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Introduction

World Health Organization published a report late in 
last century on the definition of metabolic syndrome, in 
addition to the diagnostic criteria for diabetes mellitus, 
as an etiology possibly common to various lifestyle-
related chronic diseases1).  Since then, metabolic syn-
drome (MS) and related risk factors have been among 
the foci of attention of health staff in many organiza-
tions both in developed and developing countries.  In 
Japan in particular, a nation-wide campaign has been 
launched since a new health examination system for 
employed workers was promulgated early in 20082), and 
the Ministry of Health, Labour and Welfare has been 
active on an anti-MS program by requesting all employ-
ers to offer special health examination (designated to 
detect early signs of the syndrome) followed by finding-

based health guidance not only to their employees but 
to the dependants of the employees.

A number of survey reports have been published on 
the prevalence of MS among various working popula-
tions and general public in Japan3–11) as well as people 
in east Asia12–19).  Success in solving MS problems20) 
has also been reported through improvement in food 
habits21) or introduction of gentle yet daily-repeated 
physical exercise (typically 40 min walk) in combina-
tion with diet guidance22).

The focus of attention in these studies was placed on 
obese workers at middle ages (e.g., ≥40 yr) as a pos-
sible high-risk group to develop metabolic syndrome.  
A question naturally arises in occupational health ser-
vice is if younger workers or those with lean or normal 
body composition are free from the risk, and in case 
they also have risks, what would be the extent of their 
risks relative to the risks for expected high-risk group 
of middle-aged obese workers.

The present study was initiated to find answers to 
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these questions of occupational as well as public health 
importance.  For this purpose, analyses were conducted 
by use of two sets of records obtained through routine 
annual health examinations 5 yr apart.

Subjects and Methods

Subjects studied
Among the workers who underwent routine annual 

health examinations in 2003, 2,042 adult men showed 
no pathological or borderline findings in their health 
records (the original group) (for examination items, 
see below).  Most of them were followed up every 
year as a part of routine occupational health service, 
and a complete set of data on each and all examina-
tion items for 2008 (i.e., 5 yr later) were available for 
804 male workers (the selected group).  Preliminary 
analyses to compare the selected group with the original 
group by unpaired t-test on 19 items (including age, 
height, weight, etc.; ALT, AST, γ -GTP and triglyceride 
were after logarithmic conversion) did not show sig-
nificant difference (p>0.01) in most cases, except for 
age, γ -GTP and triglyceride (p<0.01).  The differences 
between the two groups were however small, i.e., 3.3 yr 
for age, 5.6 units/l for γ -GTP and 3.5 mg/100 ml for 
triglyceride (the latter two values were the differences 
after anti-logarithmic conversion).  Smoking did not 
show significant difference (p<0.01) between the two 
groups when examined by Mann-Whitney test.  Thus, 
the possible selection bias was considered to be not 
meaningful from biomedical viewpoints.

During this 5 yr period, the regulation-based intensive 
health guidance2) was yet to be given as it was before 
the regulatory enforcement, although routine guidance 
had been provided.  The 2003 and 2008 health exami-
nation data for these 804 men were subjected to statisti-
cal evaluation. 

Heath examination items
The examination items included identification of age, 

measurement of height and weight followed by body 
mass index (BMI) calculation {BMI=[weight (in kg)
–1]/[height (in m)]2 (where weight was measured as 
clothed and with no footwear, and 1 was subtracted 
to adjust for weight of clothes), blood pressures [sys-
tolic (SBP) and diastolic blood pressure (DBP)], and 
serum and plasma biochemistry for triglyceride (TG), 
total cholesterol (TC), high and low density lipoprotein 
cholesterol (HDL-C, LDL-C), alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), γ -glutamyl 
transpeptidase (γ -GTP), 10-h fasting plasma glucose 
(FPG), hemoglobin A1c (HbA1c), and uric acid (UA).  
Serum and plasma biochemistry items were assayed by 

conventional clinical laboratory methods with due exter-
nal and internal quality assurance. 

Classification of cases in terms of BMI and MS risk 
factors

The criteria set by Japan Society for the Study of 
Obesity23, 24) was employed in classifying the cases into 
the lean, normal and obese groups.  Thus, the lean, nor-
mal and obese groups were for those with BMI <18.5, 
18.5≤BMI <25 and BMI≥25, respectively.

