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Coronal Section

Fig. 1. Representative MDCT images used for determination of visceral fat-area and subcutaneous fat area. CT slices at the
level of the umbilicus were used for the determination of areas. VFA, visceral fat area; SFA, subcutaneous fat area. Upper: a

case of visceral obesity;, Lower: a non-obese case.

require the*‘prcsence—of-viscerai—obesity—(xicﬁheq—as—a—waist
measurement of 285 cm in males or 290 cm in-females) and
two or more of the following minor abnormalities; 1) glicose
intolerance (fasting blood glucose >110 mg/dly’ or taking
medication for diabetes, 2) serum triglyceride > 150 mg/dl, 3)
HDL cholesterol <40 mg/dl in either males and females, and
4) blood pressure >130/85 mmHg. Cases of severe conges-
tive heart failure (NYHA IV), ascites, malignant tumor, thy-
roidal disease, and the other e_maéiating disorders were
excluded from the study to prevent entry bias. General obesity
was determined as body mass index (BMI) 225%, following
the criteria of the Japanese Society of Obesity (12). ASCD in
this study included coronary artery disease,. cerebrovascular
disease, arotic atherosclerotic disease, and atherosclerotic
valvular heart disease. The subclinical forms of atherosclero-
sis, such as thickening of the intima in the carotid a:fery, were
not examined and not included in ASCD in this study.

Détermination of Visceral and Subcutaneous Fat
Areas by MDCT

All of the MDCT images were obtained either by Aquillion
4DAS (Toshiba Inc., Tokyo, Japan) or Light Speed Ultra
8DAS (General Electrics Japan Co., Tokyo, Japan) with a
minimal slice width of 5-7 mm. Data were stored on visual
servers and retrospectively analyzed using commercially sup-
plied- software without information regarding patients’ car-
diovascular and biochemical parameters. The fat areas in each

~subject-were-determined—from-an—image at ‘the level-of-the
umbilicus (Fig. 1) with Virtual Place (AZE Inc., Tokyo,
Japan). Subcutaneous fat was defined as the extraperitoneal
fat between skin and muscle; with attenuation ranging from
—150 to —50 Hounsfield units. The intraperitoneal part with
the same density as the subcutaneous fat layer was defined as
visceral fat. The visceral fat area (VFA) and subcutaneous fat
area (SFA) were determined by automatic planimetry.

Determination of AC

AC:on CT (ACcr) was determined in all subjects from CT
images at the umbilical level using a mobile caliper. In 80
randomly selected subjects (37 males and 43 females),
abdominal circumference (ACy) was also measured with an
anthropometric tape to confirm its correlation with ACcr.

Statistical Analysis

All numeric. variables are expressed as the means+SD. Dif-
ferences in the incidences between groups were tested by the
x* test. Comparison of group mean data was performed by
one-way analysis of variance (ANOVA) and Bonferroni’s
post hoc test. The correlation between two values was evalu-
ated by linear and exponehtial regression analyses. Difference
between regression lines was examined by analysis of co-
variance. Values of p<0.05 were considered statistically sig-
nificant. ROC analysis was performed to determine cutoff
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Fig. 2. Age-related difference in-the l‘evé’ls of visceral-and subcutaneous fat accumulation. VFA, visceral fat area; SFA, subcu-
taneous fat area; VFA/TFA, ratio of VFA to total faz areas ( VFA+SFA). Closed.circlés and opén circles indicate the data for
males and females, respectively. *p'< 0. 05 vs: males.
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Fig. 3. Correlation between abdominal circumference (ACcr) and accumulation of visceral (VFA) and subcutaneous fat (SFA).
Open circles and closed circles indicate the data for males and females, respectively. There was no significant difference in the
regression lines for the ACcr-VFA relationships between males (broken line) and females (solid line). However, the regression
line for the ACcr-SFA relationship was shifted upwards in females compared with males.

points of VFA yielding the maximum sensitivity and specific-

ity for predicting metabolic syndrome and ASCD.

Results

Characteristics of Subjects

As shown in Table 1, we enrolled 420 patients aged 62+15
years old (age range, 14-92 years). The age and incidences of
risk factors, except for hyperuricemia and smoking, were
comparable in the male and female subjects. Of the 420
patients, 180 (42.9%) had ASCD, and the incidence of coro-

nary artery disease tended to be higher in males than in

females, though the difference was not statistically signifi-
cant. The percentages of subjects on pharmacological treat-
ments for hypertension, hyperhpldemla and diabetes were
57%, 26% and 19%, respectively.
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Visceral and Subcutaneous Fat Deposition in
Age Subgroups

Figure 2 shows the levéls of VFA and SFA and ratio of VFA
to total fat area (TFA; TFA=VFA +SFA) in each age group.
There was a trend for lower VFA and higher SFA in subjects
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Fig. 4. Correlation between MDCT-determined abdominal
circumference (ACcr) and abdominal c-ircu_mference mea-
sured by anthropometric tapes (ACy). Open circles and
closed circles indicate the data for males and females,
respectively. . '

in their 20s. The VFA-to-TFA ratio was lower in subjects in
their 20s and 30s, and this ratio was consistently lower in
females than in males regardless of age. These findings sug-
gest that an increase in visceral fat deposition occurs in the
40s and that the preference of fat deposition for the visceral
compartment is more predominant in males than in females.

Relationship between Fat Deposition-and AC

Both VFA and SFA correlated with ACcr in both male and
female subjects (Fig. 3): ACcr = 0.142 X VFA + 67.060,
r=0.828, p<0.0001, ACc = 0.126 x SFA- + 65.616,
r=0.795, p<0.0001. The regression line for the relationship
between VFA and ACcr did not differ between males and
females (Y = 0.128X + 68.517 vs. Y = 0.182X + 64.536). As
expected, TFA was strongly correlated with ACcr (r=0.815
in males and 0.919 in females), whereas there was no signifi-
cant correlation between ACcr and VFA-to-SFA ratio in
either gender. However, the regression line for the SFA-ACer
relationship was significantly shifted upwards in females
compared with that in males (¥ = 0.139X + 67.076 vs. ¥ =
0.123X + 61.594, p <0.05 by analysis of co-variance), indicat-
ing a larger contribution of SFA to ACcr in females. Since
directly measured ACy is currently used for diagnosis of vis-
ceral obesity i the criteria of metabolic syndrome, we exam-
ined the relationship between ACcr and ACy in 80 randomly
selected subjects. There was a tight correlation between ACcr
and ACy, as shown in Fig. 4. The regression equation for the
ACy-ACcr relationship (Y = 1.023X + 0.830) suggests that

the difference between ACcr and ACy is only a few percent
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on average.

