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Abstract
Background In April 2005, the Japanese Society of Internal Medicine, in collaboration with seven other
Japanese societies, defined the diagnostic criterion for Japan-specific metabolic syndrome (J-MS). We then
investigated the prevalence of J-MS compared to MS as defined by the US National Cholesterol Education
Program (U-MS). We also investigated J-MS and U-MS’s association with life style and family history in the
Japanese population.

Methods The subjects comprised of 22,892 Japanese who visited the Health Science Center at Jikei University
Hospital in Tokyo Japan for medical check-ups between January 2000 and December 2004. In addition to medical
check-ups at the center, participants completed a simple, self-administered questionnaire on life style and family
history, the answers to which were later confirmed through interviews with medical doctors.

Results The age- and gender-standardized prevalence of J-MS and U-MS in the general Japanese population
using Japan’s 2001 National Census data was 8.4% and 5.3%, respectively. Multiple logistic regression analyses
demonstrated that family histories of hypertension/diabetes, smoking habits, alcohol consumption (�150g of
ethanol index/weeks), eating out in the evening, faster eating speed, larger portion size, and a diet high in animal
fats were positively related to J-MS, whereas a balanced diet, brisk walking, regular exercise and working 3–7
hours per day were negatively associated with the prevalence of J-MS.

Conclusion These results suggest that the prevalence of MS amongst Japanese may be associated with life
style factors such as smoking, size of food portions and alcohol consumption, as well as with family history of
hypertension and diabetes.
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for a long time under different names.5,6

While the overall concept of MS was generally
acknowledged, there has been no commonly
accepted definition of MS. In 1999, the World
Health Organization (WHO) developed the first
internationally recognized definition of MS.7,8

Then, in 2001, the US National Cholesterol
Education Program (NCEP) specified the crite-
rion for MS (henceforth U-MS) as the presence

Introduction

Some metabolic abnormalities including glucose
intolerance, central obesity, dyslipidemia and
hypertension co-occur in an individual as meta-
bolic syndrome (MS), which is associated with
an increased risk of cardiovascular diseases.1–4

The existence of MS had been widely recognized
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of at least three conditions from following five
components: 1) abdominal obesity; 2) hyper-
triglyceridemia; 3) low high-density lipoprotein
cholesterol (HDL-C); 4) high blood pressure;
5) high fasting glucose.9

Yet, the extent of obesity associated with
increased risk differs according to ethnicity and
lower cutoff points were suggested for Asians.10

In April 2005, a committee of specialists from
eight Japan Societies: the Japan Society for
the Study of Obesity; the Japan Atherosclerosis
Society; the Japan Diabetes Society; the Japanese
Society of Hypertension; the Japanese Circulation
Society; the Japanese Society of Nephrology; the
Japanese Society on Thrombosis and Hemostasis;
the Japanese Society of Internal Medicine11

specified a diagnosis criterion of Japan-specific
metabolic syndrome (J-MS) appropriate for
Japanese. According to the criterion of J-MS,
abdominal obesity: waist circumstance: �85 cm
in men and �90 cm in women was obligatory
since central obesity, as opposed to body mass
index, may reflect the volume of fat around
visceral organs. This is one of the main aspects
in which J-MS differs from the criterion specified
by the NCEP. In addition to abdominal obesity,
the presence of two of the following three
abnormalities must be observed in order to
confirm a diagnosis of J-MS: dyslipidemia: hyper-
triglyceridemia or low HDL-C; hypertension;
hyperglycemia.

In this study, we aimed to identify the
prevalence of MS defined both according to
the Japanese criterion and that defined by the
NCEP in the same 22,892 subjects who visited
a university hospital for medical check-up. We
sought to identify associations between MS
generally, and both life style factors and family
history using multiple logistic regression analyses.

Participants and Methods

Population
The subjects comprised 22,892 Japanese, aged 20
to 93 years old, (16,535 males (72.2%), mean age
47.9�10.7 years and 6,357 females: mean age
44.6�11.2 years), who visited the Health Science
Center at Jikei University Hospital in the
center of Tokyo, Japan, between January, 2000
and December, 2004, for medical check-ups. Of
subjects who attended more than twice during
the study period, only data from the last visit

were used. Subjects whose age was less than 20
years old were excluded.

Variables
All participants completed a simple, self-
administered questionnaire (in Japanese) regard-
ing life style and family history, among the
subject’s parents and brothers/sisters, of cardio-
vascular diseases in addition to dyslipidemia,
hypertension or diabetes mellitus. Following
this short questionnaire, anthropometrical exam-
ination including height, weight and waist
circumference measurements, was performed by
trained staff. Blood samples were collected after
an overnight fast (no food intake for more than
12 hours). After these examinations, the medical
doctor interviewed subjects to confirm their
answers to the questionnaires.

