Hilk & LT, DIRZERIEIZBAT DAk 4 2
FEOREREZ{TV, HUkIZ 1) 5 228K
T DR E BB ROL(LERIET D
bOTHD, HbET, BEFEDEND
WX DR AET, IR - SR
REEARETAZLEEZEME LTS,

AENTERL 24 4 1 B ICHIEA ARTO
R—=2AFA T — X REXEm L=,
DFER., HZHim it Bh Tz Al
L CLDIfEELERT S EEE LA
(3K 1/3. AED 292 LB L7z N
#1/2 Thotlz, ZOTF—F &I, &
FEAANIZ X D HIE CoORMGEROEIC
DWTHET 2,

El, BRTRERAET IR BEHISCE L
ZERFEH A IE L < k7 N3k 1/5 12§
Elphofe, BEATHRAET D EIRFEIKIT
REEHIEON 10FTHDHIZHEb LT,
RIRFEDIZ D W7 WL fRET D H DN
%< BRI T HIE L VHFE AR X
BT LS D ENEETHD LA

b,

Rk 24 4 Bk, WFEHIE I H
BT HEBEHADD 16%I2 0 HZE5RE
BT ARREEERCTED LI, 5
BLMESEBE SR E ke RIEE 2 K
fid L, #s{EROEmEFH DM Eizon
TONRBRIEEED T FETH D,

E. #&k
BAEEITH O 7= HRFEE,

F. BEGERFER
2 L,

G. MIRFER

L. SR
72 Lo

2. FERRER
72 Lo

H. ZNBIBIEEDOHEE - 2K
BRIz L

— 100 -



S ibigih

s

BOBBIHT 57> — b Cbisnd

:0)5’ V— N TR OB ERICET AAELZ ST CWEEE W EBWET, AFFEIEE
EFHBEREZE L LTI TOWET, ZOREERICOVWTI., BRTREETFY ET,
I LELNABERITIAEEROOTOLEDIZOARER L, WhHhRsHRAICbHRI-OEA
R EBMMIBNBZ LDV ERADOTHYOEFIZBEZTEV, LALIBEVLET,

B 1 3LRASRALNGHE-0E DRI TEN TOTERIGDEILS., HET-E o0 e
£ (ANIFERSOETy Y —D) A ISERBWET M, (12717 OH)

Y%

EFhEIHED

EbbEbngin

HE By

ZHFEDLRN

o b W N -

(F 1 T 2~5 #BIRShT=HI53DAVET)
Bl 1-1 HEADIMEBEEZOL—BEDBBEEFTI M, (127Z(FOH)
1 i Z2 L7z b 0nndgmn by 5 D~y —TF L7 v
2 O%&2 CTATERIXLEZL 6 FoOf ( )
AT
3 PABEHESTZIZI DLV
5
4 5 FEL Do TZEEDS LB

(1 T 2~5 #BIRShI=AITIDMNVET)
B 1-2 1LDEY Yy —CFRFTRVMVESIE O THLIEBWET A, (12F51FOM)
1 9589
EHEOED
EbbEbinzian
HEVEHI B
Z 2 Bbizn

(S T N I

B 2 MEEEWETYT—2)DHDLIHEFETH, ATHRET HOMFELRCCS
LWOBIEMNHDHENSTEE . SETRNIELHYET A, (1D7E1FO)
1 W 2 Wz

- 101 —




3 ZRICHOBTANEINT=S AED AHNIXFEAL THIIEBNET N,
(12721+OH)

1 &S

EFHEOED

EHHEBNZR

HE B

B

AED #8572V O TE X LI

D O b W N

(B 3 T 2~5 £RIRS=HIZ3hMVET)
B 3-1 H7f-hAED DEAZOHLI—FNEBEIFATT ., (1272137 OHI)
1 AED ZIELSFER 508 5 IR%E 4 BRolZ & LT, BHIEBEN

2 oz rHELT, BITWB AR K5 ELE
BT B DI 5 ZFofh
3 AED iZECEBKE R EFEM D ( )

ANIZR-STH B2 721E D DA

4 BATIEMIXBEMTRET AL, BLTAAELEDNET M ? (12110

EM)
1 BLE5TFTA 3 BLXESFA
2 BXF1HA 4 BN

M5 BATLIERICODBREALETRTT DAL BEREMALEELAETITN? (12T

O
1 BXZESTA 3 BXESHTA
2 BELZE1IHA 4 BN

ko ok ok sk ook sk ok ok ok sk ook sk ok o e e sk ok ok ok Gk e ok sk ok sk sk ok ok sk ok ok sk ok ok ok 3k

v

i [
R O 8 0O %
> BE-DEERKEE. OZEE DOAXTE#EE. OsE. OEEX.