With regard to MS-related classification, the first 
phase screening established by the MS Committee in 
Japan25) requests the measurement of waist circumfer-
ence at the navel level so that men with the circumfer-
ence ≥85 cm (≥90 cm for women) are selected.  The 
second phase criteria for MS are TG≥150 mg/100 ml 
and/or HDL-C<40 mg/100 ml for dyslipidemia, SBP
≥130 mmHg and/or DBP≥85 mmHg for hypertension, 
and FPG≥110 mg/100 ml for hyperglycemia.  Those 
who met with two or more criteria out of the three (i.e., 
dyslipidemia, hypertension and hyperglycemia) will be 
identified as MS25).  In the present analyses, no waist 
circumference data were available for 2003, and BMI 
was employed as a surrogate for classifying the subjects 
as described above.  A preliminary simple regression 
analysis with 2008 data for BMI and waist circumfer-
ence data (both available for 717 subjects in the cohort) 
showed a close correlation (with r=0.846 and p<0.01) 
between the two parameters in confirmation of previous 
findings26, 27).

Statistical analysis
A normal distribution was assumed for all parameters 

except for ALT, AST, γ -GTP and triglyceride for which 
a log-normal distribution was considered.  Accordingly, 
pairs of arithmetic mean (AM) and arithmetic standard 
deviation (ASD) or geometric mean (GM) and geomet-
ric standard deviation (GSD) were employed to express 
the distribution for the former and the latter items, 
respectively.

For statistical analyses, t-tests (either paired or 
unpaired as appropriate, and after logarithmic conver-
sion as necessary) were employed to detect possible 
significant difference in means.  Mann-Whitney test was 
also employed.  In principle, the difference with p<0.01 
was taken as significant, considering the low follow-up 
rate (804/2042=39.4%).  Simple and multiple regres-
sion analyses were employed to identify influential 
variables.  χ 2 test and Cochran-Armitage trend test were 
also applied as appropriate.  Through-out the analyses, 
measurements for the year 2003 were taken as baseline 
data.  The difference (∆) of the measurement in 2008 
from that in 2003 was calculated as an increment; for 
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example ∆SBP to show an increase in SBP in 2008 
over SBP in 2003.

Results

Demographic data in 2003 and 2008
Demographic data for the year 2003 and 2008 are 

summarized in Table 1; the 2003 data are for presenta-
tion of the baseline values and 2008 data were to show 
possible changes in the 5 yr period.  AMs and MEDs 
in 2003 data suggested that the subjects were healthy 
populations in agreement with the selection criteria.  It 
should be noted that AMs agreed with MEDs in most 
cases, whereas the agreement was achieved only after 
logarithmic conversion (i.e., GMs) in cases of AST, ALT 
and γ -GTP.

When the 2008 values were compared with the cor-
responding 2003 values by paired t-test, significant 
increases (p<0.01) were observed in most of the items 
including BMI (except for a slight decrease in SBP), 
suggesting that there occurred deviations from original 
healthy status in the 5 yr period.

Changes among lean, normal and obese groups
The total 804 cases were classified into 3 different 

body composition groups based on the BMI values in 
2003, i.e., BMI<18.5, 18.5≤BMI<25, BMI≥25 to the 
lean, normal and obese group, respectively.  The AM 
values (GMs in cases of AST, ALT, γ -GTP and triglyc-
eride) for the three groups are summarized in Table 2 
together with statistical evaluation of the differences.  
As expected, the obese group had greater BMI than 
other two groups both in 2003 and in 2008, but inter-
estingly the gain in the 5 yr period was smaller (in fact 
it was a reduction, although small) for the obese group 
than for other two groups.  The net BMI was however 
still greater for the obese group than for other two 
groups.  Both the lean and the normal groups gained 
BMI, and the gain tended to be greater for the lean 
group than in the normal group although the difference 
was statistically insignificant (p>0.01).  

Another point worthy of noting in Table 2 is that all 
of TG, TC and LDL-C were higher, and HDL-C was 
lower in accordance with larger BMI in 2003.  The dif-
ference was less remarkable in 2008 despite the obser-
vation that the changes (i.e., ∆) during the 5 yr period 
did not differ among the three groups.