Cutoff Points of VFA and ACy for Prediction of
Metabolic Syndrome and ASCD

Since VFA is a more direct measure of visceral obesity than
ACy, we used ROC analysis to detect VFA cutoff points to
predict the presence of two or more components of metabolic
syndrome (Fig. S5A). Although the areas under the curves
(AUC) were not large, indicating that the results had limited
accuracy, the VFA values of 92 cm? in males and 63 cm? in
females predicted the presence of metabolic syndrome with
sensitivities of 0.612 and 0.673 and specificities of 0.507 and
0.608, respectively. The exclusion of subjects on antidiabetic
medications (n=81) from the ROC analysis did not markedly
change the VFA cutoffs for predicting two or more metabolic
syndrome components (97 cm? in males and 55 cm?® in
females).

As another method to assess the clustering of components
of metabolic syndrome with increase in VFA, we also calcu-
lated the odds ratio for the presence of two or more metabolic
syndrome components (except for visceral obesity) at each
level of VFA. As shown in Fig. 6, the VFA cutoff giving the
highest odds ratio of metabolic syndrome was 94 cm? in
males and 74 c¢cm? in females, which was consistent with the
results of ROC analysis (Fig. 5). Figure 5B shows the results
of ROC analysis for prediction of ASCD by VFA. Ata VFA
cutoff of 97.5 cm? in males, the sensitivity and the specificity
were 0.612 and 0.504, respectively, and at a VFA cutoff of
74.6 cm? in females, the sensitivity and specificity were 0.602
and 0.526, respectively. These VFA cutoff values correspond
to ACwm values of 84 cm in males and 80 cm in females.

We also performed ROC analysis using SFA and TFA to
predict two or more components of metabolic syndrome.
However, the AUC was smaller in the ROC using SFA or
TFA than in the ROC using VFA (data not shown), support-
ing the notion that VFA is better than SFA or TFA as an index
for diagnosis of metabolic syndrome.

Discussion

In the present study, we first characterized VFA, a direct
index of visceral obesity, and its relationship with an indirect
but easily used index of visceral obesity, ACu. Using VFA as
a basic tool, we reassessed the cutoff level of ACy for diagno-
sis of visceral obesity relevant to metabolic syndrome in Jap-
anese. The results of ROC analysis indicate cutoff levels of 92
cm? in males and 63 cm? in females, which correspond to
ACy values of 83 cm in males and 78 cm in females. This
male ACy cutoff is almost the.same as the current cutoff level
(85 cm), but the female ACy cutoff was considerably smaller
than the current Japanese criterion (90 cm). The validity of
the new ACy cutoff level for females needs. to be further
examined using larger numbers of subjects.
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Fig. 5. Receiver operating characteristic (ROC) analysis of VFA to predict the presence of two or more components of meta-
bolic syndrome and ASCD. Solid lines and broken lines depict the ROC curves for males and females, respectively.
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Definition of Visceral Obesity as a Component of
Metabolic Syndrome in Japanese

In both the latest criteria by IDF (8) and.the Japanese criteria
(9), visceral obesity is a requisite factor in metabolic syn-
drome. The cutoff levels of ACy in the Japanese criteria (i.e.,

85 cm in males and 90 cm in females):were defined as the val-
ues that correspond to VFA of 100 cm? in abdominal CT in
each gender. The rationale for this level of VFA was the asso-
ciation of VFA larger than 100 cm?® with more than one obe-
sity-related disease (i.e., hyperglycemia, dyslipidemia and
hypertension) in the pooled data from both males and
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Fig. 7. Relationship between the cutoff level of abdominal circumference and prevalence of metabolic syndrome. Upper:
NCEP-ATP IlI-defined metabolic syndrome; Lower: metabolic syndrome defined by the current Japanese criteria. Open circles,
closed circles and cross symbols represent relationships in subjects without ASCD, those with ASCD and all subjects, respec-

tively.

females. However, it has not been confirmed that the relation-
ship between the level of VFA and the number of associated
obesity-related diseases is quantitatively the same in both
genders. Actually, a gender difference in the association of
visceral fat accumulation with the other components of meta-
bolic syndrome was recently reported by Miyawaki et al. (13)
and was confirmed in. the present study as well (Fig. 5).
Miyawaki et al. (13) analyzed data from 3,574 Japanese sub-
jects aged 40-59 years obtained during health examinations.
The sensitivity and the specificity of VFA cutoff to predict
metabolic syndrome were 0.72.and 0.55 at 95 cm? and 0.67
and 0.60 at 100 cm? in males, and the values in females were
0.73 and-0.70.at 65 cm? and 0.66 and 0.74 at 70 cm?. These
gender-dependent VFA cutoff levels are similar to those
obtained in the present study (Fig. 5), indicating the need to
define a VFA cutoff for each gender.

ACy is a less accurate measure of visceral obesity than is
VFA, but it is easier to use for screening of metabolic syn-
drome. Based on the VFA cutoff level for predicting meta-

bolic syndrome in each gender and the regression equation for
the VFA-ACy relationship (Fig. 3), the ACw cutoff levels for
males and females were calculated in the present study to be
83 cm and 78 cm, respectively. Miyawaki et al. (13) calcu-
lated ACy cutoff levels for males and females of 86 cm and
77 cm, respectively, based on their VFA cutoff levels of 100
cm? in males and 65 cm? in females. Although VFA was not
determined in their study, Hara et al. (14) recently. applied the
waist circumference data for 692 subjects (age: 30-80 years)
who had undergone annual health examinations to ROC anal-
ysis to determine the ACy cutoff for diagnosis of metabolic
syndrome. They found that the cutoff levels of ACw-yielding
maximum sensitivity and specificity were 85 cm for males
and 78 cm-for females. The difference was partly due to the
fact that they measured waist circumference at the mid-level
between the lowest rib and the iliac crest, and that measure-
ment in females is a few centimeters longer than ACwy (at the
umbilicus level). Thus, Hara et al. (14) also estimated ACy
cutoff levels for males and females of ~85 cm and ~80 cm,
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respectively. Taken together, the results of these two recent
studies (13, 14) and the results of the present study on Japa-
nese subjects support the notion that the appropriate ACy cut-
off level for diagnosis of metabolic syndrome in Japanese
females is 78-80 cm.

