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We determined the prevalence of metabolic syndrome (MS) in Okinawa from cross-
sectional results of an annual physical chekup. We also calculated the homeostasis
model assessment ratio (HOMA-R) as an index of insulin resistance, and examined
the relationship between HOMA-R and MS. We studied 3,839 men (mean age 49.2
years) and 3,146 women (mean age 50.0 years), a total of 6,985 people aged from 30 to
79 years, who underwent an annual physical chekup in our hospital between May
2003 and March 2004. The diagnosis of MS was based on the criteria in the Third
Report of the National Cholesterol Education Program Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel
III: ATP III). Abdominal circumference was assessed in accordance with the diagnos-
tic criteria of the Japan Society for the Study of Obesity. The prevalence of MS was
30.2% in men and 10.3% in women. Mean HOMA-R significantly increased with an
increase in the number of ATP III risk factors. Logistic regression analysis with the
independent variables of sex, age, and HOMA-R gave an odds ratio of MS of 3.6 for
men, 1.4 for a 10-year age increment, and 2.0 for an elevation of HOMA-R above 1.0. J
Atheroscler Thromb, 2005; 12: 284–288.
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Introduction

Okinawa has the highest population of centenarians in
the world. The proclamation of a World Longevity Re-
gion was advocated in 1995. On the other hand, the Eu-
ropean and American lifestyle with its high-fat diet has
been widely adopted by the younger generations, and
caused the highest obesity rate in Japan. This trend is
particularly marked among men - half of men aged over
40 years are obese (body mass index (BMI) ≥ 25) (1). We
determined the prevalence of metabolic syndrome (MS)
from cross-sectional results of an annual physical chekup
conducted in our hospital in order to clarify the present
status of MS in Okinawa. We also determined the ho-
meostasis model assessment ratio (HOMA-R) as an in-

dex of insulin resistance (2) to examine the relationship
between HOMA-R and MS.

Subjects and Methods

The subjects who consented to participate were 3,839
men and 3,146 women, a total of 6,985 people aged from
30 to 79 years. We recruited the participants from among
individuals taking an annual physical checkup of our hos-
pital between May 2003 and March 2004. The partici-
pants, local resident in most cases, visited us at their
own choice, and therefore, the sampling was not ran-
domized. However, there were no difference in lifestyle,
anthropometry, and characteristics between the partici-
pants and 36,946 Okinawan residents in The 2002 re-
port of Basic health examination, surveyed by the
Okinawan prefectural government. We didn’t exclude any
medicated cases. Based on the MS diagnostic criteria
according to the Third Report of the National Choles-
terol Education Program Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in
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Adults (Adult Treatment Panel III: ATP III) (3), we identi-
fied the following 5 risk factors: hypertriglyceridemia (trig-
lycerides ≥ 150 mg/dl), low high-density lipoprotein (HDL)
cholesterol (HDL cholesterol < 40 mg/dl for men and <
50 mg/dl for women), hypertension (systolic blood pres-
sure ≥ 130 mmHg and/or diastolic blood pressure ≥ 85
mmHg), and impaired fasting glucose (fasting blood glu-
cose ≥ 110 mg/dl). Allowing for the difference in physical
stature between Japanese and American people, we
defined men with an abdominal circumference of ≥ 85
cm and women with ≥ 90 cm as being abdominally obese,
based on the diagnostic criteria for visceral fat-type obe-
sity of the Japan Society for the Study of Obesity (4).
Those who met 3 or more of the 5 risk factors listed above
were diagnosed as having MS. The abdominal circum-
ference was measured at the level of the umbilicus in a
standing and fasting condition. Blood pressure was mea-
sured using an Automatic BP Monitor (BP-203RV2,
COLIN Corporation). The triglyceride level was deter-
mined by the enzymatic colorimetric method (Cholestest
TG), HDL cholesterol level by a direct method (Cholestest
N HDL), blood glucose level by the glucose dehydroge-
nase method (Gluc-DH), and insulin level by the
chemoluminescence enzymatic immunoassay method
(CLEIA). As an index of insulin resistance, HOMA-R was
calculated using the formula: fasting insulin level (µU/ml)
× fasting glucose level (mg/dl)/405. The Statistical Pack-
age for Social Science (SPSS) Ver. 11.5.1J for Windows
was used for statistical analysis. Results are presented
as the mean ± standard deviation. The difference between
two groups was determined using Student’s unpaired t
test, the frequency between two groups was compared
using the chi-square test, and the correlation between

the number of risk factors and HOMA-R was determined
using Spearman’s rank correlation test. The level of sig-
nificance was set at p < 0.05. This research was planned
and implemented with the approval of the Hospital Eth-
ics Committee.