Outcome measures
The primary outcome was MS according to
the criterion defined by the Japanese societies’
committee (J-MS).11 Abdominal obesity: waist
circumstance: �85 cm in men and �90 cm in
women was obligatory for a diagnosis of MS.
In addition to abdominal obesity, any two of
the following three abnormalities should be
observed: A: dyslipidemia: triglyceride (TG)
�150 mg/dl or HDL-C �40 mg/dl or use of
anti-dyslipidemia medication; B: hypertension:
systolic blood pressure �130 mmHg or diastolic
blood pressure �85 mmHg or use of antihyper-
tensive medication; C: hyperglycemia: fasting
plasma glucose �110 mg/dl or use of hypo-
glycemic medication.

To enable comparisons with reports in other
countries, we also applied criterion set by the
US NECP, described here as U-MS, according to
the presence of three or more of the following
five components: 1) abdominal obesity: waist
circumference �102 cm in men and �88 cm
in women; 2) hypertriglycemia: TG 150 mg/dl;
3) HDL-C: �40 mg/dl in men and �50 mg/dl
in women; 4) blood pressure: 130/85 mmHg
or use of antihypertensive medication; 5) high
fasting plasma glucose: 110 mg/dl or use of
hypoglycemic medication.9

Statistics
Multiple logistic regression analyses were applied
to detect important variables linked to the
incidence of MS. The prevalence of MS in the
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Table 1 Prevalence of metabolic syndrome (J-MS and U-MS) in different gender and age groups

Total 20�age�30 30�age�40 40�age�50 50�age�60 60�age�70 70�age Adjusted
N�22,892 N�563 N�6,573 N�6,623 N�5,906 N�2,707 N�520 %*12

AO*1 male 7,926 (47.9)*12 81 (28.8) 1,690 (39.2) 2,359 (48.9) 2,462 (53.8) 1,125 (51.4) 209 (59.5) 46.2
female 625 (9.8) 29 (10.3) 177 (7.8) 144 (8.0) 156 (11.7) 81 (15.7) 38 (22.5) 12.3
total 8,551 (37.4) 110 (19.5) 1,867 (28.4) 2,503 (37.8) 2,618 (44.3) 1,206 (44.6) 247 (47.5) 29.1

AO�DL*2 male 3,422 (20.7) 33 (11.7) 732 (17.0) 1,099 (22.8) 1,051 (23.0) 430 (19.6) 77 (21.9) 19.2
female 128 (2.0) 1 (0.4) 18 (0.8) 26 (1.5) 39 (2.9) 29 (5.6) 15 (8.9) 3.1
total 3,550 (15.5) 34 (6.0) 750 (11.4) 1,125 (17.0) 1,090 (18.5) 459 (17.0) 92 (17.7) 11.1

AO�HT*3 male 3,208 (19.4) 14 (5.0) 378 (8.8) 837 (17.3) 1,173 (25.6) 662 (30.2) 144 (41.0) 20.1
female 201 (3.2) 0 (0.0) 22 (1.0) 39 (2.2) 70 (5.3) 41 (7.9) 29 (17.2) 5.2
total 3,409 (14.9) 14 (2.5) 400 (6.1) 876 (13.2) 1,243 (21.1) 703 (26.0) 173 (33.3) 12.6

AO�HG*4 male 1,719 (10.4) 2 (0.7) 158 (3.7) 420 (8.7) 700 (15.3) 362 (16.5) 77 (21.9) 10.5
female 85 (1.3) 0 (0.0) 10 (0.4) 16 (0.9) 36 (2.7) 13 (2.5) 10 (5.9) 2.0
total 1,804 (7.9) 2 (0.4) 168 (2.6) 436 (6.6) 736 (12.5) 375 (13.9) 87 (16.7) 6.2

AO�DL male 1,509 (9.1) 6 (2.1) 194 (4.5) 456 (9.4) 536 (11.7) 264 (12.1) 53 (15.1) 8.8
�HT female 65 (1.0) 0 (0.0) 4 (0.2) 10 (0.6) 24 (1.8) 16 (3.1) 11 (6.5) 1.9

total 1,574 (6.9) 6 (1.1) 198 (3.0) 466 (7.0) 560 (9.5) 280 (10.3) 64 (12.3) 5.6

AO�DL male 908 (5.5) 2 (0.7) 93 (2.2) 255 (5.3) 370 (8.1) 153 (7.0) 35 (10.0) 5.3
�HG female 36 (0.6) 0 (0.0) 4 (0.2) 4 (0.2) 14 (1.1) 8 (1.6) 6 (3.6) 1.0

total 944 (4.1) 2 (0.4) 97 (1.5) 259 (3.9) 384 (6.5) 161 (6.0) 41 (7.9) 3.2

AO�HT male 976 (5.9) 1 (0.4) 54 (1.3) 224 (4.6) 407 (8.9) 233 (10.6) 57 (16.2) 6.4
�HG female 53 (0.8) 0 (0.0) 3 (0.1) 6 (0.3) 27 (2.0) 8 (1.6) 9 (5.3) 1.4

