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Refractive Errors and Factors Associated
with Myopia in an Adult Japanese Population

Naocko Shimizu*, Hideki Nomura?, Fujiko Ando?,
Naoakira Nitno?, Yozo Miyake? and Hiroshi Shimokata¥

*Department of Ophthalinology, Chubu Rosai Hospital, Nagoya, Japan;
'Department of Ophthalmology, Chubu National Hospital, Obu, Aichi, Japan;
?Department of Epidemiology, National Institute for Longevity Sciences, Obu, Aichi, Japan;
{Department of Ophthabnology, Nagoya University, School of Medicine, Nagoya, Japan

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 Jogistic regression analysis to evaluate the relation-
ships between myopia and possible related factors,

Results: The mean (* SD) of the spherical equivalent was —0.70 = 140 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 myepia [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, ¢ollege: 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. Jpn J Ophthalmol 2003;47:6-12 - © 2003 Japa-
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Key Words:
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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,' and several epidemio-

logical studies have shown that both genetic factors,

such as race? and family history,? and environmen-
tal factors, such as education level®® and socioeco-
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nomic status,*!! are important risk factors for myo-
pia. The prevalence of myopia seems to be increasing
worldwide,'? In particular, the incidence of myopia
has increased rapidly in younger generations over the
past few decades,!*'* and the concurrent increase in
formal education and white-collar occupations may
be a reason for this increase.!

In Japan, however, there has been no population-
based survey investigating the refractive status in an
adult population. Althongh a nationwide glaucoma
survey' showed the prevalence of refractive errors
by age, other factors related to myopia have not yet
been analyzed.

0021-5155/03/$-see {ront matter
PIT 50021-5155(02)00620-2
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FACTORS ASSOCIATED WITH MYOQOPIA

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

Table 1. Characteristics of Participants

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

A detailed description of this study design has been
reported elsewhere.!” 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 April 2000. During
this pericd, 2267 people (1136 men and 1131 women)

Men Waomen
(n = 3087) (n = 1081)

Characteristics Mean SD* Mean SD#
Age (years) 58.7 10.8 587 10.8
Height (cm) 164.7 6.3 151.5 6.0
Weight (kg) 62.3 9.1 526 83
Smoking (pack-years) 246 22.5 1.6 6.6
Refractive error of the right eye (spherical equivalent)

40-49 years ~1.35 1.37 -1.22 137

50-59 years -1.03 143 -0.67 133

60-69 years =022 117 -0.09 1.37

70-79 years -0.09 1.20 0.04 1.31
Total ~0.70 1.40 =(.50 1.44

n % n %

History of

Hypertension 262 24.1 284 263

Diabetes 106 9.8 58 5.4
Household income {Yen)

<6.5 million 412 379 448 414

6.5-10 million 376 34.6 290 26.8

>10million 291 26.8 275 254
Education level

Elementary school or junior high school 314 289 393 364

High school 438 40.3 430 39.8

College or university or higher kx7] 30.3 253 234
Occupation

Expert 135 124 89 82

Management 204 18.8 6 0.6

Clerical 127 11.7 245 227

Sales, service 51 47 171 158

Physical labor 358 329 227 210

Security guard 24 22 a 0.0

Agriculture, forestry, fishery 47 43 62 5.7

Business on one's own 78 7.2 57 53

Housework 0 0.0 108 10.0

Unclassified 40 a7 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.

Mpyopia was defined as the spherical equivalent of
=-0.5 diopters (D). We further categorized the my-
opia as mild myopia (>~0.5D te —3.0 D), moderate
myopia (>~3.0 D to =60 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 = 091, 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 continnous variables.

