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MmAE. $kiE. BE, EEHTEEFELTH, I
5OBEBRIZIFIEEDL DI AN D .
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5, AAAZEDY U7 AT, BREREICK
T5 FP6 Ohy A 7EIR. BREAERK
100mg/dl &EBZX 5N B, & 5ICERFED BN
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NNOET EEHIT, BREFBEICHT S 2hP6
DRy "N T7EMETLZEEZENS. I BIT,
TIOTADA A HEEE. BORAITHAE
NWZERHMENTNS, LizAoT. AEA%RE
AHMBICER TVWET VT ACBIT2ERFERE

-921 -

FEIZXT S 2hPG Dy M F VB BRKAIZEEN
ENRREENH 2. TNWA, TIT7 ATIER
WRIEITRT S PG DA b A7 LA IGT
OZWEMEM 140ng/d] KD BELORLB LN
W,
@\EBEFDEAlc DAy FF7HIIDONWT
TITANIBTSERMFEREITHT S HbAle D
Fy b TEERE L ZiREHRIINELZ DR
V. FREORR T, SERFEREDHXM BRI
HbAlc 5. 3¥NSAEICER L. ROC fEITICL DN
v hA 7S AT H o7, FRkIZ, BERANZN
RELEBROHETH, BRBOFBEY A1
HbAlc 5. 65D L~ )Nins ERL B ZENREIN
W3, PEAOHRSE TIE. ROC BITIZHBITS
HbAlc OFR@E2H Y b FT7HEIX L 8K THo7z. T
NSDOEERMS, TPTACBITHBERBRE
9 5 HbAlc DB b A 7 VXD, 5-5. 8K D&EBHIZ
HDEEFEZ 5, ADADRE L 7z HbAle 5. T%DH
Yy hFZER T TACHDEATESEEZI SN
v

E.& & .
OREOBIE—RERICB W TERBRE I
357y b4 7 & FPG Tid 10img/dl, HbAle T
135.5%CHD. ADAREELITIT—HL T, —
. 2hPG D1y hA T BT IGT O M EBEBTH
% 140mg/dl LD HEWLIVITH B Z EHRE
ana.

F. REfaRER

FPG TH2 100mg/dl DL ~)L3 5. HbAle T
5. 5¥DLAIMG, BERRFE DEBREA IS
B —H. BORAEHEAN, BEAAOHRDEI2E
EITI. 16T OZMEMRMETH S 140ng/d] LD B
ENL VDS, BRIEREO) AW ERLT
WHTRENH S,

G. xR
1. HRXRE
1. Hata J, Doi Y, Ninomiva T, Tanizaki Y,



Yonemoto K, Fukuhara M, Kubo M, Kitazono T
Iida M, Kiyohara Y: The effect of metabolic
syndrome defined by various criteria on the
development of ischemic stroke subtypes in
a general Japanese population
Atherosclerosis 210: 249-255, 2010

. Nagata M, Ninomiya T, Doi Y, Yonemoto K Kubo
M, Hata J, Tsuruya K, Iida M, Kivohara Y:
Trends in the prevalence of chronic kidney
disease and its risk factors in a general
Japanese population: the Hisavama Study
Nephrol Dial Transplant 25: 2557-2564, 2010
. Yasuda M, Kivohara Y, Hata Y, Arakawa §,
Yonemoto K, Doi Y, lida M, Ishibashi T:
Prevalence and svstemic risk factors of
retinal vein occlusion in a general Japanese
population: the Hisayama Study. Invest
Ophthalmol Vis Sci 51: 3205-3209, 2010
Kawamura R, Doi Y, Osawa H, Ninomiva T, Hata
J, Yonemoto K, Tanizaki Y, lida M. Makino
H, Kiyohara Y: Circulating resistin is
increased with decreasing renal function in
a general Japanese population: the Hisayama
Study. Nephrol Dial Tramsplant 25:
3236-3240, 2010

Matsushita T, Umeno J. Hirakawa Y, Yonemoto
K, Ashikawa K Amitani H, Ninomiva T, Hata
J, Doi Y, Kitazono T, lida M, Nakamura Y
Kivohara Y, Kubo M: Association study of the
polymorphisms on chromosome 12pl3 with
atherothrombotic siroke in the Japanese
population. J Hum Genet 55: 473-476, 2010
Maebuchi D, Arima H Doi Y, Ninomiva T
Yonemoto K, Tanizaki Y, Kubo M, Hata J,
Matsumura K, IidaM, KivoharaY: QT interval
prolongation and the risks of stroke and
coronary heart disease in a general
Japanese population: the Hisavama Study
Hypertens Res 33: 916-921, 2010

Sekita A, Ninomiva T, Tanizaki Y, Doi Y,
Hata J, Yonemoto K, Arima H, Sasaki K, Iida

.992.

10.

11.

2.

M, Iwaki T, Kanba S, Kiyohara Y: Trends in
prevalence of Alzheimer’'s disease and
vascular dementia in a Japanese community:
the Hisayama Study. Acta Psychiatr Scand
122: 319-325, 2010

Matsuzaki T, Sasaki K, Tanizaki Y, Hata J,
Fujimi K Matsui Y, Sekita A, Suzuki SO
Kanba S, Kiyohara Y, Iwaki T: Insulin
resistance is associated with the pathology
of Alzheimer disease: the Hisayama Study
Neurology 75: 764-770, 2010

Shimazaki Y, Akifusa S, Takeshita T,
Shibata Y, Doi Y, Hata J, Ninomiva T,
Hirakawa Y, Kivohara Y, Yamashita Y;
Effectiveness of the salivary occult blood
test as a screening method for periodontal
status. J Periodontol 82: 581-587, 2011
Sakane N, Sato J, Tsushita K, Tsujii S,
Kotani K, Tsuzaki K Tominaga M, Kawazu S,
Sato Y, Usui T, Kamae I, Yoshida T, Kivohara
Y, Sato S, Kuzuva H, Japan Diabetes
Prevention Program (JDPP) Research Group:
Prevention of type 2 diabetes in a primary
healthcare setting: three-year results of
lifestyle intervention in Japanese
subjects with impaired glucose tolerance.
BMC Public Health 11: 40, 2011

Yonemoto K, Doi Y, Hata I, Ninomiva T
Fukuhara M, Ikeda F, Mukai N, Iida M
Kivohara Y: Body mass index and stroke
incidence in a Japanese community: the
Hisayama Study. Hypertens Res 34: 274-279,
2011

. HataJ, Doi Y, Ninomiva T, Fukuhara M, Ikeda

F, MukaiN, HirakawaY, Kitazono T, Kiyohara
Y: Combined effects of smoking and
hvpercholesterolemia on the risk of stroke
and coronary heart disease in Japanese: the
Hisayama Study. Cerebrovasc Dis 31: 477-484,
2011

FERER



L E # BFEADOAZRY I RO—L4

5.

