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Table 2 Prevalence of retinal icrovascular signs by presence of metabolic syndrome components

Unadijusted Adjusted Model 1 Adjusted Madel 2
Metabolic syndrome components Prevalence (%)  Odds ratio (95% CI) Odds ratio (95% CI) Odds ratio (35% CI)
Severe focal anenolar namowing
Large weist Present, ahsent 8577 111 0,70 10 1.75) 1.39 10,83 to 230) 1.21 (071 w© 2.07)
Hagh trglycende Present/absent B3R 1.07 (067 1o 1.72) 1.10 (0.68 to 1.80) 1.07 (063 1o 1.82)
Low HOL cholesteral Prasanvabsent 1580 0.93 (054 to 1.59) 0.88 (0.51 1o 1.53) 0.81 (045 o 1.46)
High blood pressure Presontjnbesr 12337 170 (237 0 677} 278 (1.3 4.47) 276 (171 w 4.45)
High ghucose Pretantaosent 472 1.33 {0.80 to 1.98) 1.08 {0.71 to 1.64) 10.93 (0.50 10 1.44)
Moderate to severs artenovenous nickeng
Large waist Presmtobgent 180155 1.35 (0.98 to 1.87) 131 (0.82 10 1.67) 116 (0.80 o 1.69}
High trighyceride Preseotabsent  19W158 1.25 (088 10 1.73) 1.19 {D.85 to 1.67) 1.28 (0.88 to 1.84)
Low HDL cholesterol Preseabsent 127172 0.70 {0.46 10 1.06) 0.71 (0.47 w0 1.09) 0.62 (039 10 0.87)
High blood pressure Prosentabsent 219113 2.21 {1.66 to 2.85) 188 (1.39 10 257) 1.84 (1.35 10 2.52)
High glucosa Preseryabsent 193152 1.33 (1.00 to 1.78) 1.18 (0.87 to 1.59) 1.05 (077 to 1.44)
Severe enhanced arteriolsr wall reflax
Large waist Praseotinbsent 123193 1.20 (0.88 to 1.63) 1.30 {0.93 1o 1.81) 1.1 (078 1o 1.58)
High tnghycands Present/sbsent  24.7/18.8 1.42 (1.05 10 1.82) 1.46 (1.07 10 2.00) 1.49 (1.06 to 2.08)
Low HOL cholesterol Present/nbseny 192201 0.85 (0.66 to 1.36) 0.94 (0.85 o 1.35) 0.77 (052 w 1.14)
High bicad pressura Prosenvabsent 258145 2.03 (1.58 10 2.83) 171 (1.28 1o 2.26) 1.64 (1.23 w 2.18)
High plucose Presenshsent 235183 1237 (1.06 to 1,79) 1.24 (0,54 1o 1.64] 1.12 (084 to 1.50)
Retinopathy
Large waist Presantabseny 14081 1,85 (1,26 to 2.70) 1.83 (1.20 o 2.78) 1.61 (1.0 1o 2.50)
High trighycenie Prosent/absent 140/ 1.39 (092 to 2.08) 1.36 (0.90 to 208} 1,13 {072 10 1.78)
Low HDL cholestarol Presentiobsent  11.6/8.9 1.34 (086 10 2.09) 1.42 090 to 2.25) 1,26 (0.77 to 2.06)
High blood pressure Present/sbsent 11473 164 {115 to 234) 1.19 (0.82 to 1.74) 1.06 (0.72 to 1.57)
High plucoss Presert/sbssnt  13.07.7 1.80 (1.26 to 2.56) 1.51 {1.06 to 218) 1.36 (0.93 to 1.98)

Modi 1, adjusted for age, gender and smoking status. Model 2, multiple linear regression made! includes model 1 plus all other metabolic syndrome components.

CL confidence interval.

diameter may reflect increased blood volume.** Qur findings are
in keeping with such previous studies.

Although an increase in number of metabolic syndrome
components was associated with higher likelihood of having
retinal vessel signs, the metsbolic syndrome per se was only
associated with retinopathy and wider venular diameter.
However, the magnitude of the associations between larger
walst circumference and retinopathy (OR 1.61) or wider venular
diameter (difference in venular diameter; 3.73 um) was similar
1o the magnitude of associations found between the metabolic
syndrome and retinopathy (CR: 1.64) or wader venular diameter
(difference in venular diameter: 4.69 ym), Thus, components of
the metabolic syndrome seem not to have synergistc effects
beyond individual effects of each component.

In contrast, in the ARIC study population,” the metabolic
syndrome, defined using the NCEP-ATPII criteria, was
associated with focal arteriolar narrowing, arteriovenous nick-
ing and generalised arteriolar narrowing® It is unclear why
there is a discrepancy in findings between our study and the
ARIC study. One possible explanation is the difference between
the definition of metabolic syndrome by the IDF and by the
NCEP-ATPI criteria, especially for cut-offs for a larger waist
circumference, In this study, we found that the associations
between metabolic syndrome and retinal microvascular signs
appear mainly driven by the associations with larger waist
circumference. This might reflect the main emphagis of the IDF
definition of the metabolic syndrome on obesity (larger walst
circumference) by definition. Especially for Japanese, the IDF

Table 3 Mean difference in retinal vessel measurements by presence of metabolic syndrome components

Adjusted Model 1 Adjusted Model 2
Mean dismeter Uifference in moan diametar  Difference in mean dismater  Difforence in mean diameter
Metabolic syndroma componants {pm) (pm) (95% CI) (jam) (95% C1) (jum) {95% CI)
CRAE {um)
Large weist Present/asent 179.12/178.66 0.46 (~2.90 1o 3.81) 1,78 (-478 0 1.21) ~1,07 (—4.16 10 2.02)
Moarid Pr 178.90/178.73 017 (—-3.42 10 3.75) -1.85 (—4.82 10 1.12) 137 (—4.51 10 1ET)
Low HOL cholestersl~ Prasenv/assent 17934/178.65 068 (~3.13 10 4.50) - 049 (- 3,60 1o 2.63) 0.20 {-3.14 to 3.54)
High blood pressurs Pkt 175.36/181.65 646 (~9.25 10 ~368) ~3.28 (~574 o ~083) -3.07 (~558 10 ~0.56)
High ghucoss Pressiibet 17858117685 ~0.26 (~3.26 1o 275} ~0,67 (~3.20 to 1.85) 0.11 (=248 ta 2.70)
CRVE {pm)
Large waist Prement/azsent 219.70/213.73 5.97 (.70 to 9.24) 4.72 (1.80 w0 7.84) 373 (0.72 10 6.76)
High trighyceride P 218.027214.16 486 (1,35 t0 8.37) 382 (0.90 to 6.73) 284 (-0.33 10 6.02)
Low HOL cholestvsl  Prasentiasent 216.18/214.87 130 (~2.44 1o 5.06) 165 (~141 10 4.72) -0.01 {328 10 327)
High blood pressure [ — 2138221643 —281 (-5.56 1o —0.05) 0.93 (~1.50 w 3.37) ~0.08 (256 1o 229}
High glucose Present/mosant N7117/214.08 3.08 {0.14 to 6.02) 3.06 (0.59 to 5,53} 223 (-030 15 477}

mumnuﬂmnmmlmwmmwmimmm1.mnmm.w,mmmmumummm
ncludes CRVE and vice versa. Model ¥, multipie linesr regression model includes model 1 plus all other metabolic syndroma comparnents.
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Table 4 Associations of the metabolic syndrome with ratinal vascular signs

