% confidence intervals were estimated using
a univariate or multivariate logistic regression model.
Statistical analyses were performed using JMP software,
version 10.0.2 (SAS Institute, Cary, NC, USA) or Prism 7
for Mac OS X (GraphPad Software, La Jolla, CA, USA).
A p-value less than 0.05 was considered to indicate statis-
tical significance.

Results

Characteristics of the Study Population

In this study, 1478 participants were initially enrolled.
However, 118 patients were excluded due to disqualifica-
tion or missing data. Therefore, 1360 participants (442
men and 918 women) were included in the final analysis.

In 36 participants (2.6%), a fundus examination at an
ophthalmology clinic was ordered as a detailed medical
examination item in the specific health checkup, and an
ophthalmological examination was offered to the remain-
ing 1324 participants (97.4%) by the municipalities as an
optional examination.

The age of the participants was 63.7 =+ 8.7 years (mean
+ standard deviation), ranging from 40 to 74 years, which
was the age range for eligibility for the specific health
checkups. With regard to comorbid systemic discases,
422 participants (31.0%) had hypertension, 108 (7.9%)
had diabetes, and 186 (13.7%) had other systemic comor-
bidities, such as cancer, heart disease, and chronic obstruc-
tive pulmonary disease.

Glaucoma and Other Chronic Eye

Diseases

Based on comprehensive ophthalmic examinations, glau-
coma was diagnosed in 168 participants (12.4%), and
preperimetric glaucoma was diagnosed in 33 participants
(2.4%) (Table 1). Concerning the quality of ophthalmic
examinations, fundus photographs with good quality were
obtained from 88.7% of subjects, and 91.6% met the

Table | Results of Comprehensive Ophthalmic Examinations

Clinical Epidemiology 2020:12

Diagnosis Number of Prevalence | 95% CI
Cases (%) (%)
Glaucoma
Glaucoma (all) 168 12.4 10.7-14.2
Preperimetric 33 24 1.7-3.4
glaucoma
Cataract
Cataract (any) 741 54.5 51.8-57.1
Clinically 77 5.7 4.6-5.7
significant
Retinal diseases
Epiretinal 39 2.9 2.1-3.9
membrane
Macular 16 1.2 0.7-1.9
degeneration
Diabetic 13 1.0 0.6-1.6
retinopathy
Branch vein 10 0.7 0.4-1.3
occlusion
Chorioretinal 7 0.5 0.3-1.1
atrophy
Others 27 2.0 1.4-2.9
Abbreviation: Cl, confidence interval.
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criteria for signal strength of OCT. The comments from
ophthalmologist in charge of the examination assisted the
judge of central committee in some cases.

Cataracts were noted in 741 participants (54.5%); how-
ever, only 77 participants (5.7%) were diagnosed with
clinically significant cataracts. In addition, retinal diseases,
such as macular epiretinal membrane, macular degenera-
tion, and diabetic retinopathy, were detected.

Table 2 shows the age- and sex-specific prevalence of
glaucoma. The prevalence in men was higher than that in
women in all age groups except for the forties age group.
The prevalence of glaucoma had a trend to increase with age.

Of the 168 participants diagnosed with glaucoma, 37
(22.0%) had previously been diagnosed with glaucoma
and 131 (78.0%) were newly diagnosed with glaucoma.
With regard to the type of glaucoma, 136 participants
(81.0%) had normal-tension glaucoma, 21 (12.5%) had
primary open-angle glaucoma, 5 (3.0%) had primary
angle-closure glaucoma, and 6 (3.5%) had other glaucoma
conditions. Thus, 93.5% of participants with glaucoma
were diagnosed with open-angle glaucoma in a broad
sense (either normal-tension glaucoma or primary open-
angle glaucoma). According to the mean deviation (MD)
of the worse eye for the severity of glaucoma, 128 parti-
cipants (76.2%) had MD values > —6 dB, 30 (17.9%) had
MD values of —6 to —12 dB, 8 (4.8%) had MD values of
—12 to —25 dB, and 2 (1.2%) had MD values < —25 dB.

Regarding open-angle glaucoma in a broad sense, uni-
variate analysis revealed that male sex, hypertension, dia-
betes, systemic comorbidities (other than hypertension and

Table 2 Age-Specific Prevalence of Glaucoma

Age Men (Cases/ Women Total (Cases/
Group All) (Cases/All) All)
(Years) % (95% CI) % (95% CI) % (95% CI)
4049 7160 9/94 16/154

11.7% (5.8-22.2) | 9.6% (5.1-17.2) | 10.4% (6.5-16.2)
50-59 10/63 9/133 19/196

15.9 (8.9-26.8) 6.8 (3.6-12.4) 9.7 (6.3-14.6)
60-69 32/193 40/426 72/619

16.6 (12.0-22.5) | 9.4 (7.0-12.5) 11.6 (9.3-14.4)
70-74 28/126 33/265 61/391

22.2 (15.8-30.2) | 12.5 (9.0-17.0) | 15.6 (12.3-19.5)
All subjects | 77/442 91/918 168/1360

174 (14.2-212) | 9.9 (8.1-12.0) 12.4 (10.7-14.2)

Abbreviation: Cl, confidence interval.