total 1,029 (4.5) 1 (0.2) 57 (0.9) 230 (3.5) 434 (7.4) 241 (8.9) 66 (12.7) 3.9

AO�DL male 531 (3.2) 1 (0.4) 37 (0.9) 141 (2.9) 225 (4.9) 102 (4.7) 25 (7.1) 3.3
�HT�HG female 22 (0.4) 0 (0.0) 1 (0.0) 1 (0.1) 11 (0.8) 4 (0.8) 5 (3.0) 0.7

total 553 (2.4) 1 (0.2) 38 (0.6) 142 (2.1) 236 (4.0) 106 (3.9) 30 (5.8) 2.0

J-MS*5 male 2,331 (14.1)*3 7 (2.5) 267 (6.2) 653 (13.5) 863 (18.9) 446 (20.4) 95 (27.1) 14.0
female 110 (1.7) 0 (0.0) 9 (0.4) 18 (1.0) 43 (3.2) 24 (4.6) 16 (9.5) 2.9
total 2,441 (10.7) 7 (1.2) 276 (4.2) 671 (10.1) 906 (15.3) 470 (17.4) 111 (21.4) 8.4

U-AO*6 male 501 (3.0) 14 (5.0) 138 (3.2) 138 (2.9) 131 (2.9) 61 (2.8) 19 (5.4) 3.6
female 724 (11.4) 30 (10.6) 191 (8.4) 167 (9.3) 194 (14.6) 100 (19.3) 42 (24.9) 14.1
total 1,225 (5.4) 44 (7.8) 329 (5.0) 305 (4.6) 325 (5.5) 161 (6.0) 61 (11.7) 8.9

U-TG*7 male 4,365 (26.4) 43 (15.3) 1,016 (23.6) 1,457 (30.2) 1,291 (28.2) 497 (22.7) 61 (17.4) 23.1
female 340 (5.4) 3 (1.1) 53 (2.3) 91 (5.1) 116 (8.7) 55 (10.6) 22 (13.0) 6.6
total 4,705 (20.6) 46 (8.2) 1,069 (16.3) 1,548 (23.4) 1,407 (23.8) 552 (20.4) 83 (16.0) 14.8

U-HDL*8 male 1,433 (8.7) 19 (6.8) 399 (9.3) 419 (8.7) 382 (8.4) 184 (8.4) 30 (8.6) 8.3
female 465 (7.3) 10 (3.6) 116 (5.1) 144 (8.0) 109 (8.2) 67 (13.0) 19 (11.2) 8.0
total 1,898 (8.3) 29 (5.2) 515 (7.8) 563 (8.5) 491 (8.3) 251 (9.3) 49 (9.4) 8.2

U-BP*9 male 5,108 (30.9) 28 (10.0) 643 (14.9) 1,247 (25.8) 1,865 (40.8) 1,100 (50.2) 225 (64.1) 32.4
female 886 (13.9) 1 (0.4) 88 (3.9) 171 (9.5) 338 (25.4) 181 (35.0) 107 (63.3) 21.5
total 5,994 (26.2) 29 (5.2) 731 (11.1) 1,418 (21.4) 2,203 (37.3) 1,281 (47.3) 332 (63.9) 26.9

U-PG*10 male 2,672 (16.2) 4 (1.4) 229 (5.3) 635 (13.2) 1,088 (23.8) 605 (27.6) 111 (31.6) 16.2
female 306 (4.8) 0 (0.0) 29 (1.3) 71 (4.0) 110 (8.3) 59 (11.4) 37 (21.9) 7.3
total 2,978 (13.0) 4 (0.7) 258 (3.9) 706 (10.7) 1,198 (20.3) 664 (24.5) 148 (28.5) 11.7

U-MS*11 male 1,060 (6.4) 6 (2.1) 142 (3.3) 292 (6.1) 389 (8.5) 197 (9.0) 34 (9.7) 6.2
female 193 (3.0) 0 (0.0) 17 (0.8) 43 (2.4) 73 (5.5) 42 (8.1) 18 (10.7) 4.4
total 1,253 (5.5) 6 (1.1) 159 (2.4) 335 (5.1) 462 (7.8) 239 (8.8) 52 (10.0) 5.3

