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Purpose:

 

To investigate the refractive status and factors associated with myopia by a popula-
tion-based survey of Japanese adults.

 

Methods:

 

A total of 2168 subjects aged 40 to 79 years, randomly selected from a local com-
munity, were assessed in a cross-sectional study. The spherical equivalent of the refractive er-
ror was calculated and used in a multiple logistic regression analysis to evaluate the relation-
ships between myopia and possible related factors.

 

Results:

 

The mean (

 

�

 

 SD) of the spherical equivalent was 

 

�

 

0.70 

 

�

 

 1.40 diopters (D) in
men, and 

 

�

 

0.50 

 

�

 

 1.44 D in women. Based on 

 

�

 

 0.5 D cutoff points, the prevalence of myo-
pia, emmetropia, and hypermetropia were 45.7%, 40.8%, and 13.5% in men, and 38.3%,
43.1%, and 18.6% in women, respectively. A 10-year increase in age was associated with re-
duced risk of myopia [men: odds ratio (OR) 

 

�

 

 0.53, 95% confidence interval (CI): 0.44–0.62;
women: OR 

 

�

 

 0.65, 95% CI: 0.54–0.78]. In men, myopia was significantly associated with
higher education (high school: OR 

 

�

 

 1.6, 95% CI: 1.1–2.3; college: OR 

 

�

 

 2.0, 95% CI: 1.3–
3.1) and management occupations (OR 

 

�

 

 1.6, 95% CI: 1.0–2.4). For women, high income
(OR 

 

�

 

 1.5, 95% CI: 1.1–2.2), and clerical (OR 

 

�

 

 1.5, 95% CI: 1.0–2.4) and sales/service occu-
pations (OR 

 

�

 

 1.7, 95% CI: 1.1–2.6) were also associated with myopia.

 

Conclusions:

 

The prevalence of myopia in a Japanese population was similar to that in other
Asian surveys but higher than in black or white populations. Our study confirmed a higher
prevalence of myopia among younger vs. older populations, and a significant association with
education levels and socioeconomic factors.
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Introduction

 

Earlier studies have shown that the prevalence of

 

myopia is higher in the Asian population than in
black and white populations,

 

1

 

 and several epidemio-
logical studies have shown that both genetic factors,
such as race

 

2

 

 and family history,

 

2–5

 

 and environmen-
tal factors, such as education level

 

6–8

 

 and socioeco-

nomic status,

 

9–11

 

 are important risk factors for myo-
pia. The prevalence of myopia seems to be increasing

 

worldwide.

 

1,12

 

 In particular, the incidence of myopia
has increased rapidly in younger generations over the
past few decades,

 

13–15

 

 and the concurrent increase in
formal education and white-collar occupations may
be a reason for this increase.

 

1

 

In Japan, however, there has been no population-
based survey investigating the refractive status in an
adult population. Although a nationwide glaucoma
survey

 

16

 

 showed the prevalence of refractive errors
by age, other factors related to myopia have not yet
been analyzed.
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FACTORS ASSOCIATED WITH MYOPIA

 

In the present study, we investigated the refractive
status of middle-aged to elderly populations living in
two communities in Aichi prefecture, Japan. In addi-
tion, the relationships between myopia and several
other factors, such as age, physique, education level,
and socioeconomic status, were examined.

 

Materials and Methods

 

Data for the present report were obtained from a
population-based survey of aging conducted in Obu-
shi and Higashiura-cho, Aichi prefecture, Japan, by
the National Institute for Longevity Sciences—the
Longitudinal Study of Aging (NILS-LSA). Random
sampling from the municipal register, which was
stratified by age and sex, identified eligible subjects

 

of the same racial and ethnic origin, aged from 40 to
79 years.

A detailed description of this study design has been
reported elsewhere.

 

17

 

 In brief, the NILS-LSA consists
of clinical evaluations, body composition and anthro-
pometry, physical functions, nutritional analysis, and
psychological tests. Participants were interviewed at
the research center on demographic characteristics,
medical and ophthalmologic history, and self-reported
vision problems. The Ethical Committee of the Chubu
National Hospital reviewed and approved all proce-
dures for the study, and a written informed consent
was obtained from all subjects.

