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Abstract
The aim of this study was to determine the presence of prior cataract surgery and best-corrected visual acuity
(BCVA) in an elderly Japanese cohort. The Fujiwara-kyo Eye Study was a prospective, population-based, cross-
sectional epidemiological study. The subjects were ‡68 years who lived in the Nara Prefecture and responded
to recruitment notices. All of the subjects underwent comprehensive ophthalmological examinations, and the
sociodemographic information and medical history, including prior cataract surgery, were obtained by answers
to a questionnaire. The associations between the BCVA, age, sex, and history of cataract surgery were deter-
mined. A total of 2,873 subjects whose mean age was 76.3 – 4.9 (mean – standard deviation) years were studied.
The mean BCVA was �0.020 – 0.14 logarithm of the minimum angle of resolution units, and it was significantly
better in the group with education ‡13 years ( p < 0.01). Overall, 24.2% of the subjects had undergone cataract
surgery, and 41.7% of the subjects ‡80 years had undergone cataract surgery. The incidence of prior cataract
surgery increased with increasing age ( p < 0.001 for trend). The mean BCVA of eyes with cataract surgery was
significantly better than that of eyes without cataract surgery in subjects ‡80 years ( p < 0.01). Visual acuity
was generally good in this cohort of elderly Japanese subjects. In this cohort, 24.2% of the subjects had under-
gone cataract surgery, and the subjects ‡80 years had better BCVA than those without cataract surgery.
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Introduction
The age of individuals in developed countries is rapidly
increasing, and Japan has become a superaged society.
The average life span of men in Japan was 80.50 years
and that of women was 86.83 years in 2014, which was
one of the leading life spans in the world as reported by
the Ministry of Health, Welfare, and Labour in Japan
(www.mhlw.go.jp/toukei/saikin/hw/life/life13/index
.html). According to an estimate by the Cabinet Office
of Japan (www8.cao.go.jp/kourei/whitepaper/w-2015/
gaiyou/27pdf_indexg.html), the proportion of peo-
ple aged ‡65 years was 26.5% and that of people ‡75
years was 12.5% in 2014. The proportions are esti-
mated to increase to 31.6% and 19.5%, respectively,
in 2030.

To maintain a good quality of life (QOL), individu-
als must retain good physical and mental health. Vision
is an important factor that can help maintain a good
QOL in elderly subjects.1 An earlier study showed
that subjects with good visual acuity after cataract sur-
gery had not only a better QOL2 but also a longer life
expectancy.3–5

Although several epidemiological surveys have been
conducted to determine the visual function in the
general population, there is still a lack of data on the
elderly populations, especially those over 70 years.6–8

The Fujiwara-kyo Study is a cohort study that was
begun in 2007 and was conducted to investigate the
functional capacities and the QOL of elderly subjects
in a community in Nara, Japan.9–11 As a part of the
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Fujiwara-kyo Study, we began an ophthalmological
survey in 2012, named the Fujiwara-kyo Eye Study,
to determine the influence of visual acuity on the func-
tional daily activities and on the QOL.

The purpose of this study was to determine the best-
corrected visual acuity (BCVA) and factors associated
with BCVA in an elderly cohort. We also determined
the relationship between visual acuity and the history
of cataract surgery because cataract is the most com-
mon eye disorder of the elderly.3,12–15

Subjects and Methods
The Fujiwara-kyo Study
A detailed description of the Fujiwara-kyo Study has
been reported.9–11 Briefly, this was a cohort study
whose purpose was to identify factors related to the
maintenance of a healthy life, prevention of physical
weakness, and improvement of the functional capacities
and the QOL of an elderly population in Japan.9–11 The
Fujiwara-kyo Study was initially performed in 2007 on
4,427 individuals. The subjects consisted of residents
in Nara Prefecture who were ‡65 years and living in-
dependently in their own homes. Nara Prefecture is
located in the Western part of Japan and is a suburban
city. The population of Nara Prefecture is 1.4 million
people.

The Fujiwara-kyo Eye Study
An ophthalmological examination was not conducted
in the initial survey in 2007, and an ophthalmological
survey (Fujiwara-kyo Eye Study) was conducted for
the first time during the second survey between Feb-
ruary and November 2012. The second survey of
Fujiwara-kyo Eye Study invited 2,873 subjects, includ-
ing 80 newly recruited volunteers who were ‡65 years.
The data presented in this article were collected in
2012. The subjects recruited at the initial survey in
2007 were ‡65 years and were 5 years older in 2012.
There were 80 newly recruited subjects in 2012 who
were ‡65 years.

