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her to engage in beneficial health behaviors (Lewis & Rook,
1999). For example, a wife may be critical of her diabetic
husband for not following an appropriate diet (Krause, 2001}.
Indeed, Krause, Goldenhar, Liang, Jay, and Maeda (1993)
found that negative interactions predicted more frequent
exercise among older Japanese adults. Perhaps negative inter-
actions would potentially contribute to discouraging health-
compromising behavior and promoting health-enhancing
behavior.

Future Directions

Some limitations should be kept in mind when our findings
are interpreted. First, Lawrence and Jette (1996) described the
multistep pathway in the disablement process: Presence of
disease leads to anatomic and structural abnormalities, which in
turn lead to restrictions in basic physical and mental actions,
which then lead to difficulty performing ADLs. Analyses using
a 2-point assessment method, as in our study, are too simple to
examine such a multistep disablement process. Second, we did
not pursue gender differences in the effects of HPs to avoid the
complicated interpretation of a four-way interaction (HP X Age
X Gender X Time). However, compared with men, women tend
to report poorer physical health associated with chronic illness
(O’Neill & Morrow, 2001) and more depressive symptoms
(Nolen-Hoeksema, Larson, & Grayson, 1999). An elaborate
analysis concerning these issues would modify and extend our
findings.

Despite these limitations, the findings gamered from the
present study add several specific points to the literature
examining relationships between HPs and their negative
consequences. Whereas most studies have restricted their
sample to older adults or analyzed data by using age just as
one of the confounders, this study made clear that the impact
of HPs differs across age groups. Moreover, we highlight the
importance of taking into account the type and source of social
interactions when we are investigating how they moderate the
impact of HPs. Although the results suggest that the relation-
ships among HPs, everyday activities, and mental health are
more complex than generally conceived, that is what makes
it so challenging for researchers and professionals who are
interested in stress and the development process in adulthood.
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Age and gender differences in factors related to depressive symptoms among community-dwelling middle-aged and elderly
people o

Satomi Tsuboi, Yasuyuki Fukukawa, Naoakira Niino, Fujiko Ando, and Hiroshi Shimokata {Department of Epidemiology,
the National Institute for Longevity Sciences, Gengo, Morioka-cho, Obu 474-8322)

This study was conducted to identify factors associated with depressive symptoms among males and females in
two age groups; the middle-aged (40-59 years) and elderly (60~79 years). Subjects were 2 211 community-dwelling
people (1 115 males and 1 096 females). Depressive symptoms were estimated by Center for Epidemiologic Studies
Depression Scale (CES-D). Marital status, self-rated health, activities of daily living, age awareness, locus of
control, and social support were assessed using self-administered questionnaires and interviews. In all groups, poor
subjective health and external locus of control showed significant positive association with depressive symptoms.
Age awareness was associated with depressive symptoms in female groups. Impairment of instrumental activities
of daily living and lower social support were associated with depressive symptoms in the elderly groups. The
findings suggested that there might be age and gender differences in the impact of factors associated with depressive

symptoms. '

Key words: middle-aged, elderly, gender, depressive symptoms, Center for Epidemiologic Studies Depression Scale.
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Abstract

Purpose: To investigate the relatienshin between intraocular pressure (JOP)} and refractive errors
after adjusting for age, central corneal thickness (CCT), and other related factors.

Methods I0P, CCT and refractive errors were measured .in the right eyes of 1855 subjects, aged
40-82 years, in a cross-sectional study des:gn Subjects were divided Into"groups by refractive
status: hyperopia, emmetropla. ‘mitd myopia, moderate myopla or high myopia With adjustments for

age, CCT, blood pressure ebesuty, educatlon hypedension d:abetes and smoklng status IOP was’ o

estimated for each refractive status using a general linear model .
Resuilts: 10P increased with advancing degrees of myopia, ‘even after adjustment for age, CCT, and
other related factors (p = 0.011). Estimated [OP of moderate myopla was SIinﬁcantly higher than
that of emmetropla (p = 0.022).

Conclusions: Our results contirm the poshrve association between IOP and’ increasmg degrees of
myopta. This ﬁndlng would suppor the hypothesis that the relationship between glaucoma and
myopia might be pressure medlated ‘

Keywords: centra! comeal thickness, epidemiological study, intraocular pressure, refractive error