We analyzed the baseline data of NILS-LSA ob-
tained between March 1997 and Apri1 2000. During
this period, 2267 people (1136 men and 1131 women)

 

Table 1.

 

Characteristics of Participants

 

Characteristics

Men
(n 

 

�

 

 1087)
Women

(n 

 

�

 

 1081)

Mean SD* Mean SD*

Age (years) 58.7 10.8 58.7 10.8
Height (cm) 164.7 6.3 151.5 6.0
Weight (kg) 62.3 9.1 52.6 8.3
Smoking (pack-years) 24.6 22.5 1.6 6.6
Refractive error of the right eye (spherical equivalent)

40–49 years

 

�

 

1.35 1.37

 

�

 

1.22 1.37
50–59 years

 

�

 

1.03 1.43

 

�

 

0.67 1.33
60–69 years

 

�

 

0.22 1.17

 

�

 

0.09 1.37
70–79 years

 

�

 

0.09 1.20 0.04 1.31
Total

 

�

 

0.70 1.40

 

�

 

0.50 1.44

n % n %
History of

Hypertension 262 24.1 284 26.3
Diabetes 106 9.8 58 5.4

Household income (Yen)

 

�

 

6.5 million 412 37.9 448 41.4
6.5–10 million 376 34.6 290 26.8

 

�

 

10 million 291 26.8 275 25.4
Education level

Elementary school or junior high school 314 28.9 393 36.4
High school 438 40.3 430 39.8
College or university or higher 332 30.5 253 23.4

Occupation
Expert 135 12.4 89 8.2
Management 204 18.8 6 0.6
Clerical 127 11.7 245 22.7
Sales, service 51 4.7 171 15.8
Physical labor 358 32.9 227 21.0
Security guard 24 2.2 0 0.0
Agriculture, forestry, fishery 47 4.3 62 5.7
Business on one’s own 78 7.2 57 5.3
Housework 0 0.0 108 10.0
Unclassified 40 3.7 80 7.4

*SD: standard deviation.
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participated in the NILS-LSA. We excluded partici-
pants with a previous history of cataract surgery and
those without refractive error data, so that 2168 peo-
ple (1087 men and 1081 women) were included in
the present study.

As part of our standardized examination, an auto-
mated objective refraction test was performed on each
participant with an AutoRefractor & Keratometer
(ARK700A, NIDEK, Gamagori). Visual acuity was
then measured with Landolt broken rings at 5 meters
under standard lighting conditions, and measured
initially using any corrective devices the participants
were currently using. If the participant was unable to
read the 1.0 equivalent line, refraction was per-
formed using the results of the objective refraction as a
starting point. The best-corrected visual acuity was
found, and both the derived refractive data and the
visual acuity were recorded. When the presenting
acuity of the participant was 1.0 or better, the initial
objective refraction was recorded as the subject’s re-
fractive data. The spherical equivalent (sphere + 1/2
cylinder) was used to calculate the refractive error.
Because of the age of our study population, cyclople-
gia was not used.

Information on smoking habits, household income,
education level, and lifetime occupation was obtained
from the questionnaires filled out by the participants.
Total pack-years smoked was defined as the number
of cigarettes smoked per day divided by 20, multi-
plied by the number of years smoked. Any history of
hypertension and diabetes was also recorded.

Myopia was defined as the spherical equivalent of

 

��

 

0.5 diopters (D). We further categorized the my-
opia as mild myopia (

 

��

 

0.5 D to 

 

�

 

3.0 D), moderate
myopia (

 

��

 

3.0 D to 

 

�

 

6.0 D) and high myopia
(

 

��

 

6.0 D). Hypermetropia was defined as the spheri-
cal equivalent of more than +0.5 D, and emmetropia
was defined as the spherical equivalent of +0.5 D or
less but 

 

��

 

0.5 D. Because the spherical equivalents
in the right and left eyes were highly correlated (Pear-
son’s correlation: 

 

r

 

 

 

�

 

 0.91, 

 

P

 

 

 

�

 

 .0001 in men; 

 

r

 

 

 

�

 

0.88, 

 

P

 

 

 

�

 

 .0001 in women), we present the data for
only the right eye.