*1: AO: abdominal obesity: waist circumstance: �85 cm in men and �90 cm in women *2: DL: dyslipidemia: triglyceride (TG) �150 mg/dl or
HDL-C �40 mg/dl or use of anti-dyslipidemia medication *3: HT: hypertension: systolic blood pressure �130 mmHg or diastolic blood pressure
�85 mmHg or use of antihypertensive medication *4: HG: hyperglycemia: fasting plasma glucose �110 mg/dl or use of hypoglycemic medication
*5: J-MS: Metabolic syndrome defined by Japanese Societies committee: AO�DL�HT; AO�DL�HG; AO�HT�HG; AO�DL�HT�HG.
*6: U-AO: abdominal obesity: waist circumference �102cm in men and �88 cm in women *7: U-TG: Hypertriglycemia: TG�150 mg/dl
*8: U-HDL: HDL-C: �40 mg/dl in men and �50 mg/dl in women *9: U-BP: blood pressure: 130/85mmHg or use of antihypertensive medication
*10: U-PG: high fasting glucose: 110mg/dl or use of hypoglycemic medication *11: U-MS: Metabolic syndrome by the US National Cholesterol
Education Program (NCEP): three and more from U-AO, U-TG, U-HDL, U-BP, U-PG, U-MS. *12: absolute number (%): adjusted: percentage was
adjusted by age and gender in the Japanese general population using the 2001 National Census data.
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Japanese population as a whole was adjusted
by distribution of age groups and gender using
Japan’s 2001 National Census data. Risks of
MS associated with age/gender and life style/
family history were shown as a risk ratio or
odds ratio (OR) with 95% confidence interval
(95% CI). All statistical analyses were performed
with STATA 8.0 software (STATA Corporation,
College Station, TX).

Results

Prevalence of MS in Japanese population
In total, 2,441 (10.7%) and 1,253 (5.5%) of
subjects satisfied the criterion of J-MS and U-MS,
respectively (Table 1). The age- and gender-
standardized prevalence of J-MS and U-MS in
the general Japanese population using the 2001
National Census data was 8.4% (95% CI: 8.2–
8.6%) and 5.3% (95% CI: 5.1–5.4%), respectively.
The standardized J-MS was quite different
between men (14.0%, 95% CI: 13.7–14.3%) and
women (2.9%, 95% CI: 2.7–3.0%) (P�0.01),
in contrast, the standardized U-MS was closer
between men (6.2%, 95% CI: 6.0–6.4%) and
women (4.4%, 95% CI: 4.2–4.6%) (P�0.01).

The prevalence of J-MS and U-MS increased
with age in both men and women. There was a
17.2-fold (95% CI: 8.1–36.5) and 9.4-fold (95%
CI: 4.1–21.7) increase in risk ratio for having
J-MS and U-MS in the age group �70 years
old compared with that of 20–29 years old,
respectively.

The criterion for J-MS was based on three
components of the syndrome and percentages
adjusted by age and gender were as follows:
1) dyslipidemia � hypertension � abdominal
obesity (5.6%); 2) dyslipidemia�hyperglycemia

�abdominal obesity (3.2%); 3) hypertension
� hyperglycemia � abdominal obesity (3.9%);
4) dyslipidemia �hypertension�hyperglycemia
�abdominal obesity (2.0%).

The criterion for U-MS had five components
of the syndrome and percentages adjusted by age
and gender was as follows: abdominal obesity
(8.9%); elevated TG levels (14.8%); low HDL-C
levels (8.2%); hypertension (26.9%); hypergly-
cemia (11.7%). Percentages adjusted by age and
gender having three, four and five components in
U-MS were 4.3%, 0.9% and 0.1%, respectively.

Family history associated with prevalence
of MS
Associations between family histories of cardio-
vascular disease: cerebral infarction/cerebral
bleeding excluding brain injury; hypertension;
coronary artery disease; dyslipidemia; diabetes
mellitus; and prevalence of J-MS and U-MS were
investigated by adjusting for age and gender
(Table 2). Family histories of hypertension
and diabetes showed significant associations
with the prevalence of both J-MS and U-MS
(P�0.005). Family history of dyslipidemia was
only associated with U-MS (P�0.05).

Life styles associated with prevalence of MS
Each component of life style: alcohol consumption;
smoking habits; eating habits; exercise habits;
work patterns; was examined in association with
the prevalence of J-MS and U-MS adjusting for
age and gender using multiple logistic regression
analyses. Compared with those that drink least
(alcohol index: �150 g of ethanol/week), there
was a significant increase in risk of both J-MS
and U-MS in the moderate range (151–450
g/week) and high range (�451 g/week) (Table

Table 2 Risk of metabolic syndrome and family history of diseases: OR (95% CI)*1

Cerebral infarction Hypertension Coronary artery Dyslipidemia Diabetes mellitus*2

and/or bleeding disease

1,820 (8.0) 6,386 (27.9) 1,258 (5.5) 855 (3.7) 3,345 (14.6)