Table 3 Presence or Absence of Open-Angle Glaucoma and
Patient Background and Eye Examination Findings in Univariate
Analysis

Factor Odds 95% Confidence
Ratio Interval
Sex (male/female) 1.56 1.15-2.12
Age (per + | year old) 1.07 0.93-2.05
Hypertension (yes/no) 1.43 1.02—-1.98
Diabetes (yes/no) 2.06 1.24-3.34
Other systemic comorbidities 1.96 1.32-2.94
(yes/no)
Intraocular pressure (per + | 1.12 0.81-1.56
mmHg)
Myopia (per — | diopter) 1.29 1.09-1.49

Table 4 Presence or Absence of Open-Angle Glaucoma and

Patient Background and Eye Examination Findings in
Multivariate Analysis
Factor Adjusted 95% Confidence
Odds Ratio Interval
Sex (male/female) 1.85 1.33-2.63
Age (per + | year old) 1.03 1.01-1.05
Hypertension (yes/no) 1.19 0.83-1.70
Diabetes (yes/no) 1.6l 0.96-2.71
Other systemic 1.84 1.21-2.79
comorbidities (yes/no)
Intraocular pressure (per + | 1.02 0.96—-1.09
I mmHg)
Myopia (per — | diopter) 1.12 1.06-1.09

diabetes), and myopia had significantly high odds ratios
for glaucoma (Table 3). There were no significant differ-
ences in the odds ratio for glaucoma according to age and
intraocular pressure. Table 4 shows the results of multi-
variate logistic regression analysis. Male sex, age, sys-
(other
diabetes), and myopia were shown to be significant risk

temic comorbidities than hypertension and

factors for glaucoma.

Discussion

In this study, we conducted comprehensive detailed
ophthalmic examinations in adults aged 40 to 74 years
who visited an ophthalmology clinic to take the opportu-
nity for specific health checkups. This study was unique in
that static perimetry, a detailed examination for the defini-
tive diagnosis of glaucoma was performed in all partici-
pants. In screening programs, detailed examinations are
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not usually conducted for all study subjects. The visual
field test is no exception. This is because static perimetry
is time-consuming and requires expensive equipment and
specialized examiners and therefore is not practical as
a screening approach. However, by using static perimetry
and OCT in this study, we were able to determine the
prevalence and severity of glaucoma in the study
population.

Among the 1360 participants registered, the prevalence
of glaucoma and preperimetric glaucoma was 12.4% and
2.4%, respectively, values higher than those reported in
previous epidemiological studies in Japan. The higher
accuracy of glaucoma diagnosis in this study could be
partially explained by the use of static perimetry and
OCT for all participants, procedures that were not per-
formed in previous epidemiological studies.'?'*!%%°
The second reason might be the age of the participants in
our study because aging is a well-known risk factor for
glaucoma.'® Although the age of eligibility for specific
health checkups is 40 to 74 years, there were few partici-
pants in their 40s and 50s and more in their 60s and 70s.
The average age of the participants was 63.7 £ 8.7 years,
and 74.5% of the participants were 60 years old or older.
When the data in our study were adjusted by the popula-
tion composition of Japan, the prevalence of glaucoma
was estimated to be 11.2%. Therefore, the high prevalence
of glaucoma in our study could be explained by the popu-
lation composition of the participants. The third, myopia
was shown to be significant risk factors for glaucoma,
which is in good accordance with the previous study in
Japan.'* However, it is sometimes difficult to differentiate
between myopic optic neuropathy and glaucoma. Our
study is a cross-sectional survey, and accordingly it is
impossible to make a definitive diagnosis by demonstrat-
ing glaucomatous progression.

In this study, the prevalence of glaucoma was higher in
men than in women. Taking into consideration that 67.5%
of the participants were women, there may have been more
male participants who worried about their systemic or
ophthalmic health, which may have resulted in the higher
prevalence of glaucoma among male participants.
However, there were no differences between men and
women in age or the proportion of hypertension and sys-
temic comorbidities, although there was a difference in the
proportion of diabetes (12.9% for men and 5.6% for
women). There were no differences between men and
women in the proportion of subjects who had previously
been diagnosed with glaucoma or other ocular diseases.