The relationships among these variables were assessed ..

using the Spearman correlation analysis. We used the
Student ¢-test, analysis of variance, the Cochran-
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Mantel-Haenszel y?, 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 6.12.18

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 (x?* = 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 (x* = 16.5,
P = .0003). The incidence of mild myopia was 37.9%
in men and 30.5% in women, moderate myopia was
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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 x> = 108.6, P < .001)
and women (Cochran-Mantel-Haenszel x* = 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 x2 = 118.3, P < .00l) and women (Co-
chran-Mantel-Haenszel x? = 87.6, P < .00). 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 <
.0001). Conversely, height and weight had a signifi-
cant inverse association with the spherical equivalent
for both sexes (P < .0001), and pack-years smoked

100%
80%
60%
40%
20%

0% -l =

MW MW MW M W

40-49 50-5¢ G0-69 70-7%

age (years)

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, 00: emmetropia, T: mild
myopia, B: moderate myopia, M: high myopia, in descend-
ing order from top to bottom of each column.
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was positively correlated with the spherical equiva-
lent in men (P = .004), but inversely in women (P =
.001). 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 < 000), women: F = 21.5, P < 0001}, 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 = 454, P < .0001, P < .0001 for trend,;
women: F = 22.3, P < .000L, < .0001 for trend).
There were also significant associations between the
spherical equivalent and lifetime occupations (men:
F=17.7,P<.000], women: F = 4.7, P < .0001).

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% CIL
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 ratioc {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-
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Table 2. Results of Multiple Logistic Regression for Risk of Myopia

Men Women
95% 95%

Variables Odds Ratio Confidence Interval Qdds Ratie 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 jenior 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 0.62-1.26 112 0.79-1.60

>10 million 1.04 0.72-1.51 1.52 1.05-2.18
Qccupation

Expert 1.48 0.91-2.41 0.68 038-1.22

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 (.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 0.56-1.7%
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

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 67511161524
family history,> education level5® socioeconomic
status,>!! and cataracts.>!! The relationships between
refractive error and height or weight are unconvinc-
ing, although eye size may be linked to body stat-
ure.?> 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.?

Previous population-based surveys reported a racial
difference in the prevalence of myopia. The proportion
of myopia is 17-26.2% in white populations®5791920
and 13-21.9% in black populations.™!?® In contrast,
the prevalence of myopia in East Asian countries is
much higher. Wong et al'® showed that the prevalence
of myopia in Singapore Chinese people between 40
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and 79 years of age was 38.7%, and Van Newkirk mea-
sured the prevalence in Hong Kong at approximately
40%.7" In Japan, it was reported that 47.6% of peo-
ple 40-69 years old were myopic.}® The Visual Im-
pairment Project study in Australia® concluded that
people bomn in Southeast Asia had significantly higher
rates of myopia than in any other geographical area,
even after adjusting for age and education level, Qur
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.! 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 al® 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.!*-15 In particular, among East Asian countries,
the prevalence of myopia has increased remarkably
over the last few decades.!>?®
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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.! In fact, several longitu-
dinal studies have revealed that reading or close work
could cause refractive myopic shifts from childhood
through adolescence.?®-3!

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,’ professional and office workers
among Singapore Chinese,'” and with near-work-
related occupations (professional, managerial, clerical,
technical, electrical) in the Barbados Eye Study.!!
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.!*