Introduction

It is generally accepted that there is an increased
prevalence of glancoma among myopic eyes (Perkins
and Phelps, 1982). In fact, two recent population-based
studies demonstrated that myopic eyes had a 1.6 to 3.3
times increased risk of glaucoma (Mitchell e al., 1999;
Wong er al., 2003). One of the reasons as to why
glaucoma should be more frequent in myopic eyes seems
to be higher intraocular pressure (IOP) in myopic eyes
compared with non-myopic eyes {David ef al., 1985;
Klein er al., 1992; Mitchell er al.,, 1999; Wong et al.,
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2003). This cauvsal relationship can be rationalised by the
knowledge that IOP is still considered an important risk
factor for the development of glaucoma (Racette er al.,
2003). The Visual Impairment Project in Australia
showed that the mean IOP among patients with newly
developed glaucoma over a 5-year period was signifi-
cantly higher than that among the non-incident cases
{(Mukesh er al., 2002). Furthermore, it has been sugges-
ted that myopic eyes are more susceptible to the effects
of elevated JOP (Perkins and Phelps, 1982). It has been
also proposed that myopic eyes have abnormal con-
nective tissue that could predispose to glaucoma {Fong
et al., 1990).

There is evidence from the literature that a correlation
exists between refractive status and IOP (David er 4.,
1985; Klein et al., 1992; Mitchell et al, 1999; Wong
et al,, 2003). Even after adjusting for age, sex, diabetes
and blood pressure, mean IOP was approximately
0.5 mmHg higher in myopic eyes compared with non-
myopic eyes in the Blue Mountains Eye Study (Mitchell
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et al., 1999). However, little is known about the true
relationship between refractive status and IOP taking

into account the central corneal thickness (CCT), as the -

CCT has a significant influence on IOP measurement It

has been reported that thinner corneas result in artifi- .

cially lower JOP readings and that thicker corneas cause
artificially high IOP readings (Ehlers et a/., 1975; Whit-
acre and Stein, 1993; Herndon et al., 1997; Doughty
et al., 2002). Furthermore, our previous report showed
that the influence of CCT on IOP measurement was
greater than those of age, blood pressure, or obesity
(Nomura et al., 2002). Therefore, investigation of the
relationship between refractive status and JOP after
adjusting for CCT would be required. In the present
study, we aimed to clarify the true relationship in a
community-dwelling Japanese population.

Materials and methods

Data for the present study came from the Nat:onal
Institute for Longevity Sciences — the Longltudma]
Study of Aging programme (NILS-LSA), a populatlon-
based survey of ageing conducted in Obu-shi and
Higashiura-cho, Aichi prefecture, Japan, from April
2000 to May 2002. The subjects were randomly selected
from a community-dwelling population stratified by age
and gender. Their ages ranged from 40 to 82 years. A
detailed description of the sampling scheme has been
reported elsewhere (Shimokata et al., 2000). The eye
examinations were performed by two trained medical
practitioners, subjected to periodical quality control,
using the same instruments throughout the examination
period. The Ethical Committee of the Chubu National
Hospital reviewed all procedures for the study, and
written informed consent was obtained from all subjects,

In the period, 2259 individuals participated in- the
NILS-LSA., Of these, those with a history of eye surgery
(104 persons), current users of contact lenses (83
persens), or current users of ophthalmic therapy for
glaucoma (100 persons) were excluded from the present
study. In the present study, we assessed the right eyes of
1855 subjects (996 men and 859 women), because the
data of JOP (five persons), refractive errors (37 persons),
or CCT (95 persons) was missing.

IOP was measured three times with a non-contact
tonometer (NT-3000; Nidek, Gamagori, Japan) between
09.00 and 12.00 hours, and the mean value of the three
measurements was used for analysis. CCT was measured
with a Topcon specular microscope (SP-2000P; Topcon,
Tokyo, Japan). Refractive error data were obtained
using an automatic refractor, ARK700A (Nidek), with
subjective refinements for each participant. The spher-
ical equivalent (sphere + 12 cylinder) was used to
calculate the refractive error. Participants were divi-
ded into five groups according to refractive status:
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'IOP in each
_(LSMEANS statement) after adjustmg for age, CCT,

hyperopia, emmetropia, mild myopia, moderate myopia
and high myopia.

- Height and weight were measured according to a
standardised protocol, and body mass index was calcu-

.. lated by dividing weight (in kilograms) by height squared
(in metres). Systolic and diastolic blood pressures were

measuted with a standard mercury sphygmomanometer
on the right arm between 09.00 and 12.00 hours.
Information on the smoking status, years of education,
and history of hypertension and diabetes was also
recorded psing a self- administered queslmnnalre

All ‘statistical’ analyses were performed using the
Statistical’ “Analysis System’ (SAS Institute, Cary, NC,
USA) release 6.12. In each refractive group, mean values
of age, CCT, and IOP were calculated. As only seven
people were classified with high myopia, no further
analysis was performed on this group. First, in univa-
riate manner, the re]atlonshlps between JOP and the
related factors were assessed using correlation analyses
or Student’s 1-tests. Subsequently, using a general linear
model (PROC GLM), the least square mean values for
refractive group were determined

systolic blood pressure, body mass index, years of
education, history of hypertensmn and diabetes, and
smoking status (as these factors seem to be related to
IOP wvalue or refractive error). Differences in the
estimated JOP with the refractive status were tested
using the Tukey muItlple comparison method (ADJUST
option) and the trend in refractive status difference was
also tested using the CONTRAST option of the PROC
GLM. In the present analyses, age, CCT, IOP, blood
pressure, body mass index and years of education were
entered as continuous variables.