Prevalence of Metabolic Syndrome and Cutoff
Level for Diagnosis of Visceral Obesity

To illustrate the effect of change in the cutoff level of visceral
obesity on the prevalence of metabolic syndrome, we plotted
the calculated prevalence of metabolic syndrome in the sub-
jects for a range of ACw cutoff levels (Fig. 7). The prevalence
of NCEP-ATP Ill-defined metabolic syndrome was less sen-
sitive to change in the ACy cutoff level than was the preva-
lence of metabolic syndrome defined by the Japanese criteria,
since visceral obesity is not a requisite in the former criteria.
As shown in Fig. 7, the prevalences of NCEP-ATP III-
defined metabolic syndrome in males were 51.0%, 59.2% and
62.0% for ACy cutoff levels of 102 cm (NCEP-ATP HII), 90
cm (IDF for Asians), and 85 cm (Japanese criteria). The prev-
alences were reduced to 35.9%, 47.6% and 50.5% when they
were calculated for subjects without ASCD. The prevalences
in females were 40.5%, 43.9% and 39.6% for ACy cutoff lev-
els of 88 cm (NCEP-ATP III), 80 cm (IDF for Asians) and 90
cm (Japanese criteria), respectively, and these values were
reduced to 34.4%, 38.0% and 34.4%, respectively, when cal-
culated for subjects without ASCD. In contrast, the preva-
lence of metabolic syndrome defined by the Japanese criteria
is strongly dependent on ACw cutoff levels: male ACy cutoff
levels of 102, 94, 90, and.85 cm give prevalences of meta-
bolic syndrome of 4.6%, 16.0%, 23.8%, and 36.2%, and
female ACw cutoff levels of 88, 80, 90 and 78 cm:give preva-
lences of 10.3%, 19.8%, 8.6% and 25.8%, respectively. Thus,
the use of an ACy cutoff level of 78 cm, which is suggested

by the present results, triples the prevalence of metabolic syn- .

drome in the present subjects.

In the recent Tanno-Soubetsu Study (15), the prevalence of
metabolic syndrome as defined by the modified NECP-ATP
III criteria (ACy cutoff=85 cm) was 25.3% in 808 males
undergoing health examinations, and their incidence of car-
diovascular events was almost two-fold higher than that in
subjects without metabolic syndrome (11.7% vs. 6.7%) dur-
ing a-6-year follow up. The 'prevalence of metabolic syn-
drome in the present male subjects was approximately two-
fold higher than that in the male subjects in the Tanno-
Sobetsu Study, but this is likely to be dué¢ to selection bias in
the present study. First, the subjécts in the present study were
older by 3 years (63114 years old vs. 60+12 years old) and
preferred in-hospital examination for ASCD and/or known
coronary risks. Second, the proportion of subjects with ASCD
was higher in this study than in the epidemiological studies.
Nevertheless, the present study suggested that the prevalence

of metabolic syndrome is lower in females than in males even
when an ACy cutoff of 78-80 cm was used for females.
Whether metabolic syndrome in females has the impact on
the cardiovascular events that it has in males will need to be
investigated in large cohort studies.

Cutoff Level for Visceral Obesity and ASCD

Recent studies have shown that metabolic syndrome is asso-
ciated with endothelial dysfunction (16), a hallmark of early
atherosclerotic change, calcification of the coronary artery
(17, 18), and subclinical atherosclerosis of the carotid artery
(19, 20). On the other hand, obesity per se is an established
risk factor of ASCD. Thus, we postulated that the ACy cutoff
to predict ASCD might be larger than that to predict meta-
bolic syndrome, which consists of clustered minor risk fac-
tors. However, the ACy cutoff level to predict metabolic
syndrome and that to predict ASCD were very similar (Fig.
5B) in the present study. These results may suggest that the
level of visceral obesity does not need to be higher than the
level of obesity in metabolic syndrome in order for patients to
develop ASCD. Nevertheless, the ACy cutoff levels for diag-
nosis of metabolic syndrome appear to also be useful for
selecting patients who should be.screened for ASCD.

Limitations in the Present Study

There were several limitations in the present study. First, data
collection was formed in a single institute by use of a retro-
spective and non-randomized method, which could have
resulted in selection bias. Second, since this study is cross-
sectional, a sequential relationship between visceral obesity
and. development of ASCD cannot be -established. Third, a
substantial number of the subjects were receiving treatment,
including lifestyle modification and medications. Although
the presence of diabetes mellitus does not preclude diagnosis
of metabolic syndrome (7-9), it has profound effects on the
metabolic profiles in patients. Furthermore, a recent Treating
to New Targets (TNT) study (21) suggested that diabetes mel-
litus increases the incidence of cardiovascular events in
patients with metabolic syndrome. Thus, it may be problem-
atic to determine the VFA cutoff level for diagnosis of vis-
ceral obesity by use of mixed data from diabetic’ and non-
diabetic populations. Fourth, we did-‘not perform age-adjust-
ment when calculating the ACy cutoff, though there was a
trend of age-dependent changes in VFA. Therefore; a further
investigation using a large population with age-adjustment
needs to be performed for obtaining a precise estimation of
ACy cutoff for diagnosis of metabolic syndrome in Japanese.
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30

Bt
Duatt
20 19<0%
Eid p<0.10
£
10 ) 8.2
256 4.9
anlicll
(n)(607)(923)  (85)(67)  (192)(260)  (166)(134)
(ER G J6T RFRA
L X)L

02 WWMELNLVBICH R ONERRER
AULBIER 2,424 A, 40~79 8%, 1988~1999 &, EHIPH.
(@3 £D51M)

WABERFOFREREST DT 225, 1990~
1992 EORFFHE TRERB OB 1% 8.0%,
&1 9.3% T - 7245, 2000~2002 £ RLEHH T
12, FOHBEIRFNFN124% & 11.2% I KRIBIZH
L7, BERMHIEED L AMEE, SEBKTRDS
NagErVwi LI,
MR RS & K MEFEE DR