J-MS*3 1.04 (0.90–1.20) 1.46 (1.32–1.60)‡ 1.12 (0.94–1.34) 1.22 (0.97–1.54) 1.28 (1.14–1.44)‡

U-MS*4 1.04 (0.86–1.27) 1.41 (1.25–1.59)‡ 1.02 (0.81–1.30) 1.40 (1.06–1.86)† 1.52 (1.32–1.76)‡

*1: OR and 95% CI of MS were computed with logistic regression analyses using each disease adjusted by age and gender.
*2: Diabetes mellitus at least one in subject’s parents or brothers/sisters *3: J-MS: Metabolic syndrome defined by Japanese
Societies committee *4: U-MS: Metabolic syndrome by the US National Cholesterol Education Program (NCEP) †: P�0.05,
‡: P�0.005

Urashima M, Wada T, Fukumoto T, et al.
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3). Regarding smoking habits, the prevalence of
MS was higher in both current and ex-smokers
compared with non-smokers (Table 4). As for
eating habits, subjects who answered ‘Yes’ to
the question “Do you eat balanced daily meals?”
had a negative correlation whereas subjects that
answered 1� days to the question “How many
days per week on average do you eat out in
the evening?” and subjects who answered ‘Yes’ to
the question “Do you think you eat faster than
others when eating alone?” both had positive
associations with J-MS (Table 5A). In addition,
subjects who answered ‘Yes’ to the question “Do
you have enough vegetables and/or seaweed
and/or mushrooms?” and who answered 1� days
to the question “How many days per week do
you have breakfast?” had negative correlations
whereas answers ‘Yes’ to the question “Do

you eat between meals and/or eat late-night
snacks?” were positively associated with the
U-MS (Table 5A). We also investigated size of
food portions and subjects’ food preferences
(Table 5B). Apart from the question “Do you
think you consume more sweet foods and/or
soft drinks than others?” both J-MS and U-MS
were more prevalent in subjects who answered
‘Yes’ to the questions: “Do you think you eat
too much?” “Do you prefer salty food?” “Do you
think you eat more animal fat than others?” For
exercise habits and physical activity, subjects who
answered ‘Yes’ to the question “Do you try to do
brisk walking for 1 hour or more per day?” and
subjects who answered ‘Yes’ to the question “Do
you regularly do vigorous exercise for 1 hour or
more per week?” had negative associations with
J-MS and U-MS prevalence (Table 6). In terms of

Table 3 Risk of metabolic syndrome and alcohol consumption: OR (95% CI)*1

Alcohol index*2

0–150g/week 151–450g/week 451–g/week
N�14,802 N�6,975 N�1,115

J-MS*3 1 1.31 (1.20–1.44)‡ 1.94 (1.66–2.89)‡

U-MS*4 1 1.20 (1.05–1.38)† 1.69 (1.36–2.10)‡

*1: OR with 95% CI of MS was calculated for alcohol index: 151–450g/week and 451�g/week
in comparison with 0–150g/week using multiple logistic regression analysis adjusted by age and
gender. *2: Information about alcohol consumption was elicited using the questionnaire item:
“How many times a week on average do you drink alcohol, what kinds of alcohol, and how
many glasses of each kind?” Answers were confirmed by a doctor. Then, amounts of ethanol
were calculated as alcohol index: amount of alcohol consumption (g)/week�0.8�ethanol
consumption (g)/week. *3: J-MS: Metabolic syndrome defined by Japanese Societies committee
*4: U-MS: Metabolic syndrome by the US National Cholesterol Education Program (NCEP)
†: P�0.05, ‡: P�0.005

Table 4 Risk of metabolic syndrome and smoking habits: OR (95% CI)*1

Smoking habits*2

Non smoker Recent smoker Past smoker
N�6,870 N�7,638 N�8,384

J-MS*3 1 1.20 (1.07–1.35)‡ 1.21 (1.08–1.37)‡

U-MS*4 1 1.21 (1.05–1.41)† 1.02 (0.87–1.20)

*1: OR with 95% CI of MS was calculated for ‘recent smoker’ and ‘past smoker’ in comparison
with ‘non smoker’ using multiple logistic regression analysis adjusted by age and gender.
*2: Information about smoking habits was elicited using questionnaire item: “Do you currently
smoke, do you almost never smoke, or are you an ex-smoker?” Answers were confirmed
by a doctor. *3: J-MS: Metabolic syndrome defined by Japanese Societies committee
*4: U-MS: Metabolic syndrome by the US National Cholesterol Education Program (NCEP)
†: P�0.05, ‡: P�0.005

PREVALENCE OF METABOLIC SYNDROME
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Table 5A Risk of metabolic syndrome and eating habits: OR (95% CI)*1

Eating habits*2

Balanced meal*3 Enough Breakfast*5 Eat out in the Eating between
Fast eater*8

vegetables*4 (Days) evening*6 (Days) meals*7

Yes Yes
Frequency per week Frequency per week

Yes Yes
15,561 (68.2) 7,039 (30.8)

Median: 7 days Median: 1 day
8,873 (38.8) 11,584 (50.7)