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.®79-111619-24 1t was suggested that this
trend toward hypermetropia was due to decreasing
lens power with aging,® or an increasing optical den-
sity of the lens cortex making the lens more uni-
formly refractive. Another possible explanation is
that the relationship between age and refraction re-
flects a worldwide trend. Bengtsson et al'? showed
that a true hypermetropic shift did exist between 53
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.® In
contrast, there was no significant association be-
tween height and refractive error after adjustment for
sex in the Blue Mountains Eye Study.!® Wong et al®
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
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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,!! and cataracts appear to be associ-
ated with hypertension and smoking,® 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.® In contrast, a signifi-
cantly higher prevalence of myopia in diabetics as
compared to nondiabetics was found in two Danish
studies.?™® 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 history!? and cataract
status™!! 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 sociceconomic 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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Abstract Body fat distribution and abdominal fatness are
indicators of risks for coronary heart disease. However, the
relationships between resting energy expenditure (REE) and
the body fat distribution or the abdominal fatness are unclear.
We examined the relationships of REE with whole-body fat
distribution (waist, hip and waist-to-hip ratio. WHR) and
abdominal fatness (intra-abdominal fat: IF and subcutaneous
fat: SF) after adjustment for body composition. 451 men and
47} women were subdivided into two groups, 40-59 years:
middle-aged group and 60-79 years: elderly group. REE was
measured by an indirect calorimetry system. Percentage of fat
mass (%FM), fat mass (FM) and fat-free mass (FFM) were
assessed by a dual-energy x-ray absorptiometry method. The
IF area (IFA) and SF area (SFA) at the level of the umbilicus
were measured using computed tomography. Circumference of
waist and hip were measured in a standing position. The WHR,
waist circumference and SFA did not significantly (p>0.05)
associate with the REE after adjusting for FM, FFM and age in
any of the groups. The adjusted REE was significantly and
inversely correlated with hip (r=-—0.159, p<0.05) and IFA
(r=—0.131, p<0.05) in the ¢lderly men. These results suggest
that lower REE may contribute to greater hip and IFA rather
than WHR and waist in elderly men. J Physiol Anthropol 22
(1): 47-52, 2003 http://fwww.jstage jst.go.jp/en/

Keywords: resting energy expenditure, body fat distribution,
waist-to-hip ratio, intra-abdominal fat area

Intreduction

Obesity occurs when energy intake exceeds energy
expenditure over a long period. Energy expenditure consists of
physical activity, diet-induced thermogenesis and resting
energy expenditure (REE). REE is the largest component of
total daily energy expenditure and maintains the basic
physiologic functions {e.g., heart, renal, hepatic and muscle
functions, respiration) [Goran, 2000]. A longitudinal study
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[Ravussin et al., 1988] observed that the initial REE negatively
correlates with the change in body weight. Several cross-
sectional studies [Albu et al., 1997; Carpenter et al., 1998;
Forman et al., 1998; Foster et al., 1997] found that a lower
REE might be related to a higher prevalence of obesity.

Upper-body obesity (android-type of obesity) was found to
be more greatly associated with various obesity-related
complications, compared with lower-body obesity, by Vague
[1956]. Upper-body obesity is generally estimated by the
waist-to-hip ratio (WHR) as an index of body fat distribution.
Several studies revealed that WHR was closely associated with
risk factors for coronary heart disease (CHD), e.g., impaired
glucose tolerance, insulin resistance, lipoprotein metabalic
disorder and hypertension [Kissebah et al., 1982; Kissebah and
Peris, 1989; Micciolo et al., 1991]. More recently, intra-
abdominal fat area (IFA) and subcutaneous fat area (SFA) at
the L4-L5 level were estimated using computed tomography
[Tokunaga et al., 1983]. An increase in JFA has been
demonstrated to be closely associated with CHD risk factors,
e.g., hypetlipidemia [Nakamura et al, 1994], hypertension
[Kanai et al.,, 1990] and low insulin sensitivity [Macor et al.,
1997]. Thus, IFA is an important indicator for predicting the
prevalence of CHD risk factors.

Whether REE plays a role in the alteration in bedy fat
distribution and abdominal fatness is controversial. Several
investigators [Tataranni et al., 1994; Weststrate et al., 1990]
found significant and positive correlations between REE and
WHR or the waist-to-thigh ratio adjusted for body
composition, whereas some [Armellini et al., 1992; Schutz et
al.,, 1992] did not. To our knowledge, studies investigating the
relationships between REE and IFA using computed
tomography (CT) are rare [Macor et al.,, 1997; Nicklas et al,
1995]. The studies by Macor et al. [1997] and Nicklas et al.
[1995] used obese people as the subjects; therefore, there is no
study for non-obese and healthy population. Moreover, very
few studies have clarified the effects of sex and age on the
relationships between REE and WHR or IFA, and the sample
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sizes of these studies were insufficient for the findings to be
generalized. Therefore, the aim of this study was to examine
the influence of REE on the body fat distribution (WHR, waist
and hip circumferences) and abdeminal fatness (IFA and SFA)
assessed by the new method (CT) in a relatively large sample
size of the Japanese population.