9.

DEEEFRE . ALETHE. H4EER- &R
BMEEAIR) YIS RO—LRB 7 %
— I L KBl KB, 2010.5
BER B RAEOEFRE AT OF
HRAERE. B2 OHAZERNEYR
UORTULD, HEETW, 2010.6
BE & BhELSOOEROBRREEE: A
WWETEHFZE M S DO A vE—. & 36 BIE)IF IR
E7 4—5 5 ERGHED>, )M, 2010.7
HEE B OERRERHE  AWLBTHIE. 556
[ KOBE Current D.M. Conference <KBliH#i%
>, fE, 2010.7

R % FBEEEEER ALBTHR £
STEIHFRBUBFERZEMBE (5>Far
I+, ®H, 2010.9

BR . ALETERSE T OFBAVE & B R% O
RS, Hisayama Study Conference 2010 <G#
#®>, M, 2010.9

ER B ERBEMEDINITA LT

b ALETEFZE. B ANRE I ERE 5]
EEERTRES GRED, i, 2010. 10
B B BFEAOLEEEROERER
B ALLETRRZE. 8 3 R ARERERER
2 SFBIEED, EI, 201010

BER B BERR & RAEDOREE  AWLETHE.
% A3 B RABREER KRG, IR
i, 2010. 11

10. EIR 8. ZERT SRR OSOHE & KR

BT : ALETHIE. 5% 134 BERRHES <
D, R 201011

1L R % ERTS5HEAOERKBEHHE

AWBTRRSE. LB 2 ERE S (R
>, %W, 20111

12. R # ERTIERMEOAHE : ALLET

1.
2.

B %2 EERAE T I S - DERAORE
D) CRBIAED, =N 20112

H. RWIETAEORERNR
FraFELAS AgV
ERFRZR 2l

-923.

l. HEBHE
EHEX (MK FERFBEF bR ae
L)
MPFEF UHKZERFREEFRRREES)



L

16 152
1%
14} W SZERAN
121 & w005
1B o) "o ve. WIS 28
X 8
& o
k]
B§ [ **
% 49
39
4 2*6 * * .’:l 33 *
2 1614 1614 B s !_i
1010 s ~ 13 12 —' ]
Nim HH BN
(n} (183) (231} (153) [258) (186) (186) {215) ) {189) {189) (186)
S87  88-91 92-93 94-96 97-98 99-100 101-103 104-106 107111 1125
RE R EL L (me/dD)
16
14
12
*E 10 a
;‘j‘ 87
8 *%
& 68
[;ﬁ 6
4 :\B ;}
7 20
21 o0 o RERE 1212 1211 r. l—'
08 08
Lom (W[ H .
) (194) (199) 217 {185 (202) (189) (207) (199 {193) (9N
<83 84-95 06-103 104~-109 110=116 117-123 124131 132-141 142-157 158
B BSRMEEEL R (mg/dD)
18
14
12
810
ﬁ 8
&
] 6
*:
4 :I * 10 ;:t 3: *
* 5 29 30
2 W 10 14 14 1413 lsm "I:I
Nim BE | jn BN BN |
{n) (165) (280) (113) (183) (328) (156) (143) {245) am {182)
=47 48-50 51-51 52-52 53-54 55-55 56-56 57-58 59-60 Gi1=

ATSOEVAIc LA ()

E.MEERLUATSTAE VAL AR ILO0MI A F-FEFRIR FAE D AE xt fEfR

AILBTESER 1,9824, 40-79#%, 1988-20024F

HER, 4 BRETIEE, Tl R 1) UE BML, HOLALAFO—)L, hitisls, B,
BEE BE, EHTIHRE

- 924 -



A e M BE(E

10
08 }
% 06 }
;-4 0.4 HubF7{E=101mg/di
B FE=0.68 ‘
02t '*#g]g:o.ﬁﬁ
ROCHI$R Tif=0.72
0 2 2 " " FE—']
0 02 04 06 08 10
) -RRE
B. & o th 205 Rs M BE{iE
10
08
06 |

i oA

04 HybA 7 HE=124mg/di
B =065

02 H R EE=064

' ROCHE#2 T E#5=0.68

0 0.2 0.4 0.6 08 1.0

1-HEE

C. NEJDEVALe

1.0
o8}
g 08
B o4}
HybAHE=5.5%
02t RRE=0.66
’ HRE=057
ROCEE 3 T E##=0.65
0 . . \ . ;
0 0.2 08 10

0.4 0.6

1-458E

H2 BERFBREICHTIMBEEATTDEAIcDAVNTTE
AWLBTEIER 1,9824, 40-794%, 1988-20024F

-925.-



&= BMIL AL H-HRBRREICH T 0B EEAETOE ATIcDHVMTTE
AWBTER 1,9824, 40-795%, 1988-20024

HubFoiE
BMI LA HAREH REER 22 I B 1l B Bhk 2 BRMmMBEE ~ATEI/OEY Al
(kg/m?) (n) (n) (mg/dl) (mg/dl) %
<20.8 495 44 101 120 55
20.8-22.7 496 58 101 123 56
22.8-24.8 496 70 103 131 5.5
>24.9 495 123 101 136 5.5

BMI: body mass index
HAubAIEIZROCHBEBULTRD -

- 926 -



AR 4

58
EEEL (RIS PIVE zg‘g‘” £ 8 4 WA | U | HERE | —
Y L s ES<m
‘fﬁﬁgz ;&;ﬁﬁéﬁ@% gzﬁﬁﬁ RRBHEAA RS> e #E | 2010 | 269-279
2010
RUED, (WA ORMERH 2010
WE % (BRMOBOE| DRE= | AOEERLEETH D0CT | gox | 10 [ 100-104
ZERBEXL |fZHiT-
P . . ZEaw
EE OB M study O% | Il 2 gﬁfﬁﬂ" T Ivbva | omm | 2010 | 264-265
B —t
TE Wm0 | BEEL
BHE L MFIE S |FREs -
WE W |OES 8 DB |EREDE 2010 g sz | 2010 |306-307
A BHE -7 0 | BRRA =
b REE | TEEE

-97.