The surveys were conducted in accordance with the
tenets of the Declaration of Helsinki, and the protocol
was approved by the Ethics Review Board of Nara
Medical University. A signed informed consent form
was obtained from all participants.

Ophthalmological examinations
Self-administered ophthalmological questionnaires. A
history of cataract surgery was determined by a self-
administered questionnaire. The eyes were divided

into those with prior cataract surgery and those with-
out. The subjects who had undergone cataract surgery
in at least one eye were placed in the cataract surgery
group for the individual analyses. Two hundred four
randomly selected participants were examined by slit
lamp to verify the accuracy of self-administered ques-
tionnaires regarding cataract surgery. For this, we
checked the status of the lens or the intraocular lens
to confirm an agreement with the self-administered
questionnaires. The Kappa coefficient between self-
administered questionnaires and diagnosis based on
the slit lamp examination was high at 0.95.

Visual acuity. The uncorrected and corrected visual
acuities of both eyes were measured with a Landolt
ring chart at 5 m. The refractive errors were determined
by an autorefractometer and keratometer (ARK-700A;
Nidek, Gamagori, Japan). The visual acuity was mea-
sured according to the standard of the International
Organization for Standardization.16 The decimal BCVA
was converted to the logarithm of the minimum angle
of resolution (logMAR) units for statistical analyses.
To describe the age-specific BCVA, subjects were di-
vided into five age groups, viz., £74 years, 75–79 years,
80–84 years, 85–89 years, and ‡90 years.

Subjects with a BCVA of <20/40 (>0.3 logMAR
units) in the better seeing eye, the criterion of vision re-
duction used in the Blue Mountains Eye Study,7 was
classified as being visually impaired. Blindness was de-
fined as a BCVA in the better seeing eye of <3/60 based
on the World Health Organization standards.

Statistical analyses
The significance of the differences in age and BCVA
between sexes was tested by unpaired t tests as they
were considered to be normally distributed. The signif-
icance of the differences in the number of eyes or sub-
jects with Snellen visual acuity <20/40 in men and
women was determined by chi-square tests. The BCVA
of the different ages was analyzed by linear regression
analysis. The associations between BCVA and the
sociodemographics and health characteristics of the
subjects were analyzed by unpaired t tests. The age-
adjusted mean of BCVA was analyzed by analysis of
covariance. The percentage of subjects with cataract
surgery in the groups as a function of age was analyzed
by linear regression analysis. The BCVA of eyes with
and without cataract surgery in groups classified by
age was analyzed by unpaired t tests. The differences
of the sociodemographic and health characteristics of
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individuals with and without cataract surgery were an-
alyzed by chi-square and unpaired t tests. Statistical an-
alyses were performed with SPSS (version 22.0; SPSS,
Inc., Chicago, IL). A p < 0.05 was taken to be significant.

Results
A total of 2,873 subjects with a mean age of 76.3 – 4.9
years (range 68–100 years) were studied in the Fujiwara-
kyo Eye Study. There were 1,514 men (52.6%) whose
mean age was 76.5 – 4.9 (mean – standard deviation)
years and 1,359 women (47.3%) whose mean age was
76.0 – 4.8 years. The mean BCVA of the better eye of
the 2,873 subjects was �0.020 – 0.14 logMAR units,
of the men was �0.028 – 0.13 logMAR units, and that
for the women was �0.010 – 0.14 logMAR units. The
BCVA was significantly better in men than in women
( p < 0.01; Table 1). A visual impairment of the better
eye was observed in 97 of the 2,873 subjects (3.4%;
Table 1), and the incidence was significantly higher
in women than in men ( p < 0.01; Table 1). None of
the subjects were classified as being blind according
to our definition.

Visual acuity by age groups
The subjects were divided into five groups by age. The
mean BCVA was �0.049 – 0.13 logMAR units in those
£74 years, �0.014 – 0.13 logMAR units in the 75–79-
year group, 0.012 – 0.13 logMAR units in the 80–84-
year group, 0.039 – 0.16 logMAR units in the 80–84-year
group, and 0.081 – 0.15 logMAR units in the ‡90-year
group. Linear regression analyses showed that BCVA
was significantly worse in the older subjects ( p < 0.01
for trend; Fig. 1). The BCVA was 0.021 –0.14 logMAR
units in those aged ‡80 years (701 subjects).