Y

O, OFiE. O h( )
> DFBREORBICEREHhERCERBYETH: O &y O Lz
> SETICERICODHRELEBLI-CEEIHYETH? O &Ly O LKA
> SETCISHHBERTESTCERBYETHI? O &y O LKA

(MEVIERRSNI=FISHHNET)
BEER(DETyT—2)0AOHRERTLEN? O F O Lz

- 102 —




UBROREOSIEASORGE |

£ 1-month survival BNsuralogically ntect T-month survivat

30
25 %
20 -
15 25 j42 148
. 23 &
. o4 Rollag
16 82 8p 84 g ZEX
: L 5% 87 ¢ - ol .
5 ':51 50 o s Mholbelbalbe BEES | .
o GE By b BE ..«g“ﬂ | ‘RN R
R B B S ] Q}b‘ L & LA
27 & H DD S L& H O
FEFE T EF T

iwami et al_ Circulation 2009,

FERFI2005 AR L TOIEERE TR

(%) 100
B 35302
DEEREE
80 - BT

0 2001 2002 2

Iwami et al. Circulation 2009,

IMEZERIE T IS DADESL?
1. S5000A /£

2. 1TBAN/5&

3. BAANE

MEHBBHGE SO00AT

\EEE (Mg vy —)
DFH I FERRE

+

AED

— 103 —



BREROHOBE
HEEFSEAELT
UDENES EHAT,
1. 78 (ATFRRLL
TUWAHEIET. 618)
BSBEVSBIRTT

OHBEEL | MREROH ]  ATHER
FuX:1.78 AvXH:16

Circulation, 2007116+

Iwami et al. Circulation 2007

C: compressions
(& EHE)

vt

sM%Z&Jﬁ*GFEFMé@%f@L\W

«U%?E%EE%%WLEW§6¥&th
< FTEA. CEBS. BAR+F. 200
U%ﬁim&I%ﬁﬁﬁﬁ%téﬁbf 13

AEB

HARSAUT, WEERE T IMEE
DHBEHEL-DIZEKRET !

. i
1. 1B —=2 5 Sk

s
HLELESE

2. 45 =1REDBRER
3. DVDEH CHEER

FRICBTADMBEERTOREERT LT ILDOLERCTHIIAS
EFBHTEWL

— 104 —




LY SRR, Fr5IwY A hE

» PUSHEE & &M - 2 THUB PRI TE - RT
» PUSHE B R DHF R TOEIMRE O EHF
ICLSFEBERETHE RV T—0 - BEREROFE
» NRARELSEERZAD

> &Y A O ETEEME

e Eﬁ

W0 %5 (WEEALAEDIC )
- ’ BolBBMME, BEREEL (AU RyME
o R EMETCITII LT, i ROM AR M
—  $&UBystander CPREREI SN LR TEM?

» BIST Y AL Bl LA
= BISUHAR]:  20124F4F- 201443A
« G BEH(AOIAA)

« WA 10U EDTHE

CEIPRVHEY SLBREFPORRAR UGN

A/R— T AR - e
~STOURMMEHOME~ | o L Faber e :

e np e
[REFIE Yo

TL—HZXIL—D Tndeanse “
KAk 16%

wn %
YRS N 2 BRED PR SN TR T B IRERYRRE T T g ROWORY

G

B Bohd AO38H ADS%THD19000A 1255 |
TaEEl | o

| 7000~9000A

R

7000~9000 A + 10000~ 12000A

9 £300 10000 15000 20000

‘W HEHA—"FrLUOHRETIRE
ER23F10A158 (1) KERFESFHOSSAE

FEBMDBRAETI250A (—EISIT-o-RHWE ORWMAMTHERS)

— 105 —




100

BEEBENHDCPREE A
201 TA SRR .
BUABRE :

8.0 6.9

HEBOCPRIEE

BE. BETOADIG AD8% (7200 N) ITHEROLL
L ARV EERBL T DREATEICH T HIEHRER S

xﬁmﬂ)'uﬁ?ﬁﬁﬁ.ﬁg (R—2R)