ZE-+ 314

REEKL E ORI RRih 28| R—=Y | HEE |
The effect of metabolic syndrome defined
Hata J by various criteria on the qevelopment Atherosclerosis | 210 | 249-255 | 2010
et al. of ischemic stroke subtypes in a general
Japanese population.
Trends in the prevalence of chronic
Nagata M kidney disease and its risk féctors in|Nephrol Dial ot | 9557-9564 | 2010
et al. a general Japanese population: the Transplant
Hisayama Study.
Prevalence and systemic risk factors of
Yasuda M retinal vein occlusion in a general Invest :
Lo . Ophthalmol Vis 51 |3205-3209| 2010
et al. Japanese population: the Hisayama .
Sci
Study.
Circulating resistin is increased with
Kawamura R |decreasing renal.fugctlon in a general |Nephrol Dial 25 13936-3240 | 2010
et al. Japanese population: the Hisavama Transplant
Study.
Association study of the polymorphisms
Matsushita T jon chromosome 12pl3 with _
et al. atherothrombotic stroke in the Japanese Hum Mol Genet % 473-476 2010
population
QT interval prolongation and the risks
Maebuchi D |of stroke and coronary heart disease in _
et al. a general Japanese population: the iypertens Res 33 916-921 2010
Hisayama Study.
. Trends in prevalence of Alzheimer’s .
Sckita A disease and vascular dementia in a Acta Psychiatr | 1p9 | 319-305 | 2010
et al. o . Scand
Japanese community: the Hisayama Study.
Matsuzaki T Insulin resistance is associated with
ot al the pathology of Alzheimer disease: the|Neurology 75 764-770 2010
) Hisayama Study.
Shimazaki Y Effectiveness of the salivary occult
et al blood test as a screening method for |J Periodontol 82 531-587 2011
’ periodontal status.
Prevention of type 2 diabetes in a
Sakane N primary healthcare setting: three-year
results of lifestyle intervention in |BMC Public Health{ 11 40 2011
et al. . ST
Japanese subjects with impaired glucose
tolerance.
Body mass index and stroke incidence in
Yonemoto K A .
et al a Japanese community: the Hisayama Hypertens Res 34 274-279 2011
) Study.
Combined effects of smoking and
Hata J hypercholesterolemia on the risk of {0 noo a1 | a77-484 | 2011
et al. stroke and coronary heart disease in
Japanese: the Hisavama Study.

.98 .




Atherosclerosis 210 (2010) 249-255

Contents lists available at ScienceDirect

Atherosclerosis

_.‘">

ELSEVIE

journal homepage: www.elsevier.com/locate/atherosclerosis

The effect of metabolic syndrome defined by various criteria on the
development of ischemic stroke subtypes in a general Japanese population

Jun Hata®*, Yasufumi Doi?, Toshiharu Ninomiya?, Yumihiro Tanizaki?, Koji Yonemoto?,
Masayo Fukuhara?, Michiaki Kubo?, Takanari Kitazono®, Mitsuo lida®, Yutaka Kiyohara?

3 Department of Environmental Medicine, Graduate School of Medical Sciences, Kyushu University, 3-1-1 Maidashi, Higashi-ku, Fukuoka City 812-8582, Japan
b Department of Medicine and Clinical Science, Graduate School of Medical Sciences, Kyushu University, Fukuoka, Japan

ARTICLE INFO ABSTRACT

Article history: Objective: We evaluated the impact of metabolic syndrome (MetS) defined by various criteria on the

Received 3 July 2009 occurrence of ischemic stroke subtypes in a general Japanese population.

Received in revised form 30 October 2009 Methods: A total of 2452 residents of a Japanese community, Hisayama, aged 4D years or older, were

:‘cﬁp:e.d z:lg::;%er 2009 ber 2009 followed up for 14 years. To define MetS, we used the original Japanese criteria, the modified Japanese
criteria, the International Diabetes Federation (IDF) criteria, the original National Cholesterol Education

Keywords: Program’s Adult Treatment Panel 11l (NCEP) criteria, and the modified NCEP criteria. We substituted a

waist circumference of >90cm in men and >80cm in women for the values of z85cm and >90cm,
respectively, in the modified Japanese criteria and for >102 cm and >88 cm, respectively, in the modified
NCEP criteria.

Results: Only MetS defined by the modified Japanese criteria showed a significant association with the
development of lacunar infarction, and its hazard ratios (HRs) for the development of atherothrombotic
and cardioembolic infarction were significant and greater than those of MetS defined by the other criteria:
adjusted HRs for lacunar, atherothrombotic and cardioembolic infarction were 1.94 (95% confidence
interval (CI), 1.13-3.32; P=0.02), 2.55 (95% Cl, 1.25-5.18; P=0.01}and 3.94 (95% C], 1.89-8.22, P<0.001),
respectively, after adjustment for confounding factors.

Conclusion: Our findings suggest that MetS defined by the Japanese criteria with the modification of a
waist circumference of >90 cm in men and >80 cm in women is a better predictor of each ischemic stroke

Metabolic syndrome
{schemic stroke
Epidemiology

Risk factors

Stroke classification

subtype in the Japanese population.

© 2009 Elsevier Ireland Ltd. All rights reserved,

1. Introduction

Stroke is a major cause of mortality and disability in Japan and
other developed countries [1]. Ischemic stroke is the most com-
mon type of stroke and can be further divided into three subtypes
based on the size and location of the affected arteries and their
pathogenesis: lacunar infarction (L1), atherothrombotic infarc-
tion (ATI), and cardioembolic infarction (CEl) [2]. The Japanese
population is characterized by a higher frequency of LI among
the ischemic stroke subtypes [3]. The impact of risk factors on
the occurrence of ischemic stroke differs among the subtypes
[4].