Prevalencs (%) Unadjusted DR (35% CI) Adjusted OR* {85% C1)
Severs focal ateriolar narmowing
i baant: 8378 1.06 (0.60 to 1.87) 1.00 (0.59 to 1.98)
No. of components: ssch increase in number of 1.28 (110 to 1,49) 1.22 (103 10 1.84)
No. of companents (4 or more vs D) L1M8.7 258 (087 1o 7.85) 217 (271 to B.85)
Moderste to severs arteriovenous micking
Metabol drome (pr T 28157 1.48 (1.01 to 2.16) 1.32 (0.88 1o 1,98)
Mo of componinis: sech Ficraase # mariber of 122 (110 10 1.37) 116 (1.09 1o 1.31)
components
No. of componants (4 or mors vs 0) 10,525.0 258 (1.38 w 4.B3) 2.08 (1.09 1o 4.07)
Severs enhanced anteriolar wall reflax
" %1182 1.41 (D.98 to 2.03) 1.40 {0.95 1o L.05)
No. of components: each incraase in number of 1.2 (112 10 1.38) 1.21 (1.08 to 1.35)
componants
No. of components (4 or more vs 0} 133313 358 {208 w 6.21) 3.19 {1.80 1o 5.65)
Retinopathy
M b 5y [ i 15.085 1.59 {127 w 2.95) 1.64 [1.02 o 2.54)
No. of components: asch incrense in number of 1.36 (1,18 10 1,56) 127 (110 10 1.47)
components
54500 3.02 (1.48 1 6.18) 216 (1,03 to 4.53)

No. of componants (4 or mare va 0

*Adjusted for age, gender and smoking status.

Table 5 A of the mataholic synd with retinal vessel diameters
Unndjusted mean ditference Adjusted maan
Mean dismater (jm) [pm) (35% CI) differance® (pm) (95% C1)
Central retinal anencler equivalents (CRAE)
[ ych B A manee =435 (=1.78 to —0.82) —195 (—0.51 w 0.61)
No. of components: each increase in number of =1.76 {-1.68 10 -0.82) =110 (=210t =011}
components
No. of componants (4 or mors va 0) 180.25/177.52 -5.92 (~11.26 w -0.58 ~3.57 (—9.08 w 1.94)
Central retinal venular squivalents (CAVE)
Metabolic syndrome (p 218.51/214.80 5.73 (239 to 9.07) 4.69 (1,20 to 8,19)
No. of components: sach increase in number ol 186 (0.95 10 277) 1,75 (0.78 to 2.73)
COmponents
23818 689 (168 w0 1211) 6.29 (0,88 tw 11.89)

No. of components (4 or mare v 0)

“Adjusted for ags, gender, smoking status and CAVE in the model for CRAE, or vice versa.

definition provides different cut-offs for a larger waist circum-
ference (for Japanese men =83 cm and women =90 cm).
Following these criteria, mors Japanese men were likely to be
diagnosed as having the mezabolic syndrome compared with
women, as we found in this study (77.7% of persons with the
IDF defined metabolic syndrome were men in this study). And
this might also underestimste the impact of the metabolic
syndrome by including moe men who are not so obese.
Recently, the IDF have recommended using new cut-offs of
larger waist circumference jor Japanese (men =90 cm and
Women =80 em) (hetp://www idf org/webdata/docs/
MetS_def_update2006.pdf accessed 20 August 2007). Thus,
with this new definition of the metabolic syndrome and the
NCEP-ATPIIl definition of the metabolic syndrome, we
repeated the analyses. After all, those findings did not change.
Alternatively (this might be specific to Japanese), the study
suggested that the IDF definition of the metabolic syndrome
appeared to have less predictive power, even for cardiovascular
discase among Japanese with diabetes;™ further studies might be
needed to answer this question,

There are several limitatiors to our study. The response rate
was low (53.3% of eligible), and a further proportion of persons
{8.9%) did not have photographs, so the study sample could be
subject to selection bias. Furthermore, we took only one non-
mydriatic fundus photograph from one eye of each subject.
Although there is a good correlation between right and left eyes

Br J Ophthaimol 2008:92 161-166. doi 10.1136/%40 2007127448

for retinal vessel diameter,™ this may have led to an under-
estimation of the prevalence of retinopathy and other micro-
vascular signs,

In summary, in this Japanese sample, individual components
of the metabalic syndrome were associated with different
retinal microvascular signs. Although the metabolic syndrome
per se was found to be associated with the presence of
retinopathy lesions and wider venular diameter, these associa-
tions were mainly driven by a larger waist circumference and
were not beyond the associations of individual metabaolic
syndrome components. These data suggest that there are no
synergistic effects among these components on the presence of
retinal microvascular signs,
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Original Article

Metabolic Syndrome and the Risk of
Ischemic Heart Disease and Stroke among
Middle-Aged Japanese

Choy-Lye CHEI", Kazumasa YAMAGISHI", Takeshi TANIGAWA"?, Akihiko KITAMURAY,
Hironori IMANO®, Masahiko KIYAMA®, Shinichi SATO", and Hiroyasu 1SO®

Limited information is avallable regarding risk of cardiovascular disease and trends for the metabolic syn-
drome in Asla. We examined the impact of the metabolic syndrome and Its components on risk of cardio-
vascular disease emong middie-aged Japanese rding to four crileria. We followed 2,613 subjects from
2 rural Japanese community who participated In cardiovasculer health examinations between 1990 and
1993, After 27,477 person-years of follow-up through 2003, there were 42 Incidents of ischemic heart dis-
ease, 73 total strokes (54 Ischemic and 18 hemorrhagic), and 115 total cases of cardiovascular disease. The
metabolic syndrome was defined according to the N | Chok | Education Program Aduit Treatment
Panel Ill (NCEP-ATPIIl), American Heart Assoclation/Mational Heart, Lung, and Blood Institute (AHA/NHLB!),
International Diabetes Federation (IDF), and Japanese criteria. The multivariable hazard ratios (95%C) ssso-
clated with the metabolic syndrome based on NCEP-ATPIIl criteria were 2.1 (1.1-4.0) for lachamic heart dis-
ease, 1.7 (1.0-2.7) for total stroke, 2.0 (1.2-8.5) for ischemic stroke, 1.1 (0.4-2.8) for hemorthagic stroke, 2.0
n,s-aa}fwmmud-—.wmnmmwwmmm
Istion-attributable jons of the bolic syndrome based on NCEP-ATPIll oriteria were 286-27% for
Iischemic heart disease and ischemic stroke and 20% for total cardlovascular disease. The metabolic syn-
drome based on AHA/NHLBI, IDF and Japanese criterla had weaker assoclationa with risk of cardiovasoular
disease, and the mssociation with risk of lschemic heart disease was not statistically significant. The meta-
bolic syndrome based on NCEP-ATP Il criteria predicted risks of lschemic heart disesse, lschemic stroke
and total cardiovasculer discase, whereas that based on three other criterla predicted them less effectively.
(Hypertens Res 2008; 31: 1867-16804)