BHHERE L A S G RO % EfEICRBT 52
B, Hik L ERGERRALEF T2 ALEER
ol S & LIEEOIESES R 2424
A% UL BB L 228 L Y, BHEEGE L~V (WHO
) LIS REE L OBBRERRI L, FOHE
Bk b HERHRORBERFERE LS, 1
(@2, 25IBHCIEIGT BIZBIT A RERNE
W, AT IFG oRMEE b BIRF L 1212F
CLARNMAIH - 0, HERERF DL EHEEEES
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#&3 EEEMIBLANRICHBBREER

St i s%
(n=1,028) (n=1,438) (n=2,466)
mELAL L, P e Jp e —
(mgrdl) TR gspmmma)  PED (gsgmmRm)  TEY  (95%RARM)
96 £F 5 2.2(0.3~4.1) 0.8(0.0~1.6) 9 1.4(0.5~2.2)
296~104 19 7.0%(3.9~10.2) 3 0.6(—0.1~1.3) 22 3.37(2.0~4.7)
105 Bl E 24 7.2*(4.1~10.3) 1 25%(1.0~4.1) 35 4.5%(2.8~6.2)
2 48 5.6(4.0~7.3) 18 1.31(0.7~1.9) 66 3.1(2.4~3.9)

AUETR 2,466 A, 40 #ELLE, 1988~1997 &, F2R%. KEE | % 1,000 AF. "p<0.05 3 72~-95mg/dL. 'p<0.05 1

Stk Rt 15 KDh3IAD

HARBREC ORGP EERC LR L, FHOME
FEREL L CRITEOOBECL RO ON, 2 F
9, BRAZBWTHBRBRBEBEEFEFEDEE 2K
BRFTHLEEZONS,
FITESHIC, 1988 E£EDAINTOBE % F1T7: 40
ML B0 2,466 A% MM L~V T 95 mg/dL LL
FTomEE@ERE 96~104mg/dL O EE, 105
mg/dL A EOFERED 3 BIIH T, F0% 9 £l
BITLEMREL ORFREHET L. £O#HR, B
BT EHMEROBBEERERE, ME#HL VY
HeBRELERL, PHERLGHEFOREFIK
I ARFECED» 2RI KEOBERE
FILOEBOMBRYEH D, REHELESEROMTER
ENRHLNI, 3612, BiEdHbe T, E&.
ANy y— . ¥o) sk, EkEiRE 0BT,
BMI(body mass index), i L A50—, £,
B, ARMMRTFRNELCSERARETHIL, B
RS AE O fEPRBE IS P ] BE 2.3, BIEEES.L T, P
MEHOBRENE LA TLBRBEOMI LEFEL
EREFE R -7z,

BRI

AWBTOEWME I L, BEEHH D VIS
B ER B & CEMMS E FELMESNH S, LM
BROFHIE, BRBOAL ST IGT * IFG Nt
RMBICEL R BEEORBRERE T VLICTE - T8
TAHEPHPINETUREICKRELRBEL> TS, £
72, BRACBWIRROS | iy o 5 EHE
BEaFHTH-0100, MBEREEELEL 6N D,
FLTHRBBEOSHIIBW T, §IENELD
ERIC OV TEREHHILEIN D S,

ALBT I BT 5 ERGHIRFEDEXHED KL T
, BERAT £ 2 B 200 me/dL LA LD BERE D BT
I FREEZ SNAD, SRR E 0 55T e
EINFITH126mg/dL LV EVLRAIIHD T E
PEREING, HAMEBEORBAINA S04, &

M IPEE S — L TRLEICE L ANV IZROLED
HHEEILNG,

SERORE

AWET T, 1970 B2 S BB BRI ER LiZ L
O, FRICEOREPRERSKIFICETLZS, L
L, 1990 FERICANBMEERENS S HIZERLTE
WEPRESEORTIZHLL, ZoMENEHERO
FBIEFEIFIFEAYHEORETH 7, TOKRELE
e LT, BRMEELD LT A ES RN
HFoN b, L THBERFZ, BEDERIZHBVT
HBEZEETAHEN L COEROERRFE 2T
Va", F72, ALENZ BV THERE S 2 Ik EE
RELESBLOMFRORBANELEAL L, BED
PAERIX 1970 SEfCICHIRL, BHLE E ISR L Tw
L7 oT, §BINFTOLED LB VTHRB
AT UL, A EECH B LM ERE ERICEL,
HEAEGO Y R 2 bHRT TR . Bkt
#HEFMZ LY ELTWBEHLHETIE, EVIFETER
B FOSPREI RO RE 2 EHEMEEL ), Toy
NS U EICEELREMICL B EAFHEIND,

Z.
Do

G BENE
1 iR, RAREES  MEEEOERET L LTHR

TR WEHIE DEL 35:58-61,2001
2 HAKIE AHBET A § 7 . HRIBEDEN 371164
166, 2003
3EE#E ORARBEIES EELYAERR L HIRE
L/ ALET 2 5 7 0 WERIRSEOE 45 387170-173, 2004
4 The DECODE Study Group : Glucose tolerance and
cardiovascular mortality . comparison of fasting and 2-
hour diagnostic criteria. Arch Intern Med 161:397-
405, 200!
Tominaga M. Eguchi H et al | Impaired glucose toler-
ance is a risk factor for cardiovascular disease. but not
impaired fasting glucose:the Funagata diabetes study.
Diabetes Care 22:920-924, 1999
6 HrieT W T | BIREE(LIEBUE L RARAT. R TR &

(%]
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259 —O— TEIEREE
—— TRSEBIMMAE
201 —— 42— HbAic
5 15 4
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x
% 40
5 -
]
ZNBFMAE(mg-dL) —86 87— 90— 93—
BRAM %M -84 85— 96— 103~
MERMA(mg. dL)
HbA1c (%) —46 4.7~ 48— 4.9~

3 [REE HbA:««®D 10 SHRICH - BREVBEDARE
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&7

ALLETSE 1,637 A. 40~79 8%, 1998 .