The reasons for the higher prevalence of glaucoma in men
remain to be explored.

The rates of early, moderate, and severe glaucoma were
79.5%, 16.4%, and 4.1%, respectively. The primary glau-
coma types were normal-tension glaucoma (81.0%) and
open-angle glaucoma (12.5%), which together accounted
for more than 90% of cases. These findings are consistent
with
Japan.">"'* Only 21% of participants had been previously

those of previous epidemiological studies in
diagnosed with glaucoma and were receiving medical care
before the comprehensive ophthalmic examination, which
supports previous findings that in many patients, glaucoma
remains undetected and undiagnosed. Our study confirmed
that there are many adults with glaucoma who should be
screened by ophthalmic checkups, although the effective-
ness of screening programs for glaucoma s
controversial.>""** The results of this study are based on
real-world data on the general population and reflect the
current situation of eye health status of the target popula-
tion for the specific health checkups in Japan.

Regarding vision-threatening ocular diseases other than
glaucoma, cataracts were detected in 54.5% of partici-
pants; however, only 5.7% had cataracts that affected
visual function (clinically significant cataracts). The fol-
lowing retinal diseases were detected: macular degenera-
1.0%,;
atrophy, 0.5%; macular epiretinal membrane, 2.9%; branch

tion, 1.2%; diabetic retinopathy, chorioretinal
retinal vein occlusion, 0.7%; and others, 2.0%. The use of
comprehensive eye examinations including OCT may have
contributed to the high prevalence of macular disease.
Diabetic retinopathy and macular degeneration are com-
mon diseases causing visual impairment in Japan,* and
the importance of adult ophthalmological checkups for
retinal disease screening should be recognized.

Among major diseases causing visual impairment in
Japan, glaucoma is an optic nerve disease, and diabetic
retinopathy, degenerative myopia, and age-related macular
degeneration are retinal diseases. Fundus photography can
screen for these diseases simultaneously.”*** Fundus
photography is also useful to evaluate the risks of stroke
and cardiovascular diseases by examining the retinal blood
vessels.”>° Another advantage of fundus photography is
that it is noninvasive and can be performed in a short time.
Therefore, fundus photography is considered to be suitable
for mass screening. However, there are limitations to the
use of fundus photography alone for detailed evaluation of
the retina and optic nerve, and the risk of overlooking
a condition has been indicated. OCT is a diagnostic

Clinical Epidemiology 2020:12
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technology that has rapidly developed and spread in the
field of ophthalmology and is characterized by its capacity
to provide precise tomographic images of the retina and
optic nerve noninvasively in a short time. The diagnostic
performance of OCT data for detecting glaucoma has been
evaluated.””*® Our study suggests that the combination of
OCT and fundus photography exerts complementary
effects and improves the accuracy of screening for
ophthalmic diseases.

The limitations of this study include the fact that the
study participants do not reflect the age structure of the
Japanese population. The rate of participation in specific
health checkups is higher in older people than in younger
people. The study participants were those undergoing spe-
cific health checkups who also wished to undergo ophthal-
mological examinations. Therefore, the study participants
may have included many unemployed people who had
time to spare and people with visual dysfunction or wor-
ries about their ophthalmic health. Second, non-contact
tonometry, which is not suitable for accurate diagnosis of
glaucoma, was used in the study. The equipment for fun-
dus photography and OCT could not be made uniform,
although the equipment model and program used for static
perimetry were uniform. The diagnosis of ophthalmic dis-
eases was made by each attending physician, and the
diagnostic criteria were not completely standardized,
whereas the presence of glaucoma was judged by
a central committee to ensure standardization and reliabil-
ity as much as possible. Third, the prevalence and types of
glaucoma differ among races and regions. Even within
Asia, differences in prevalence according to geographic
subregion, type of glaucoma, and habitation have been
reported.?** Lastly, caution may be taken in interpreting
odds ratios. In this study, the prevalence of events was
12.4%, and the strength of the association of each risk
factor for glaucoma was not very high (1.02-1.85).
Therefore, the odds ratio may provide an acceptable
approximation of the relative risk. Despite these limita-
tions, the authors believe that the data obtained in this
study are of value for predicting the results of checkups
in Japan.

In summary, we conducted detailed comprehensive
ophthalmic examinations on individuals who visited an
ophthalmological medical institution to take the opportu-
nity for specific health checkups. The prevalence of glau-
12.4%, which was higher than the rate
previously reported in Japan, suggesting that there are

coma was

many adults with ocular diseases who should be screened

by ophthalmic checkups. The addition of simultaneous
ophthalmic checkups to specific health checkups could
be an effective measure for the prevention of visual
impairment in the older population, although the effective-
ness and the cost-effectiveness should be evaluated in the
further study.
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