Metabolic syndrome (MetS)is a constellation of abdominal obe-
sity, dyslipidemia, impaired glucose tolerance and elevated blood
pressure [5-7], and individuals with this condition have an elevated
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risk of cardiovascular disease [8-10]. Several institutions have pro-
posed various definitions of MetS. Among these, the MetS criteria
of the National Cholesterol Education Program’'s Adult Treatment
Panel 11 (NCEP) [5] and those of the International Diabetes Feder-
ation (IDF) [6] have been used most frequently in epidemiological
studies. Recently, the Committee to Evaluate Diagnostic Standards
for Metabolic Syndrome in Japan released a new definition of
MetS for Japanese individuals (the Japanese criteria) [7]. Some epi-
demiological studies have reported that MetS is associated with
high risk for the development of ischemic stroke [8-15). However,
to our knowledge, no epidemiological studies have prospectively
evaluated the relationship between MetS and ischemic stroke
subtype. Furthermore, it remains unclear which of these MetS cri-
teria are better for predicting the risks of ischemic stroke and its
subtypes.

The aim of this study was to evaluate the impact of MetS defined
by the various criteria on the development of ischemic stroke and
its subtypes in a prospective cohort study of a general Japanese
population.
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2. Methods
2.1. Study population

The Hisayama Study is a population-based prospective cohort
study of cerebro-cardiovascular diseases established in 1961 in the
town of Hisayama, a suburb of the Fukuoka metropolitan area in
Kyushu Island of Japan [16]. Based on data from the national cen-
sus, the age and occupational distributions in Hisayama have been
almost identical to those inJapan from 1961 to the present. In 1988,
a screening examination for the present study was performed in
the town. A detailed description of this examination was published
previously [8,9]). Briefly, a total of 2736 residents aged 40 years or
over (80.7% of the total population of this age range) participated
in the examination. After the exclusion of 102 subjects who had a
history of stroke or coronary heart disease, 121 subjects with no
fasting blood samples and 61 subjects for whom waist circumfer-
ence was not measured, the remaining 2452 subjects (1050 men
and 1402 women) were enrolled in the present study.

This study was conducted with the approval of the Ethics Com-
mittee of the Faculty of Medicine, Kyushu University, and written
informed consent was obtained from the study participants.

2.2. Risk factor measurements

At the baseline examination, each participant completed a
self-administered questionnaire covering medical history, medical
treatment for hypertension and diabetes, smoking habits, alco-
hol intake and leisure time activity, We asked whether subjects
were receiving antihypertensive agents, oral hypoglycemic agents
andfor insulin. We investigated the number of cigarettes smoked
per day and the frequency of alcohol intake over the last year
and the kinds and amounts of alcoholic beverages. Smoking habits
were classified into currently habitual (>1 cigarette per day) or not.
Alcohol intake was classified into customary drinking of alcoholic
beverage at least once a month or not. Subjects engaging in sports
or other form of exertion >3 times a week during their leisure time
made up the regular exercise group.

Blood pressure was measured three times on one occasion using
a standard mercury sphygmomanometer in the sitting position
after rest for at least five minutes. The mean of the three mea-
surements was used for the analysis. Hypertension was defined
as blood pressure >140/90mmHg and/or current use of antihy-
pertensive agents. The waist circumference was measured at the
umbilical level in the standing position by a trained staff member.
Electrocardiogram abnormalities were defined as left ventricular
hypertrophy (Minnesota code, 3-1) andfor ST depression (Min-
nesota code, 4-1, 2 or 3).

At the baseline examination, blood samples were collected once
from an antecubital vein after an overnight fast of at least 12h
for the determination of lipid and glucose levels. Serum total
cholesterol, high-density lipoprotein cholesterol and triglyceride
concentrations were determined enzymatically. Fasting plasrna
glucose levels were measured by the glucose oxidase method. Dia-
betes was defined as fasting plasma glucose >7.0 mmol/L and/or
current use of insulin or oral medication for diabetes. Fresh voided
urine samples were collected at the examination, and proteinuria
was defined as a value of 1+ or more using a reagent strip.

2.3. Definitions of metabolic syndrome

Table 1 shows the various MetS criteria used in the present
study. We used the original Japanese {7], the IDF [6] and the orig-
inal NCEP [5] criteria and created two additional criteria sets, the
modified Japanese and the modified NCEP criteria, which substi-
tuted the waist circumference of the IDF criteria for Asians, >90cm

in men and >80 cm in women, for the original cutoff values in the
definitions of abdominal obesity.

2.4. Follow-up survey

The subjects were followed up prospectively from December
1988 to November 2002 by repeated health examinations. Health
status was checked yearly by mail or telephone for any subjects who
did not undergo a regular examination or who had moved out of
the town. We also established a daily monitoring system among
the study team and local physicians or members of the Health
and Welfare Office of the town. When a subject died, an autopsy
was performed at the Departments of Pathology of Kyushu Univer-
sity. During the follow-up period, 479 subjects died, of whom 362
(75.6%) underwent autopsy. Only one subject was lost to follow-up.

2.5. Definition of ischemic stroke subtypes

The diagnosis of stroke was determined on the basis of clinical
information including computed tomography (CT) and magnetic
resonance imaging (MRI) of the brain, cerebral angiography,
echocardiography, carotid ultrasonography and autopsy findings.
In principle, ischemic stroke was defined as a sudden onset of
nonconvulsive and focal neurological deficit due to brain ischemia
persisting for over 24 h. Ischemic stroke was further divided into
clinical subtypes: LI, ATI and CEl on the basis of the Classification
of Cerebrovascular Disease lll proposed by the National Institute of
Neurological Disorders and Stroke of the United States [2].