To estimate how other factors may be associated
with refractive errors, we grouped household income
and education level into three categories each, and
occupation into 10 categories (Table 1).

For analysis, the values for the spherical equivalent
of refractive errors, age, height, weight, and pack-
years smoked were entered as continuous variables.
The relationships among these variables were assessed
using the Spearman correlation analysis. We used the
Student 

 

t

 

-test, analysis of variance, the Cochran-

Mantel-Haenszel 

 

	

 

2

 

, and general linear regression
(including trend tests) to assess the relationships be-
tween the spherical equivalent and other potential
risk factors. Multiple logistic regression was used to
determine whether these variables affected the risk
of myopia. All statistical analyses were performed by
sex because there were large differences between the
sexes in several factors (eg, smoking habit or occupa-
tion). Data were analyzed using the Statistical Anal-
ysis System (SAS) release 6.12.
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Results

 

The characteristics of the study population are
presented in Table 1. The mean age was 58.7 years
for each sex. The mean (

 

�

 

 SD) spherical equivalent
of the refractive error was 

 

�

 

0.70 

 

�

 

 1.40 D in men
and 

 

�

 

0.50 

 

�

 

 1.44 D in women. This constituted a
significant difference between the sexes (

 

t

 

-test, 

 

P

 

 

 

�

 

.001). The older age groups had more hypermetropic
refractive errors in both sexes (

 

P

 

 

 

�

 

 .0001 for trend).
The mean value for pack-years smoked was signif-

icantly greater for men than for women (

 

t

 

-test, 

 

P

 

 

 

�

 

.0001), and there were also significant differences in
occupations between sexes (

 

	

 

2

 

 

 

�

 

 478.3, 

 

P

 

 

 

�

 

 .0001).
In particular, men did not list housework and women
did not list guard work as lifetime occupations.

The distribution of the spherical equivalent of re-
fractive error is shown in Figure 1. Based on the 

 

�

 

0.5 D cutoff points, the prevalence of myopia, em-
metropia, and hypermetropia were 45.7%, 40.8%, and
13.5% in men, and 38.3%, 43.1%, and 18.6% in
women, respectively. This difference in distribution
between sexes was also highly significant (

 

	

 

2

 

 

 

�

 

 16.5,

 

P

 

 

 

�

 

 .0003). The incidence of mild myopia was 37.9%
in men and 30.5% in women, moderate myopia was

Figure 1. Distribution of refractive errors by sex. � men
women, �.
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FACTORS ASSOCIATED WITH MYOPIA

 

7.2% and 7.3%, respectively, and high myopia was
0.6% and 0.5%, respectively.

The distribution of spherical equivalent by age
groups and sex is shown in Figure 2. The prevalence
of hypermetropia increased with age in both men
(Cochran-Mantel-Haenszel 

 

	

 

2

 

 

 

�

 

 108.6, 

 

P

 

 

 

�

 

 .001)
and women (Cochran-Mantel-Haenszel 

 

	

 

2

 

 

 

�

 

 149.0,

 

P

 

 

 

�

 

 .001). For participants in their 40s, 1.4% of men
and 1.1% of women showed hypermetropia, while the
figures were 27.8% and 38.1% when they reached their
70s. Although the prevalence of hypermetropia was
higher in women than in men in all age groups ex-
cept for the 40–49-year group, the differences in data
were not significant between sexes. The prevalence of
myopia (spherical equivalent 

 

�

 

 

 

�

 

0.5 D) decreased
with advancing age in both men (Cochran-Mantel-
Haenszel 

 

	

 

2

 

 

 

�

 

 118.3, 

 

P

 

 

 

�

 

 .00l) and women (Co-
chran-Mantel-Haenszel 

 

	

 

2

 

 

 

�

 

 87.6, 

 

P

 

 

 

�

 

 .00l). In the
40–49-year age group, 69.4% of the men and 60.2%
of the women were myopic, while in the 70–79-year age
group, only 28.6% of the men and 25.4% of the
women were myopic.