It may be necessary to take menopausal transition into
consideration in women. A longitudinal study [Poehlman et al.,
1995] in American women showed that the normal menopausal
transition decreased in REE by approximately 100 kcal/day
compared to premenopausal women. Thus, we also examined
whether the menopausal transition has any influence on REE
and various physical variables in Japanese women.

Methods

Subjects

The subjects were 613 men and 564 women who
participated in the second wave examination of NILS-LSA
{National Institute for Longevity Sciences, Longitudinal Study
of Aging) from April 2000 to May 2001. They were age- and
sex-stratified random samples aged from 40 to 79 years and
living in the neighborhood of the NILS. Details of the NILS-
LSA have been described elsewhere [Shimokata et al., 2000].
Patients who had concomitant renal, hepatic or cardiac disease
or diabetes mellitus, or who were being treated with drugs such
as beta blockers, which could affect the variables of the study,
in particular REE, were excluded. Additionally, patients with
thyroid disease, assessed by careful clinical and laboratory
estimation (e.g., history of thyroid disease and level of free
thyroxine and free trilodothyrinine) were also excluded.
Subsequently, the numbers of subjects who took part in this
study were 451 men and 471 women. The subjects were
subdivided into two groups in each sex by age (middle-aged
group: 40 to 59 years and elderly group: 60 to 79 years). The
aim and design of the study were explained to each subject
before they gave their written informed consent. The study was
approved by the Committee of the Chubu National Hospital.
All measurements were performed at the Chubu National
Hospital.

Anthropometric variables

Body weight was measured to the nearest 0.01 kg using a
digital scale, height was measured to the nearest 0.1 ¢ using a
wall-mounted stadiometer, and BM! was calculated as weight
(kg) divided by height squared (m?). Circumference of the
waist was measured at the leve] of the umbilicus to the nearest
0.1 ¢cm with the subjects in the standing position.

Resting energy expenditure (REE)

.REE was estimated by a computerized, open-circuit, indirect
calorimetry system (V.. 29, SensorMedics) that measured
resting oxygen intake and resting carbon dioxide excretion
using a ventilated canopy. The subjects were asked to refrain
from all vigorous activity before the measurement. REE
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measurement was performed during the morning (between
9:00 and 12:00) after an overnight fast in a comfortable and
thermoregulated room with an examiner and a subject. After a
15-minute steady-state period, values were recorded each
minute for 10 minutes. Twenty-four hour energy expenditure
due to REE was calculated using an equation derived by
Bursztein et al, {1989]:

REE (kcal/24 h)=[3.581 X VO, (L/min)+ 1.448
X VCO, (LAmin)—0.002]X 1440 min

Body composition

Whole-body fat mass (FM), fat-free mass (FFM) and
percentage FM (%FM) were assessed by dual-energy x-ray
absorptiometry (QDR-4500, Hologic). Transverse scans were
used for the measurement of FM and FFM, and pixels of soft
tissue were used to calculate the ratio (R wvalue) of mass
attenuation coefficients at 40 to 50 keV {low energy) and 80 to
100 keV (high energy), using software version 1.3Z.

Abdominal fat area

The IFA and SFA were measured at the level of the
umbilicus (L4-L5). All CT scans (SCT-6800TX, Shimadzu)
were performed with the subjects in the supine position. The
IFA and SFA were calculated using a computer-software
program (FatScan, N2 system) [Yoshizumi et al,, 1999]. A
region of the SF layer was defined by tracing its contour on
each scan, and the range of CT values (in Hounsfield units) for
fat tissue was calculated. Total fat area was calculated by
delineating the surface with the mean CT value plus or minus
2 standard deviations. The IFA was measured by drawing a line
within the muscle wall surrounding the abdominal cavity, The
SFA was calculated by subtracting the amount of IFA from the
total fat area. The intra-class correlation for repeated IFA
determinations in our laboratory is 0.99. The IFA-to-SFA ratio
(ISR) was calculated.