A detailed method of classifying ischemic stroke has been pub-
lished previously [4]. Briefly, L1 was diagnosed as the presence
of a relevant brainstem, basal ganglia, or subcortical hemispheric
lesion with a diameter of <1.5cm demonstrated on brain imag-
ing or autopsy and no evidence of cerebral cortical or cerebellar
impairment. ATl was diagnosed when the subjects had significant
stenosis (>50%) or occlusion of a major cerebral artery with infarct
size >1.5 ¢cm on brain imaging or autopsy. The diagnosis of CEl was
made on the basis of primary and secondary clinical features sug-
gestive of CEl as reported by the Cerebral Embolism Task Force
7}

During the follow-up period, LI, AT! and CEI developed in 72,
40, and 33 subjects, respectively. Among them, all subjects under-
went brain CT and/or MRI studies, and autopsies were performed
on 70 subjects (71%) of 98 deceased cases until June 31, 2008. When
sufficient clinical and morphologic information was obtained, a
diagnosis of ischemic stroke subtype was defined as “definite”.
When the amount of either type of information was insufficient, the
diagnostic level was defined as “probable”. Diagnostic levels were
defined as definite in 138 subjects and as probable in 7 subjects.
In this study, we present the data regarding definite and proba-
ble stroke cases together, since these combined data were almost
identical to that for definite cases only.

2.6. Statistical analysis

The SAS software version 9.2 was used to perform statistical
analyses. Serum triglycerides were transformed into logarithms
to improve skewed distributions. The prevalence of MetS in men
and women were compared with the use of the x2 test. The haz-
ard ratios (HRs) and 95% confidence intervals (Cls) were estimated
using the Cox proportional hazards model. P<0.05 was considered
statistically significant.

3. Results

Table 2 shows the baseline characteristics of the study popula-
tion by sex. The mean age was 58 years for men and 59 years for
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Table 1
Metabolic syndrome criteria used in the present study.

A. Original Japanese B. Modified C. IDF for Asians D. Original NCEP E. Modified NCEP
Japanese
Definition of metabolic syndrome (1)+ any two or more of the (13 any two or (1)+ any two or Three or more of Three or more of
following more of the more of the the following the following
. following following
Components
Abdominal obesity (waist circumference) (1) =85c¢m (men), >90¢m (1)>90cm (men), (1)290cm(men), (1)>102cm(men), (1)>90cm(men),
(women) >80cm (women) >80 cm (women) >88 cm (women) 280cm (women)
High blood pressure (2) 2130/85 mmHg and/or (2)Same as A (2)Same as A (2)SameasA (2)Same as A
antihypertensive medication
Hyperglycemia (fasting plasma glucose)  (3) 6.1 mmol/L and/or (3)Same as A (3) =5.6 mmol/L (3) z6.1 mmol/L (3)Same as D
antidiabetic medication and/or antidiabetic  and/or antidiabetic
medication medication
Dystipidemia (4) Triglycerides 21.7mmol/L  (4)Same as A (4) Triglycerides (4)Same as C (4)Same as C
and/or HDLC <1.03 mmol/L >1.7mmol/L
(5)HDLC (5)Same as C (5)Same as C
<1.03 mmol/L
(men),
<1.29mmoljL
{women)

IDF, International Diabetes Federation; NCEP, National Cholesterol Education Program; HDLC, high-density lipoprotein cholesterol.

women, and mean waist circumference was 82.0cm and 81.1¢cm,
respectively. The frequencies of hypertension, diabetes, protein-
uria, electrocardiogram abnormalities, smoking habits and alcohol
intake and mean values of triglycerides were higher in men than
in women, while mean values of total and high-density lipoprotein
cholesterols were higher in women.

The prevalence of MetS was 13.8% (21.4% in men and 8.1% in
women) as defined by the original Japanese criteria, 14.9% (10.0%
in men and 18.5% in women) by the modified Japanese criteria,
25.5% (13.4% in men and 34.5% in women) by the IDF criteria, 19.9%
(16.8% in men and 22.3% in women) by the original NCEP criteria
and 27.2%(21.6%in men and 31.3% inwomen) by the modified NCEP
criteria. The prevalence of MetS by the original Japanese criteria
was significantly higher in men than in women (P <0.001), while
the prevalence of MetS defined by the other four criteria was higher
in women than in men (P <0.001 for all).

Table 3 presents the age-adjusted HRs for the development
of ischemic stroke according to the status of each component of
the five MetS criterias by sex. In men, abdorminal obesity defined
by waist circumference of >90cm was significantly associated
with the development of ischemic stroke, while abdominal obe-
sity defined by various waist circumferences was not a significant
risk factor for ischemic stroke in women. High blood pressure
defined by blood pressure >130/85 mmHg and/or use of antihy-
pertensive agents was a significant predictor of ischemic stroke

only in women. The definition of hyperglycemia in the Japanese
and the NCEP criteria (>6.1 mmol/L) was superior to that in
the IDF criteria (>5.6 mmol/L) for the prediction of the ischemic
stroke in women. Hyperlipidemia of various definitions was not
associated with the development of ischemic stroke in either
sex.

Multivariate-adjusted HRs of the five MetS criteria for the devel-
opment of ischemic stroke were estimated after adjustment for age,
sex, serum cholesterol, proteinuria, electrocardiogram abnormali-
ties, smoking habits, alcohol intake and regular exercise (Table 4).
In men, MetS defined by the modified Japanese and the IDF criteria
was an independent and significant risk factor for the occurrence
of ischemic stroke, while MetS defined by all five criteria signifi-
cantlyincreased the risk of ischemic stroke in women. In both sexes,
HR was greater in the modified Japanese criteria than in the other
criteria.

Finally, similar analyses were performed for each ischemic
stroke subtype (Table 5). Only MetS defined by the modified
Japanese criteria was significantly associated with the development
of LI. MetS defined by the modified Japanese and the IDF criteria
was a significant risk factor for ATl occurrence. MetS defined by the
modified Japanese, the IDF or the modified NCEP criteria signifi-
cantly increased the risk of CEL For each ischemic stroke subtype,
the HR was greater in the modified Japanese criteria than in the
other criteria.

