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Fig. 4. Correlation between MDCT- ~determined abdominal
circumferencé (ACcr) and abdominal circumference mega-
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 viscerz{l 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 betweén Fat Deposition'and AC

Both VFA and SFA comnelated with ACcr it both male and:

female subjects (Fig. 3):. ACcr = 0.142 x VFA + 67.060,
r=0.828, p<0.0001, ACcr = 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 (¥ = 0.128X + 68.517 vs. ¥ = 0.182X + 64.536). As
expected, TFA was strongly correlated with ACer (r=0.815
in males and 0.919 in females), whereas there was no signifi-
cant cofrelation between ACcr and VFA-to-SFA rdtio in
either gender. However, the regression line for the SFA-ACcr
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 ACyy is currently used for diagnosis of vis-
ceral obesity ixi the critefia of metabolic- syndrome; we exam-

ined the relationship between ACcr and ACy in 80 randomly -

selected subjests. There was a tight correlation between ACcr
and ACy, as shown in Fig. 4. The regression equation for the
ACum-ACcr relationship (¥ = 1.023X + 0.830) suggests that
the difference between ACcr and ACy isonly 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. 5A). 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 arid 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 mote metabolic
syndroine components (97 cm? in males and 55 cm?® in
fema.les)

As another method to assess the clustering of components
of metabelic syndrome with i increase in VFA, wé also calen-
lated the odds ratio for the presence of two or more metabolic
syndrome comporents (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 cm? in females, which was:consistent with the
results of ROC analysis (Fig. 5). Figure 5B shows the resnlts
of ROC analysis for prediction of ASCD by VFA, At a 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 ACy values of 84 cm in males and 80 cm in females.

We also performed ROC ‘analysis using SFA and TEA to
predict two or mofe components of metabolic syndrome.
However, the AUC was smaller in th¢ 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 dlagnosxs of metabolic syndrome

Discussion

In the present stndy, we first characterized VFA, a direct
index of visceral obesity, and its relationship with an indirect
but easily used index of visceral obesity, ACy. Using VFA as
a basi tool, we reassessed the cutoff level of ACy for dlagno-
sis of visceral obesity relevant to metabolic syndrome in Jap-
anese. The results 6f 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 ACw cutoff is almost the same, ; as the current cutoff level
(85 cm), but the fema.le ACM cutoff was con31derably smaller
than the current Iapanese criterion (90 ci). The va11d1ty of
the new ACy cutoff level for females needs. to be further
examined using larger numbers of subjects.
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(A) VFA for diagnosis of other 2 components (B) VFA for metabolic syndrome with atherosclerotic
disease diagnosed by Japanese Criteria
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Fig. 5. Receiver operating charact_eristic (ROC)»analysis of VFA to predict the presence of two or more components of meta-
bolic syndrome and ASCD. Solid lines and broken liries depict the ROC curves for males and females, respectively.
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Fig. 6. Odds ratio for the présenice of fwo or more: Components of metabolic syndroviie at edch level of VEA. An-odds ratio was
caléulated for every cnt* of VFA and is presented dlong with the confidential interval, The highest odds ratio was given'by a VFA

of 94 cm? in'inales and by a VFA: of 74 cri in females.

Definition of Visceral Obesity as a Componient of
Metabolic Syndrome in Japanese

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

85 cm in males and 90 cm in females)-were cieﬁned:as the val-

" ues-that correspond to-VFA of 100.cm? in abdominal CF in

each gender. The rationale for this level of VFA was the asso-
ciation of VFA larger than 160 cm? with more*than one cbe-
sity-related- disease (i.¢.; hyperglycemia, dyslipidernia and
hypertension) in the pooled data from both males and
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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 em? in males, and.the values in fernales 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 gendet’

ACw 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-

without ASCD, those with ASCD and all subjects, respec-

bolic syndrome in each gender and the regression equation for
the VFA-ACy relationship (Fig. 3), the ACy cutoff levels for
males and females were calculated in the present study to be
83 cm and 78 cm, respectively. Miyawaki et al. (J3). 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 VRA 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 anpual health examinations to ROC apal-
ysis to determine the ACy cutoff for diagnosis of metabolic

* syndrome. They found that the:cutoff levels of ACy.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 iljag crest, and that measure-
ment in females is a few. centimeters longer than ACy (at the
umbilicus level). Thus, Hara et al. (I 4) 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.

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

To illustrate the effect of change in the’ cut_off level of visceral

obesity on'the prevalence of metabolic syndrome, we plotted
the calenlated prevalence of metabolic syndrome in the sub-
jects for a range of ACy cutoff levels (Fig. 7). The prevalence
of NCEP-ATP IM—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 5 1.0%, 59.2% and
62.0% for ACy cutoff levels of 102 cm (NCEP-ATP III), 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 ley-
elsof 88 cm (NCEP-ATPI), 80 cm (IDF for Asians) and 90
cm (Japanese criteria), respectively, and these valusé_s 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 criterja
is strongly deperident on ACy cutoff levels: male ACy cutoff
levels of 102, 94, 90, and.85 ¢m give prevalences of meta-
bolic syndrome of 4.6%, 16.0%, 23.8%, and 36.2%, and
female ACy 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 Tanho-Soubetsu Study (15); the: prevalence of
. metabolic syndrome as defined by the modified NECP-ATP
I critétia (ACy cutoff=85 cm) was 25.3% in 808 ‘males
undergoing health examinatiéns, and their incidence of car-
diovascular events was almost two-fold higher than that in
subjects Wwithout metabolic syndrome (11.7% vs. 6.7%) dur-
ing a:6-year follow up. The ‘preval’e"nce of meétabolic syn-
drome in the present midle subjects was approximately two-
fold higher than that in the male subjécts in the Tanno:
Sobetsu Study, but this i likely to be dueé to selection bias in
thie present study. First, the subjécts in the present study were
older by 3 years (63+14 years old vs. 60+12 years old) and
prefetred in-hospital examination for ASCD and/or know
eoronary risks. Second, the proportion of Subjects withi ASCD
was higher in this study than in the epidemiological studies.
Neveitheless, the present $tudy suggested that the prevalence

of metabolic syndrome is lower in females than in males even
when an ACy cutoff of 78-80 ecm 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 (I6), a hallmark of early
atherosclerotic change, calcification of the coronary artery
(17, 18), and subclinical atherosclerosis of the carotid arfery
(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 miner risk fac-
tors, HoWever, the ACym cutoff level to predict metabolic
syndrome and that to predict ASCD were very similar (Fig.
5B) in the present stlidy. 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.scieened 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-randémized niethod, 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. Furthermoie, a recent Treating
to New Targets (TNT) study (21) suggested that diabetes mel-
litus .increases the incidence of cardiovascular events in
patients with thetaboli¢ $yndrome. Thus, it may be problem-
atic to determine the VEA cutoff level for diagnosis of vis-
ceral obesity by use of mixed data from diabetic' and non-
diabeti¢ populations. Fourth, we did ‘not perform age-adjust-
ment wher calculating the ACy citoff; though thére ‘was a
trend of dge-dépenderit changés in VFA. Therefore; 2’ further
investigation using &' large population with age-adjustinent
needs to be performed fOr obtaining a precise estimation of
ACy cutoff for diagnosis-of metabolic syndroms in Jipanese,
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