Definition of peri- and postmenopausal women

Menopause is defined as the permanent cessation of
menstruation resulting from the loss of ovarian follicular
activity. Thus, the criterion to define the postmenopausal state
is the absence of menses for at least 12 months {Wich and
Carnes, 1995]. Perimenopausal women were defined as the
women who were not clearly diagnosed at the menopausal
state.

Data analysis

Values are expressed as mean=standard deviation (SD} in
the tables. Differences between age groups, or between sexes
were tested using the Student’s r-test. Relationships between
REE and age, the body fat distribution or anthropometric
variables were assessed by Pearson’s correlation coefficients.
Partial correlation coefficients adjusted for age, FM and FFM
were calculated to assess the relationships between REE and
WHR, waist circumference, hip circumference, JFA or SFA for
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Table 1 Physical characteristics of the subjects by sex and age group
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Men (n=451} Women (n=471) Sex difference
Middle-aged Elderly Middle-aged Elderly .
(n=2zzg) (n=229) (n=233) (n=238) Middle-aged Elderly
Height m 1.68 =0.06 .63 0.1" 1.54 £0.05 L30x0.1" Men>Women®  Men>Women®
Weight kg 65.1%9.2 59.6:+8.2} 53.9=79 51.2%8.2' Men>Women!  Men>Women®
BMI kg/m? 23,128 22528 227%34 228+32 NS NS
%FM % 206 4.5 21.4%43 30.3+5.0 31.7x48* Women>Men?  Women>Men?
EM kg 13.6*+4.4 129+38 16.6+46 16547 Women>Men’  Women>Men®
FFM kg 514%6.0 46,7+5.5' 374243 34,7243 Men>Women?  Men>Women®
REE keal/24h 1414 2202 1284 =158 1144 + 186 1078 £ 163! Men>Women®  Men>Women®
REE/weight keal/2dhikg 21731 214+30 21.1%3.0 21.0+33 NS NS
REE/FFM keal/24hkg  27.3%3.6 27.2%35 304+39 10840 Women>Men? Women>Men®
Waist cm 8442178 84.0+80 81.4+8.7 85.1+9.5 Men>Women® NS
Hip cm 93351 90.5+47 91.83x5.0 89.7+5.6' Men>Women® NS
Waist-to-hip ratio 0.90+0.05 0.93 = 0.06* 0.89+007 0.95£0.07° NS NS
IFA cm? 86.1 459 93.9%55.0 51.3+33.1 74.8x38.4% Men>Women®  Men>Women®
SFA cm? 109.5 +46.8 101.9+414 160.5 = 66.3 166.2 = 63.4 Women>Men? Women>Men?
IFA-to-SFA ratio 0.81 =037 0.93 +0.407 0.3220.15 0.47=0.21* Men>Women?  Men>Women®

Values are given as mean=8D.

%EM: percentage of fat mass, FM: fat mass, FEM: fat-free mass, REE: resting energy expenditure, IFA: intra-abdominal fat area, SFA: subcutaneous fat

area.

Significantly smaller than middle-aged group (p<0.001).
Significant difference between men and women (p<0.001).
Significantly smaller than middie-aged group (p=<<0.05).
Significantly larger than middle-aged group (p<0.001).
Significant difference between men and women {(p<0.01).
Significant difference between men and women (p<<0.05).
Significantly larger than middle-aged group (p<0.01).

each sex and age group. Additionally, the effect of the
menopausal transition on the body fat distribution or
anthropometric variables was assessed by an analysis of
covariance. In the analysis of covariance, we used age as the
covariate because a significant difference was observed in age
between pre- (45+5y) and post menopause (54+5y) in the
middle-aged women. Twenty perimenopausal women were
excluded from the analyses. In each statistical analysis,
probability values below 0.05 were regarded as significant.
Data were analyzed with the Statistical Analysis System (SAS)
release 6.12.