Table 1.   Dermographic data for 804 men analyzed in the study

Parameter Measurement in 2003 Measurement in 2008 The increment (∆)a

(Unit) AMb ASDb MEDb AM Diff.f ASD MED AM ASD MED

Age (yr) 39.3 8.4 39

Body weight (kg) 63.5 8.2 62.9 64.3 ↑ 8.7 63.8 0.8 3.8 0.7

BMI (kg/m2) 21.7 2.4 21.6 21.9 ↑ 2.5 21.85 0.2 1.3 0.1

SBP (mm Hg) 118.8 10.4 118 115.9 ↑ 12.5 115 –2.9 13.1 –3

DBP (mm Hg) 70.9 8.2 71 73.4 ↑ 9.2 73 2.5 8.6 2

TG (mg/100 ml) 78.8d 1.39e 79 87.5d ↑ 1.54e 85 14.4 68.0 7

TCc (mg/100 ml) 180.5 20.5 183 191.5 ↑ 24.8 190 11.0 18.9 11

HDL-C (mg/100 ml) 60.5 12.9 59 61.8 ↑ 14.3 59.5 1.4 9.1 1

LDL-Cc (mg/100 ml) 103.9 18.2 105 113.4 ↑ 22.6 113 9.4 16.8 8.5

ASTc (IU/l) 19.5d 1.24e 19 19.4d nsg 1.29e 19 0.1 5.7 0

ALTc (IU/l) 18.1d 1.44e 18 20.2d ↑g 1.52e 19 2.9 10.8 2

γ -GTPc (IU/l) 25.9d 1.54e 24 28.6d ↑g 1.67e 26 4.5 15.5 2

FPG (mg/100 ml) 91.2 7.2 91 92.4 ↑ 9.8 91 1.2 9.1 0

HbA1cc (%) 4.6 0.2 4.6 4.9 ↑ 0.3 4.9 0.3 0.2 0.3

UAc (mg/100 ml) 5.5 0.9 5.6 5.9 ↑ 1.0 5.9 0.4 0.7 0.4

aThe increment=2008 value – 2003 value.
bAbbreviations are: AM for arithmetic mean, ASD for arithmetic standard deviation, Min for the minimum, MED for median, and Max for the 
maximum. GM and GSD are for geometric mean and geometric standard deviation, respectively.
cItems not included in the metabolic syndrome criteria.
dGM
eGSD
fStatistical significance of the difference from 2003 values; an arrow is for p<0.01 (upward for increase and downward for decrease), and ns is for 
p≥0.01.
gAfter logarithmic conversion.
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Table 2.   Comaprison by body composition among 3 groups or between 2 groups

Year

Classification by BMIa, b Comparisonc

Lean
(L)

Normal
(N)

Obese
(O)

3 groups L vs. N N vs. O L vs. O

No. of cases 63 666 75

Parameterd

Age (yr) ’03 39.5 39.2 40.2 ns

Weight (kg) ’03 51.7 63.1 76.5 * ↑ ↑ ↑
’08 53.0 ↑ 64.0 ↑ 76.0 ns * ↑ ↑ ↑
∆ 1.4 0.9 –0.4 * ns ↓ ↓

BMI (kg/m2) ’03 17.7 21.6 26.3 * ↑ ↑ ↑
’08 18.1 ↑ 21.8 ↑ 26.0 ns * ↑ ↑ ↑
∆ 0.4 0.2 –0.3 * ns ↓ ↓

SBP (mmHg) ’03 117 119 121 ns ns ns ns

’08 116 ns 116 ↓ 119 ns ns ns ns ns

∆ –1.6 –3.1 –2.0 ns ns ns ns

DBP (mmHg) ’03 70.8 70.6 73.8 * ns ↑ ns

’08 72.2 ↑ 73.0 ↑ 78.2 ↑ * ns ↑ ↑
∆ 1.4 2.4 4.4 ns ns ns ns

TG (mg/100 ml) ’03 69.8 78.0 95.7 * ns ↑ ↑
’08 75.4 ns 87.1 ↑ 102.4 ns * ns ↑ ↑
∆ 10.0 13.2 9.3 ns ns ns ns