Results

Table I shows the characteristics of the subjects. 10P
value significantly positively correlated with the value of
CCT, systolic blood pressure, diastolic blood pressure,
body mass index and years of education (p < 0.0001).
IOP had a significant inverse correlation with age and
refractive error (p < 0.0001). The mean IOP value of
those with hypertension was significantly higher than that
of those without hypertension (Student’s 1-tests,
p = 0.003), or diabetes (Student’s z-tests, p = 0.0002).
There was no significant difference in IOP value between
current smokers and past or non-smokers. When com-
pared with the included subjects nsing Student’s r-tests,
those excluded were older (mean: 63.7 years, p <
0.0001), and had low TOP value (mean: 12.6 mmHeg,
p = 0.002), myopic eye (mean: -1.30 dioptres, p <
0.0001), thinner CCT (mean: 511 pm, p = 0.014), higher
systolic blood pressure (mean: 124.5 mmHg, p = 0.005),
and were less educated (mean: 11.3 years, p < 0.0001).

© 2004 The College of Optometrists
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Table 1. Characteristics of subjects (n = 1855}

Characteristics Mean s.D.
Age (years) 58.9 10.9
Intraoccular pressure (mmHg}) 13.0 26
Refractive errors (diopires) -0.61 1.35
Central corneal thickness {pm) 516 a3
Systolic blood pressure {(mmHg) 121.6 18.9
Diastolic blood pressure (mmHg) 74.6 111
Body mass index (kg m™2) 23.0 3.0
Years of education (years) 11.9 28
N %

History of hypertension 472 254
History of diabetes 141 7.6
Smoking status

Non-smoker . 996 53.8

Past smoker - 448 24.2

Current smoker 407 220

As shown in the Table 2, the mean IOP value of the
moderate myopia group was significantly higher than
those of the hyperopia (p < 0.0001), emmetropia
(p < 0.0001), or mild myopia (p = 0.004) groups. The
mean IOP value of the mild myopia group was also
significantly higher than that of the hyperopia group
(p = 0.012). Similarly, the CCT value of the moderate
myopia group was significantly higher than the CCT
value from the hyperopia (p = 0.003), emmetropia
(p = 0.032), or mild myopia (p = 0.020) groups. Even
after adjustment for the related factors (age, gender, CCT,
systolic * blood pressure, body mass index, years of
education, history of hypertension and diabetes, and
smoking status), there was a significant trend of increas-

ing IOP with increasing degrees of myopia (p = 0.011).
The estimated IOP value for moderate myopia was signi-
ficantly higher than the emmetropia values (p = 0.022).

Discussion

There have been several reports of a positive correlation
between IOP and increasing degrees of myopia (David
et al., 1985: Klein er al.,, 1992; Mitchell er al., 1999;
Wong et al., 2003). Nevertheless, it has also been
reported that no difference in IOP.was detected between
the two eyes in anisometropic subjects with unilateral
high. myopia - (Bonomi et al., -1982). Therefore, the
relationship between JIOP and myopia has been-incon-
clusive. However, little or no evidence considering the
influence of CCT on this relationship has been reported,
although the influence of CCT on IOP measurement
seems critical. The data reported here show that there is
a positive significant association: between IOP .and
advancing degrees of myopia, even after adjusting for
age, CCT, and other relevant factors.

1t is unclear why people with myopia are found to
have higher IOPs than those - with hyperopia or
emmetropia. David er al, (1985) investigated the rela-
tionships between JOP and other factors using analysis
of variance and reported that mean IOP values were
associated with age, refractive status, country of birth
and interaction between refractive status and country of
birth. They suggested that there was a complex rela-
tionship between I0P and refractive status.