Results

The mean age of the subjects was 49.2 years for men
and 50.0 years for women. The mean BMI, abdominal
circumference, triglyceride level, blood pressure, fasting
glucose level, and HOMA-R were significantly higher
among men, and the HDL cholesterol level was signifi-

Table 1. Demographic and Metabolic Characteristics of the
Subjects.

Characteristic Men (n = 3839) Women (n = 3146)

Age (y) 49.2 ± 9.8*** 50.0 ± 9.5

BMI (kg/m2) 25.0 ± 3.1*** 23.2 ± 3.5

Abd.Circ (cm) 86.5 ± 8.1*** 81.0 ± 9.3

TG (mg/dl) 156.3 ± 128.3*** 97.4 ± 62.0

HDL-C (mg/dl) 51.9 ± 12.7*** 61.5 ± 14.2

Systolic BP (mmHg) 130.1 ± 16.0*** 123.2 ± 17.7

Diastolic BP (mmHg) 82.1 ± 10.4*** 76.0 ± 10.9

Fasting glucose (mg/dl) 105.5 ± 24.0*** 95.9 ± 14.5

HOMA-R 2.8 ± 2.0*** 2.2 ± 1.6

BMI: body mass index, Abd.Circ: abdominal circumference,
TG: triglycerides, HDL-C: high-density lipoprotein cholesterol,
BP: blood pressure, HOMA-R: homeostasis model assessment
ratio.
Mean ± SD, ***: p < 0.001 vs women (Student’s unpaired t test)

Fig. 1.  Positive rate of each ATP III risk factor by sex.
HDL-C: high-density lipoprotein cholesterol, IFG: impaired fast-
ing glucose, Hyper TG: hypertriglyceridemia, HTN: hyperten-
sion, Abd. Obesity: abdominal obesity.
***: p < 0.001 vs women (chi-square test)

Fig. 2.  Age-specific prevalence of metabolic syndrome by sex.
*: p < 0.05, ***: p < 0.001 vs women (chi-square test)
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cantly lower among men (Table 1). For the 5 ATP III risk
factors, all positive rates were significantly higher among
men, except for a low HDL cholesterol level (Fig. 1).

The prevalence of MS was 22.5% for men and 2.8%
for women in their 30s, 29.7% for men and 6.7% for
women in their 40s, 33.4% for men and 13.2% for women
in their 50s, 33.9% for men and 17.8% for women in
their 60s, and 34.0% for men and 20.5% for women in
their 70s. The unadjusted prevalence of MS was 30.2%
for men and 10.3% for women; it was significantly higher
among men (Fig. 2). While 71.7% of men and 53.9% of
women with impaired fasting glucose had MS, 5.4% of
men and 3.9% of women without abdominal obesity were
diagnosed as having MS (Fig. 3).

Fig. 3.  Positive rate of metabolic syndrome with or without
each ATP III risk factor by sex.
Abd. Obesity: abdominal obesity, HTN: hypertension, Hyper
TG: hypertriglyceridemia, IFG: impaired fasting glucose, HDL-
C: high-density lipoprotein cholesterol, MS: metabolic syn-
drome.

Fig. 4.  Correlation between the number of ATP III risk factors
and HOMA-R by sex.
By Spearman’s rank correlation test. HOMA-R: homeostasis
model assessment ratio.
*: p < 0.05 vs women (Student’s unpaired t test)

Table 2a. Basal characteristics of the people with HOMA-R ≥
3.0 aged under 50 and aged 50 and over among men.

Characteristic 30–49 y (n = 624) 50–79 y (n = 606)

Age (y) 41.9 ± 4.6*** 57.5 ± 6.4

BMI (kg/m2) 27.2 ± 3.4** 26.7 ± 3.0

Abd.Circ (cm) 91.6 ± 8.1 91.9 ± 7.7

TG (mg/dl) 213.5 ± 167.5*** 181.6 ± 139.9

HDL-C (mg/dl) 46.6 ± 9.9* 48.0 ± 10.4

Systolic BP (mmHg) 133.5 ± 15.0*** 137.6 ± 17.4

Diastolic BP (mmHg) 84.4 ± 10.4** 86.0 ± 10.3

Fasting glucose (mg/dl) 111.8 ± 31.2*** 122.4 ± 36.2

HOMA-R 4.8 ± 2.3 4.8 ± 2.2

Mean ± SD
*: p < 0.05, **: p < 0.01, ***: p < 0.001 vs men aged 50 and
over (Student’s unpaired t test)

Table 2b. Basal characteristics of the people with HOMA-R
≥  3.0 aged under 50 and aged 50 and over among women.