TC (mg/100 ml) ’03 176 180 187 * ns ↑ ↑
’08 188 ↑ 191 ↑ 197 ↑ ns ns ns ns

∆ 12.0 11.0 9.9 ns ns ns ns

HDL-C (mg/100 ml) ’03 67.3 60.4 55.0 * ↓ ↓ ↓
’08 66.4 ns 61.8 ↑ 58.0 ↑ * ↓ ns ↓
∆ –0.8 1.4 3.1 ns ns ns ns

LDL-C (mg/100 ml) ’03 96 104 112 * ↑ ↑ ↑
’08 108 ↑ 113 ↑ 118 ns ns ns ns ns

∆ 11.9 9.7 5.6 ns ns ns ns

AST (IU/l) ’03e 19.6 19.4 20.6 ns ns ns ns

’08e 19.9 ns 19.2 ns 20.7 ns ns ns ns ns

∆ 0.5 0.0 0.7 ns ns ns ns

ALT (IU/l) ’03e 16.3 17.7 23.7 * ns ↑ ↑
’08e 18.5 ↑ 19.9 ↑ 24.6 ns * ns ↑ ↑
∆ 3.0 2.9 3.4 ns ns ns ns

γ -GTP (IU/l) ’03e 25.2 25.3 32.9 * ns ↑ ↑
’08e 27.7 ns 27.9 ↑ 36.3 ↑ * ns ↑ ↑
∆ 3.2 4.6 5.1 ns ns ns ns

FPG (mg/100 ml) ’03 90.1 91.1 93.0 ns ns ns ns

’08 93.0 ns 92.3 ↑ 93.3 ns ns ns ns ns

∆ 2.9 1.2 0.3 ns ns ns ns

HbA1c (%) ’03 4.6 4.6 4.7 ns ns ns ns

’08 4.9 ↑ 4.9 ↑ 4.9 ↑ ns ns ns ns

∆ 0.3 0.3 0.2 ns ns ns ns

UA (mg/100 ml) ’03 5.2 5.5 5.7 * ↑ ns ↑
’08 5.6 ↑ 5.9 ↑ 6.2 ↑ * ns ns ↑
∆ 0.4 0.4 0.5 ns ns ns ns

aComparison between 2003 and 2008 values is by paired t-test; an arrow is for p<0.01 (upward for increase and downward for 
decrease), and ns is for p≥0.01.
bClassification by BMI is Lean for BMI<18.5 for Lean, 18.5≤BMI<25.0 for normal, and BMI≥25.0 for obese group, respectively. 
Values in the table are AMs unless otherwise specified.
cComparison by ANOVA followed by post-hoc test (Scheffé). * and ns for p<0.01and ns is for p≥0.01.
dAbbreviations are as under Table 1.
eGM values; comparison is after logarithmic conversion.
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Possible difference in developing MS-risk factors among 
the three groups of different body composition

The risk to develop MS-related factors during the 5 
yr period was compared in the lean, normal and obese 
groups (Table 3).  As a majority of the subjects was in 
the normal group (666 cases) and those in the lean (63 
cases) or obese group (75 cases) were limited, the risk 
was compared in terms of percentages.

The proportion of developing over-all risk (i.e., hav-
ing two out of three individual risks of dyslipidemia, 
hypertension and hyperglycemia) was 3.2, 4.8 and 5.3% 
for the lean, normal and obese group, respectively (the 
right-most column in Table 3).  Whereas the percent-
age appeared to increase from the lean, normal to obese 
group, the difference was statistically insignificant 
(p>0.10) when examined by χ 2 test.  Those who met 
at least one criterion were 5 or more times larger than 
those with ≥2 criteria, which was taken to suggest that 
there existed abundant possible candidates (or reserves) 
to meet the full criteria later in life.  The reserve was 
not nil even in the lean group although the percentage 
for the lean or normal group was lower than that for 
the obese group (the right-most one-third in Table 3).  
Among the three individual criteria, hypertension cri-
terion was most frequently met through-out the three 
groups, whereas TG sub-criterion was met by 17% of 
the obese people.

In order to gain better statistical power, the 804 sub-
jects were divided by BMI into three groups (BMI<21.1, 
between the two extremes, and >22.7) of an equal size, 
and subjected to similar analyses as in Table 3.  Those 
who met the full criteria were 7, 10 and 21 subjects in 
the 1st, 2nd and 3rd tercile groups, respectively.  The 

trend to increase as a function of greater BMI was sig-
nificant (p<0.01) when examined by Cochran-Armitage 
test.