ROC : receiver operating characteristics

(X@k 13 Z51AME)

100

Bt 2 (2IZE L LRV OREE, A, ROC MR
FHREFRLA, DF0, WEMHEKREDT, WAt
2RI 200 mg AL B2z D S HIB L, kR

95— 97— 100— 103— 108— 17—
11— 118— 126— 137— 157— 200—
5.0— 51— 52— 53— 55— 5.8—

F 2 HERARAEREEZ ZH T 2MEHE HDbA . DRIAE
wAEHk

HbA

packi ot | 2 FBHmME A

..+t 116mg-dL  200mg/dL 5.7%
HEE (%) 86.5 86.5 86.5
BRE(%) 87.3 89.6 90.1
ROC ghig TEMR (%) 90.0 96.1 94.5

AULFIRK 1,637 A. 40~79 . 1998 F. ROC : receiver operating char-
acteristics (SX& 13 KD 31MA)

DIBRIFDZ ME,EV—‘ TAHEEZONB LML,
EREEI B IS DV TiE, SR E TOMRIBO DI
#THD 26mg/dl L H RV LA G HFEESH

NAHZENS, ARATRERKETZEWTS)ATO
e PR o EHE{f 1L, BRROBHTLGE L D {Ewv L
AW HB T R EILB,

WRERR BN ENORE

kT, R & BB 0BT S 2 OBEEAT
FETAHI LREYT 2 EFERECHEVHRINS
H, —EOFEFRIGESN TV, HIFED
—ERICBITAERBE L EREBORGREE L2
THO, ALMOBHBAEORML Y, BERD
B MESESREROED - BESIAEEY
f&url THhizuw

1988 ED AU DT RBHZTI5gEO7F o E
FIER S T2 e % S EREYF L 7RIS .Hblf

~
— N,

BEFR 45 B C 139 & CEMEIE O RHH EICE
EEB-OWTHELEERDL, £12, HbA:c"’l/
NS AL L, ZOLAUHEL R AL E




2 WEFHOBESR - IS5 + DERMIS

Nhroi, MBI AZ L, ZORENIFGHETIE
BB EREENFEILE o7 259, HEALE
TR M EDERE FF L RBENO Y R 2112 5
AR E NG, BEiEOMEE, BMOEFEEFM T
# 4 L 7: DECODE (Diabetes Epidemiology . Col-
laborative Analysis of Diagnostic Criteria in Europe)
Study D& 22,514 A (30~89 &) % F15 8.8 F il
BHELIHS THHROHLNTVS,

HARE OO HIKIZ B BEEMETH, W ohiER
W ELMEMNORFESFBRIF SN TS, 1990~1992
FEOWRBFZE 2,651 A% TERBHL, HHERE
(1985 4 WHO &) & LI E% (L% +HEH)
FRCHE - DMEFEE H-BLROMERTAITE T, BR
BBEE L LI IGT BOLCHKWRECENEEE I
REBWICHE o7, F72, 1971~1997 HEiZirbh iz
LROFEBREETISe BO7 FoBAMKRE
726,983 ANOEBIFETIY, Bic L b IGT#L L U
RFBEDOBRMAECEBIECENEERCIRETEILS
holzb,

BEEy, HDAEORIRERTIE, BREZITTE

{ IGT #® [FG OBE O W EE b LMEWOHF H
GEMBEFICABLEZOND,
THRERER S & RRU BB B DB

BRI HEMEOKRE & - S L RERFIZL
D, EEERRAVICHELOMBIRTEL % B EET 2 S
7 FHEE, HEHAVEIROBRERELCEET 5
77O — LML, L ORE T RIIRE
LTRETHUESEERBEEN 3 7 4 TIIHT 5
nn, ABTEIZEE T, 1961 SFICRTE L4 L H/A
1,621 AOREERERN % 5 4 7513, #0
BRFEHE - BHLTWE, COERMTIE, REH
HEDS LHRARKCAEFE 2HEMIAEIBMOM
BEEAS 140 mg/dL LLE, %5 ik 100 g AR K5
T | EER{E AT 200 mg/dL LL £ 4D 2 BEBI AT 150
mg/dL B\ EOWFhh 2@ TSt RE L
ERL 2. COEHE, BEN WHO £HD IGT 5
WIEHBRBICEL TS L FEZ NS, ZOKFTY 32
FEWBHLRETY 1 THREEREORBRATF+
ZERMTTOW LIER, MEREAEIEtns s
FHEE LMD T 70— AMEERFEOMT LK
BLMATFLLEo(E1) ., 23, RisERE
KA 4 2 HRBHAR DERRRTEIL 2 (R L, MHEELT|&
EBITeEIOLNS,

ML AL & FERFRBEDRF

1990 £ EBEIZT A V) 71 BER KK S (American
Diabetes Association | ADA)® £ WHO ORIBNH
BT ZEHE° KV THET S8 N7, BARBRHESESD
BEEECS Cholf oIz ETwE, s
DFHEEER, VT AN, KBV AL o F4T

R

% 3 XK EIE R F %M I (Natonal Health and -

B A T NS

R1 54 BIRERREOHOBRSERSR

SUTER 7 70— LI RER
BREF
Ezled kit Bk frak
fE@Y 26 2.3 2.3 26
IRER I 1.4 1.4 1.8 1.9
WRERS 1.8 3.0
B4E 2.2
BB
DRRRE
mHIVAFO—
BMI
24UBTHT 1,621 A, 4020k, 19811993 &,
Cox ;WA — NEFIL - SR B35, HBKEp<0.05.