?3500%

GO %

3000 DEDMHEHEE
PUSHICHIUE RS
3513004 (£

> DIRA VEREHI LB DREIBBLFR O 55
BEEBICAT-ER
- NPOKIRS A 7Y R—MRRIZRET
» EETOEROBHAET BN AN -FF LYLTIL)
- HUTILE 20088
- DEERARTEICH T HBME, R ERERE GRS R)
- AVRA—LBKIC DOV THEAE (SEREABROIV—LEER)
- BRBROERRER - SHTEASEORE
- BRAFFEROG AR, HEABICRHITES,
- BETRIAEAL. BAEHTFE,
> HERTHSHEESLIEEEWES
- 1B188F®E

> BETMOEROERAE M AMER-SUF LYVTIL)
- VT 200885
- DREEARISE T SRME. HHERERE
- AvhA—UBIIZ DN THERE
> BEMROPRTOEERTEHZBET R +HEEHET
- BoIEA 10008 (25840520) . BUBRLERATIHEEHRE,
BHMYT2R L EICEE,
» BERBLUARNUNDOER
- BAR? f¥7? B2
- Ea—UHL?
- AB—RYrDER?
- Avt—DE T QR BN ES -

— 106 —



IV. R DOHITICE I 5 —Ex



WHFRERROTATICEAT 5 —BkR

=
2 BRLkD | ﬂ i T o
f’é‘%&ﬁ nﬁﬁj(&’]’ ]\/V% ﬁﬁ%%@ %: %% % tﬂﬁﬁﬁ‘% Hjmﬂﬁ 'CHH&Q: N
HEEFA £ ALRY I Ra—A |t —f AERYr k| BAREERM | BAC (2011 |473-7
AR DIFREZET A A e
[ BHEOFMmE &A
- VAR T (% 2 hR)
7. SSPGE, =<
VET V.
B gi%%&%%@ﬁﬁ%ﬁ#ﬁi %E%W%ﬁ%;%%&%ﬁ& B | 2011 | 70-6
Stk mlpage  |EA2011: &%
FAFLRE ] DI EEHIE
- VAR A
=8
A —
Bm—a| SHENIREAZIEDE S | KR SHENIRIEZZIE O | K FHEJE AR | 2011 | 1-5
iin—gk |27 RLAT MR
ikEs | mITORR
BETE4E SHENREZEREDORIA | K B IR, SHENIRIEZSIE O | 7k HEJE BT | 2011 | 6-10
2/ — Weta—k, | RREAT VI
iEE | BImTORR
B SHENIRBRAZAE DJEME | K H R, %%T&%E?ﬂﬁﬁﬁ§ FEE | 2011 | 11-5
Em—Ha ks —3e,  |RIREAT N
sHk(EsE 5 | B ORI
Em—H ; JRCEFAEN A |JRCERAETART | ~DTHAIE | BR | 2011
(JRCHARTA KZA422010|122010
AERR A JRCHART
BLZEBLL AR &
THHEEE) EEI=E=R
WAREET  |rt-PA(T AT 77— MR, (BRI C ) PAMERAE | R | 2011
i —H| ) BERIEOBEISE )11 R 7 | VREEEITD
TEAT 0 B 70 I R AR A Q&A WETH
AT e — &I fi
Jibd 25 v BB I L B
mEREEBIL?
BARE—R |V A2 OFF (P48-5 | AR, |MA 71~ |7V A Rt | KR |2011
I 5 4) | BMZEHRIRIEY A Il 3 (VST — e
7 I D 12 DI R K EIESERN
R mE (P RkEran

55-61) . HEBEIZ
BITABRELZOHE
B (P62-71) . BFH -~
V27 % FEFICHEA
5z (72-79)

- 107 —




FRE KA BLH A MV WEwL | BE| =V (HRE
Higashiyama A, Association With Serum STROKE 42 | 1764-7 | 2011
Wakabayashi IOno, Y; Gamma-Glutamyltransferase Levels ®
Watanabe M and Alcohol Consumptign on Stroke