Factors related to an increase in BMI
In order to identify factors associated with an increase 

in BMI, multiple regression analysis was conducted tak-
ing ∆BMI as a dependent variable, and age in 2003 and 
increments (∆) in each of the 12 clinical parameters as 
independent variables (thus, 13 independent variables; 
enzymic parameters were after logarithmic conversion).  
The results with total 804 subjects (i.e., three groups 
in combination) showed that three dyslipidemia-related 
parameters (i.e., triglyceride, HDL-C and LDL-C) were 
the most influential independent variables followed by 
two enzymic parameters (p<0.01 for all).  R2 was as 
large as 0.4, and r (0.634) was statistically significant 
(p<0.01).  Contrary to expectation, age was not an 
influential independent variable (p>0.10) for ∆BMI.  
Simple regression analyses of age with other 12 param-
eters were also essentially insignificant (|r|<0.14) except 
that ∆SBP showed significant correlation with age 
(r=0.326, p<0.01).

Discussion

The present analyses of changes in a 5-yr period 
among the male workers apparently healthy at the base-
line survey made it clear that the risk of developing MS 
is present not only among obese workers (with BM≥25) 
but also in workers with normal body composition (18.5
≤BMI<25) and even in lean subjects (BMI<18.5).  The 
proportions for the lean, normal and obese subjects who 

Table 3.   Number of cases meeting metabolic syndrome criteria

No. of 
cases

No. of cases meeting the metabolic syndrome criteriaa

BMI 
(≥25)b

Dyslipidemia Hypertension Hyperglycemia
No. of item(s) meeting 

the criteriac

TG 
(≥150 mg/
100 ml)

HDL-C 
(<40 mg/
100 ml) 

TG and/or 
HDL-C

SBP 
(≥130 mmHg)

DBP 
(≥85 mmHg)

SBP and/or 
DBP

       FPG 
       (≥110 mg/
       100 ml)

1 2 3 2 or 3

Total 804 57 79 16 85 128 99 169 28 201 33 5 38

(%) (7.1) (9.8) (2.0) (10.6) (15.9) (12.3) (21.0) (3.5) (25.0) (4.1) (0.6) (4.7)

Classification by 2003 BMId

Lean (L)  63 0 2 2 3 9 5 13 4 16 2 0 2

(%) (0.0) (3.2) (3.2) (4.8) (14.3) (7.9) (20.6) (6.3) (25.4) (3.2) (0.0) (3.2)

Normal (N) 666 9 64 10 68 104 75 134 21 155 28 4 32

(%) (1.4) (9.6) (1.5) (10.2) (15.6) (11.3) (20.1) (3.2) (23.3) (4.2) (0.6) (4.8)

Obese (O)  75 48 13 4 14 15 19 22 3 30 3 1 4

(%) (64.0) (17.3) (5.3) (18.7) (20.0) (25.3) (29.3) (4.0) (40.0) (4.0) (1.3) (5.3)

aEvaluation was made by use of the data in 2008.
bBMI (≥25) is considered in place of waist circumference (≥85 cm).
cBMI category is not taken into account.
dClassification by BMI is BMI<18.5 for lean, 18.5≤BMI<25.0 for normal, and BMI≥25.0 for obese subjects, respectively.
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met with MS criteria in 5 yr were 3.2, 4.8 and 5.3%, 
respectively.  The ratio did not differ from each other 
statistically (p>0.10), although the ratio appeared to 
increase in accordance with BMI values, and the trend 
was significant (p<0.01) when the 804 cases were clas-
sified into BMI-based tertile groups for comparison.  
Thus the analyses clearly show that the MS risk does 
exist even in the lean or normal group.  Kawamoto et 
al.28) also reported, in preventing atherosclerosis, the 
importance of examining subjects who were with nor-
mal or slightly elevated BMI.