Table 2

Clinical characteristics of the study population by sex.
Variables Men (n=1050) Women (n=1402)
Age (years) 5811 5911
Waist circumference (cm) 820x8.2 81.1+10.1
Body rhass index (kg/m?) 22829 230+32
Systalic blood pressure (mmHg) 134+20 132+£21
Diastolic blood pressure (mmHg) 81+11 7611
Hypertension (%) 44.2 370
Fasting plasma glucose (mmol/L) 59+13 57+£13
Diabetes mellitus (%) 113 7.3
Total cholesterol {(mmol/L) 5.11+1.07 5.56+1.07
High-density lipoprotein chalesterol {mmol/L) 1.26+£0.31 1.34+029
Triglycerides (mmol/L) 1.32(0.41-4.22) 1.06 (0.41-2.72)
Proteinuria (%) 79 4.1
Electrocardiogram abnormalities (%) 19.0 13.1
Smoking habits (%) 504 6.7
Alcohol intake (%) 61.5 89
Regular exercise (%) 115 9.2

Values are means + SD or percentage, Geometric means and 95% prediction intervals of triglycerides are shown due to the skewed distribution.
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Table 4
Multivariate-adjusted hazard ratios for the development of ischemic stroke according to MetS statuses by various definitions by sex.
Criteria Men * ‘Women
Number of Hazard ratio (95% Number of Hazard ratio (95% P

events/population at risk confidence interval)

events/population at risk confidence interval)

Original Japanese

MetS(~) 48/825 100

MetS(+) 18225 132(0.76-2.30)
Modified Japanese

MetS(-) 51/945 1.00

MetS(+) 15/105 3,07 (1.68-5.61)
IDF

MetS(-) 50/909 1.00

MetS(+) 16/141 2,66 (1.47-4.81)
Original NCEP

MetS(-) 54/874 1.00

MetS(+) 12/176 1.10(0.58-2.07)
Modified NCEP

MetS(—) 46/823 1.00

MetS(+) 204227 1.59(0.93-2.74)

<0001

65/1289 1.00

033 18113 2.09(1.17-3.75) 0.01
48/1142 1.00
31/260 2.21(1.39-3.51) <0.001
38/918 1.00

0.001 41/484 1.74(1.11-2.73) 0.02
491090 1.00

0.77 30312 1.73(1.09-2.76) 0.02
39/963 1.00

0.09 407439 1.73(1.10-2.71) 0.02

Adjusted for age, total cholesterol, proteinuria, electrocardiogram abnormalities, smoking habits, alcohol intake and regular exercise, MetS, Metabolic syndrome; IDF,

International Diabetes Federation; NCEP, National Cholesterol Education Program.

4. Discussion

In a long-term prospective study of a general Japanese pop-
ulation, we demonstrated that MetS was an independent and
significant risk factor for all of ischemic stroke subtypes when
the modified Japanese criteria, in which a waist circumference of
>90cm in men and >80c¢m in women was substituted for the orig-
inal cutoff values, was used.

Several prospective studies [10-15] including ours [8), have
investigated significant associations between MetS defined by the
NCEP criteria or their modification and the risk of ischemic stroke.
In these studies, however, ischemic stroke was not classified into
clinical subtypes, Only a few studies have reported the relationship
between MetS and ischemic stroke subtypes. In_a hospital-based
case-control study of elderly Greek subjects, the prevalence of MetS
was higher in the non-embolic stroke group including LI and ATI
than in the control group {18]. A case—control study for Japanese
ischemic stroke patients [19] demonstrated that MetS was signif-
icantly related to ATI but not to LI and CEL Another clinical study
in Japan [20] revealed that the prevalence of MetS defined by the
original Japanese criteria was highest among patients with CE} fol-
lowed by these with L1 To our knowledge, the present study is the
first population-based prospective cohort study to investigate the
association between MetS and the development of each ischemic
stroke subtype.

Among the several MetS criteria, the cutoff values of waist
circumference to define abdominal obesity are largely different.
Because the cutoff values of waist circumference in the original
NCEP criteria (>102cm in men and >88 cm in women) were cre-
ated for American subjects {5], these values seem to be unsuitable
for the Japanese population. The original Japanese criteria used
the cutoff values of >85 cm in men and >90cm in women based
on correlations with visceral fat mass [7]. However, the IDF has
claimed that using these values produces "odd results” in relation
to cardiovascular risk and recommends the use of cutoff values of
=90 cm in men and =80 cm in women for Asian populations includ-
ing Japanese [6]. In our previous study, we compared the ability
to predict cardiovascular disease at each published cutoff level of
waist circumference among the MetS criteria and demonstrated
that the optimal cutoff point of waist circumference was 90cm in
men and 80cm in women [9]. In the present study, we observed
a similar result for the risk of ischemic stroke in men (Table 3).

.33.

Therefore, we created the modified Japanese and the modified
NCEP criteria, which substitute waist circumference cutoff values
of >90cm in men and =80cm in women for the original values.
Among these five criteria, we found that the modified Japanese cri-
teria were the best at predicting the risk of ischemic stroke and its
subtypes. These findings are concordant with those of our previous
study [9}], in which MetS defined by the modified Japanese crite-
ria was a better predictor for the development of cardiovascular
disease.

In this study, the risks of ischemic stroke and all subtypes were
higher for the modified Japanese MetS criteria than for the IDF or
the modified NCEP criteria despite the identical cutoff values of
waist circumference. One reason for this is the difference in the
definition of hyperglycemia: the definition of hyperglycemia in the
modified Japanese criteria (>6.1 mmol/L) was superior to that in
the IDF criteria (>5.6 mmol/L) for the prediction of ischemic stroke
in our subjects (Table 3). Another reason seems to be that abdom-
inal obesity is an essential component for the modified Japanese
criteria, but not for the NCEP criteria. These findings support the
opinion that abdominal obesity should be an essential component
for the diagnosis of MetS though there has been controversy over
the necessity of abdominal obesity.