M SD LRDURT. (TM7 F24iE

Nutrition Examination Survey I : NHANES @) @ %
& LY, HRFRO-HEREWR L L EEN
FIBWT, HWRBMBGESHET DML XL h 5
KDILDTHE, LML, DL LR DIEET—
¥ EBREWERCEERRBERORLZ2BRACFD
FIHTHEDORILBMEILLBERET, DHFETH
—REREGRUEROPH CITILEF DL, £2
CALURTZ BT 2 BEORAGAIEAE O HREE M E QA %
b L, WMREEBW TS A CRLEY LML X
VERRE L7,

1998 412, 40~79 RO AL F & 1,637 A% it#
WK75g#O7 FoBamHEe L b REDR
HESBARESZ 2T, HR2ELBOWMBR ML
9 R THRMNAREDH L& LRECHE L. ZLT
ZeiERr MO (l, BB 2 Bl ~TEror s
(HB) AicD ZEL XA D 10 57 THREFEL 1055 L,
WRFBBIEDFE Y WA L 72, 2%, ZHEm
B L N BIORE T, WIS 8 o 103~
1007 mg/dL DL RNVETIIEA LR L o712 h5, *
DYEIZE 9 FO 108 ~116mg/dL DL L5
EALIELS, F1050 117 mg/dL Lo L~
TRIEIZHC 2272 (@37, FHICHRARZ 2 K
DMBEHEL NV AS L, WEEOHAIXLED
9 FRD 157~199mg/dL DL XA EFH LI
B, 810560 200mg/dL LA Ed L~ TR
B LAY 7z, HbAlZ DWW T, 45 10 6L 5.8% L
Lo L~ CHEBEA BRI L 72,

2 % 12 ROC (receiver operating characteristic) ffij 2
FHVT, BERBEEEAI L T Al s Lo
HbAIcD L~ & K72 (B 41V . £ DFEE, HBWED
PHREED L CTW5 5 ZEMEM0E#IE [6mg/dL
T, BEE 86.5%, FRE 87.3%, ROC i T iy
90.0% L wFhbEC, HANPEr o2 R 2V . H
FRiZ, WEEH % 2 B8 L 200 mg-dL 7%, HbAcl3
57%AS L {BEEOIRB T L, v h

-
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E [ mRmasE
20. BEAFERBREEORMERED

BERBIE, KOERELHANNEREL ESHLEMHERFIERITILMAOATVS. 2P
THRED (WIFE) 11, FEEECANREOREL L LTERBEZOLFENE (QOL)
BLUHEEEHE (ADL) OBTORELEREL D, AHTRICLVREIZEEEZS5R 5. #IR
REBEFREMSFL LDICHEIBIEhs, BHAODFBHEL T2 ETIH, TORIKTIER
LI cHL 2Lz, BOEECERNEEN 1°THAH. £ITHETH, BRARAWLL
CBVWTERIC DL D #RPOEERE (AR OB PO, —RERICBIT HHERE
DEENEBE L O IHERFIREROREL L UF0TFRICRIZTHEERETS.

A. ALBIICHIT 2ERFERRE

AWBTIE, BRTHERDOAD 8,000 AR SHTOMEBN/NS LRI THL. ZOMDER - BEEK
BE 40 ED LICh ) 2ETFY L X —KL, EROFEARRKAL L ERIEFAEDORHL 13
EALYEDY . o W ALRERE, BOARLAELWIEENZERADY Y TVERE W
5.

ALLETIC BT, 1988 4 & 2002 412 40~79 BOERB D 0% EVERE R 75 g BOER
TR BV BRBOERERLERTo72. ZOEEE AV TERBAEREORRHEL T IRE
T2E, 1988 ETIREMHD 150%, KD 9.9% FERM (1998 £ WHO i) HFRDHOLNLA,
2002 i FNEN 23.6%, 13.4%I28 2 7Y, TR, impaired glucose tolerance (IGT) & Hi&
T 192% % 5 21.6%12, ﬁ’f&fii 18.8% 75 21.3%ZHhNL, impaired fasting glycemia (IFG)
bENREN 80%HE 14.7%, 4.9% D5 6.6% L2, 0F ), DHFEOMBER CREEEREE
35 BEMERCSY, iﬁﬁﬂi%ﬁ@aﬁ 6%, KEDH 4ENMEPDOHBEREIFET S
EHEBEIND.

B. MI¥EREL NIL & BB EFAE DR

B R AP HIEERECS A AHEELHEL T 4010, 1988 EORERFAREREL XY
eAWRTER A S RE @biUuﬁE%@ﬁ“f%%@wfzu4%%sﬁﬁLML AR EE L
NEREEREROBZRE MR LA 20K, IGT * ZFFMAEEA 110 mg/dl KiHD IGT &
110~125 mg/d! @ IGT+IFG @ 2 #iZ G4 7-.

EREE L REERERY, BR bERRCABRAETARCE o (B DY, ki
T3 IFG BOMERREROEEICH(, S5 IGTHIFG BOREFIBRMFLE L LAVIC
Holh, WEEUHGLLEEZIBONE o, 0 ), BRAKETRIEHEMAEEDOE

D. HRFSHHE A 498-12316
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331,000 AF
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0 B o
6 kg =
| %% p<0.01
¥ p<o.0s 'S E¥ *
z 5
fiE
=
=,
2 B 1
0 (n) (607)(923) (85) (67) (136){203) (56) () (156)(134)
E% IFG IGT IGT+IFG TR

THEERE L ~IL

5 R TR L AT & 1 IR R AR R
ANTEE 3 4260 2,424 ‘&, 40~79 5%, 1988~96 4F, F#biHE: (LHk1 X H)

BEEALREEDOY AL B EARBRINL, 5 ROBEM T -RMNOFEEEF+E
& L 8.8 4ER:EHF L /- DECODE %t (22,514 %, 30~89 %)% T, ZHM B L AL 2 B
RO MAE L~ BN AR I OARN IR 2 50, MR, MiF 2L AF 0 —)b, body mass index,
PUREHIME, REEFHELTRIILTYS. TOMR, ZHEBOELNAHICAS E, TETRIE
BN (K110 mg/dl) 23T 2 ERIE IFG L~k (110~125 mg/d) 3.0, FERBL AL (=
126 mg/dl) 4.6 T, T TICIFG LRV P LREPDO ) A HHFEILE, AWIERU & ) 2RE
FRLI:, BTH 2 BROMBBLANARICAL E, 220 XETRESL ANV (<140 mg/d]) 3+
ULTHERBL ANV (2200mg/dl) O fERA3.3 EHZILEr o2, —F, BHETREMEBS S
UCRFHROEL AV ERERREC EOBICEELREEZRD oM d o7z D EOBREREDOHKHK
Ph, BRBOHZZLFEEOMME LA IBEEC VA LY, +OFEILHETHET LATR
BENSD,