Key Words: metabolic syndrome, lschemic heart disease, stroka, follow-up study, Japanese

both type 2 diabetes and cardiovascular disease (/-8). The

Introduction eriteria of metabolic syndrome defined by the Third Report of

the National Cholesterol Educational Program Expert Panel

The metabolic syndrome is associated with increased risks of on Detection, Evaluation, and Treatment of High Blood Cho-
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lesterol in Adults (Adult Treatment Panel I11; NCEP-ATP 1il)
(9) have been widely accepted. Recently, the American Heart
Association (AHA) and e National Hear, Lung, and Blood
Institute (NHLBI) provided new guidelines for the diagnosis
of the metabolic synd: (10). The definition adopted by
both NCEP-ATP Il anc AHA/NHLBI was based on five
commonly measured clin.cal criteria whereas the criteria pro-
posed by the International Diabetes Federation (IDF) (//) and
the new Japanese definiton (/2) were based on a precondi-
tion for the presence of abdominal obesity.

A recent prospective study in Japan has shown that the
metabalic syndrome and its components, defined by modified
NCEP-ATP Il criteria, were associated with an increased
risk of ischemic cardiovascular disease (/3). Another Japa-
nese stdy of diabetic patients showed an increased risk of
cardiovascular disease associaed with the metabolic syn-
drome based on NCEP-ATPIII but not IDF criteris (/4, 15).
To our knowledge, there are no studies that have examined
whether the criteria of the metabolic syndrome can accurately
Mblmemkofmdulmmwmmm

pulation. Limited prospective studies
hnveheenunﬂeﬂtmmasinpopuhuomui 16-18).

In the present study, we examined the association between
the metabolic syndrome and risks of ischemic heart disease
and stroke in Japanese men and women according to four dif-
ferent criteria of the metabolic syndrome.

Methods

Study Populations )

The subjects were resideats of Kyows, 2 rural farming com-
munity in the Ibaraki Prefecture, mid-eastern Japan (census
population in 1990 of ages 40-69: n=6,520), where annual
cardiovascular health examinations have been conducted
since 198) (19). Residents aged 240 years old were invited
annually by the municipal government to be assessed for sev-
eral cardiovascular risk fzctors as a part of community stroke
prevention program. Overall participation rates were approx-
imately 60-70% from 1990 to 2003.

In the present study, we included & total of 2,660 subjecis
(998 men and 1,662 women) aged 40-69 who participated in
cardiovascular health examinations between (990 and 1993
that included waist circumference measurements. After
exclusion of persons with a history of ischemic heart disease
{(n= 15) or stroke (n=32) at baseline, a total of 2,613 subjects
were followed-up through 2003 1o examine the association
between the metabolic syndrome and risks of ischemic heart
disease and stroke. There were 17 individuals (0.7%) who
moved out of the community during the follow-up period,
according to municipal enigration office records. Forty-three
(1.6%) people died during the follow-up. These cases were
censored at the date of emigration or death, respectively. The
median follow-up period was 10.5 years.

The study was approved by the Medical Ethics Committee

of the University of Tsukuba.

Endpoint Determination

The follow-up was conducted by annual cardiovascular risk
surveys in order to obtain information about ischemic heart
disease and stroke incidents from the participants, For non-
participants, these endpoints were ascertained by mailed
questionnaire and by the use of death certificates. From death
cenificates, cases with stroke as an underlying cause of death
(“Intemational Classification of Diseases,” 9th ed., pp. 410—
414, 428, 429 and 430-438) were selected. We also used
national insurance claims, ambulance records, reports by
local physicians and public health nurses for case ascertain-
ment. To confirm the diagnosis, all living patients were tele-.
phoned or visited to obtain their medical history and records.
For deaths, we obtained information from families and
reviewed medical records.

The criteriu for ischemic heart disease were modified from
those of the WHO Expert Committee (20). Definite myocar-
dia) infarctions were indicated by typical chest pain, lasting
for 230 min with the appearance of abnormal and persistent
Q or QS waves on the electrocardiogram, changes in cardiac
enzyme activity, or both. Probsble myocardial infarcti
were indicated by typical chest pain for which the findings of
deauou:dnommwuuymuﬂvitymmwﬂhhle.
Angina pectoris was defined as repeated episodes of chest
mm;:ﬂmwymmmumxw
pearing rapidly after the cessation of effort or use of sublin-
gual nitroglycerin. Sudden cardiac death was defined as death
within 1 h of symptom onset, a witnessed cardiac arrest, or
abrupt collapse not preceded by more than | h of symptoms.
Ischemic heart disease included definite or probable myocar-
dial infarction, angina pectoris, and sudden cardiac death.

Stroke was defined as a focal neurological disorder with
rapid onset that persisted at least 24 h or until death. The
determination of incident stroke was based on clinical criteria
{21). Stroke events were further subclassified as subarachnoid
hemorrhage, intraparenchymal hemorrhage, ischemic stroke
(non-embolic or embolic), primarily based on CT and/or MRI
(22). Stroke cases without the imaging studies were subclas-
sified according the clinical criteria (2/) as subarachnoid
hemorrhage, intraparenchymal hemorrhage, ischemic stoke,
or stroke of undetermined type. The proportion of stroke
cases confirmed by CT or MR] was 92% for total stroke,
100% for subarachnoid hemorrhage, 86% for intraparenchy-
mal hemorrhage, mdm‘hforiwhem:csmke

A panel of three or four physician-epid logists made
ﬂnﬁnddizgnoaiaofisctnmch:m&m.mmdsuun
blinded 1o the data of risk factor surveys.