Our study demonstrated that MetS defined by the modified
Japanese criteria appears to be a significant risk factor for the devel-
opment of LL Very few studies have examined the relationship
between MetS and LI. A cross-sectional study recently demon-
strated a significant association between MetS and silent LI [21).
LI develops due mainly to arteriolosclerosis such as lipohyalinosis,
fibrinoid necrosis or microatheroma in penetrating arteries of the
brain [22]. Some disorders in secretion of adipocytokines have
been observed in the MetS status. For example, it was reported
that plasma concentrations of adiponectin decreased in subjects
with abdominal obesity {23), and lower adiponection levels were
associated with impaired endothelial function [24]. It has also
been demonstrated that the plasma concentration of plasminogen
activator inhibitor-1 (PAI-1) increased in subjects with abdomi-
nal obesity [25), and overexpression of PAI-1 was associated with
subendocardial myocardial infarction as a result of perivascular
fibrosis and thrombosis in penetrating coronary arteries in PAI-1
transgenic mice [26]. It is reasonably considered that similar arte-
riosclerotic lesions may also occur in penetrating brain arteries.
Therefore, adipocytokine disorders may be related to endothelial
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B dysfunction and induce arteriolosclerotic lesions in the brain lead-
- ) - - o B :
= & 2 & 3% ing to the development of LI, )
o e 2 © © © g In our subjects, MetS defined by the modified Japanese or IDF
3 criteria was also clearly associated with the occurrence of ATL
g ATI is caused by atherosclerosis in extracranial or intracranial
= 3 arteries. There have been several other studies demonstrating asso-
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2|€| = g Japanese criteria is an independent and significant risk factor for
:3"' g| § 3 the development of all ischemic stroke subtypes. In these criteria,
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Abstract

Background. Chronic kidney disease (CKD) is increas-
ingly recognized as a leading public health issue. However,
there are limited data assessing secular trends in the prev-
alence of CKD in general Asian communities.

Methods. We performed three repeated cross-sectional
surveys of residents aged 240 years in 1974 [2118 sub-
Jects (participation rate, 81.2%)], 1988 [274]1 subjects
(80.9%)] and 2002 {3297 subjects (77.6%)] in a Japanese
community. We compared the prevalence of CKD [one or
both of proteinuria and estlmated glomerular filtration
rate (eGFR) < 60 mL/min/1.73 m?] and potential risk fac-
tors among the three surveys.

Results. The prevalence of CKD increased significantly
with time in men (13.8% [95% confidence interval
(95% CI), 11.4-16.2%] in 1974, 15.9% [95% CI, 13.6-
18.2%] in 1988 and 22.1% [95% CI, 19.6-24.6%] in
2002; P for trend < 0.001), but not in women (14.3%
[95% CI, 12.2-16.4%], 12.6% [95% CI, 10.9-14.3%)]
and 15.3% [95% CI, 13.4-17.2%]); P for trend = 0.97).
The frequencies of individuals with CKD Stages 3-5
(eGFR < 60 mL/min/1.73 m?) increased over the three
decades in both sexes. Despite the widespread use of an-
tihypertensive agents, the proportions of individuals with
CKD who reached blood pressure of <130/80 mmHg were
only 27.0% in men and 47.5% in women. The frequency
of metabolic disorders including diabetes, hypercholester-
olaemia and obesity increased over the three decades in
both sexes.

Conclusions. The prevalence of CKD increased signifi-
cantly in men, but not in women over the last three decades
in a general Japanese population. Our findings support the
requirement for a comprehensive treatment for hyperten-
sion and metabolic disorders to reduce the burden of CKD.

Keywords: chronic kidney disease; general population; hypertension;
metabolic disorder; prevalence

Introduction

Chronic kidney disease (CKD), most commonly defined
by a reduction in kidney function or the presence of

proteinuria [1,2], is increasingly recognized as a leading
public health issue. The number of patients with end-
stage kidney disease has been expanding rapidly and
is predicted to exceed 2 million worldwide by the year
2010 {3]. Furthermore, it has been established that
CKD is a risk factor not only for progressive kidney
failure, but also for cardiovascular morbidity and mortal-
ity [4-6].

Several cross-sectional studies have demonstrated that
CKD affects 10-15% of the adult population in developed
Western countries [7-9]. Recent epidemiological studies
have suggested that CKD may be more prevalent in Asian
countries than in developed Western countries [10,11].
Furthermore, it has been reported that the number of pa-
tients undergoing dialysis in Asian countries such as Ma-
laysia and Japan has been increasing [12,13]. It is likely
that the prevalence of CKD would increase over time as a
consequence of the accumulation of risk factors such as
hypertension, glucose intolerance, obesity and hypercho-
lesterolaemia, probably owing to the westernization of
the lifestyle in these Asian countries. However, there are
limited data assessing secular trends in the prevalence of
CKD in general Asian communities to date. A better un-
derstanding of the past and current prevalence of CKD
and its potential risk factors may provide useful informa-
tion for the development of management strategies for
CKD.

The Hisayama Study is a community-based cohort study
that has been underway since 1961, with a goal of
estimating the effects of the remarkable lifestyle
changes on the burden of cardiovascular diseases in Japan
[14-17]. The aim of the present study is to assess trends
in the prevalence of CKD and its risk factors over the last
three decades and to examine their relationships.

Subjects and methods

Study population

The town of Hisayama is a suburban community adjacent to Fukuoka
City, a metropolitan area on Kyushu Island in southern Japan. The pop-
ulation of the town has been stable for 50 years and was approximately
8000 in 2008. The age and occupational distributions of the Hisayama
population are almost identical to those of Japan as a whole. Full commu-
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nity surveys of the residents have been repeated from the initiation of the
study to date. The study design and characteristics of the subject popula-
tion have been described in detail elsewhere {14-18]. Briefly, four study
cohorts composed of Hisayama residents aged 240 years were established
in 1961, 1974, 1988 and 2002, For this study, we used data from the
cross-sectional surveys conducted at baseline in the latter three cohorts,
which included available data on serum creatinine and proteinuria. The
full community surveys were conducted as follows. In 1974, we invited
all 2629 residents in that age group in the town registry to participate in
the survey by the assistance of the town office, and of those, 2135 (par-
ticipation rate, 81.2%) consented to participate in the health examination.
After excluding 17 subjects for whom blood samples were unavailable,
2118 subjects (311 men, 1207 women) were enrolled in this study. In
the same manner, 2741 subjects from 2742 participants (participation rate,
80.9%) in 1988 and 3297 subjects from 3298 participants (participation
rate, 77.6%) in 2002 were enrolled in the study. A total of 3059 (38%)
subjects participated in two or more of the three surveys.