1t has also been reported that IOP in children, as in
the adult population, may be higher in myopic than
non-myopic eyes (Quinn er al, 1995). It has been
controversial whether high IOP could contribute to

Table 2. Comparison of age, central comeal thickness, and intraocular pressure according to refraclive status

Mean {S.E.)
Retractive No. of Estimated 1OP value (S.E.)
status subjects Age (years) CCT (um) IOP {mmHg) adjusted for related factors’
Hyperopia 284 67.8 (0.6} 512.5 (1.9} 12.6 (0.2) 13.1 (0.2)
Emmetropia 764 60.2 (0.4) 516.0 (1.2) 12.9 {0.1) 13.1 (0.1)
Mild myopia 673 54.9 (0.4} 515.4 (1.8) 13.1 {0.1) 13.3 (0.1)
Moderate myopia 127 52.8 {0.9) 525.0 (2.9) 14,0 {0.2) 13.7 (0.2}
High myopia 7 58.4 (3.8) 520.6 (12.3) 13.2(1.0) N/A
p Value for trend® <0.0001 0.0007 <0.0001 0.011

IOP, intraocular pressure; CCT, central corneal thickness; S.E., standard errors; N/A, not applicable.
? Related factors consist of age, CCT, systolic biood pressure, body mass index, years of education, history of hypertension and diabetes, and

smoking status.

2 p Values for trend were calculated after the exclusion of those with high myopia,

Hyperopia: spherical equivalent greater than +0.5 D.
Emmetropia: spherical equivalent £+0.5 D and >-0.5 D.
Mild myopia: spherical equivalent 2-0.5 D and <-3 D.
Moderate myopia: spherical equivalent z-3 D and <-6.0 D.
High myopia: spherical equivalent 2-6.0 D,

©® 2004 The College of Oplometrists
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axial elongation and myopia in children. However, a
recent prospective study indicated that a high IOP
follows the onset of myopia and cannot cause myopia
(Edwards and Brown, 1996), which would imply that
myopic eyes have a peculiar mechanism causing high
IOP.

There are some limitations in the present study. A
non-contact tonometer is used to measure IOP, which
should give a wider.variation in the IOP measurement
values than the Goldmann applanation tonometer
(Mackie et al., 1996). However, in many studies,
comparisons with Goldmann applanation indicate that
the non-contact tonometer is reliable within the normal
TOP range (Forbes et al., 1974; Koopmans et al., 1991;
Cho and Lui, 1997; Katsushima et al, 2002). In
particular, it has been reported that the Nidek non-
contact tonometer produces repeatable . JOP readings
and is comparable with the Goldmann applanation
tonometer (Cho and Lui, 1997). We were also unable
to assess the lens status. Previous population-based
surveys demeonstrated that nuclear sclerosis of the lens
was associated with high IOP (Klein et al., 1992), and
that myopia was found to be greater in people with
higher degrees of nuclear opacity (Wensor ef al., 1999),
We cannot exclude the possibility that nuclear sclerosis
or opacity is responsible for the relationship between
IOP and myopia, although the participants of NILS-
LSA should be subject to nuclear sclerosis or opacity of
the lens commensurate with their age range. In
addition, a number of people excluded in the present
study, such as those with a history of eye surgery and
current contact lens users, may influence our findings.
Cataract surgery should influence the IOP value and
the refractive errors of the subjects (Cekic er al., 1998;
Dimitrov et al., 2001), and epithelial oedema caused by
contact lens wearing should lead to the overestimate of
corneal thickness (Whitacre and Stein, 1993). There-
fore, some differences between those individuals inclu-
ded and excluded in the present study seems to be
inevitable.

Further work including assessment of the lens will be
necessary to distinguish the relationship. However, it is
noteworthy that mean JOP in myopic eyes is higher
compared with non-myopic eyes after adjusting for age
and CCT. This finding supports the hypothesis that the
relationship between glaucoma and myopia might be
pressure mediated.
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Abstract

Purpose: The aim of this study was to describe the distribution of visual acuity and investigate the pre-
dictors of visual impairment in a Japanese population.

Methods: Best-corrected visual acuity was measured in 2263 subjects aged 40-79 years randomly
selected from a local community, Relations between visual impairment and possible risk factors were
investigated,

Results: Among these subjects, 41 individuals (1.8%) were identified as visually impaired (best-corrected
visual acuity in the better eye <0.5). Both sexes in the older age groups had a higher frequency of visual
impairment (Mantel-Haenszel chi-square test: P < 0.001). A multiple logistic regression indicated that
an increase in age of 10 years [odds ratio (OR) 3.9; 95% confidence interval (CI) 2.3-6.7) and myopia
(OR 2.9, 95%CI 1.4-6.0) were independent risk factors for visual impairment. Individuals with the
highest level of education (college or higher) had a lower risk of visual impairment (OR 0.1; 95%CI
0-0.7) compared to individuals with the lowest level of education.