A simple correlation analysis showed a significant
positive association between age and the spherical
equivalent of refractive errors for both sexes (P �
.000l). Conversely, height and weight had a signifi-
cant inverse association with the spherical equivalent
for both sexes (P � .000l), and pack-years smoked

was positively correlated with the spherical equiva-
lent in men (P � .004), but inversely in women (P �
.00l). However, these significant associations, except
for height in women, were not found when adjust-
ments were made for age.

In the categorical variables, the participants with a
history of hypertension had a lower mean spherical
equivalent value than those without a history of hy-
pertension (t-test, men: P � .017, women: P � .001).
However, a history of diabetes had no significant in-
fluence on the mean spherical equivalent in either sex.
A significant relationship between the spherical equiv-
alent and household income was found (men: F � 29.0,
P � .000l, women: F � 21.5, P � .000l), with the spher-
ical equivalent decreasing as the household income in-
creased (P � .0001 for trend). Similarly, a higher edu-
cation level was associated with greater myopia in both
sexes (men: F � 45.4, P � .000l, P � .0001 for trend;
women: F � 22.3, P � .000l, P � .0001 for trend).
There were also significant associations between the
spherical equivalent and lifetime occupations (men:
F � 7.7, P � .000l, women: F � 4.7, P � .000l).

Finally, multiple logistic regression analysis for the
risk of myopia (spherical equivalent � �0.5 D) using
all variables was performed (Table 2). An increase in
age of 10 years was associated with a 0.53 [95% con-
fidence interval (CI): 0.44–0.62] and 0.65 (95% CI:
0.54–0.78) lower probability of having myopia in men
and women, respectively. Men with a higher educa-
tion were at higher risk for myopia: high school,
odds ratio (OR) � 1.59, 95% CI: 1.10–2.29; college
or higher, OR � 2.05, 95% CI: 1.33–3.14. In women,
the highest income group was associated with a higher
incidence of myopia (OR � 1.52, 95% CI: 1.05–2.18)
compared with the lowest income group.

To assess the effect of occupation, we considered
persons in the physical labor category as a reference
group because this was the most frequent occupation
in the present study (27.0% of the participants). The
presence of myopia was associated with management
occupations (OR � 1.55, 95% CI: 1.01–2.39) in men,
and with clerical (OR � 1.54, 95% CI: 1.01–2.36)
and sales/service (OR � 1.66, 95% CI: 1.06–2.61) oc-
cupations in women. No association was found in ei-
ther sex between pack-years smoked, hypertension,
or diabetes and the presence of myopia.

Discussion
The main findings of this investigation in a large

Japanese population are that the prevalence of myo-
pia was 45.7% in men and 38.3% in women, and that
there are significant independent associations be-

Figure 2. Refractive status, stratified by age and sex. Re-
fractive status, spherical equivalent, are defined as: hyper-
metropia (� +0.5 diopters [D]), emmetropia (� �0.5 to
+0.5 D), mild myopia (� �3.0 to �0.5 D), moderate myo-
pia (� �6.0 to �3.0 D), high myopia (� �6.0 D). M: men,
W: women. �: hypermetropia, : emmetropia, : mild
myopia, : moderate myopia, �: high myopia, in descend-
ing order from top to bottom of each column.
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tween the presence of myopia and several socioeco-
nomic factors.

There are many studies examining the distribution
of refractive error and the risk factors for the refractive
errors. In an adult population, it has been reported
that there is a significant association between myopia
and several different factors such as age,6,7,9–11,16,19–24

family history,2–5 education level,6–8 socioeconomic
status,9–11 and cataracts.9,11 The relationships between
refractive error and height or weight are unconvinc-
ing, although eye size may be linked to body stat-
ure.25 Other factors such as nutrition, ultraviolet
exposure, use of drugs, cigarette smoking, hyperten-
sion, and diabetes might be associated with myopia,
because they are associated with the prevalence of
age-related cataracts.26

