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Purpose: To evaluate the age-related change in contrast sensitivity seen in a middle-aged to elderly
Japanese population.

Methods: Contrast sensitivity and visual acuity were measured in subjects aged 40 to 79 years
randomly recruited from a community in Aichi prefecture near Nagoya, Japan. Contrast sensitivity
tests were performed using the Vistech contrast sensitivity test chart (VCTS 6500). The results
were statistically analyzed relative to age.

Results: A statistically significant decrease in contrast sensitivity was seen with advancing age at
each spatial frequency (Cochran-Mantel-Haenszel: P � .001). This trend was detected even when the
subjects were limited to only those having a corrected visual acuity of 1.0 or better (Cochran-
Mantel-Haenszel: P � .001). Overall, 9.4% of the eyes with good visual acuity had poor contrast
sensitivity at a high spatial frequency, while in the 70–79-year-old group, the percentage with poor
contrast sensitivity reached 21.1%.

Conclusions: The age-related decrease in contrast sensitivity was confirmed at all frequencies in
our population, even when adjusted for visual acuity. Our results suggest that contrast sensitivity
tests, especially at high frequencies, assess aspects of visual function that cannot be determined in the
elderly population from visual acuity tests alone. Jpn J Ophthalmol 2003;47:299–303 � 2003
Japanese Ophthalmological Society
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Introduction
Traditionally, visual acuity is a measure of the eye’s

ability to resolve small, high-contrast targets. However,
by measuring only visual acuity, we can miss many visual
problems because the objects in our daily life have various
levels of contrast and a diverse range of sizes. It has been
suggested that assessing contrast sensitivity would pro-
vide additional information about vision quality,1 and that
contrast sensitivity screening for ophthalmic disease in
the elderly is more efficient than testing for visual
acuity alone.2

Despite these advantages, the use of contrast sensitivity
testing has not become prevalent. One reason may be that
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visual acuity testing is a basic and simple method for
assessing visual function. In fact, it is well known that
the results of visual acuity tests are strongly associated
with contrast sensitivity and other visual function tests.
Therefore, many clinical and epidemiological studies
have tested only for visual acuity to assess visual function.

Although it is widely accepted that contrast sensitivity
decreases with age, the accurate distribution of contrast
sensitivity values according to age has not been estab-
lished. This study investigated the effect of aging on
visual contrast sensitivity in a large, middle-aged to el-
derly population, when adjustment was made for visual
acuity, and demonstrates an age-related distribution pat-
tern seen with contrast sensitivity values.

Materials and Methods
The National Institute for Longevity Sciences-Longitu-

dinal Study of Aging (NILS-LSA), started in 1997, is a
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population-based prospective cohort study of aging.3

Using the NILS-LSA data, we studied the association
between age and the contrast sensitivity of vision in com-
munity-dwelling participants aged 40 to 79 years ran-
domly recruited from regions close to NILS in Aichi
prefecture, near Nagoya, Japan. The study protocol was
approved by the Committee on the Ethics of Human
Research of National Chubu Hospital and NILS, with
written informed consent obtained from each subject.

In the present study, we analyzed the baseline data of
NILS-LSA obtained from March 1997 to April 2000.
During this period, 2267 people (1136 men and 1131
women) participated in the NILS-LSA. Eyes with a previ-
ous history of cataract surgery and those without contrast
sensitivity data were excluded. Therefore, data from 4344
eyes were included in the present study.

Distant visual acuity was measured for each eye ini-
tially by presenting correction at 5 meters. If the partic-
ipant was unable to read the target at the 1.0 equivalent
line, best-corrected visual acuity testing was performed
following optimal refraction. Contrast sensitivity was
measured for each eye using the Vistech contrast sensitiv-
ity test chart (VCTS 6500; Vistech Consultants, Dayton,
OH, USA) at 3 meters, making any necessary correc-
tion for distance vision. The Vistech chart consists of 45
circular targets arranged in five rows and nine columns.
Each target contains a sine-wave contrast grating, and
each row has a different spatial frequency (1.5 cycles per
degree [cpd], 3 cpd, 6 cpd, 12 cpd, and 18 cpd) with the
contrast decreasing across the columns. The gratings
are either vertical or tilted �15º from vertical. At each
spatial frequency the final reliable contrast value was
adopted as the contrast sensitivity for each participant.
Over the VCTS 6500 chart, the illumination was standard-
ized with the illumination meter supplied with the Vistech
test (390 lux at center). In the present study, the contrast
sensitivity was counted as zero when it was impossible
to identify the highest contrast target for each frequency.