Population of subjects with prior cataract
surgery by age
The history of cataract surgery was not obtained from
47 subjects because of a failure to answer the questions
or failure to be recorded. There were 685 subjects
(24.2%) in the prior cataract surgery group and 2,141
subjects (75.8%) in the no cataract surgery group

(Table 4). The percentage of subjects who had under-
gone cataract surgery was 14.7% in the £74-year
group, 23.3% in the 75–79-year group, 34.0% in the
80–84-year group, 61.5% in the 85–90-year group,
and 61.5% in the ‡90-year group. The percentage
of subjects who had undergone cataract surgery in-
creased with age ( p < 0.01 for trend; Fig. 2), and
41.7% of subjects aged ‡80 years had had cataract
surgery.

Correlations between BCVA and the
socio-demographics and health characteristics
The mean BCVA of the better-seeing eye was signifi-
cantly better in the group with ‡13 years of education

Table 1. Basic Characteristics of 2,873 Subjects

Characteristics All, n = 2,873 Male, n = 1,514 Female, n = 1,359 p

Age, mean – SD, years 76.3 – 4.9 76.5 – 4.9 76.0 – 4.8 <0.05
BCVA of better seeing eye, mean – SD, LogMAR units �0.020 – 0.14 �0.028 – 0.13 �0.010 – 0.14 <0.01
BCVA ‡0.3 LogMAR units, number of subjects (%) 97 (3.4) 36 (2.4) 61 (4.5) <0.01

BCVA, best-corrected visual acuity; logMAR, logarithm of the minimum angle of resolution; SD, standard deviation.

FIG. 1. The BCVA of the better eye for different
ages. The BCVA (mean – standard deviation) was
�0.049 – 0.13 logMAR units in those aged £74
years (1,192 subjects), �0.014 – 0.13 logMAR
units in those 75–79 years (980 subjects),
0.012 – 0.13 logMAR units in those 80–84 years
(503 subjects), 0.039 – 0.16 logMAR units
in those in 80–84 years (171 subjects), and
0.081 – 0.15 logMAR units in those ‡90 years
(27 subjects). The BCVA was significantly worse
in the older subjects ( p < 0.01 for trend, analysis
of variance). BCVA, best-corrected visual acuity;
logMAR, logarithm of the minimum angle
of resolution.
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than that in the group with £12 years of education
(BCVA, �0.039 – 0.14 vs. �0.015 – 0.13 logMAR units,
p < 0.01; Table 2). The differences were still significant
when they were adjusted by age (p < 0.01; Table 2).

BCVA of eyes with and without cataract
surgery in age groups
The differences in BCVA between eyes with prior cat-
aract surgery and without cataract surgery were not sig-
nificant in groups under 80 years. However, the eyes of

subjects ‡80 years who had undergone cataract surgery
had better BCVA compared with eyes without cataract
surgery ( p < 0.01; Table 3).

Sociodemographic characteristics
and cataract surgery
The incidence of prior cataract surgery in men was sig-
nificantly lower than that of women ( p < 0.01; Table 4).
The percentage and odds ratio (OR) of subjects with
prior stroke or had hypertension and diabetes mellitus
were higher in subjects who had prior cataract surgery
( p < 0.02, OR 1.47, p < 0.04, OR 1.20, and p < 0.01, OR
1.40, respectively; Table 4). The prevalence of prior cat-
aract surgery was not significantly associated with the
duration of education.

Discussion
The mean BCVA of�0.020 – 0.14 logMAR units for all
of the participants indicated that the visual acuity was
generally good in this elderly cohort. There were only
3.4% of participants with a visual impairment defined
as having a fully corrected Snellen visual acuity of
<20/40 (>0.3 logMAR units). The BCVA was signifi-
cantly worse in the older subjects. The prevalence of

Table 2. Associations Between Best-Corrected Visual Acuity and Sociodemographic Data and Health
Characteristics of 2,829 Subjects