Measurements

Height in stocking feet and weight in light clothing were mea-
sured. Body mass index was calculated as weight (kg) divided




by square of height (m*). Well-trained observers measured the
waisl ci ference of the subjects at the level of the umbili-
cus to the nearest | cm while subjects were standing and
breathing normally. Blood pressure was measured by well-
trained technicians using mercury sphygmomanometers on
the right arm of seated participants afier at least 5 min of rest.
Blood was drawn from seated participants into a plain, sili-
conized glass wbe, and seram was separated. Serum glucose
was measured by the hexokinase method. Fasting was not
required. The distribution of time since the last meal was <2
h (40%), 2 b (35%), 3=7 h (19%) and 28 h (6%).

An imerview was conducted to ascertain daily micohol
intake, number of cigarettes smoked per day, use of medica-
tion for diabetes mellitus and hypertension, and past history
of stroke and ischemic heart disease. Persons who smoked at
least | cigaretie/d were defined as current smokers, and those
who had not smoked for 23 months were defined as former
smokers.

Serum total cholesierol and high-density lipoprotein
(HDL)-cholesterol after heparin-manganese precipitation
were measured by the Liebermann-Burchard direct method
using the Autoanalyzer I (Technicon, Tarrytown, USA) at
the Osaka Medical Center for Health Science and Promotion.
The lab y has been standardized under the CDC-NHLBI
Lipid Standardization Program, Centers for Disease Control
and Prevention, Atlanta, and successfully met the criterin for
precision and accuracy of miglyceride and total and HDL-
cholesterol measurements as an international member of the
US National Chol | Refi Method Laboratory Net-
wark (CRMLN) (23). .

Definition of the Metabolic Syndrome

According to the modified NCEP-ATPIII definition (9), sub-
jects who had three or more of the following criteria were
identified as having the metabolic syndrome: 1) triglycerides
21.69 mmol/L (2150 mg/dL), 2) HDL cholesterol <1.03
mmol/L (<40 mg/dL) for men and <1.29 mmol/L (<50 mg/
dL) for women, 3) blood pressure 2 130/85 mmHg, or use of
antihyperntensives, 4) fasting glucose 26.11 mmol/L (=110
mg/dL) or non-fasting glucose 27.77 mmol/L (=140 mg/dL),
or on treatment, or 5) abdominal obesity—modified waist cir-
cumference cutoffs (290 cm for men and =80 cm for women)
were used (24) instead of the waist circumference cutoffs
(> 102 cm for men and >88 cm for women) proposed in the
existing NCEP-ATPII criteria.

According to the AHA/NHLEI definition (/0), the meta-
bolic syndrome was defined as the presence of three or more
of the following: 1) elevated triglyceride level = 1.69 mmol/L
(2150 mg/dL) or on treatment, 2) reduced HDL-cholesterol
<1.03 mmol/L. (<40 mg/dL) for men and <1.29 mmol/L
(<50 mg/dL) for women, or on treatment, 3) elevated blood
pressure  130/85 mmHg, or use of antihypenensive medica-
tion, 4) elevated fasting giucose 25.56 mmol/L. (=100 mg/
dL) or non-fasting glucose 27.22 mmol/L (=130 mg/dL), or

Chei er al: Metabolic Synd: and Cardi

Disease 1889

on treatment, or 5) abdominal obesity, waist ci i
290 cm for men and 280 cm for women.

According to the new [DF definition (//) (the IDF consen-
sus worldwide definition of the metabolic syndrome [aricle
online): available from htip:/fwww.idf.org/webdata/docs/
IDF_Meta_def_final.pd{/), Japanese people were defined as
having the metabolic syndrome if the subjects had abdominal

besity (waist circumf cutoffs 290 cm for men and
280 cm for women) plus two or more of the following risk
factors: 1) elevated triglyceride level 21.69 mmol/L (2150
mg/dL) or on treatment, 2) low HDL cholesterol <1.03
mmol/L (<40 mg/dL) for men and <1.29 mmol/L (<50 mg/
dL) for women or on treatment, 3) high blood pressure = 130/
85 mmHg or use of antihypertensives, or 4) high fasting glu-
cose 25.56 mmol/L (2100 mg/dL) or non-fasting glucose
27.22 mmol/L (2 130 mg/dL) or on treatment.

According (o the Japanese definition (/2), the metabolic
syndrome was identified if subjects had abdominal obesity
(waist circumference 285 cm for men and 290 cm for
women), in addition 10 two or more of the following criteria:
1) triglyceride level 2 1.69 mmol/L (2 150 mg/dL) or on treat-
ment, 2) HDL cholesterol <1.03 mmol/L (<40 mg/dL) or on
treatment, 3) blood pressure 2 |30/85 mmHg or use of anti-
hypertensive medication, or 4) fasting glucose 26.11 mmol/L
(2110 mg/dL) or non-fasting glucose =7.77 mmol/L (=140
mg/dL) or on treatment.

Statistical Analysis

Age-adjusted mean values or the prevalence of metabolic
syndrome, its components and other cardiovascular risk fac-
tors were compared between incident cases of ischamic heart
disease and stroke and non-cases using the analysis of covari-
ance or % tests.

Person-years were calculated as the sum of individual fol-
low-up time until the occurrence of incident ischemic heart
disease, stroke, death, emigration, or until the end of 2003.
The hazard ratios of ischemic heart disease and stroke and the
respective 95% confidence intervals (CI) were calculated
with reference to the risk of individuals without the metabolic
syndrome using the Cox proportional hazards model. The
resuits were adjusted for age (years), and other potential con-
founding variables such as smoking status (never, former, and
currenl smokers), alcohol intake category (never, former, and
current <46, 4668 and 269 g/d ethanol), time since last meal
(<2, 2, 3-7, and 28 h), and total serum cholesterol levels
(mmol/L). The proportional hazerds assumption was tesied
using an interaction terms of time by metabolic syndrome and
was not violated for each analysis, We also calculated the
population atribumble fraction (PAF) to the contri-
bution of the metabolic syndrome to risk of cardiovascular
disease using multivariable hazard ratios of statistical signifi-
cance and the proportions of cases in each categories (25).
PAF was estimated as Pd % (HR — 1 VHR, where Pd is the pro-
portion of cases falling into the metabolic syndrome category
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Table 1. Sex-Specific Baseline Characteristics of Cardiovascular Disease Cases and Non-Cases among Japanese Aged 40-69
Years