Multiple regression analysis showed that the changes 
in three dyslipidemia parameters of TG, HDL-C and 
LDL-C was most influential to the increase in BMI 
among non-obese (i.e., lean+normal) group as expected, 
whereas the influence of age was not statistically signif-
icant.  In other words, care to prevent MS risks should 
not be limited to aged people but expanded equally 
to younger subjects.  In agreement with the present 
observation, Matsuoka et al.11) analyzed data of routine 
health examination on transportation workers and con-
cluded that anti-MS health guidance should be given 
to workers younger than 40 yr of age, as to the older 
workers. 

Possible MS-related health risks among those with 
lean or normal body composition has been calling atten-
tion in these 10 yr.  Karelis et al.29) classified obe-
sity into three categories in comparison with healthy 
subjects who are normal both in body composition 
and in metabolism, i.e., ‘at risk’ obese, metabolically 
obese with normal weight, and metabolically normal 
but obese.  Here physical obesity is represented by 
high BMI and body fat mass, whereas metabolic obe-
sity is characterized by high visceral fat and TG with 
low insulin sensitivity.  Thus, in spite of normal BMI, 
metabolically obese subjects may have high visceral 
fat, high TG and low insulin sensitivity.  De Lorenzo 
et al.30) could identify ‘normal-weight obese syndrome’ 
cases in women who were normal in weight and BMI, 
but fat mass was in excess of 30% of body weight.  In 
contrast, the presence of physically obese but metaboli-
cally normal cases31) should also be considered who are 
high in BMI, but low in visceral fat and TG with high 
HDL-C.

There are several major draw-backs in the study.  
First of all, the follow-up rate was low (39.4%) in the 
present study.  This was primarily due to a long follow-
up period of 5 yr when the turn-over among the work-
ing population was high.  Nevertheless, preliminary 
analyses ruled out biomedically meaningful selection 
bias as discussed above.  Secondly, no waist circumfer-
ence data were available for the baseline time of the 
year 2003, and BMI was employed as a surrogate.  This 

lack of data was due to the fact that the baseline items 
were set up before the legal enactment of the health 
examination system which includes the circumfer-
ence measurement.  A preliminary analysis with 2008 
data has shown that a significant correlation (p<0.01) 
existed between the two parameters as expected (see 
the Subjects and Materials section).  Nevertheless, it is 
known that the employment of BMI alone may lead to 
misclassification of obesity32) as discussed above.

The sizes of the lean and obese groups (63 and 75 
subjects, respectively) were much smaller than that for 
the normal group (666 subjects), being only about 10% 
each of the latter.  The small sizes are basically due to 
the fact that apparently healthy subjects were selected 
in 2003 and it is rather natural that a majority of the 
selected belonged to the normal group.  Nevertheless, 
it would be desired for better statistical power to have 
more non-normal subjects in conducting comparison, as 
the results of tercile analysis suggested.  A research is 
under progress to confirm the present conclusions with 
a cohort of an expanded scale.

Lastly, data from routine health examination were 
employed in the present analyses with no additional 
examination items such as body fat mass and insu-
lin sensitivity.  Thus, it was not possible to carry out 
in-depth analysis in possible mechanism for pathological 
findings among the subjects of non-obese body compo-
sition29, 30).

Conclusions

It is clear from the present analysis that the risk of 
developing MS is present not only among obese work-
ers with BM≥25 but also in workers with normal body 
composition 18.5≤BMI<25 and even in lean subjects 
with BMI<18.5.  The effort to prevent metabolic syn-
drome should be directed not only to obese but to non-
obese workers, and the care should be extended irre-
spective of ages.

Acknowledgements

The authors are grateful to the administration and the 
staff of Kyoto Industrial Health Association for their 
interest in and support to this study.

References

 1) Alberti KGMM, Zimmet PZ (1998) Definition, diag-
nosis and classification of diabetes mellitus and its 
complications. Part 1: diagnosis and classification of 
diabetes mellitus provisional report of a WHO consul-
tation. Diabet Med 15, 539–53.



RISK OF METABOLIC SYNDROME FOR NON-OBESE WORKERS 493

 2) Japan Ministry of Health, Labour and Welfare (2007) 
Ordinance No. 96 on amendment of health examina-
tion system. Japan Ministry of Health, Labour and 
Welfare, Tokyo.