C. ¥ERIR & & 1 TRBIRIEED SR

BEER, BEBFCLAEOEOKRE & - B LY, BROCHEROMBRIEEDECSH
5357 THEE, REMKCEHROBRBRTLLERIIRET D7 50— JMeERERE, LIERN
WKTEAMBARNICRR L TR A LEEERGEEN3 ¥4 FIZ5T 6N 5. 1961 £IZRF L
AWETS 1 £ % 32 EMEFL AR B CIHEERESE & 4 7S TR T A &, T
HEEEHTUEHOS 7 M EEL 07 F O —- AMBEBREZEORERIFEELE -7 (7
29, 2F D, ERABIE, KASFEIREBDRODRENLOERLE 2 ) REFEEOY A s 2 LA S
HHEEZLND,

D. FEPRA L REPOBRE - i TiROMEF
MRS BEPBEROYA 7 B L CEGTFRERF LLBERL L. A9 2 — 7Y OBRBA

[IBIS) 498-12316 20. BAABRMEEORLERBORES?
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= g

341,000 F 341,000 A5
10 ( . 10 -
= CIs59+8=
7 70— LR ERIER

8 8 %p<ootvszL

6 6t
%
%

4 4 r

2F 2t

0 ' 0 -

GL oL
EEER S FEEERE

i M2 MRS E Y1 THRKEERES
ALINTES 1 46 1,621 &, 1961~93 4E, FEHHTFE (XH4 L H)

T, FERMEEOELARRED 121 fIEERBO 2V EIRE D 584 6% &F 10 EHBHL, #0F
BELBEL TS, FORMICL L E, BRFGHBE CUREFERR - RUERIHERBIESIER
HRFBICED» o7z, WEFBHEE %88 L 72 KE Stroke Data Bank DIz L hid, HER%
BB 2 MEMEDR 2 FLHOBREIL 15.2% T, HRABEGHRED 11.4% 1 ~<EZIC
B o/z. T/, KE Rochester DREBERADEGFHREBRH LABETYH, MERSHETIIE
RFFEEHERICHAFEE) A7 DBEFEICEFE LT, RS (ER) (HERFEGEHET 2 L,
BREBLURCENEDICAEBILLERTAE VRS,

FbhoiZ

DAFETE, BEEZEOCEFEROBKILICH > TR, RIBMES & b ICERFIRIBICH
R, WED (HEE) OFL-LERRTLLTEOEESEFBL TV, BREBEORE P,k
RICH Ciid, MABEE &b ICAH T A MDBERAFY BB CERTII LA INET TUEICKE
BB ol EEZOND.

1) #&E % AFAACBO2ERFALROLETEEORIRLEE. n: BRMERFES, &
HERIFAF O 2006, M. THFL thA+E; 2006. p.96-101.
2) HE H, AARE, SES5H NEREORBETL L TOBREY. BEAERFES,
. FERFFOES 2001, B B & iE#E; 2001, p.58-61.
3) The DECODE Study Group. Glucose tolerance and cardiovascular mortality: comparison of
fasting and 2-hour diagnostic criteria. Arch Intern Med. 2001; 161 397-405.
4) RBIER. BXRAOBMERE. HRSEH. 1996; 85. 1407-18.

D. #ERESEE [JCtS) 498-12316
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1) RUIETZN 53 R B DB & 18

AMKFASRESTRERAES /08 AR #

i

AT :‘r‘,&""J—(j‘. s et
7

R EBIC

4 -
RIS A A CO NP Y

PIREELICIZ ARRZD B Y, BCKE A LB MECREDHEAGT O DIIXL,
BAEAIMEFROY X7 83E W2 LB EINTH S, L L, EFH2ET
W, EEREROBCKALICHE > CIEE, EERNAR, WHEERELLAIRY v
7y Ro—L4 (MetS) TR 2REEREARBICIEML, BOfELRE
DEIBEREINDE LD ITk -7,

B A LA TREFE R OFFRE (ALITHREE) Tid, @R 45 FD LiZhi:
D —EOKEEHREL A6 T — 9 OIE - i ThnTh s, KRTHE, A
LI FEE DR E BN Uleds 6, O EO LM ER ORISR & ZDERICD
WTHSMNMZ L, RIEDFEIZDWT MetS Z @O RETT 5,

ALY T, 1961 4F, 1974 4E, 1988 EIZfThN/I-TERBEZ 2 L7 40
R EOERS S, TNZhE 18 (1,618 4), H24£M (2.0384), #3
M (2,673%) AFREL, BEFARLCFETEHL TS, ZTTETHDIZ,
SO 3EMEZNEN 12 FEHEH LR XD, LHEES X ORNEEZE DR EE
KOV R PG LCARLS @D,

HMFR KO UTREIEIRER (3 1,000 A%E) &, BUETRB 1ERAD 220
LEZEMAD 15N, KHETEZNENO07TH,1H09NEHBRL, WHHHL RN
EAILED TRUTNIRETH -2

=05, WHIvERIERIE, FUTIRE 1 LD 80058 3 R 3.6 NIFEIC
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O ALETARH 53 e EOCRBOER & XA

8 % I %
%t 1,000 AZE %t 1,000 NE
10 - 10 . IRl
MEY:i1; 3
8 8 % p<0.05 vs. 5B 1 $EA
1 :p<0.05vs. B2 %E
6 - 6-
F
fE 47 44 .
$ . %k
. L L
0. o e - 1, ' '
F180 F2%E E£3%£H B1%EE ®2H£E HE3I3%EH
(1961 ~ 73 &) (1974~ 86 %) (1988 ~ 00 &) (1961 ~ 73 %) (1974 ~ 86 %) (1988 ~ 00 §)

1. REES LT OHEERERORFMEL
ALY 3, 40 #bL L, BERE 12 4E, AEMBITRS
(LR T K OS5 AD

WAL, THETHH 1EAD 450 HHE 2 BATD 3.0 NEFHEIZED LH
T O%E 3 REATIE 2.6 LB RO LTz, ITEE S ( THICAD L, HE
200 3 70 VUL FTOERKFZROMEIRICASNAREICIERNT B Z 7 FHIZED IR
FERIZB L TR E & BITHERIZICT LA, RO EIIROMSIRIE(LIZ X -
THEHEINAT 70— LMEEREKE, OHENTHERE NIz M 1k L
TRAT D LEEMEREORERIE, T7THEDL D 26 H ke RV
iR I - 127,