Results

Table 1 shows the physical and anthropometric
characteristics of the subjects. The results are presented by sex
and age, which indicate age and sex differences derived from
the Student’s t-test. REE was smaller in women or elderly
subjects compared to men and middle-aged, respectively.
Although no difference was found in REE divided by FFM
(REE/FFM) between the middle-aged and elderly groups, sex
differences existed in both the two age groups.

The possible role of the menopausal transition as a
confounding factor in the relationships between REE and body
fat distribution or physical variables was examined by analysis
of covariance using pre- (n=109) and postmenopausal women

(n=104) in the middle-aged group. Table 2 shows no
differences in REE (1121 kcal/24 h and 1141keal/24h in pre-
and postmenopausal women, respectively), FM (16.4kg and
16.7kg), FFM (37.8kg and 36.9kg), WHR (0.88 and 0.8%),
waist circumference (81.1 cm and 81.6 em), hip circumference
(92.2cm and 91.2cm), IFA (51.7cm? and 51.5 cm?} and SFA
(154.1 cm? and 166.0 cm?).

Because no menopausal effect was found in REE or any
physical variables in the middle-aged women, the menopausal
transition was not taken into consideration in the following
analyses {Tables 3 and 4).

Table 3 shows the correlation coefficients of age, body
composition, body fat distribution and anthropometric
variables with REE. FFM had the highest correlation
coefficients (r=0.496 to 0.616) of all. REE did not correlate
with age in the elderly women or ISR in any of the groups.

Table 4 shows the partial correlation coefficients of the body
fat distribution (WHR, waist and hip circumferences) or
abdominal fatness (IFA and SFA) with REE adjusted for age,
FFM and FM. Table 4 indicates that the WHR, waist
circumference and SFA did not significantly (p>0.03)
associate with the REE after adjusting for FM, FFM and age in
any of the groups. Elderly men had a significant and inverse
correlation (r=—0.159, p<0.05) between the hip and REE.
IFA inversely correlated (r=—0.131, p<0.03) with the
adjusted REE in the elderly men. No association was found in
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Table 2 Comparison of resting energy expenditure, fat mass, fat-free
mass, waist-to-hip ratio, waist, hip, intra-abdeminal fat area and
subcutaneous fal area between pre and postmenopausal women after
adjusting for age.

Premenopausal  Postrnenopausal Group difference
REE kcal/24h 1121166 1141+175 NS
FM kg 16.4+4.5 16.7+4.7 NS
FFM kg 37844 36.9+4.6 NS
WHR 0.88+0.07 0.89%0.07 NS
Waist cm 81.1+86 81.6*8.8 NS
Hip e¢m 92251 91.2%5.2 NS
IFA  om’ 51.7x33.6 51.5+329 NS
SFA  cm? 154.1%62.8 166.0+63.5 NS

Values are given as mean*SD.
REE: resting energy expenditure, FM: fat mass, FFM: fat-free mass,

WHR: waist-to-hip ratio, IFA: intra-abdominal fat area, SFA:
subcutaneous fat area.
Table 3 Correlation coefficients of age, body composition, fat

distribution and anthropometri¢ variables with REE

Men Women

Middle-aged Elderly Middle-aged Elderly

Age -0.215'"  -0.204' ~0.198' 0.005 NS
EMI 0.4622 0.430? 0.43)2 0.458?
M 0.369* 0.309* 0.409? 0.382¢
FFM 0.4967 0.606? 0.616? 0.565?
Waist 0.411% 04152 0.4052 0.420?
Hip 0.4322 0.4367 0.526° 0.430%
Waist-to-hip ratio  0.2442 0.286° 0.1822 0.27¢?
IFA 0.320 0.219? 0.319? 0.247?
SFA 0.279% 0.295* 02712 0.3032
IFA-to-SFA ratio  —0.002 NS -0.011 NS 0.112NS  0.005 NS

FM: fat mass, FFM: fat-free mass, IFA: intra-abdominal fat area, SFA:
subcutaneous.