BCVA, mean – SD, LogMAR units

p

Age adjusted mean, LogMAR units

pPresent Absent Present Absent

BMI ‡25 kg/m2 (% of subjects) �0.023 – 0.13 (19.4) �0.020 – 0.14 (80.6) 0.6 �0.020 �0.020 0.9
Education ‡13 years (% of subjects) �0.039 – 0.14 (22.9) �0.015 – 0.13 (77.1) <0.01 �0.038 �0.015 <0.01
Current smoking (% of subjects) �0.019 – 0.12 (5.9) �0.020 – 0.14 (94.1) 0.9 �0.016 �0.020 0.7
History of disease stroke (% of subjects) 0.0002 – 0.14 (6.1) �0.021 – 0.14 (93.9) 0.04 �0.008 �0.021 0.2
Myocardial infarction (% of subjects) �0.013 – 0.11 (2.8) �0.020 – 0.14 (97.2) 0.7 �0.020 �0.022 0.9
Angina (% of subjects) �0.023 – 0.12 (8.2) �0.020 – 0.14 (91.8) 0.7 �0.028 �0.019 0.4
Hypertension (% of subjects) �0.020 – 0.13 (51.8) �0.021 – 0.14 (48.2) 0.9 �0.022 �0.018 0.4
Diabetes mellitus (% of subjects) �0.011 – 0.13 (15.0) �0.022 – 0.14 (85.0) 0.2 �0.011 �0.022 0.14

BMI, body–mass index.

FIG. 2. Percentage of subjects with prior
cataract surgery as a function of age. A total of
685 subjects (24.2%) had undergone cataract
surgery. The percentage of subjects who had
undergone cataract surgery was 14.7% in those
aged £74 years (1,174 subjects), 23.3% in those
75–79 years (964 subjects), 34.3% in those 80–84
years (493 subjects), 61.5% in those 80–84 years
(169 subjects), and 61.5% in those ‡90 years (26
subjects). The percentages of subjects who had
had cataract surgery increased significantly
with increasing age ( p < 0.01 for trend, linear
regression analysis).

Table 3. Best-Corrected Visual Acuity of Eyes With
and Without Cataract Surgery in Groups Classified by Age

Age group
years (no.
of eyes)

BCVA, mean – SD, LogMAR units

p

Eyes with
cataract surgery

(no. of eyes)

Eyes with no
cataract surgery

(no. of eyes)

£74 (2,346) 0.031 – 0.33 (287) 0.007 – 0.23 (2,059) 0.2
75–79 (1,925) 0.053 – 0.32 (385) 0.060 – 0.25 (1,540) 0.6
80–84 (986) 0.033 – 0.22 (293) 0.107 – 0.25 (693) <0.01
85–89 (338) 0.068 – 0.24 (190) 0.182 – 0.34 (148) <0.01
90‡ (52) 0.095 – 0.20 (29) 0.279 – 0.31 (23) 0.01

Miyata, et al.; BioResearch Open Access 2017, 6.1
http://online.liebertpub.com/doi/10.1089/biores.2017.0007

31



visual impairments (visual acuity <20/40) in the better
eye was 12.3% for those ‡55 years in the Blue Moun-
tains Eye Study17 and it was 27.8% in the ‡80-year
group in the Los Angeles Latino Eye Study.18 Com-
pared with these figures, it is noteworthy that a mean
BCVA of 0.021 logMAR units in subjects ‡80 years is
relatively good as has been reported in an earlier
study on Japanese individuals.19

It is interesting that the BCVA adjusted by age was
significantly better in subjects with education ‡13 years
than with £12 years of education. A recent study
reported that the prevalence of any visual impair-
ment (Snellen visual acuity <20/40) was two times
higher in the lower socioeconomic group.20 Our data
are in agreement with these results if we assume that
a shorter education time reflects a lower socioeco-
nomic status.

The sociodemographic and health characteristics
of the subjects who had undergone cataract surgery
have been reported.5,21,22 In this study, the subjects
who had prior cataract surgery were significantly older,
were more likely to be women, and had a higher inci-
dence of stroke, hypertension, and diabetes than in
subjects without prior cataract surgery. An earlier
study reported that the subjects in the longer duration
education group had a higher chance of having had
cataract surgery22; however, we did not find a signifi-
cant association between the duration of education
and a history of cataract surgery.

In our cohort, 24.2% had undergone cataract sur-
gery, and almost twice as many subjects (41.7%) aged
‡80 years had undergone cataract surgery. The Singa-
pore Epidemiology of Eye Disease Study reported

that the prevalence of cataract surgery in people
aged ‡80 years was 63.9% in the Chinese population,
38.89% in the Malaysian population, and 68.25% in
the East Indian population.21 These observations are
higher than that of the Blue Mountains Eye Study of
23% in the ‡80-year group.23 These differences may
be due to the sociodemographic circumstances and
the systems of health insurance.