Previous population-based surveys reported a racial
difference in the prevalence of myopia. The proportion
of myopia is 17–26.2% in white populations3,6,7,9,19,20

and 13–21.9% in black populations.7,11,20 In contrast,
the prevalence of myopia in East Asian countries is
much higher. Wong et al10 showed that the prevalence
of myopia in Singapore Chinese people between 40

and 79 years of age was 38.7%, and Van Newkirk mea-
sured the prevalence in Hong Kong at approximately
40%.27 In Japan, it was reported that 47.6% of peo-
ple 40–69 years old were myopic.16 The Visual Im-
pairment Project study in Australia9 concluded that
people born in Southeast Asia had significantly higher
rates of myopia than in any other geographical area,
even after adjusting for age and education level. Our
results showed that the prevalence of myopia in Ja-
pan is as high as in other Southeast Asian countries.

It has been suggested that genetic variations among
races influence the prevalence of myopia in the groups
studied.1 Studies in twins also suggest the impor-
tance of genetic factors in myopia. In particular, a re-
cent twin study in the United Kingdom by Ham-
mond et al5 indicated that the heritability for myopia
was 84% to 86%, with the remaining 16% to 14% of
the variance due to environmental factors.

Cross-sectional studies have shown that the preva-
lence of myopia is higher in recent years than in former
times.13–15 In particular, among East Asian countries,
the prevalence of myopia has increased remarkably
over the last few decades.13,28

Table 2. Results of Multiple Logistic Regression for Risk of Myopia

Variables

Men Women

Odds Ratio
95%

Confidence Interval Odds Ratio
95%

Confidence Interval

Age (10 years) 0.53 0.44–0.62 0.65 0.54–0.78
Height (10 cm) 1.24 0.93–1.65 1.14 0.85–1.53
Weight (10 kg) 0.82 0.68–0.98 0.98 0.81–1.18
Education level

Elementary school or junior high school (reference) 1 1
High school 1.59 1.10–2.29 1.21 0.85–1.71
College or university or higher 2.05 1.33–3.14 1.27 0.84–1.93

Household income (Yen)
�6.5 million (reference) 1 1
6.5–10 million 0.89 0.62–1.26 1.12 0.79–1.60
�10 million 1.04 0.72–1.51 1.52 1.05–2.18

Occupation
Expert 1.48 0.91–2.41 0.68 0.38–1.22
Management 1.55 1.01–2.39 1.12 0.17–7.40
Clerical 1.52 0.95–2.42 1.54 1.01–2.36
Sales, service 1.56 0.81–3.01 1.66 1.06–2.61
Physical labor (reference) 1 1
Security guard 1.08 0.42–2.81 N/A*
Agriculture, forestry, fishery 1.70 0.83–3.45 1.07 0.52–2.17
Business on one’s own 0.58 0.32–1.05 1.12 0.57–2.18
Housework N/A* 0.78 0.45–1.38
Unclassified 1.78 0.84–3.77 1.00 0.56–1.79

Smoking (per 10-pack–years) 1.00 0.94–1.06 1.07 0.87–1.31
History of

Hypertension 1.15 0.82–1.61 0.88 0.62–1.26
Diabetes 1.15 0.72–1.84 1.63 0.83–3.18

*N/A: not applicable
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Because it is highly unlikely that this rapid change
could be explained by genetic factors alone, environ-
mental factors are probably also important in the eti-
ology of myopia. A possible reason for the rapid in-
crease in myopia rates in Asian countries is the
greater close work demands on the younger genera-
tion, such as increased formal education or the shift
to white-collar occupations.1 In fact, several longitu-
dinal studies have revealed that reading or close work
could cause refractive myopic shifts from childhood
through adolescence.29–31

Similarly, we found a significant independent as-
sociation between education level and the preva-
lence of myopia in men. The relationship between
myopia and certain occupations was demonstrated by
data on professionals and clerks in the Visual Impair-
ment Project study,9 professional and office workers
among Singapore Chinese,10 and with near-work–
related occupations (professional, managerial, clerical,
technical, electrical) in the Barbados Eye Study.11