Conclusions: As expected, visual impairment increased with advancing age, although the prevalence of
visual impaitment in our population was lower than in other surveys. Racial and regional differences and
differences in study design may be responsible for discrepancies between surveys. It is noteworthy that
myopia was & significant risk factor for visual impairment, although the reasons for this association are

uncertain and need further investigation. Jpn J Ophthalmol 2004;48:37-43 © Japanese Ophthalmologi-
cal Society 2004

Key Words: Japanese population, population-based survey, visual acuity, visual impairment

Introduction

The populations of many countries around the world are
aging, and the proportion of the elderly is increasing rapidly.
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ment of Ophthalmology, Chubu National Hospital, 36-3 Gengo
Morioka-cho, Obu, Aichi 474-8511, Japan
e-mail: iwano@me.neweb.nejp

This may be especially important for Japan because the
average life span for the Japanese is longer than for other
nationalities. It is generally accepted that vision, like other
functions, declines with age!™* so it is conceivable that
many elderly people live with vision disabilities. Adequate
vision is essential for maintaining independence in the lives
of the elderly. According to a report from the Ministry of
Health and Welfare in 1996, more than 300000 people in
Japan had visual handicaps and 45.2% of them were 70
years of age or older.'® This rate had increased from 41.6%
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in 1991”7 For planning health services or for risk factor
analysis, it is necessary to know the magm?ude and dlstpb-
ution of visual impairment and blindness in a community-
dwelling population. To our knowledge, however, there has
been no population-based analysis of visual acuity among
Japanese adults. o )

This is the first report on visual acuity in a community-
dwelling, middle-aged to elderly population in Japan. In
addition, we present the age-specific and sex-specific preva-
lence of visual impairment as assessed by visual acuity mea-
surements and investigate its risk factors using data from
the National Institute for Longevity Sciences-Longitudinal
Study of Aging (NILS-LSA).

Subjects and Methods

Data for this report come from the NILS-LSA, a
population-based survey of aging conducted in Obu-shi and
Higashiura-cho, Aichi Prefecture, Japan. Random sampling
from the municipal register, which was stratified by age
and sex, identified noninstitutionalized eligible subjects
from the same racial and ethnic origins, aged 40-79 years.
Details about the methodology used in this survey have
been reported elsewhere.” In brief, the NILS-LSA report
consists of clinical evaluations, body composition and
anthropometry, physical function, nutritional analysis, and
psychological tests. At the research center, participants were
interviewed regarding demographic characteristics, medical
and ophthalmologic history, and self-reported vision
problems. The Ethics Committee of the Chubu National
Hospital reviewed all procedures for the study, and written
informed consent was obtained from all subjects.

This research area is geographically located at the center
of Japan, and the climate is generally average for Japan. We
examined how representative the area is via a national
postal questionnaire sent to 3000 households from all the
prefectures in Japan and found that the lifestyle in this area
was the most typical of all areas in Japan. Therefore, it was
thought that the results of examinations in this area would
be representative of the entire population of Japan.?”

In the present study, we analyzed the baseline data of
NILS-LSA obtained from November 1997 to April 2000. A
total of 7790 eligible subjects were identified during recruit-
ment, and 3430 people responded to the request for partic-
ipation. Of this group, 2267 individuals (66.1 %) participated
in the NILS-LSA. In the present study, only 2263 subjects
(29.1% of those eligible) (1134 men, 1129 women) were
evaluated {the visual acuity data were missing for four
people).

As part of the standardized examination, automatic
objective refraction evaluation with the ARK700A
(NIDEK, Gamagori, Japan) was carried out on each partic-
ipant. Visual acuity was then measured in each eye with the
Landolt broken ring chart at S5m under standard lighting
conditions and assessed initially using any corrective
devices the participant was currently using. If the partici-
pant was unable to read the chart at the 1.0 equivalent line

Ipn J Ophthalmotl
Vol 48: 37-43, 2004

in either eye, refraction was determined using the results
of the objective refraction as a starting point. The best-
corrected visual acuity was defined as the visual acuity
after subjective refinement of refraction in the participant’s
better eye, and both the derived refraction data and the
visual acuity were recorded. When the presenting acuity
of the participant was 1.0 or better, the initial objective
refraction result was recorded as the participant’s refraction
data. The spherical equivalent (sphere + '/, cylinder) was
used for calculations of refractive error. Myopia was defined
as the spherical equivalent of —0.5 diopter (D) or less.
Because of the age of our study population, no cycloplegia
was used,

We used both the World Health Organization (WHO)
criteria and the United States (US.) criteria for visual
impairment in the present study. With the WHO criteria ®
blindness is defined as a best-corrected visual acuity of
<0.05 in the better eye and low vision as a best-corrected
visual acuity of <0.3 but =0.05 in the better eye. Visual
impairment is defined as a best-corrected visual acuity of
<0.3 in the better eye. With the U.S. criteria,»®'? blindness
is defined as a best-corrected visual acuity of =0.1 in the
better eye and low vision as a best-corrected visual acuity
of <0.5 but >0.1 in the better eye, Visual impairment is
defined as a best-corrected visual acuity of <0.5 in the
better eye.