’ and Coronary Artery Disease The
Kokubo Y,Okayama A, | Syita Study
Miyamoto Y ,Okamura, T
Okamura T, KokuboY |A revised definition of the metabolic |ATHEROSC | 217 | 201-6 | 2011
Watanabe M syndrome predicts coronary artery LEROSIS (1)
Higashiyama A, Ono Y, |disease and ischemic stroke after
Nishimura, K adjusting for low density lipoprotein
Okayvama A, cholesterol in a 13-year cohort study
Miyamoto Y. of Japanese: The Suita Study
Watanabe M, Serum 1,5-anhydro-D-glucitol levels |ATHEROSC | 216 | 477-83 | 2011
Kokubo Y, redict first-ever cardiovascular LEROSIS @)
Higashiyama A, Ono Y, |disease: An 11-year
Miyamoto Y, Okamura T. population-based Cohort study in

Japan, the Suita study

Ichioka M, Suganami T, |Increased Expression of DIABETES 60 | 819-26 | 2011
Tsuda N, Shirakawa,l, |Macrophage-Inducible C-type @
Hirata Y, Lectin in Adipose Tissue of Obese
Satoh-Asahara N, Mice and Humans.
Shimoda Y, TanakaM,
Kim-Saijo M,
Miyamoto Y, Kameil, Y;
Sata M, gawa Y.
Kajino K, Iwami T, Comparison of supraglottic airway |Crit Care. 15 | R236 |2011
Kitamura T, Daya M, |versus endotracheal intubation for (5)
Ong ME, NishiuchiT, |[the pre-hospital treatment of
HayashiY, SakaiT, out-of-hospital cardiac arrest.
Shimazu T, Hiraide A,
Kishi M, Yamayoshi S.
Sasaki M, Iwami T, Incidence and outcome of Circ J. 75 | 2821-6 | 2011

Kitamura T, Nomoto S,
Nishiyama C, Sakai T,
Tanigawa K, Kajino K,
Irisawa T, Nishiuchi T,
Hayashida S, Hiraide A,
Kawamura T.

out-of-hospital cardiac arrest with
public-access defibrillation.

A descriptive epidemiological study
in a large urban community.

— 108 —




Nitta M, Iwami T, Age-specific differences in outcomes |Pediatrics. 128 | e812-2 | 2011
Kitamura T, Nadkarni  |after out-of-hospital cardiac arrests. 0
VM, Berg RA, Shimizu N,
Ohta K, Nishiuchi T,
Hayashi Y, Hiraide
A Tamai H, Kobayashi
M, Morita H; Utstein
Osaka Project.
Kubota Y, Yano Y, Seki |Assessment of pharmacy students' |Am J 75 43 |2011
S, Takada K, Sakuma M, |communication competence using | Pharm Educ.
Morimoto T, Akaike A,  |the Roter Interaction Analysis
Hiraide A. System during objective structured
clinical examinations.
Nishiyama C, Iwami T, |Association of out-of-hospital cardiac|Resuscitation| 82 | 1008-1 | 2011
Nichol G, Kitamura T, arrest with prior activity and]. 2
Hiraide A, Nishiuchi T, ambient temperature.
Hayashi Y, Nonogi H,
Kawamura T.
Hayakawa K, Tasaki O, |Prognostic indicators and outcome |Resuscitation| 82 | 874-80 | 2011
Hamasaki T, Sakai T, prediction model for patients with
Shiozaki T, Nakagawa Y, |return of spontaneous circulation
Ogura H, Kuwagata Y, |from cardiopulmonary arrest: the
Kajino K, IwamiT, Utstein Osaka Project.
Nishiuchi T, Hayashi Y,
Hiraide A, Sugimoto H,
Shimazu T.
Sakuma M, Morimoto T, |Epidemiology of potentially Pharmacoepi | 20 | 386-92 | 2011
Matsui K, Seki S, Inappropriate medication use in demiol Drug
Kuramoto N, Toshiro J, |elderly patients in Japanese acute Saf.
Murakami J, Fukui T, care hospitals.
Saito M, Hiraide A,
Bates DW.
Kitamura T, Iwam T, Time-dependent effectiveness of Resuscitation| 82 39 |2011

Kawamura T, Nagao K,
Tanaka H,Berg RA,
Hiraide A;
Implementation Working
Group for All-Japan
Utstein Registry of the
Fire and Disaster
Management Agency.

chest compression-only and
Conventional cardiopulmonary
resuscitation for out-of-hospital
cardiac arrest of cardiac origin.