Ischemic  Total  Ischemic H rhagi e 3 T a8 lar N
heart disease  stroke stroke stroke 5
Men
n 28 31 26 5 52 60 908
Age, years 50.5+2* 60242' 60.0+2* 61.6+4 59.6+1* 59.9+1° 55.6403
Systolic blood pressure. mmHg 138£3 14643 14713 13917 141£2¢ 14122 134205
Diastolic blood pressure, mmHg B2+2 B412% Bat2 8545 B3+2* 83zl 80103
Use of andhyperiensive medication, % 32* 18 19 14 25 B 17
High blood pressure, % 47 34 34 34 39+ 36* 24
Body mass index, kg/m’ 235405 236405 238405 226413 23.7104 235+04 237201
Waist circumference, cm 829+]1.5 B40%14 85116 783135 B44xll 83.5+1.0 B4.0x03
Waist circumference (285 cm), % 42 50 53 38 49 A 49
‘Waist circumference (290 cm), % 24 41* 41 38 4 32 24
Serum total cholesterol, mmol/L 5.13£0.16 4.87+0.16 4.9740.17 4.35£0.39 5.06+0.12 5.00+0.11 4.96+0.03
Hypercholesterolemia, % 15 14 17 2 16 16 20
Serum triglycerides, mmol/L. 2.13+021 1.8240.20 1.96+021 1.13£0.49 2.07£0.15 1.95%0.14 1.79£0.04
Hypentriglyceridemia, % 49 40 47 1 50 43 42
Serum HDL-cholesterol, mmol/L 1.25£0.07 1.3610.06 1334007 1.49+0.16 1.2910.05 1332005 133001
Low HDL-cholesierol, % 10 16 19 1 15 13 19
Serum glucose, mmolL B.1620.45% 8.90+041! 5,09+0.44' 7.79+099 8611033 B.46+031' 7.0240.08
Glucose sbnormality, % (6.1 |mmol/L) 6 28! ki 19 18¢ 17 7
Current smokers, % 59 66 67 62 61 61 53
Ethanol intake, g/d 280+4.6 254443 269447 17.12108 278134 27.113.1 229208
Women
n 14 42 28 13 40 55 1,590
Age, years 65.6+2% 629%1' 63.0+2%  622%2'  63.9%1* 63.641° 54.8+0.2
Systolic blood pressure, mmHg 13014 13643* 13513 13914 13343 13422 130£04
Diastolic blood pressure, mmHg 7523 7942 772 B313* TT:2 78%1 77+03
Use of antihypertensive medication, % 21 30 35 21 - 28 19
High blood pressure, % 5 34 39 28 38 35 2%
Body mass index, kg/m® 244108 255+0.5' 25.7+06' 254+09 253305 253+0.4¢ 23.8+0.1
Waist circumference, cry 844425 BA1%14% BATELT* 829126 846115 84,0413 B81.0£02
Waist circumference (290 cm), % 41 7 29 5 33 29+ 18
Waist circumfereace (280 cm), % [ 56 34 36 65 59 55
Serum total cholesterol, mmol/L 5412025 5.07+0.15 5.02+0.18 5.154026 5.18x0.15 5.1940.13 5.26+£0.02
Hypercholesterolemia, % 34 2 2 24 27 2 3
Serum wiglycerides, mmol/L 1.524023 1.47£0.13 1.49£0.16 1.46:£024 1491014 1.4840.12  1.47£0.02
Hypertriglyceridemin, % 40 43 46* 40 42 41* 29
Serum HDL-cholesterol, mmol/L 1.324£0.09 1.40£0,05 1.40£0.06 1.40£0.09 1381005 1394005 1.46+0.01
Low HDL-cholesterol, % 61% 41 44 36 50+ 45+ kY]
Serum glucose, mmol/L 7.114£0.50 6.96£0.29 7.12+£0.36 6.42+0.52 690030 6.83£0.26 642+0.05
Glucose aboormality, % (26.1 1 mmol/L) 12 15 16' 7 13* 13* 4
Current smokers, % 8 B 8 9 9 B 5
Ethanol intake, g/d 0414 22408 2.5+1.0 1.8£1.5 1.9409 18207 1.1£0.1

Values are mean+SEM, or propartions, adjusted for age. Serum triglycerides and glucose values were also adjusted for time since last
meal. Test for significance from non-cases: *p<0.05, 'p<0.01, *p<0.001. HDL, high-density lipoprotein.
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'r-uez. Hazard Ratios (HR), Population Attributable Fraction (PAF), and 95% Confidence Interval (CI) of Cardiovascular

Associated with the Metabolic Synd in Japanese Aged 40-69 Years
. NCEP-ATP Il criteria ~ AHA/NHLBI criteria IDF criteria Japanese criteria
= No Yes No Yes No Yes No Yes
No. at nisk 1,808 805 1,750 863 1,919 694 2174 439
Person-years 18999 BAT8 18,373 9,104 20,142 7336 22838 4639
Ischemic heart disease
No. of cases 20 b 20 n 25 17 30 12
Age-adjusted HR (95% CI) 1.0 1.9(1.1-3.6)* 1.0 1.7(08-3.2) 10 1.4(0.8-2.7) 10 1.6(0.B-3.1)
Multivariable HR (95% CI) 1.0 2.1 (1.1-4.0* 1.0 19(1.0-3.5) 1.0 1B (05-3.4) 1.0 1.1(05-22)
PAF (95% CI), % 27 (-0.5-48) - — -
Total stroke
No. of cases 38 35 37 36 43 30 50 pc]
Age-adjusted HR. (95% CI) 10 1.6(L0-2.6)* 1.0 1.5(1.0-24) 1.0 1.5(09-24) L0 1.9(L1-3.1)*
Multivariable HR (95% CT) 1.0 L7(L.0-27)y 1.0 16(L0-25) 1.0 1.6(1.0-2.7) 1.0 1.8(1L1-3.1)*
PAF (95% CI), % 19 (—1-35) —_— —_ 140
Ischemic stroke
No. of cases 26 28 26 28 29 25 35 19
Age-adjusted HR. (95% CD 10 1.9(1.1-33)* 1.0 1.7(1.0-29) 1.0 1.9(L1-3.2) 1.0 22(1.3-39
Multivariable HR (95% CI) 1.0 20(1.2-3.5* 1.0 1B(1.0-3.1)* 1.0 2201239 10 20(L1-3.6)*
PAF (95% CI), % 26 (2-44) 23 (~3-42) 25 (4-42) 18 (~-0.6-33)
Hemorrhagic stroke
No. of cases 11 g 10 8 13 5 14 4
Age-adjusted HR (95% CD) 1.0 1.1(0.4-2.9) 10 12(05-3.2) 1.0 0.8(0.3-23) 1.0 1.2(04-3.5)
Multivariable HR (95% CI) 1.0 1.1(04-2.8) 1.0 12(05332) 1.0 0.7(0.3-22) 1.0 1.4(05-4.6)
PAF (95% CI), % —_ —_ — -
No. of cases 44 48 44 48 51 4] 62 30
Age-adjusted HE. (95% CT) 1.0 19(1.3-29) 1.0 L7(1.1-2.6y 1.0 1.7(L1-2.6)* 1.0 20(1.3-3.00
Multivariable HR (95% CI) 1.0 20(1.3-3.1) 1.0 18(1.2-27) 1.0 20(1.3-32) 10 1.5(1.0-24)
PAF (95% CD), % 26 (8-41) 23 (4-38) 23 (7-36) —
Total cardiovascular disease
No. of cases 59 56 58 57 68 47 81 34
Age-adjusted HR (95% CI 1.0 L7(12-24) 1.0 1.5(L1-2.2)* 1.0 L5(L0-21)* 1.0 L7(l.1-25)*
Multivariable HR (95% CI) 1.0 1.7(1.2-25) 1.0 1.6(1.1-2.3)* 1.0 16(11-24)* 1.0 1.4(05-2.1)
PAF (95% CI), % 20 (4-33) 18 (1-31) 16 (2-28) —_
*p<0.05, 'p<0.01. Multivariable HR adjusted for age, time since last meal, cigarette smoking, aleohol intake and serum total choles-

terol.

and HR is hazard ratio in that category. The Greenland for-
mula was used to calculate 95% CI (26).