DD ROLMEROERHELE L6 LEEREEL-HIZ, LidoAl
T 34 E 2002 F -2 5 F B 4 LB E/EIZ, 40 ~ 79 ROERE T E

BRI OSSR Z E L, CMmAERERKE OB ZE L2 W L 2z,
a) J/E
OUERE O LRI fElN-F £ Wb o A&l OEfE= 140 7/ 90 mmHg
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607 [31961%F  *:p<0.01 for trend 56
(1974 %
E¥11988 £
# 40| mm2002% 39
B
% 20-
~ 11 12
0 e .
R & BaLATO—)LME TPAHERF
[ . body mass index 225.0 kg/m?
BIALATFO—/LMEFE : 8L RF7F0—IL2220 mg/dl £7:{E BEEMEERA

2 . RBMERBOAEDRARIES
AT A LEAOBHEMAE, 40 ~ 795K, B FHHE

FIEBEREIRE) OBEEEMBITHXS &, HETIHE 1961 0 38% 05
2002 TFD NI TREALEERLS, THEOHEE S Z O 34%H 5 30%ICH
TRAMBERZRLIcDRTH T, —h, BMEFICLEDDEEERHE O &
W, 1961 TS S%, ik 6% &80 - /oAy, 2002 I ZENZ N 41%,
50%ETHLLIEINL/, ZOKR, BIUESOIGEINMTEOFEHEIE, Bk
T 1961 4D 161 mmHg 2 5 2002 £ 148 mmHg ~, ¥ T3 163 mmHg AN
5 149 mmHg NKIFICIET LA, 2 F 0, 1960 £ 5B X Z 40 EEMIZ, &
EREZODDIIKE 2B L3 - 728, BMEREOEXICK - CTEM

FEFOMA L NWBEKRELSBEF LI ENIDHX B,

b) flHMER

Iz LT, BEEONE (body mass index (BMI) = 25.0 kg/m*) X, 1961
TTRTREJRFIETH -7, ZDH 2002 FD 0% ETHEFEICHEMLL (B
2), RIS, @V 27 0—VIMGE (2 220 mg/d) % 1961 F£D 3% 5 5 1988
00 28% N 9 FEITIIML, 2002 441 26% E BUITVVREEE Tn > Fo, BEIRAR &
impaired fasting glycemia (IFG) 3 & Uf impaired glucose tolerance (IGT) (21
WERIET S RERE PR L E I Z, & <IT 1988 F & 2002 DL T
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O ALETARTEN S BBl CRBOEE & XH

1 RERS L UENEGRBREOBRETFOENGER
ZGLNTES 3 YR, 2,424 F, A0 A~ 79 B, 1988 ~ 99 F, LARLAEHT

BRET B 4E = - RmiEORR
wome ' 2.4%* 2.8%
I EE - | L 1.5 1.7
LEREK" Sk 1.7* 1.2
R . 1.9* 2.1*
BME i 1.3* 1.2

e P 1.7% 2.4*
B oo 1.1 2.6%*
k=2 V27 0— _ 1.0 1.0
BRI 09 0.9

Cox BN —FEF I, **:p <0.01, *:p<0.05
Q) VEERELAO) 22, b) LERRE  £BWKELE ST IET

WBZEORLEIC 75 g RIPAGRAB L 1T - THRBEHESR OF 8% R
RS, FOHIE L 1961 0 11%00 5 2002 EICIE 56 % E CHE LS LA LT,
i CHIRIEEBEOELLES SN, 2002 FiZE AL 25%, S AT 0—
)V IAENE 429, THBEAE SR 36 %I KIFICHM R 7=, T /bbb, BNTIEIMA S
~4 ADD B 1 AL DH D IEEIRMEEZ, #8030 5 5 O B 5L H
HTHEEZON5S,

B OHUSRERIZE T 5 LIMERRBEDEREF AW OMZT H2Hi, Hif
TSR Z 72 40 ~ 79 MO 3 #:HH 2,424 4% 11 FREEM L BEIK D, O
MBS RAE 12 BT 5 FEbRR F O S BT 247 > oo ZTORSR, Flih, WS
E Y, FRMA Mg R X CRR M OBER (ORISR RAE E 724 1 IBRIEAN D
OIRZRIRIE) Ol U 2 fERRIA-F & 22V, Iz T2 L OERISEE (AZEID
KELESTICF) & BMLAY, it O Bicid THE] »EELEMRNF &
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511,000 A5

204
e % p<0.05 2L
Ikt *k*:p<001”
151
£ *
fiE 10 9.5
B 5.8 * %

5- 4.9 B3: 49K w2y FO—LOFESIC
15] Al R EREE

o—( ) (962)(1,159) (88) (243) ALY 3 RO, 2452 %, 40 RELE,
Ry .y 1988 ~ 2002 4, MM
" : (A7 EY w7 Fo—L: HAEDEE
A9RYyy o FO—A . e
7 KM E T T DIE AT

- (F®D, Lal, COEROBKOBMHEFTHLEMER, WEDH
BhfEbRR T L leblah -, SIMEEENS SR Lz RADERMTIE, OMER
XD EME QR EAKIBICIRGI L, b - CHIRBZ I U & 5 REaHER
BOEENEMRK LI EXIDDNZ B,

s g,

AR
> T P ‘“'..1'"
v Lrd R

piry el toa e

AN CARE L T A0, SiEMmiE, MEFHEREIE MetS OKRA T Th
Bo =15, MetS i TNBIHEIC X - THENKELLELT HHIC, EDE
AR 2 D MC K - T MetS & LMER & OBRS AT BT HEERXS
N5, 22T, AU OBHHEOREZ M, KFIL MetS OBKIEREE
IR I8E & OBEREZRET L, hAE O R T3 k00 8% RiEZ T
W5 ETEDBHHENRGERATH L0 %R L, ZORR, 7T AR
OEERILHEE (B 90 em BAE, 80 em LAL) CTHELI-BAREKEIZLS
MetS &L IE R & DBRFES L > 77, ZTZ T, X HIZ 1988 FEDAILET
DO 3YA%E 4 FEMER L ENWT, ZORELLLBREECXS
MetS & Rz itk OB B R & DBIFRERE Lz (37,
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