Cataract surgery is performed more often in some
countries and increasing trends of surgeries are
observed in two populations.23,24 In the Blue Moun-
tains Eye Study, there was a 32% increase in cata-
ract surgery over a 6-year period from 1992–1994
to 1997–2000 with age-standardized prevalence of
6.0–7.7%. It was more marked among people ‡80
years old from 23.0% to 31.7%.23 It has been esti-
mated that the number of subjects with cataract sur-
gery has increased in the last decade reflecting
continued aging of the population.24 In the United
States, the incidence of lens extraction has also in-
creased over the past 20 years in individuals older
than 65 years.25 Japan has become a superaged soci-
ety and our findings may reflect this situation, show-
ing that cataract surgery is increasing even in those
aged ‡80 years.

As expected, eyes with cataracts have greater im-
provement in visual acuity after cataract surgery.2,26

In our study, there was no significant difference of
the mean BCVA between eyes with cataract surgery
and in eyes without cataract surgery in relatively youn-
ger subjects of <79 years. However, the mean BCVA of
eyes with prior cataract surgery was significantly better
compared with eyes with no cataract surgery in subjects

Table 4. Sociodemographic Data and Health Characteristics of Subjects with Cataract Surgery
and with No Cataract Surgery

No. of
subjects,
n = 2,826

Cataract
surgery no. of
subjects (%),

n = 685

No cataract
surgery no. of
subjects (%),

n = 2,141 p OR 95% CI

Age, mean – SD, years 2,826 78.8 – 5.4 75.5 – 4.4 <0.01 2.63 2.17–3.19
Gender, men 1,487 332 (48.5) 1,155 (53.9) 0.01 1.22 1.04–1.47
BMI ‡25 kg/m2 547 126 (18.4) 421 (19.7) 0.5 0.92 0.74–1.15
Education ‡13 years 692 189 (27.6) 503 (23.5) 0.2 1.00 1.00–1.00
Current smoking, present 164 34 (5.0) 130 (6.1) 0.3 0.81 0.55–1.19

History of disease
Stroke, present 175 55 (8.0) 120 (5.6) 0.02 1.47 1.06–2.05
Myocardial infarction, present 80 26 (3.8) 54 (2.5) 0.09 0.65 0.41–1.65
Angina, present 233 58 (8.5) 175 (8.2) 0.8 0.96 0.70–1.31
Hypertension, present 1466 379 (55.3) 1,087 (50.7) 0.04 1.20 1.01–1.43
Diabetes mellitus, present 424 126 (18.4) 298 (13.9) <0.01 1.40 1.11–1.76

CI, confidence interval; OR, odds ratio.
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‡80 years ( p < 0.01). These results may indicate that
relatively younger subjects are concerned about failing
vision even if only slightly, and they undergo cataract
surgery at an earlier age. Alternatively, subjects ‡80
years may not wish to undergo cataract surgery even
if they have failing vision.

It has been reported that the life expectancy was
longer in patients whose visual acuity was better after
cataract surgery.3–5,27 We found in an earlier cross-
sectional study that subjects with cataract surgery had
significantly lower age-adjusted ORs for cognitive im-
pairment than subjects without cataract surery.28 In ad-
dition, we recently reported that subjects with visual
impairment had twofold higher OR for the prevalence
of cognitive impairment (Snellen visual acuity <20/29)
than subjects without visual impairment.29 Thus, we
believe that improvements of visual acuity after cata-
ract surgery may have beneficial effects on both the
QOL and longevity.

There are limitations in this study. Subjects were not
randomly selected from the geographical area as it was
based on participants who volunteered. Thus, there is a
chance of introducing selection bias of having relatively
healthier and more independent persons. In addition,
the causes of visual impairment were not determined
in detail. Because the primary aim of the Fujiwara-
kyo Study was to survey the functional capabilities
and QOL of independent elderly residents in a commu-
nity, ophthalmological examinations were limited to
determining only the visual functions in these elderly
subjects.

In conclusion, we found that 1 in 4 (24.2%) of the
subjects aged ‡68 years had undergone cataract surgery,
and the subjects aged ‡80 years had better BCVA than
those without cataract surgery. This study is the first
to report the prevalence of cataract surgery in elderly
subjects in a relatively large sample size in Japan. Future
follow-up examinations will reveal the associations of vi-
sual functions, especially whether visual acuity contrib-
utes to maintain good QOL and healthy life expectancy.
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