Information on household income, education level, and
history of diabetes, hypertension, and cataract surgery was
obtained from questionnaires filled out by the participants.
Cataract surgery was defined as a history of cataract surgery
in the participant’s better eye. We grouped household
income and education level into three categories each.

For analysis, the exact Mantel-Haenszel chi-square test
and multiple logistic regressions were used to assess the
relations between visual impairment and other potential
risk factors: age, sex, household income, education level,
myopia, diabetes, hypertension, history of cataract surgery.
Data were analyzed using the Statistical Analysis System
(SAS), release 6.12.2

Results

The 2263 participants in our study underwent visual acuity
measurements at the NILS-LSA center. The mean age of
the participants was 59.2 years. Distribution of the best-
corrected visual acuity is shown in Table 1. Using the WHO
criteria only 10 individuals (0.44%) were identified as being
visually impaired (2 with blindness, 8 with low vision),
whereas with the US. criteria we identified 41 individuals
{1.81%) who were visually impaired (4 with blindness, 37
with low vision). If the WHO criteria had been used, the
number of the participants classified as visuaily impaired
would have been too small to analyze. We therefore used
the U.S, criteria for visual impairment in the following
analyses.

There were four age groups: 40-49, 50-59, 60-69, and
70-79 years. There was no significant difference between
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VISUAL IMPAIRMENT IN A JAPANESE POPULATION
Table 1. Percentage distribution of best-corrected visual acuity in the better eye, by age and sex
Visual acuity
According to WHO ¢riteria According to U.S. criteria’
Age (years) No. <0.05 0.05to <03 0.3 to <1.0 -0.1 >0.1 to <0.5 0.5t0 <1.0 Lo+
Men
4049 289 0 0 5.54 0 0 5.54 04.46
50-59 283 035 0.35 10.65 035 ¢l 10.60 8334
60-69 287 0 0 25.09 0 035 2474 7491
70-79 275 0 1.09 429 0.36 473 38.91 56.00
Total 1134 0.09 0.35 20.90 0.18 141 19.75 78.66
Women
40-49 280 0 0 321 0 ] kAl 96.79
50-59 284 0 0 10.90 0 0 10.92 89.08
60-69 283 0 035 2933 035 177 2756 70.32
70-79 282 0.35 1.06 5213 0.35 5.67 47,52 46.45
Total 1129 0.09 0.35 23.91 0.18 1.86 2232 75.64
All
40-49 569 0 0 4.39 )] 0 439 95.61
50-5% 567 0.18 0.18 10.93 0.18 0.35 10.76 88.71
60-£69 570 0 0.18 27.19 0.18 1.05 26.14 7263
70-79 557 0.18 1.08 47.58 0.36 521 4327 5117
Total 2263 0.09 0.35 22.40 0.18 163 21.03 77.15

WHO, World Health Organization; U.S,, United States.

Table 2. General and clinical characteristics of subjects with visual impairment

Blindness Low vision Visual acuity =0.5

Characteristic (n=4) {n=137) (n = 2222)
Age (years)

Mean 66.5 716 59.0

SD 107 7.0 10.9
Women (%) 500 56.8 49.8
Myopia (%)* 50.0 412 371
History of diabetes (%)* 0 162 7.1
History of hypertension (%)° 25.0 514 252
History of cataract surgery (%) 50.0 81 34
Education level (%)°

i 750 56.8 325

2 25.0 40.5 40.2

3 0 27 212
Household income {%)*

1 66.7 76.5 41.6

2 333 147 315

3 0 8.8 26.9

**The data for *17 people, 11 people, 7 people, "8 people, and *84 people were missing,
Definitions: blindnass, best-corrected visual acuity of =0.1 in the better eye; low vision, best-
corrected visual acuity of <0.5 but >0.1 in the better eye; myopia, spherical equivalent of —0.5

diopter or less.

Education level: 1, elementary school or junior high school; 2, high school; 3, college or uni-

versity or higher.

Household income: 1, less than 6.5 million yen; 2, 6.5 million to 10.0 million yen; 3, more than

10.0 million yen.

sexes within any age group in terms of the distribution of
best-corrected visual acuity. Both sexes in the older age
groups had higher frequencies of visual impairment (exact
Mantel-Haenszel chi-square test, P < 0.001). Among those
40-49 years of age, none of the participants had visual
impairment. In contrast, 5.57% of those 70-79 years old
were classified as visually impaired. In our total population
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77% had good visual acuity (=1.0), and even at 70-79 years
of age about 50% of the subjects had a best-corrected visual
acuity of =1.0.