Mean�SD: 5.6�2.1 Mean�SD: 1.9�1.8

J-MS*9 0.74 (0.66–0.82)‡ 1.00 (0.90–1.11) 1.00 (0.98–1.02) 1.06 (1.03–1.09)‡ 1.02 (0.93–1.13) 1.84 (1.68–2.01)‡

U-MS*10 0.65 (0.57–0.74)‡ 0.83 (0.73–0.95)‡ 0.97 (0.94–0.99)† 1.09 (1.06–1.13)‡ 1.21 (1.08–1.38)‡ 1.84 (1.63–2.08)‡

*1: OR and 95% CI of MS in association with specific eating habits was computed with multiple logistic regression analysis using six variables
related with eating habits adjusted by age and gender. *2: Information about eating habits was elicited using questionnaire. A doctor subsequently
confirmed subjects responses to the following items: *3: “Do eat a balanced daily meal?” Yes/No answer *4: “Do eat enough vegetables and/or
seaweed, and/or mushroom?” Yes/No answer *5: “How many days per week do you have breakfast?” 0–7 days/week answer *6: “How many
days per week on average do you eat out in the evening?” 0–7 days/week answer *7: “Do you eat between meals and/or eat late-night snacks?”
Yes/No answer *8: “Do you think you eat faster than others?” Yes/No answer *9: J-MS: Metabolic syndrome defined by Japanese Societies
committee *10: U-MS: Metabolic syndrome by the US National Cholesterol Education Program (NCEP) †: P�0.05, ‡: P�0.005

Table 5B Risk of metabolic syndrome and eating habits: OR (95% CI)*1

Eating habits*2

Large portions*3 Salty food*4 More animal fat*5 More sweet foods
including soft drinks*6

Yes Yes Yes Yes

N�6,513 (28.5%) N�6,749 (29.5%) N�5,332 (23.3%) N�4,823 (21.1%)

J-MS*7 2.21 (2.01–2.42)‡ 1.18 (1.08–1.30)‡ 1.50 (1.35–1.66)‡ 0.97 (0.86–1.09)

U-MS*8 2.07 (1.84–2.34)‡ 1.17 (1.03–1.32)† 1.42 (1.23–1.62)‡ 1.08 (0.94–1.25)

*1: OR and 95% CI of MS in association with specific eating habits was computed with multiple logistic regression analysis using
four variables related with eating habits adjusted by age and gender. *2: Information about eating habits was elicited using
questionnaire. A doctor subsequently confirmed subjects responses to the following items: *3: “Do you think you eat too
much?” Yes/No answer *4: “Do you prefer salty food?” Yes/No answer *5: “Do you eat animal fat more often than others?”
Yes/No answer *6: “Do consume more sweet foods including soft drinks than others?” Yes/No answer *7: J-MS: Metabolic
syndrome defined by Japanese Societies committee *8: U-MS: Metabolic syndrome by the US National Cholesterol Education
Program (NCEP) †: P�0.05, ‡: P�0.005

Table 6 Risk of metabolic syndrome and exercise habits: OR (95% CI)*1

Exercise habits*2

Brisk walking 1� hours per day*3 Regular vigorous exercise 1� hours per week*4

Yes Yes

N�2,906 (12.7%) N�7,955 (34.8%)

J-MS*5 0.75 (0.66–0.86)‡ 0.79 (0.72–0.87)‡

U-MS*6 0.76 (0.64–0.91)‡ 0.72 (0.63–0.81)‡

*1: OR and 95% CI of MS were computed with multiple logistic regression model using two answers to the
questionnaire items concerning exercise habits adjusted by age and gender. *2: Information about exercise
habits was elicited using questionnaire. A doctor subsequently confirmed subjects responses to the following
items: *3: Do you do brisk walking for 1 hour or more per day? Do you try to have time more than 1 hour per
day for exercise of fast walking? Yes/No answer *4: Do you do vigorous exercise regularly for 1 hour or
more per week? Yes/No answer *5: J-MS: Metabolic syndrome defined by Japanese Societies committee
*6: U-MS: Metabolic syndrome by the US National Cholesterol Education Program (NCEP) ‡: P�0.005
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Table 7 Risk of metabolic syndrome and working habits: OR (95% CI)*1

Work-rest pattern*2

Average days off Average hours sleep
Average working hours per day

per month per day
0–2 hours/day 3–7 hours/day 8–13 hours/day

14 and more

Mean 7.7�4.1 SD Mean 6.2�1.0 SD hours/day

days hours N�728 N�2,227 N�17,459 N�2,107

J-MS*3 0.99 (0.98–1.00) 0.98 (0.93–1.03) 0.98 (0.83–1.17) 0.71 (0.59–0.86)‡ 1 0.99 (0.83–1.17)