- 109 —




Fujimoto S, Toyoda K, Differences in Diffusion-Weighted Cerebrovasc | 32 | 148-54 | 2011
JinnouchiJ, Yasaka M, |Image and Transesophageal Dis. @)
Kitazono T, Okada Y Echocardiographical Findingsin
Cardiogenic, Paradoxical and
Aortogenic Brain Embolism.
Kawano H, Yamamoto H, | Prospective multicentre cohort study |Br J 154 | 378-86 | 2011
Miyata S, Izumi M, of heparin-induced Haematol. (3)
Hirano T, Toratani N, thrombocytopenia in acute is
Kakutani I, chaemic stroke patients.
Sheppard JA,
Warkentin TE, Kada A,
Sato S, Okamoto S,
Nagatsuka K, Naritomi
H, Toyoda K, Uchino M,
Minematsu K.
Koga M, Kimura K, CHADS2 score is associated with J 306 | 49-53 | 2011
Shibazaki K, 3-month clinical outcomes after Neurol Sci (1-2
Shiokawa Y, intravenousrt-PA therapy in stroke
Nakagawara J, patients with atrial fibrillation:
Furui E, Yamagami H, |SAMURAI rt-PA Registry.
Okada Y, Hasegawa Y,
Kario K, Okuda S,
Naganuma M, Nezu T,
Maeda K, Minematsu K,
Toyoda K.
Koga M, Toyoda K, Carotid duplex ultrasonography can |J Stroke 20 | 24-29 | 2011
Nakashima T, Hyun B-H, | predict safety and outcome of Cerebrovasc
Uehara T, Yokota C, intravenous rt-PA therapy for Dis
Nagatsuka K, hyperacute stroke.
Minematsu K.
Mori M, Yamamoto H, Hyoid bone compression induced|Arch Neurol | 68 | 258-59 | 2011
Koga M, Okatsu H, repetitive occlusion and
Shono Y, Toyoda K, recanalization of th internal carotid
Fukuda K, Tihara K, artery in a patient with ipsilateral
Yamada N, brain and retinal ischemia.
Minematsu K.
Nagasawa H, Yokota C, |High Level of Plasma Adiponectin in |J 304 | 102-06 | 2011
Toyoda K, Ito A, Acute Stroke Patients is Associated |Neurol Sci,

Minematsu K.

with Stroke Mortality.

- 110 —




Naganuma M, Koga M, |Reduced estimated glomerular Cerebrovasc | 31 | 123-29 | 2011

Shiokawa Y, filtration rate is associated with Dis

Nakagawara J, stroke outcomes after intravenous

Furui E, Kimura K, rt-PA: the Stroke Acute Management

Yamagami H, Okada Y, |with Urgent Risk-factor Assessment

Hasegawa Y, Kario K, and Improvement (SAMURAI)

Okuda S, Nishiyama K, |Study.

Minematsu K, Toyoda K.

Naganuma M, Mori M, |Intravenous recombinant tissue Eur Neurol 66 | 37-41 | 2011

Nezu T, Makihara N, |plasminogen activator therapy for ' )]

Koga M, Okada, stroke patients Receiving

Minematsu K, Toyoda K |maintenance hemodialysis:

on behalf of the Stroke the Stroke Acute Management with

Acute Management with Urgent Risk-factor Assessment and

Urgent Risk-factor Improvement (SAMURAD rt-PA

Assessment and Registry.

Improvement(SAMURAI

) Study Investigators.

Nezu T, Koga M, Early ischemic change on CT versus |Stroke 42 | 2196-2 | 2011

Nakagawara J, DWI for stroke patients receiving 00

Shiokawa Y, Intravenous rt-PA therapy:

YamagamiH, SAMURAI rt-PA Registry.

Furui E, Kimura K,

Hasegawa Y, Okada Y,

Okuda S, Kario K,

Naganuma M, Maeda K,

Minematsu K, Toyoda K.

Tomii Y, Matsuoka H, A new ultrasound method for Int J 6(3) | 279-80 | 2011

Torii T, Uehara T, evaluating dysphagia in acute stroke | Stroke.

Toyoda K, Minematsu K. |patients.

Tomii Y, Toyoda K, Effects of hyperacute blood pressure |J Hypertens | 29 | 1980-8 | 2011

Nakashima T, Nezu T, |and heart rate on stroke outcomes 7

Koga M, Yokota C, after intravenous tissue plasminogen

Nagatsuka K, activator.