 3) Anuurad E, Shiwaku K, Nogi A, Kitajima K, 
Enkhmaa B, Shimono K, Yamane Y (2003) The new 
BMI criteria for Asians by the regional office for the 
Western Pacific of WHO are suitable for screening 
of overweight to prevent metabolic syndrome in elder 
Japanese workers. J Occup Health 45, 335–43.

 4) Suga M, Yoshida K (2004) An epidemiological 
approach to the metabolic syndrome. Jpn J Publ 
Health 51, 623–30 (in Japanese with English abstract).

 5) Tanaka H, Shimabukuro T, Oshiro T, Sakumoto K 
(2005) Relationship between metabolic syndrome and 
homeostasis model assessment (HOMA-R) on the 
complete physical checkup in Okinawa. Prog Med 25, 
74–9 (in Japanese with English abstract).

 6) Arai H (2006) Occurrence of metabolic syndrome fol-
lowing new diagnosis criteria. Therap Res 27, 1334–7 
(in Japanese).

 7) Sakurai M, Miura K, Takamura T, Ota T, Ishizaki M, 
Morikawa Y, Kido T, Naruse Y, Nakagawa H (2006) 
Gender differences in the association between anthro-
pometric indices of obesity and blood pressure in 
Japanese. Hypertens Res 29, 75–80.

 8) Kokubo Y, Okamura T, Yoshimasa Y, Miyamoto Y, 
Kawanishi K, Kotani Y, Okayama A, Tomoike H (2008) 
Impact of metabolic syndrome components on the 
incidence of cardiovascular disease in a general urban 
Japanese population: the Suita study. Hypertens Res 
31, 2027–35.

 9) Li L, Wang L, Yamasaki M, Iwamoto M, Ikenishi R, 
Yoneyama T, Shiwaku K (2008) Prevalence of meta-
bolic syndrome in rural community as defined by 
the Japanese Association of Internal Medicine and 
Ministry of Health, Labor and Welfare. Jpn J Rural 
Med 56, 703–13 (in Japanese with English abstract).

10) Matsuoka Y, Fukuda J, Fujinami A, Kasahara E, 
Tomita M, Yokota K (2008) Metabolic syndrome in 
workers less than 40 years old. J Transportation Med 
62, 73–7.

11) Ohnishi H, Saitoh S, Akasaka H, Mitsumata K, Chiba 
M, Furugen M, Furukawa T, Mori M, Shimamoto K 
(2008) Incidence of hypertension in individuals with 
abdominal obesity in a rural Japanese population: the 
Tanno and Sobetsu study. Hypertens Res 31, 1385–90.

12) Oh J-Y, Sung Y-A, Hong YS, Barrett-Connor E (2004) 
Prevalence and factor analysis of metabolic syndrome 
in an urban Korean population. Diabetes Care 27, 
2027–32.

13) Shiwaku K, Nogi A, Kitajima K, Anuurad E, 
Enkhmaa B, Yamasaki M, Kim J-M, Kim I-S, Lee 
S-K, Oyunsuren T, Yamane Y (2005) Prevalence of 
the metabolic syndrome using the modified ATP III 
definitions for workers in Japan, Korea and Mongolia. 
J Occup Health 47, 126–35.

14) Chung SJ, Kim D, Park MJ, Kim YS, Kim JS, Jung 
HC, Song IS (2007) Metabolic syndrome and visceral 
obesity as risk factors for reflux oesophagitis: a cross-
sectional case-control of 7078 Koreans undergoing 
health check-ups. Gut 57, 1360–5.

15) Lee G-E, Park HS, Yun KE, Jun SH, Kim HK, Cho S, 
Kim JH (2008) Association between BMI and meta-
bolic syndrome and adenomatous colonic polyps in 
Korean men. Obesity 16, 1434–9.

16) Chen J, Gu D, Huang J, Rao DC, Jaquish CE, Hixson 
JE, Chen C-S, Chen J, Lu F, Hu D, Rice T, Kelly TN, 
Hamm LL, Whelton PK, He J (2009) Metabolic syn-
drome and salt sensitivity of blood pressure in non-
diabetic people in China: a dietary intervention study. 
Lancet 373, 829–35.

17) Shin A, Lim S-Y, Sung J, Shin H-R, Kim J (2009) 
Dietary intake, eating habits, and metabolic syndrome 
in Korean men. J Amer Diet Assoc 109, 633–40.