SAS statistical software (version 9.13; SAS Institute Inc.,
Cary, USA) was used for the analyses, and p<0.05 was

cardiovascular disease (3.4 per 1,000 person-years), and 115
incident cases of total cardiovascular disease (4.2 per 1,000
person-years).

Table | compares age-adjusted values and proportions of

regarded as statistically significant components of the metabolic syndrome and other cardiovas-
cular risk factors between incident cases and non-cases of car-
Results diovascular disease. Compared with non-cases, cases with

After 27.477 person-years of follow-up, we documenied 42
incident cases of ischemic heant disease (1.5 per 1,000 per-
son-years), 73 incident cases of total stroke (2.7 per 1,000
person-years), 54 incident cases of ischemic stroke (2.0 per
1,000 person-years), 18 incident cases of hemorrhagic stroke
(0.7 per 1,000 person-years), 92 incident cases of ischemic

ischemic heart disease were older, more hypertensive,
smoked more, and had higher mean serum total cholesterol,
serum triglycerides, and serum glucose levels, and lower
mean HDL-cholesterol levels among both men and women.
Compared with non-cases, individuals who suffered from
ischemic stroke were older, more hypertensive, smoked more,
and had higher mean serum trigiycerides and serum glucose
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Table 3. Multivariable Hazard Ratios of Ischemic Cardiovascular Disease According to the Number of Components of the Met-
abolic Syndrome, Stratified by the Presence of Abdominal Obesity

Abdominal obesity () Abdominal obesity (+)
. No. of components except No. of components ex
Matayatic tyndre abdominal obesity abdominal ohuitym
0 1 2+ 0 1 2+
NCEP-ATP Il criteria
No. al risk 415 560 495 126 355 662
Person-years 4,392 5,801 5.145 1,354 3,785 7,001
lschemic cardiovascular disease
No. of cases 3 16 24 2 6 41
Multivariable HR 95% CI) 1.0 24(0.7-84) 233(10-112) 20(03-119) 1.6(0.4-66) 5.1(1.6-169Y
AHA/NHLBI and IDF criteria '
No. at risk 378 552 540 113 3136 694
Person-years 3.996 5719 5623 1,221 3.583 7.336
Ischemic cardiovascular disease
No. of cases 2 16 25 I T 4]
Multivariable HR (95% CI) 1.0 3.4(08-148) 43(1.0-183)* 1.5(0.1-163) 28(0.6-13.7) 65(1.6-27.5)*
Japanese criteria
No. at risk 567 767 499 67 274 439
Person-years 5,948 8,079 5255 725 2,830 4,639
Ischemic cardiovascular discase
No. of cases 5 17 28 2 10 30
Multivariable HR (95% CI) 1.0 L6(06-45 34(1.3-89)* 24(0.5-12.2) 22(0.7-66) 3.4(13-9.0)

*p<0.05, p<0.01. Multivariable HR adjusted for age, time since last meal, cigaretie smoking, alcohol intake and serum total choles-

terol. HR, hazard ratio; CL, confidence interval.

levels among both men and women.

The hazard ratios of the metabolic syndrome and cardiovas-
cular disease are shown in Table 2. The metabolic syndrome
based on NCEP-ATP [ criteria was significantly associated
with risks of ischemic beart disease, total stroke, ischemic
stroke, ischemic cardiovascular disease, and total cardiovas-
cular disease but was not associated with hemorrhagic stroke.
The respective multivariable hazard ratio (95% CI) associated
with the metabolic syndrome was 2.1 (1.1-4.0), 1.7 (1.0-2.7),
2.0 (1.2-3.5), 2.0 (1.3-3.1), 1.7 (1.2-2.5) and 1.1 (0.4-2.8).
Based on AHA/NHLBI and IDF criteria, we found similar or

' weaker associations with risks of ischemic stroke, ischemic
cardiovascular disease, and total cardiovascular disesse, and
no significant association with lotal stroke, hemorrhagic
stroke or ischemic heart disease. Using the Japanese criteria,
the metabolic syndrome was only significantly associated
with risks of total and ischemic strokes; the multivariable haz-
ard ratio (95% CI) was 1.8 (1.1-3.1) and 2.0 (1.1-3.6),
respectively.

The PAFs of ischemic heart disease, total stroke, ischemic
stroke, ischemic cardiovascular disease, and total cardiovas-
cular disease were between 19% and 27% for the metabaolic
syndrome based on NCEP-ATP III criteria. The respective
PAFs were between 18% and 23% based on AHA/NHLBI
criteria and berween 16% and 25% based on [DF criteria. The
PAFs of total and ischemic stwrokes for the metabolic syn-

drome were between 14% and 18% based on Japanese crite-
na.

We also analyzed associations of the metabolic syndrome
components based on the four criteria and risks of ischemic
cardiovascular disease, stratified by the presence of abdomi-
nal obesity (Table 3). The multivariate hazard ratio of
uchamc cardiovascular disease according to NCEP-ATP III
inal obese p
with nlemtwunsk fmrsmdi 1(1 6—I6.9}mabdnmmu]
obese persons with at least two risk factors, The respective
hazard ratios were 4.3 (1.0-18.3) and 6.5 (1.6-27.5), accord-
ing to AHA/NHLBI and IDF criteria, and 3.4 (1.3-8.9) and
3.4 (1.3-9.0), according to the Japanese criteria.

Discussion

The metabolic syndrome based on NCEP-ATP 11 criteria was
associated with 2-fold increased risks of ischemic hean dis-
ease, ischemic stroke, and total cardiovascular disease,
whereas the metabolic syndrome based on AHA/NHLBI,
IDF, and Japanese criteria had weaker associations with risk
of cardiovascular disease, and the association with risk of
ischemic heart disease was not statistically significant. The
population atributable fraction of ischemic stroke was lower
for the metabolic syndrome based on Japanese criteria than
for that based on other criteria. Our results were consistent
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with those of other prospective studies thal showed that the
metnbolic syndrome based on NCEP-ATP [I] criteria was
associated with risks of mortality and incidence of cardiovas-
cular disease (1, 2,47, 13, 16-18, 27, 28), and that the meta-
bolic syndrome based on IDF criteria was less predictive of
cardiovascular disease risk (20-3/). The metasbolic syndrome
based on NCEP-ATP 111, but not IDF criteria, was associated
with cardiovascular disease among male diabetic patients (14,
15).