Table 2 shows the general and clinical characteristics of
visually impaired subjects compared to those with no visual
impairment. Visually impaired participants were of 2 sig-
nificantly higher mean age (71.1 years) than those with no
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Table 3. Results of multiple logistic regression for risk of
visual impairment (n = 2159}

Variable OR 95%CI
Age (10 years) 391 2.28-6.70
Sex (female = 1) 114 0.58-2.27
Myopia 292 1.42-5.99
Education level

1 1.00

2 0.98 0.48-1.98

3 0.10 0.01-0.74
Household income

1 1.00

2 0.73 0.29-1.87

3 0.44 0.13-1.53
History of diabetes 124 0.48-3.20
History of hypertension 134 0.68-2.68
History of cataract surgery 0.99 0.33-2.97

OR, odds ratio; CI, confidence interval.

visual impairment (59.0 years) (Student’s ¢-test, P < 0.001).
There was a significantly higher frequency of visual impair-
ment when there was a history of hypertension or cataract
surgery (chi-square test, P < 0.001 and F = 0.003, respec-
tively). There was a significantly higher frequency of visual
impairment when participants had either a lower education
level or a lower household income (Cochran-Mantel- Haen-
szel test, P < 0.001). No significant association was found
between the frequency of visual impairment and sex,
myopia, or history of diabetes.

Table 3 summarizes the results of a multiple logistic
regression analysis for risk of visual impairment in the
NILS-LSA population. A 10-year increase in age was asso-
ciated with a 3.91 (95% CI 2.28-6.70) higher probability of
having visual impairment. The presence of myopia was asso-
ciated with a higher prevalence of visual impairment (OR
2.92; 95%CI 1.42-5.99). Those who completed college or
more were at lower risk for visual impairment (OR 0.10;
95%CI 0.01-0.74) compared with the least educated group.
Sex, household income, diabetes, hypertension, and cataract
surgery did not have a significant influence on the risk of
visual impairment.

Discussion

This is the first survey to report the prevalence of visual
impairment and its risk factors among community-dwelling
Japanese adults. According to the U.S. criteria, of the 2263
participants in this study aged 40-79 years only 4 people
{0.18%) were classified as being blind and 37 (1.63%) were
classified as-having low vision. Many of those with visual
impairment (75.6%) were in the oldest age group. Using the
multiple logistic regression analysis, we also demonstrated
that increasing age and the presence of myopia were inde-
pendent risk factors for visual impairment. In contrast,
being highly educated had an independent inverse associa-
tion with visual impairment. Remarkably, 77.2% of the
NILS-LSA participants had good visual acuity (=1.0). Even
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in the 70- to 79-year old group, 51.2% of the participants
had good acuity. .

Table 4 summarizes the visual impairment rates from
previous studies. Based on the WHO criteria, all studies
have reported that the rates of blindness are less than 1%,
except in Barbados black and mixed populations. The rates
of low vision are 3% or less, except in Barbados black and
Salisbury black populations. The Barbados study,® how-
ever, adopted the pinhole correction method instead of
subjective refraction, which would overestimate the visual
impairment rates. Among Asian countries, the Andhra
Pradesh Eye Disease Study' described the best-corrected
visual acuity in an Indian population and showed that 3.9%
of those 60-69 years old and 6.2% of those over age 70 had
visual impairment. Michon et al. reported that 0.5% of the
elderly population (=60 years old) were blind in Hong
Kong,!2 The Malaysian National Eye Survey'! showed that
2.7% of the whole population (0-96 years old) had visual
impairment, As for the elderly population, the rates of
blindness and low vision were 0.7% and 4.8%, respectively,
among those 60-69 years old and 12.3% and 30.6%, respec-
tively, for those 70 years or older. However, these two
surveys also adopted the pinhole correction method instead
of using subjective refraction. In Japan, there has been no
previous study for visual impairment among community-
dwelling, elderly populations. In the institutionalized,
elderly population, it has been reported that blindness
(visual acuity <0.1) is apparent in 3.4% of those 65-69 years
old, 7.4% of those 70-74 years old, 9.7% of those 75-79
years old, and 10.8% of those 80-84 years old.?? Ichikawa
measured visual acuity of outpatients at his hospital, and
reported that, on average, it showed a linear decrease with
advancing age starting at 45 years of age.”

Compared with the above population-based study, the
NILS-LSA population, as well as the populations studied in
the Visual Impairment Project’ and the Proyecto Vision
Evaluation and Research Project, had low visual impair-
ment rates.”® One of the likely reasons is racial differences.
It is known that visual impairment occurs more frequently
in black populations than in white populations, as shown in
Table 4. Comparisons between Asian and other populations
have not been reported previously. Regional differences can
also account for different frequencies of visual impairment,
as sunlight exposure is a risk factor in the development of
cataracts.?