18) Wang F, Wu S, Song Y, Tang X, Marshall R, Liang 
M, Wu Y, Qin X, Chen D, Hu Y (2009) Waist circum-
ference, body mass index and waist to hip ratio for 
prediction of the metabolic syndrome in Chinese. Nutr 
Metab Cardiovasc Dis 19, 542–7.

19) Yu Z, Lin X, Haas JD, Franco OH, Rennie KL, Li H, 
Xu H, Pang X, Liu H, Zhang Z, Zou S, Jiao S (2009) 
Obesity related metabolic abnormalities: distribution 
and geographic differences among middle-aged and 
older Chinese populations. Prev Med 48, 272–8.

20) Hillier TA, Fagot-Campagna A, Eschwège E, Vol S, 
Cailleau M, Balkau B (2006) Weight change and 
changes in the metabolic syndrome as the French 
population moves toward overweight: the D.E.S.I.R. 
cohort. Int J Epidemiol 35, 190–6.

21) Okuda N, Okamura T, Kadota A, Murakami Y, 
Miyamatsu N, Tanaka T, Morinaga M, Yanagita M, 
Tsukinoki R, Tanaka N, Takada K, Funakashi T (2009) 
Effect of a simple health education program for reduc-
tion of visceral fat on dietary habit of male factory 
employees. Jpn J Cin Dis Prev 44, 10–21 (in Japanese 
with English abstract).

22) Mitsui T, Shimaoka K, Tsuzuku S, Kajioka T, 
Sakakibara H (2008) Gentle exercise of 40 minutes 
with dietary counseling is effective in treating meta-
bolic syndrome. Tohoku J Exp Med 215, 355–61.

23) Matsuzawa Y, Inoue S, Ikeda Y, Sakata T, Satito Y, 
Sato Y, Shirai A, Ohno M, Miyazaki S, Tokunaga K, 
Fukagawa K, Yamanouchi K, Nakamura T (2000) New 
criteria for diagnosis of obesity. J Jpn Soc Intern Med 6, 
18–28 (in Japanese).

24) Examination Committee of Criteria for Metabolic 
Syndrome in Japan (2005) Definition and diagnosis 
criteria for metabolic syndrome. J Jpn Soc Intern Med 
94, 794–809 (in Japanese).

25) Examination Committee of Criteria for ‘Obesity 
Disease’ in Japan, Japan Society for the Study of 
Obesity (2002) New Criteria for ‘Obesity Disease’ in 
Japan. Cric J 66, 987–92.



494 F INADA et al.

Industrial Health 2010, 48, 487–494

26) Matoba M, Sugihara N, Maekawa N, Douniwa K, 
Takeda Y, Koshino Y, Nagai Y (2007) Epidemiologic 
study on metabolic syndrome. J Jpn Physicians Assoc 
22, 417–20 (in Japanese with English abstract).

27) Nakamura Y, Turin TC, Kita Y, Tamaki S, Tsujita Y, 
Kadowaki T, Murakami Y, Okamura T, Ueshima H 
(2007) Associations of obesity measures with meta-
bolic risk factors in a community-based population in 
Japan. Cir J 71, 776–81.

28) Kawamoto R, Ohtsuka N, Ninomiya D, Nakamura S 
(2007) Carotid atherosclerosis in normal-weight meta-
bolic syndrome. Internal Med 46, 1771–7.

29) Karelis A-D, St-Pierre DH, Conus F, Rabasa-Lhoret R, 
Poehlman ET (2004) Metabolic and body composition 

factors in subgroups of obesity: what do we know? J 
Clin Endocrinol Metab 89, 2569–75.

30) De Lorenzo A, Del Gobbo V, Premrov MG, Bigioni M, 
Galvano F, Di Renzo L (2007) Normal-weight obese 
syndrome: early inflammation? Am J Clin Nutr 85, 
40–5.

31) Sims EAH (2001) Are there persons who are obese, 
but metabolically healthy? Metabolism 50, 1499–504.

32) Colombo O, Villani S, Pinelli G, Trentani C, Baldi 
M, Tomarchio O, Tagliabue A (2008) To treat or not 
to treat: comparison of different criteria used to deter-
mine whether weight loss is to be recommended. Nutr 
J 29, 5.