Based on the Japanese criteria, the excess risk of i

-
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ATPII criteria | d risks of ischemic heart di
ischemic stroke and total cardi lar di h that

based on the other three criteria predicted them to a lesser
extent.

References
1. Ear] SF: Risks for all-cause mortality, cardiovascular dis-
ease, and diak inted with the bolic synd
Diab Care 2005; 28: 1769-1778.

cardiovascular diseasé was similar in non-abdominal obese
persons with at least two metabolic risk factors and abdomi-
nal obese persons with at leas! two risk factors. The lack of
significant associations of ischemic heart discase and
ischemic cardiovascular disease based on the Japanese crite-
ria was due to the inclusion of a high-risk group of persons
without abdominal obesity ns & reference group. In other
words, excess risk of ischemic cardiovascular disease was
similar for persons with at least two metabolic risk factors,
irrespective of the presence of abdominal obesity. It is contro-
versial whether the abdominal obesity defined by waist cir-
cumference should be required for diagnosis of the metabolic
syndrome (27, 30). Waist circumference is a valuable compo-
nent of metabolic syndrome, but the requirement of an
increased waist circumference may Jead to reduced predictive
power for cardiovascular disease (27, 29-33).

The strengths of the present study include the use of stan-
dardized measurements of waist circumference, serum lipids,
and blood pressure levels. The stroke surveillance was almost
complete, and a high percentages of the events were con-
firmed using imaging swdies (92%).

The limitations of the prasent study were, first, the small
number of incident cases, particularly for ischemic heart dis-
ease. However, we found a statistically significant association
between the metabolic syndrome and risks of ischemic heart
disease and ischemic stroke. Second, we collected non-fast-
ing blood samples from 94% of the participants during the
1990-1993 examinations. We used non-fasting data at the
baseline examination, in particular, non-fasting serum triglyc-
erides 2 1,69 mmol/L (= 150 mg/dL) as a component of meta-
bolic syndrome. Although the justification of the use for the
same cutoff point as fasting status is under debate, the data of
non-fasting triglycenides can be used because of their signifi-
cant predictive power for ischemic heant disease (34). We
used non-fasting glucose 27.77 mmol/L as a component of
metabolic syndrome, and we may have misclassified partici-
pants with high blood gluccse. However, we found no signif-
icant difference in the percentage of participants with high
blood glucose in non-fasting and fasting blood samples prob-
ably because we used the difTerent cutoff points: 2 110 mg/dL
for fasting and 2 140 mg/dL for non-fasting. In men, the per-
centage of high blood glucase was 26% for non-fasting blood
samples and 30% for fasting blood samples. In women, the
respective percentages were 17% and 14%.

In summary, the mewsbolic syndrome based on NCEP-

2 Lorenzo C, Williams K. Hunt KJ, HafTner SM: Trend in the

lence of the bolic synd and its impact on car-

ascular di incid Diab Care 2006, 29:
625-630.

3. Rutter MK, Meigs IB, Sullivan LM, D' Agostino RB, Wil-
son PWF: C-reactive protein, the metabolic syndrome, and
prediction of cardiovascular events in the Framingham Off-
spring Study. Circulation 2004; 110; 380-385.

4. Malik S, Wong ND, Franklin SS, et al: Impact of the meta-
bolic syndrome on mortality from coronary hean disease,
cardiovascular disease, and all causes in United States
adults, Circulation 2004; 110: 1245-1250,

5. Hunt KJ, Resendez RG, Williams K, Haffner 5M, Stern
MP; National Cholesterol Education Program versus World
Health Organization metabolic syndrome in relation to all-
cause and cardiovascular mortality in the San Antonio Heart
Swdy. Circularion 2004; 110: 1251-1257.

6. Lakka H-M, Laaksonen DE, Lakka TA. er al: The mets-
bolic syndrome and total and cardiovascular disease mortal-
ity in middle-aged men. JAMA 2002; 288: 2709-2716.

7. Frod ES: The metabolic syndrome and morality from car-
diovascular disease and all causes: findings from the
National Health and Nutrition Examination Survey I1 Mor-
wlity Stdy. Atherosclerosis 2004; 173: 309-314.

8. Guzder RN, Gatling W, Mullee MA, Bryne CD: Impact of
metabolic syndrome criteria on cardiovascular disease risk
in people with newly diagnosed type 2 disbetes. Diabetolo-
gia 2006, 49: 49-55,

9. Expent Panel on Detection, Evaluation, and Treatment of
High Blood Cholesterol in Aduls: Executive summary of
the Third Repon of the National Cholesterol Education Pro-
gram (NCEP) Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults (Adult
Treatment Panel IT1). JAMA 2001; 285: 2486-2497.

10. Grundy SM, Cleeman J1, Daniels SR, & al: Diagnosis and
management of the metabolic syndrome: an American
Heart Association/MNational Heart, Lung, and Blood Insti-
mte Scientific Statement. Circularion 2005; 112: 2735-
2752,

11. Alberti KGMM, Zimmet P, Shaw J: Metabolic syn-
drome—a new world-wide definition. A consensus state-
ment from the International Diabetes Federation. Diabetes
Care 2006; 23: 469-480.

12. Definition and diagnosis criteria of metabolic syndrome—
C i E i i

P

o \ Diagr Standards for Mataboli
Syndrome. Nippon Naika Gakkat Zasshi 2005, 94: 794809
(in Japanese).

13, Iso H. Sato S, Kitamura A, ef al: Metabolic syndrome and
the risk of ischemic hean disease and stroke among Japa-

.95-




1894 Hypertens Res Vol. 31, No. 10 (2008}

15.

16.

17.

18

19.

21

nese men and women, Stroke 2007; 38: 1744-1751.

. Sone H, Mizuno S, Fuji H, er al: htbedhgnndsufm

bolic synd useful for p
mmmmm?m;u(:mm B: 1462
1471
S-uueH Tmhs luhi\n:tus et ai: The new worldwide
ition of ynid is not u beuer diagnostic
dictor of car disease in Japanese disbetic
dehm;dﬁnhmﬂhkmmm
29: 145-147.
Ninomiya T, Kubo M, Doi Y, er al: Impact of metabolic
syndrome in the development of cardiovasculer disease in &
general Japanese population: the Hisayama Study. Stroke
2007; 38: 20632069,
Chien KL, Hsu HC, Sung FC, Su TC, Chen MF, Lee YT:
Metabolic syndrome as & risk factor for coronary heart dis-
ease and stroke: an 11 year prospective cohont in Taiwan
community. Atherosclerosis 2007, 194: 214-221.
(’::enH.l Bo!Cl-!.Yd:\lﬂ' CIunHC Pan WH: Influnce of
ki and ohadlymﬂnmkof
Mmmm,n 1060-1064.
Shimamoto T, Iso H, Tanigawa T, er al: Stroke, ischemic
heart disease and their risk factors in Kyows town, Ibaraki,
Japan. Cardicangiology 2000; 48: 127-133 (in Japanese).