Another reason for the low visual impairment rate in our
results could be the age range of our population. Many
studies®™® have indicated that visual impairment was more
frequent in the elderly, especially those over 75 years of age,
as the prevalence of age-related eye disorders, such as
age-related macular degeneration, cataract, and glaucoma
increases with advancing age. Qur results showed that the
prevalence of visual impairment was strikingly higher ir
the 70- to 79-year-old group than in the other age groups
The NILS-LSA evaluates the participants longitudinally
therefore, we invited participants under 80 years old tc
participate in the baseline examination of the NILS-LSA
However, the lower visual impairment rate of our stud:
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17
16

0.0

19
N/A
59

27
a0

Mixed

White

Black
White
Black

2389
4926
184
133
6775

43-86
40-84 4314

1988-1992 Barbados

1988-1990 US.

Beaver Dam Eye Stdy*®
Barbados Eye Study®™

38
4.0
10
30

02

05
N/A
01
08

14
N/A

0.6
1.6

33

White
White
White

White

3647
3268
1853

55-106
49-97
40-98
65-84

uUs.

1990-1993 The Netherlands

1992-1993  Awustralia
1992-1996  Australia

1993-1995

9b
Study"

y'.‘.b
Blue Mountains Eye Study®
Visual Impairment Project
Salisbury Eye Evaluation

Rotterdam Stud

56

Black
_Asian

666
18027

Yes
Yes
No

N/A
N/A

N/A
NiA
19
N/A

03
05

24
N/A
N/A N/A

Hispanic
Asian

Asian

3434

0-96
60+
40+

1996-1997 Malaysia
Hong Kong
us.

1998
1997-

search®

Proyecto Vision Evaluation and Re:
Andhra Pradesh Eye Disease Study*

National Eye Survey''*

Not defined"™*

No

0.4

105

4774
10293

whole
NILS-LSA, National Institute for Longevity Sciences-Longitudinal Study of Aging; N/A: not applicable.

India

1996-2000

N/A

not using refraction.

*Qnly pinhole correction,

luded.

*Institutionalized people were inc
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compared to that of other studies is likely due to our sub-
jects all being under the age of 80. It is also possible that
the exclusion of institutionalized individuals caused under-
estimation of the visual impairment rate in our results,
as this portion of the population tends to have visual im-
pairment more frequently than the community-dwelling
population.’’ N

In addition to age, the risk factor for visual impairment
that remained in the multivariate logistic regression model
was the presence of myopia. One of the reasons for the asso-
ciation between myopia and visual impairment seems to be
the frequent occurrence of cataract in myopic eyes, Several
epidemiological surveys®?* have shown that myopia is an
independent risk factor for cataract. Another explanation
may be myopic macular degeneration. The Rotterdam
Study reported that myopic macular degeneration was
the predominant cause of visual impairment in subjects
younger than 75 years of age.” In fact, our previous study
demonstrated that the frequency of high myopia subjects,
who are prone to myopic macular degeneration, is 0.5% in
the NILS-LSA population.”

The inverse association between education level and
household income with visual impairment is consistent with
a study in an Appalachian community® and the Beaver Dam
Eye Study® Remarkably, the strong association between
education level and visual impairment persisted even after
being adjusted for age and myopia in the multiple logistic
analysis. One would expect, them, that those with less edu-
cation or a lower household income would have less knowl-
edge of appropriate eye care. In fact, some previous
studies®? jndicated that the risk of cataract decreased
with higher education. We could not estimate the degree of
cataract in the present study, but a similar association
between education level and cataracts may be responsible
for our results. Although our study showed an inverse rela-
tion between income level and visual acuity, no association
was found between visual acuity and socioeconomic status
in the Blue Mountains Eye Study.® Therefore, the associa-
tion between visual impairment and socioeconomic status
needs further investigation.

Contrary to our expectation, there was no significant
association between a history of diabetes and visual impair-
ment, even though diabetic retinopathy is the leading cause
of blindness in the Japanese™ A probable reason is that,
although diabetes is a relatively frequent disorder, active
profiferative retinopathy (which causes visual impairment)
seems to be rare in community-dwelling populations. The
lack of association between visual impairment and cataract
surgery in the multiple logistic analysis also seems to be due
to the small number of our subjects having a history of
cataract surgery.

In the present study, we did not use the Japanese crite-
ria for the visually handicapped to compare our data with
the data of other countries. It is advisable to identify visual
impairment by assessing both visual acuity and visual field
testing, as is done in the Japanese classification. In epi-
demiological surveys for community-dwelling populations,
however, it is difficult to assess the visual field in detail with