U-MS*4 0.98 (0.96–0.99)‡ 0.94 (0.88–1.01) 1.00 (0.71–1.41) 0.82 (0.66–1.02) 1 0.87 (0.69–1.10)

*1: OR and 95% CI of MS were computed with multiple logistic regression model using four categories of average work hours
including house work as well as average days off per month and average hours sleep per day adjusted by age and gender.
*2: Information about work patterns was elicited using a questionnaire, and the answers were confirmed subsequently through
an interview with a doctor. *3: J-MS: Metabolic syndrome defined by Japanese Societies committee *4: U-MS: Metabolic
syndrome by the US National Cholesterol Education Program (NCEP) ‡: P�0.005

Table 8 Risk of metabolic syndrome and all variables measured in this study: OR (95% CI)*1

J-MS*2 U-MS*3

Family history of cerebral infarction and/or bleeding 1.04 (0.88–1.22) 0.95 (0.76–1.19)

Family history of hypertension 1.40 (1.26–1.56)‡ 1.24 (1.08–1.43)‡

Family history of coronary heart diseases 1.14 (0.94–1.38) 0.95 (0.72–1.25)

Family history of dyslipidemia 1.16 (0.89–1.51) 1.07 (0.76–1.51)

Family history of diabetes mellitus 1.19 (1.05–1.36)† 1.36 (1.15–1.61)‡

Non-smoker 1 1

Recent smoker 1.17 (1.03–1.33)† 1.17 (0.99–1.40)

Ex-smoker 1.18 (1.03–1.34)† 0.98 (0.82–1.18)

Alcohol index 0–150g 1 1

Alcohol index 151–450g 1.29 (1.16–1.43)‡ 1.17 (1.01–1.36)†

Alcohol index 451–g 1.79 (1.50–2.14)‡ 1.60 (1.27–2.05)‡

Balanced meal 0.80 (0.71–0.91)‡ 0.76 (0.64–0.89)‡

Enough vegetables 1.02 (0.91–1.15) 1.04 (0.89–1.22)

Breakfast 1.01 (0.99–1.04) 1.02 (0.98–1.05)

Eating out in the evenings 1.04 (1.01–1.07)† 1.03 (0.99–1.07)

Eating between meals 0.99 (0.88–1.11) 1.10 (0.94–1.28)

Eating fast 1.64 (1.48–1.82)‡ 1.74 (1.51–2.00)‡

Large portions 1.96 (1.76–2.18)‡ 1.76 (1.53–2.03)‡

Salty food 1.07 (0.97–1.19) 1.09 (0.95–1.26)

More animal fat 1.31 (1.17–1.47)‡ 1.23 (1.05–1.44)†

Sweet food/drinks 0.92 (0.79–1.07) 1.01 (0.83–1.22)

Brisk walking 1� hrs p/day 0.74 (0.64–0.87)‡ 0.80 (0.65–0.98)†

Regular vigorous exercise 1� hrs p/week 0.84 (0.75–0.93)‡ 0.77 (0.66–0.89)†

Days off p/mth 0.99 (0.98–1.01) 0.99 (0.97–1.01)

Hours sleep per day 1.02 (0.97–1.08) 0.98 (0.91–1.06)

Work per day (0–2 hours) 1.08 (0.79–1.48) 1.16 (0.78–1.73)

Work per day (3–7 hours) 0.77 (0.62–0.94)† 0.94 (0.73–1.22)

Work per day (8–13 hours) 1 1

Work per day (14– hours) 0.95 (0.79–1.15) 0.82 (0.63–1.07)

*1: OR and 95% CI of MS were computed with multiple logistic regression model with all variables used in previous
tables adjusted by age and gender. *2: Logistic model for J-MS: Metabolic syndrome defined by Japanese
Societies: R2�0.1381 *3: Logistic model for U-MS: Metabolic syndrome by the US National Cholesterol
Education Program (NCEP): R2�0.0778 †: P�0.05, ‡: P�0.005

PREVALENCE OF METABOLIC SYNDROME



448 JMAJ, September 2005 — Vol. 48, No. 9

work habits, when work hours per day ranged
between 8 and 13 hours, the prevalence of J-MS
decreased (Table 7), whereas U-MS decreased
with more days off per month (Table 7).

Multiple logistic regression analyses
Multiple logistic regression models for J-MS and
U-MS were computed using the same variables
as previous analyses adjusted by age and gender
(Table 8). Subjects with family histories of
hypertension/diabetes, who drink more than
450 g of ethanol per week, and who eat out for
dinner more often, who answered ‘Yes’ to the
question “Do you think you eat faster than
others?” “Do you think you eat too much?” “Do
you think you eat more animal fat than others?”
were positively correlated, whereas subjects who
answered ‘Yes’ to the question “Do you have a
balanced daily meal?” and “Do you regularly do
vigorous exercise for 1 hour or more per week?”
were negatively associated with both J-MS and
U-MS. In J-MS, recent and past smoking habits
and medium to high alcohol consumption (�150 g
of ethanol/week) were positively associated with
J-MS. Moreover, subjects who answered ‘Yes’ to
the question “Do you try to do more than 1 hour
of exercise of fast walking per day?” and who
worked 8 to 13 hours per day were negatively
associated with J-MS.