. WHO Expent Committee: Arerial Hypertension and

Ischemic Heart Disease, Preventive Aspect (WHO technical
report series No. 231). Geneva, World Health Organization,
1962.

Shimamoto T, Komachi Y, Inada H, er al: Trends for coro-
nary heart dissase and stroke and their risk factors in Japan.
Circulation 1989; 79: 503-515.

Iso H, Rexrode K, Hennekens CH, Manson JE: Application
of computer lomography—criented criteria for stroke sub-
type classification in a prospective study. Ann Epidemiol
2000; 10: 81-87.

. Nakamura M, Sato S, Shimamoto T: Improvement in Japa-

nese clinical laboratory measurements of total cholesterol
and HDL-cholesterol by the US cholesterol reference
method laboratory network. J Atheroscler Thromb 2003,
10: 145-153.

. World Health Organization Western Pacific Region, Inter-

national Association for the Study of Obesity and the Inter-
national Obesity Task Force: The Asia-Pacific Perspective:
Redefining Obesity and Its Treatment. Sydney, Health

27.

3L

12,

33

-96.

Communication Australia Pty Limited, 2000, p 20.

. Rockhill B, Newman B, Weinberg C: Use and misuse of

population attributable fractions. Am J Public Health 1998;
88: 15-19.

. Greenland S: Re: “Confidence limits made easy: interval

estimation using a substitution method." Am J Epidemiol
1999; 149: BB4—884.

Kadota A, Hozawa A, Okasmura T, ef al, NIPPON DATA
Research Group: Relationship between mewbolic risk fac-
tor clustering and cardiovascular mortality stratified by high
blood glucose and obesity: NIPPON DATA90, 1990-2000,
Diaberes Care 2007; 30: 15331538,

R lemr.hJH.Slith.lel;iT.ﬂal Metabolic syndrome

w0 Japanese men—The Tanno and Sobetsu Study. Hyper-
tens Res 2005; 28: 203-208.

. Yoon YS, Lee ES, Park C, Lee S, Oh SW: The new defini-

tion of metabolic syndrome by the intemational diabetes
federation is Jess likely to identify metsbolically abnormal
but non-obese individuals than the definition by the revised
national cholesterol education program: the Korea
NHANES Study. Int J Obes 2007; 31: 528-534.

. Tong PC, Ozaki-R, Kong AP, ef al: The usefuiness of the

International Diabetes Federation and the National Choles-
terol Education Program's Adult Treatment Panel [ defini-
tions of the metsbolic syndrome in predicting coronary
heart disease in subjects with type 2 diabetes. Diabetes
Care 2007, 30: 12065-1211.

Nilsson PM, Engstrom G, Hedblad B: The metabolic syn-
MMMMMWMMM-M
betic subj Iation-based study comparing three
mmmuxmumn
Katzmarzyk PT, Janssen 1, Ross R, Church TS, Blair SN:
‘The importance of waist circumference in the definition of
Yasuda T, Matsuhise M, Fujiki N, ef al: s central obesity a
good predictor of carotid atherosclerosis in Japanese type 2
diabetes with metabolic syndrome? Endocr J 2007; 54:
695-702.

; lmH.NlimY.SmS.nd Suumumyeuﬂumdmkuf

men and women.

y heart di among Jap
dm.lﬁ)vﬂmion‘ 2001; 153: 490499,




REABER AR LRRBERSLTETMM A GO TEEE | (AN~ DER
ERRR L LIsAZHY v ot Fu—ADBE - BROT U5 2 ZAHO = b8 - G
) SYETREEREE

AZRY w2 EGRE L EER T ERIC R 5 SRS MR I o A kR L U S a
TS HF5- RmErE

pagiiliipiv g i W ERmREREE 7 —TihREE

Wt AR AL ENERSNE 2 — TR
R b IITR ENEmE 7 — TR

IR « BCAREIC 7 T HEN S ARUERITL , B = oM LIRS of
AL, FEMICED A 2K o ZEERE MetS) OHIMLMSXHh TV, 2 CEliE
FER2E— P THAREHEICIT, WEL MetS OERSEBREICH 3 TR L8
THEHE L, B ZhbOfREF 2 ST B 80 ) A2 2B 6 L, 1989~1993
FOVERBRBEEZ AT L LT, BRBKSE HEPROLGEE EEozun
3,011 A (Bff1,822 A, %i 2089 \) £MHEL MotS OF T LY 4 BHTHT TERFL, W
L MetS bH SRVEA ML L TEHOBRIMEMABIEIC 5 W R AR L7 (&
W5, BMI, BB, £-SROA\DFSAMRRS PAF) LI L7~ TISBRImIL 11.9
. BUERRITEME 40, 5%, oM 11. 1%, MetS OFFMEITEM: 18, 4%, ZiE 23 W Tho-, Bk
EBLBYEL MetS ZHFHEREOATIE, YHEShRFETOBE I TERBERBEDY A2
fERE < ER LTS, BHMETRIADBEOREN AL < HetS OHEIZMbLLTREDCH
BB TOAFEL— FH(R) @ LB 28 (EOLBE ; HR=1.94 (95%{FHTXM(CI):
1.19-3,16) , MetS DZBf ; HR=1.78 (95%CI: 0.90-3.50). WA d 0 B ; HR=3.12 (95%CI:
1. 66-5.85) ). B PAF [ZBEOLOBE TR L WD - (GREOLBE; 21, 0%, MetS OARE ;
5. 4%, 77 ;10. 5%), ZETIHWTHOBECHERRAY'— FEO_ERATIRD B, PAF (3 MetS
DHDBETHH MWDo 7 (23. 6%),

A HFERM WD, BE L MetS OIEIESEBREIZHH

BokEEIC T T #EIC BT HeE LT RRER U2 R L-RFES. Zh
BILREES, HROWEED S L34 HOflElF Ao lBsD U A2
D2WT TRV EOERTHH & BT AEMEIHT L ALYV, Fiio

WEINTWAS, [FRFC oMU CITAsH
EOMMBELL. T RS
BRBEBEREFORS, WA SR
U w7 EGERE (MetS) OHIAMESZNT

.97-

— MR Th SMEFFICEY VTR E
fToi,

B. BIRGE