Characteristic 30–49 y (n = 229) 50–79 y (n = 367)

Age (y)  42.8 ± 4.7*** 58.2 ± 6.4

BMI (kg/m2)  26.4 ± 4.3 26.4 ± 3.5

Abd.Circ (cm) 87.4 ± 9.9** 89.5 ± 8.8

TG (mg/dl) 116.4 ± 58.9*** 147.1 ± 86.9

HDL-C (mg/dl) 52.9 ± 11.3 52.4 ± 11.9

Systolic BP (mmHg) 127.4 ± 16.9*** 135.4 ± 17.6

Diastolic BP (mmHg) 78.8 ± 11.2*** 83.2 ± 10.1

Fasting glucose (mg/dl) 104.0 ± 21.1** 110.5 ± 27.1

HOMA-R 4.5 ± 2.1 4.7 ± 2.3

Mean ± SD
**: p < 0.01, ***: p < 0.001 vs women aged 50 and over
(Student’s unpaired t test)

The mean HOMA-R was 1.6 for men and 1.6 for women
among people with no risk factors, 2.0 for men and 2.1
for women (a significant difference) with one risk factor,
2.7 for men and 2.7 for women with two risk factors, 3.6
for men and 4.0 for women (a significant difference) with
three risk factors, 4.9 for men and 5.2 for women with
four risk factors, 5.8 for men and 5.9 for women with five
risk factors, respectively. According to the increase in
the number of risk factors, both men and women dis-
played significant increases in insulin resistance (Fig. 4).
Basal characteristics of the people with HOMA-R ≥ 3.0
aged under 50 and aged 50 and over by sex are listed in
Table 2a and 2b, respectively. The percentage of people
with HOMA-R ≥ 3.0 who were diagnosed as having MS
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Table 3. Odds Ratios of Metabolic Syndrome by Logistic
Regression Analyses.

Variable Odds Ratio 95% Confidence Interval p Value

Sex/Man 3.618 [3.102, 4.220] < 0.0001

Age/10ys+ 1.390 [1.297, 1.489] < 0.0001

HOMA-R/1.0+ 1.997 [1.906, 2.092] < 0.0001

was 55.9% for men aged under 50 years, and 59.9% for
men aged 50 years and over (no significant difference),
whereas it was 27.1% for women aged under 50 years,
and 43.3% for women aged 50 years and over (a signifi-
cant difference) (Fig. 5). Logistic regression analysis with
the presence or absence of MS as a dependent variable,
and sex, age, and HOMA-R as independent variables,
gave  significant odd ratios of 3.6 for men versus women,
1.4 for a 10-year age increment, and 2.0 for an elevation
of HOMA-R above 1.0 (Table 3).

Discussion

Although the criteria for abdominal obesity vary, Ford
et al. (5) have reported that MS was found in 24.0% of
men and 23.4% of women in the US. Takeuchi et al. (6)
investigated Japanese men using the same criteria that
we used, and reported a 24.4% prevalence of MS. Com-
pared with these results, the present study showed a
much higher prevalence of MS among men, and a much
lower prevalence among women.

For the 5 risk factors, the highest rate of abdominal
obesity was found among men, followed by hyperten-
sion, hypertriglyceridemia, impaired fasting glucose, and
low HDL cholesterol, in that order. This does not contra-
dict the hypothesis that visceral fat-type obesity may be
the leading factor in MS, and glucose tolerance com-
pensated by hyperinsulinemia may be sustained until a
late phase. The rate of abdominal obesity was lower than
that of low HDL cholesterol among women, which sug-

gests that we may need to define the abdominal obesity
criteria separately from the diagnostic criteria for visceral
fat-type obesity for the diagnosis of MS among women
in Japan.

HOMA-R, an index of insulin resistance, correlated with
the number of MS risk factors among both men and
women. Among women aged 50 and over, nearly half
those with at least moderate insulin resistance were found
to have MS, but fewer than 30% of women aged under
50 years were found to have MS. A similar phenomenon
was not found among men. This suggests that “insulin
resistance resistance” may be present among pre-meno-
pausal women.

Ford et al. reported that the prevalence of MS in the US
increased with age among both men and women. We
found the same trend among women in Okinawa. By
contrast, a high prevalence of MS was found in all age
groups among men in Okinawa, including the younger
generation. A European or American lifestyle tends to be
more widely adopted by younger generations, and this
may have cancelled out the influence of aging. As a re-
sult, the odds ratio of the elevation of HOMA-R above
1.0 was higher than that for a 10-year age increment.
This means that, in Japanese, MS should be identified
as a lifestyle-related disease rather than an age-related
disease.

Considering the increased risk of ischemic heart dis-
ease in multiple metabolic disorders in Japanese (7, 8),
the fact that one out of three men in Okinawa has MS
makes us deeply concerned about the life expectancy of
the younger generation. MS will increasingly become a
major public health concern not only in Okinawa but also
all over Japan in the near future.
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