Discussion

Using data from the Health Science Center
at Jikei University Hospital, we estimated the
prevalence of J-MS and U-MS as 8.4% and 5.3%
respectively in the general Japanese population
older than 20 years, standardized by age and
gender using Japan’s 2001 National Census data.

In contrast to our data, MS as defined
by WHO and NCEP typically affects 20–30%
of the adult population in the USA12–14 and
Europe.15 Mexican Americans have the highest
age-adjusted prevalence of U-MS (31.9%).12 In
China, the age-standardized prevalence of U-MS
was 9.8% in men and 17.8% in women.16 Thus,
the prevalence of MS in Japan appears to be
lower than that in other countries. However,
since the center where study was done is located
in the center of Tokyo, these percentages
may be specific to the local population, which
has a relatively high socioeconomic level, and
healthier behavior and/or longer work hours

than the population as a whole. Thus, random
sampling from across Japan is required before
a conclusive statement can be made about the
low prevalence of MS in Japan compared to
other countries.

Our study revealed a higher prevalence of
J-MS (8.4%) than U-MS (5.3%) using data
obtained from the same subjects. The major
difference between J-MS and U-MS is the cutoff
point of waist circumstances: J-MS: �85 cm in
men; �90 cm in women; U-MS: �102 cm in
men and �88 cm in women. As morbidity and
mortality from cardiovascular diseases occurs in
people with lower body mass indexes and smaller
waist circumferences in Asian populations, the
commonly used definitions of MS, at least in their
present forms, have limited clinical usefulness
for Asian populations and may need some ethnic
group-specific modifications for global use.10,17

In fact, abnormal waist circumference was
considerably more prevalent among individuals
with MS in the US (72% in men, 94% in women)
compared with their Asian counterparts, but
substantial variation was also observed even
among the Asian population (13–22% in men,
38–63% in women).18 Therefore, the cutoff points
were set lower in J-MS than in U-MS. However,
these waist circumferences are provisional
pending validation through follow-up studies.

Both J-MS and U-MS were associated with
family histories of hypertension and diabetes.

In contrast, there was no significant association
with family histories of cerebral infarction/
bleeding or coronary artery disease. The
prevalence of infarction/bleeding and coronary
artery disease in association with MS is less than
that of hypertension and diabetes, which may
make statistical significance difficult to detect.
Thus, research using larger sample populations
is required to establish the association between
family history of cerebral infarction/bleeding
or coronary artery disease and MS with any
reliability.

Few studies have examined the risk of MS
and family history.19,20 Susceptibility to MS has
recently been linked with a mitochondria-DNA
variant.21,22 However, life style factors remained
significant even when adjustments for family
history were made in the multivariate analyses.
Thus, examining genetic and life style factors
simultaneously may be important for future
studies.
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In addition to factors of familial aggregation,
life style factors were associated with the
prevalence of MS. Japanese migrants and their
descendants in Brazil have been shown to be at
high risk for components of MS.23,24 However,
randomized trials have shown that changes
in life style can decrease the risk of MS.25 We
investigated the life style components of alcohol,
smoking, diet, exercise, and work, using cross
sectional design and questionnaires. Smoking
and alcohol consumption was linked to a higher
prevalence of MS in this study, consistent with
previous articles.26–29 In this study, a healthy diet,
identified in terms of balanced, regular meals
at home, smaller portions, and less salty food
and animal fat, was significantly linked with a
reduced risk of MS. Dietary pattern has been
empirically shown to effect the development
of MS.30,31 In this study, behavior associated
with fitness was also shown to decrease the risk
of MS, which is also consistent with previous
knowledge.32,33 Similarly, efforts to lessen the
amount of time spent watching television or
videos or using a computer, especially if coupled
with increases in physical activity, could result

in substantial decreases in the prevalence of
MS.34 In terms of work, 3–8 hours work per day
was associated with a lower MS prevalence.
In other words, working either too little or too
much (see Table 7) is not good for the health,
assuming no bias and adjustment. Moreover,
taking enough days off is also associated with
a lower incidence of MS. Although there
are already a few reports about associations
between work patterns and MS prevalence,35 this
represents another interesting area for future
research in this field.

These results suggest that the prevalence of
MS in Japanese may be associated with life style
factors of smoking, food intake and alcohol
consumption, exercise and rest as well as with
family history of hypertension and diabetes,
which is consistent with the healthy habits “None
of one, less of two, more of three”.36,37
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