For analysis, the participants were divided into four
age groups: 40–49, 50–59, 60–69, and 70–79 years. We
used theCochran-Mantel-Haenszel chi-square tests to
assess the relationship between contrast sensitivity and
age at each frequency. Data were analyzed using the
Statistical Analysis System release 6.12. A probability
value of �.05 was considered statistically significant.

Results
A statistically significant decrease in contrast sensitiv-

ity was detected with advancing age at each spatial fre-
quency (Cochran-Mantel-Haenszel: P � .001) (Table 1).
A portion of all the eyes (21.0%) had zero contrast sensi-
tivity at the highest frequency (18 cpd), and 42.8% of

the eyes from the oldest age group (70–79 years) were
unable to identify the highest contrast target at 18 cpd.

Table 2 shows the distribution of contrast sensitivity
for eyes that had a corrected visual acuity of 1.0 or better. It
was also shown that the oldest age group had lower
contrast sensitivities at each frequency (Cochran-Mantel-
Haenszel: P � .001). Despite having good visual acuity,
9.4% of all eyes had zero contrast sensitivity at the highest
frequency (18 cpd). In the 70–79 year age group, 21.1%
of the eyes had a zero value at 18 cpd.

Discussion
Our report on the distribution of visual contrast sensi-

tivity within a large Japanese population confirmed the
generally accepted trend for contrast sensitivity to
decrease with advancing age. Interestingly, this trend
was detected even when data were limited to subjects
having a corrected visual acuity of 1.0 or better. In the
70–79 year age group, particularly, 21.1% of the subjects
with good visual acuity had zero contrast sensitivity at
18 cpd.

It is known that certain visual problems, such as cata-
racts and glaucoma, may affect the eye’s contrast sensitiv-
ity, with cataracts being the most common cause of
decreased contrast sensitivity in middle-aged and elderly
populations. Rouhiainen et al.4 have reported that a sig-
nificant association between contrast sensitivity and lens
opacification was seen at high spatial frequencies in corti-
cal opacities and at low and medium frequencies in poste-
rior subcapsular opacities; when adjusted for age and
visual acuity, however, nuclear opacification did not
impair contrast sensitivity. Therefore, it seems likely
that cataracts (cortical or posterior subcapsular) should be
primarily responsible for the trend of decreased contrast
sensitivity with age in our subjects with good visual
acuity.

There are some limitations in the present study. The
reliability of Vistech VCTS 6500 has been reported
to be uncertain,5 and we have not had the opportunity
to examine this question within the population of the
present study. However, there are some advantages in
using the Vistech chart for testing large populations, in that
testing requires only a few minutes and, therefore, is
not taxing for cognitively impaired or elderly partici-
pants. In addition, the large number of subjects in the
NILS-LSA contributes to the general applicability of
our results.

It has been widely accepted that a corrected visual
acuity of 1.0 or better is considered normal. In the present
study, therefore, good visual acuity was defined as a
corrected visual acuity of 1.0 or better regardless of
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age group. However, it seems likely that there was some
difference in distribution of visual acuity among age
groups even in the subjects with good visual acuity,
because some subjects with visual acuity of 1.0 or better
should have various degrees of cataract. In the NILS-
LSA, the distribution of visual acuity of 1.0 or better and
the estimation of cataract were not well investigated. It
is possible that this also affected our results.

The traditional test for visual acuity examines only
high contrast, high frequency sensitivity, using high con-
trast black on white letters. Testing only for visual acuity
when assessing visual function may be inadequate be-
cause objects in daily life vary in levels of contrast and
range of size under various lighting conditions. In particu-
lar, within the middle-aged to elderly population, patho-
logical problems, such as presbyopia and decreasing
transparency of media, will degrade their visual condition.
Contrast sensitivity measures two variables, size and
contrast, while visual acuity measures only size; there-
fore, contrast sensitivity tests provide additional informa-
tion about vision.

Our report on the distribution of contrast sensitivity
in a middle-aged to elderly population demonstrates that
there is an age-related decrease in contrast sensitivity
at all frequencies. It was also shown that 9.4% of the
eyes having good visual acuity (1.0 or better) had poor
contrast sensitivity at a high frequency, especially in the
70–79 year group where 21.1% of eyes had poor contrast
sensitivity. In addition, our results showed that the distri-

bution of contrast sensitivity at the higher frequencies
was wider than that at the lower frequencies. Therefore,
our results suggest that contrast sensitivity tests can assess
different aspects of visual function that visual acuity
tests alone do not address, especially at high frequencies.
We believe that contrast sensitivity should also be mea-
sured when assessing the visual function of middle-aged
or elderly populations for a complete assessment of
visual quality.

This study was supported by Health Sciences Research Grants (Research
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