Definition of CKD

Details of the measurement of risk factors in each survey were described
previously [15,16,18,19). Freshly voided urine samples were tested by the
dipstick method in all surveys. Proteinuria was defined as 1+ or more,
Serum creatinine was measured by the non-cc d Jaffé method
in 1974 and 1988 and the enzymatic method in 2002. Serum samples
were assayed using a Technicon autoanalyser (Technicon Instruments,
Tarrytown, NY) in 1974, a TBA-80S autoanalyser (Toshiba Inc., Tokyo,
Japan) in 1988 and an AU-800 autoanalyser (Olympus Corporation, Tokyo,
Japan) in 2002. The difference between the serum creatinine levels by the
Jaffé method and those by the enzymatic method was calibrated by using 98
serum samples standardized by CRC Corporation (Fukuoka, Japan). The
range of creatinine levels in the samples was 0.5 to 15.2 mg/dl by the Jaffé
method. The conversion equation was estimated by using a simple linear
regression model. The correlation coefficient of this equation was 0.996.
The Jaffé method value was converted to an enzymatic method value by
using the following equation:

Serum creatinine (enzymatic method [mg/dl])
=0.9754 x serum creatinine(Jaff amethod{mg/dl])-0.2802.

The estimated glomerular filtration rate (eGFR) was calculated using
the isotope dilution mass spectrometry-traceable creatinine-based four-
vatiable Modification of Diet in Renal Disease (MDRD) Study equation
with the Japanese Society of Nephrology Chronic Kidney Disease Initia-
tives coefficient of 0,741 [20]. eGFR was derived using the following
equation:

eGFR(mL/min/1.73 m?) =0.741 x 175
x serum creatinine(enzymatic method[mg/dl])
x age(years) "
x 0.742(if female)

—1.154

CKD was defined as either the presence of proteinuria or eGFR < 60
mL/min/1.73 m% The clinical stages of CKD were classified according to
the recommendations of the National Kidney Foundation Kidney Disease
Outcomes guality Initiative guidelines [1]: Stage | or 2 (¢GFR 2 60 mL/
min/1.73 m* and the presence of proteinuria), Stage 3 (¢GFR 30-59 mL/
min/1.73 mz) and Stage 4 or 5 (eGFR < 30 mL/min/1.73 mz)_

Risk factors

In each survey, blood pressures were measured three times in a sitting
position after at least 5 min of rest, and the mean of the three measure-
ments was used for the analysis. Hypertension was defined as a mean
systolic blood pressure 2140 mmHg or a mean diastolic blood pressure
290 mmHg or a current use of antihypertensive agents. Subjects with hy-
pertension were classified as treated or untreated based on whether or not
they were currently using antihypertensive agents. Diabetes was defined
by fasting glucose concentrations 2126 mg/dl (7.0 mmol/L) or postpran-
dial glucose concentrations 2200 mg/d} {11.1 mmol/L) in addition to
medical history of diabetes in 1974 and by those methods and a 75-g oral
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glucose tolerance test in 1988 and 2002. Diabetes was regarded as treated
when the subject was under therapy with insulin or hypoglycaemic agents
in 1988 and 2002, but the designation of treated or untreated diabetes was
not made in 1974 due to an absence of information on treatment status.
Serum total cholesterol levels were determined by the Zurkowski method
in 1974 and by the enzymatic method in 1988 and 2002. Hypercholester-
olaemia was defined as serum total cholesterol 2220 mg/d! (5.7 mmol/L)
or current use of a lipid-modifying agent, Treated hypercholesterolaemia
was defined as current use of lipid-modifying agents only in 2002 be-
cause information on anti-lipidaemic agents was not available in 1974
and 1988. Body height and weight were measured in light clothing with-
out shoes, and the body mass index (in kilogrammes per square metre)
was calculated. Obesity was defined as a body mass index 225 kg/m?,
Metabolic syndrome was defined by using criteria recommended in a joint
interim statement of five major scientific organizations [21]. Information
on medical history, medical treatment, alcohol intake and smoking habits
was obtained through a standard questionnaire by trained interviewers.
Alcoho) intake and smoking habits were classified as either current
habitual use or not.

Statistical analysis

The prevalences of CKD and each risk factor were adjusted for the age
distribution of the world standard population in 1998 by using the direct
method. The age-adjusted mean values of risk factors were calculated us-
ing the analysis of covariance method with age included as a continuous
vatiable. Trends in the prevalence or mean values of each factor across
survey years were assessed by fitting the logistic or linear regression mod-
el with evenly spaced numeric codes for the survey year, respectively. The
age-adjusted relative risk (RR) and its 95% confidence interval (95% CI)
for CKD were estimated by using Poisson regression analysis [22]. The
SAS software package, release 9.2 (SAS Institute, Cary, NC), was used to
perform all statistical analyses. A two-tailed value of P < 0.05 was con-
sidered statistically significant.

Results

We compared the age-adjusted prevalence and mean values
of risk factors among the three surveys by sex, as shown in
Table 1. The prevalence of hypertension was constant in
men, but decreased in women from 1974 to 2002. The
prevalence of treated hypertension increased over time,
whereas the prevalence of untreated hypertension de-
creased in both sexes. Consequently, mean blood pressure
levels decreased over the last three decades. The frequen-
cies of diabetes, hypercholesterolaemia, obesity, metabolic
syndrome and alcohol intake increased with time, whereas
the frequency of smoking habits decreased in both sexes.
The prevalence of diabetes, especially untreated diabetes,
increased with time in both sexes.

Figure 1 presents the age-adjusted prevalence of CKD in
the three surveys by sex. The age-adjusted prevalence of
CKD increased significantly with time in men (13.8%
in 1974, 15.9% in 1988 and 22.1% in 2002; P for trend <
0.001), but not in women (14.3%, 12.6% and 15.3%, re-
spectively; P for trend = 0.9). The prevalence of CKD Stages
3-5 increased 3-fold over time in men (4.8%, 9.4% and
15.7%; P for trend < 0.001) and doubled in women
(5.8%, 9.9% and 11.7%; P for trend < 0.001). Conversely,
the prevalence of CKD Stages 1-2 decreased to two-thirds
in men (9.0%, 6.5% and 6.4%; P for trend = 0.02) and by
half in women (8.5%, 2.7% and 3.4%; P for trend <
0.001). Similar trends in the prevalence of CKD across
the three surveys were also observed in middle-aged
and elderly populations in either sex (Figure 2). There
was a comparable relationship for the prevalence of
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