Our study showed similar results in people who stated
they were in management or clerical occupations.
Sales/service occupations in women also showed a
significant relationship to myopia in the present
study, which may be due to the indistinct boundary
between clerical and sales/service occupations for
women. These results seem consistent with the use-
abuse theory.1,32

Our findings confirmed the age-related increase in
hypermetropia with an associated age-related de-
crease in myopia, which has been reported in previ-
ous studies.6,7,9–11,16,19–24 It was suggested that this
trend toward hypermetropia was due to decreasing
lens power with aging,33 or an increasing optical den-
sity of the lens cortex making the lens more uni-
formly refractive.34 Another possible explanation is
that the relationship between age and refraction re-
flects a worldwide trend. Bengtsson et al12 showed
that a true hypermetropic shift did exist between 55
and 70 years of age; however, there was also a persis-
tent worldwide trend toward myopia using a meta-
analysis method. It was assumed that this worldwide
trend for myopia is 0.01 D per year.

The relationship between refraction and stature is
inconsistent. It was reported in one study that myo-
pic subjects were taller than nonmyopic subjects.35 In
contrast, there was no significant association be-
tween height and refractive error after adjustment for
sex in the Blue Mountains Eye Study.19 Wong et al25

showed that the refraction between tall and short
people appeared to be similar, although taller per-
sons tended to have longer globes. Similarly, the re-
lationship that myopia was prevalent in taller and

heavier persons in our univariate analysis seems to
be apparent in our results. This may be due to the
cohort phenomenon that younger persons are larger
in physique and more myopic in refraction than eld-
erly persons in Japan.

To the best of our knowledge, there are no avail-
able population-based studies on the association of
refractive errors with hypertension or cigarette smok-
ing. However, because a significant relationship be-
tween cataracts and myopia has been detected in
several studies,9–11 and cataracts appear to be associ-
ated with hypertension and smoking,36 we assume
that a history of hypertension or smoking has some
influence on refractive errors. However, in our study,
they were not significant independent factors affect-
ing the prevalence of myopia. There was also no sig-
nificant difference in refractive error between peo-
ple with or without diabetes, which is consistent with
the Beaver Dam Eye Study.6 In contrast, a signifi-
cantly higher prevalence of myopia in diabetics as
compared to nondiabetics was found in two Danish
studies.37,38 Up to the present, longitudinal prospec-
tive studies investigating the influence of smoking, hy-
pertension, and diabetes on refractive error have not
been conducted.

There are some important limitations in the present
study. First, these data were cross-sectional, with all
parameters measured simultaneously. Therefore, it
is difficult to make conclusive statements about a
cause–effect relationship between refractive errors
and the educational level or socioeconomic factors.
A high education level may not only cause a myopic
shift in refraction, but it also seems likely that those
with myopia are more likely to choose a higher edu-
cation level or close work. Second, although we did
not have data on cataract status or family history of
refractive errors, several studies have indicated the
independent effect of family history1,2 and cataract
status9–11 on refractive errors. Third, there was a se-
lection bias in our population. Because the examina-
tions of the NILS-LSA participants were performed
at the National Institute for Longevity Science, those
participants with limited activity level or living in an
institution may not have been able to travel and par-
ticipate in our survey, which may have influenced
our findings.

In conclusion, we showed the prevalence of refrac-
tive errors in a middle-aged and elderly Japanese
population. The frequency of myopia was 45.7% in
men and 38.3% in women, which are findings similar
to those in other Asian surveys and higher than those
found in black or white populations. As previously re-
ported, our study confirmed a higher prevalence of my-
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opia among the younger population than the elderly. It
was also found that myopia was independently asso-
ciated with education level and socioeconomic factors.
Changing environmental factors, such as an increase in
close work, may be one of the reasons for the higher
prevalence of myopia in the younger generation.
Unfortunately, the cross-sectional approach in the
present study limits our conclusions. However, pro-
spective research by the NILS-LSA should provide
further information on myopia and its risk factors.

This study was supported by Health Sciences Research Grants
(Research on Eye and Ear Sciences, Immunology, Allergy and Or-
gan Transplantation; H12-kannkakuki-009) from the Ministry of
Health, Labor and Welfare, Japan.
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