' p<0.0l.

2 p<0.001, significant relationship between REE and each variable.

Table 4 Partial correlation coefficients of resting energy expenditure
with body fat distribution and abdominal fatness afier adjustment for
age, FFM and FM

Men Women
Middle-aged  Elderly Middle-aged Elderly
Waist-to-hip ratio o7 0.123? 0.029 0.102
Waist 0.105 0.044 0.069 0.099
Hip —0.057 -0.159* 0.054 —0.044
IFA —0.052 =-0.131° —0.040 —0.067
SFA —0.03% -0.016 —0.090 0.002

IFA: intra-abdominal fat area, SFA: subcutaneous fat area.
" p=0.07.

1 p=0.06.

3 p<0.05, significantly correlate with REE.
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the women or middle-aged men between REE and IFA or SFA.

Discussion

The purpose of the present study was to examine the
relationship of REE with the body fat distribution and the
abdominal fatness by sex and age group, and to confirm
whether the menopausal transition has an influence on REE,
body composition, the body fat distribution and the abdominal
fatness in Japanese women. REEs divided by FFM (see Table
1) of this study were near by those (unit is kcal/24 h/kg, men:
28.4, women: 31.2-33.5, obese men: 29.2, obese women: 30.7)
in previous studies [Tataranni et al., 1994; Weststrate et al.,
1990]. Table 3 shows that REE is strongly associated with
body composition (FM and FFM) and age except for in the
elderly women, which supports the findings of the previous
studies [Armellini et al, 2000; Karhunen et al, 1997,
Luhrmann et al., 2001; Neuhauser-Berthold et al., 2000). Thus,
the REE adjusted for FFM, FM and age was used in this study.
The major findings were that: 1) the menopausal transition did
not influence REE, body composition, body fat distribution or
abdominal fatness in Japanese women; 2) no relationship was
found between the waist circumference and REE in any
groups; 3) the hip circumference and IFA were negatively and
significantly associated with REE in the elderly men, which
indicates that the hip circumference and IFA are greater in the
subjects with lower REE.

Concerning the menopausal transition of the middle-aged
women, Poehlman et al. [1995] reported that natural
menopause was observed to be associated with reduced REE
in a 6-year follow-up longitudinal study. They also found that
this reduction was mainly attributable to a decrease in FFM
[Pochlman and Tchernof, 1998]. In the present study, as shown
in Table 1, REE and FFM decreased in parallel with aging,
Additionally, Table 2 indicates that body composition, body fat
distribution and abdominal fatness are not affected by the
menopausal transition when adjusted for age. That is, REE and
various physical variables were more strongly affected by
aging itself rather than by the menopausal transition. It is
probably for these reasons that no difference was found in REE
between the pre- and postmenopausal middle-aged women of
the present study.

WHR has been traditionally used as an index of upper-body
obesity [Armellini et al., 1992; Nicklas et al.,, 1995; Schutz et
al, 1992; Weststrate et 1990]. Weststrate et al. {1990] found
that REE adjusted for FFM and FM was positively associated
with WHR in a group of premenopausal obese women.
Tataranni et al. [1994] used the waist-to-thigh ratio (WTR) in
obese men and also cobserved a significant and positive
correlation between WTR and REE. Luhrmann et al. [2001]
also found in elderly people that REE showed a significant
increase with increasing WHR. Arner [1995] observed that the
rate of lipolysis was relatively lower in the subcutaneous
femoral/gluteal region and higher in the abdominal region.
Therefore, the higher activity of the abdominal fat, e.g., the