Minematsu K.

Tomii Y, Toyoda K, Effects of 24-hour blood pressure and | Stroke 42 | 3511-1|2011
7

Suzuki R, Naganuma M,
Fujinami J, Yokota C,
Minematsu K

heart rate recorded with a bpm on
recovery from acute ischemic stroke.

— 111 —




Saito Y, Roles of guanylyl cyclase-A signaling |{Can J 89 | 551-56 | 2011
Kishimoto I, Nakao K. in the cardiovascular system. Physiol ®)
Pharmacol.
Mitomi H, Fukui N, Role for p16(INK4a) in progression of|{ Hum Pathol. | 42 | 1505-1 | 2011
Kishimoto I, Tanabe S, |gastrointestinal stromal tumors of (10) 3
Kikuchi S, Saito T, the stomach: alteration of
Hayashi T, YaoT. p16(INK4a) network members.
Kishimoto 1, Natriuretic peptide system: an FEBS jornal. | 278 | 1830-4 | 2011
Tokudome T, Nakao K,|overview of studies using genetically 1
and Kangawa K. engineered animal models.
Kishimoto I, - Ghrelin and cardiovascular diseases. |J Cardiology. | 59 | 8-13 |2012
Tokudome T, Hosoda H,
Miyazato M,
Kangawa K.
Miyamatsu N, Kimura K, | Effects of public education by Stroke 43 | 5459 | 2012
Okamura T, Iguchi Y, television on knowledge of early @)
Nakayama H, Toyota A, |stroke symptoms among a Japanese
Watanabe M, population aged 40 to 74 years: a
Morimoto A, Morinaga controlled study.
M, Yamaguchi T.
BIAHR 2 | /MR th TIAF L FHREERREEEEIR TED | ER. 65 | 258-64 | 2011
EmRRT. EAAEE. YARZ T 7 75— 2T (5)
SR AR,
BIAHR L, /INERI AL T F R R AR REIK TRED | Progress  in| 31 | 689-94 | 2011
EHRTF . EAEE. FEIESEE L Z DIRIE. Medicine. (Su
Bl S5, Pl
BEAERE DREOLHEEFLTROETER] (8 Ik 88 L F| 10 | 44-50 | 2011
DONE O R ZE B B OSEITOF | B (2
BWEEFE T ROR TR,
BARER (AWRZRBOTPEIE] € OO E | Medicina. 48 | 1242-4 | 2011
DFRIEEME BER I OB T BH OBk, (7 5
EAER L, 25 B0 A )= oat — B 58 | Medicina 48 | 1254-6 | 2011
AT 2, 2 —H R B2 BT A 6
AR — R R LR —FRENC B AR | RREFHE T 29 2011
NTFROBEEELFERFTCAZ R 7 | REF- Ny us| (5)
VRe— LEAER) E LT B SRR B Xy R —2ok
=8 IS

- 112 —




FRITIEARER, FEAR—EAR T BR s B P [ D ST 0D — BhIREE (LA | TR 93 | 616-18 | 2011
HF0EH—

EARKZ . FAR—RR BEREEREMEDSIHND TR 93 | 619-22 | 2011

TERERE, A —ER, NERPEF R AR RATF RO R M| 155 93 | 686-88 | 2011

eI e 8 AR (e (R

PrNEEZE, F LS Jibd 75 F LR R & O B — VR IS B | BRAIN 2 | 3544 | 201
R DI TEDHIE 2

FEALE—RR, P Lf#E e %ﬁﬁﬁﬂm%@%ﬂ%‘{ﬁ@/ﬁ/7ﬁ““la Life Style 6 | 28-34 | 2012
Fezrih Medicine

- 113 —







Atherasclerosis 216 (20113477 -483

Contents Bsty available at SdiarveDiract

Atherosclerosis

journal homepage: www.slsavisr.com/locate/athsrosclerosis
TR

Serum 1,5-anhydro-p-glucitol levels predict first-ever cardiovascular disease: An
11-year population-based Cohort study in Japan, the Suita study

M. Watanabe ®*, Y. Kokubo?, A. HigashiyamaP®, Y. Ono?, Y. Miyamoto?, T. Okamura®

# Deparunent of Preventive Cardiology, National Cerebral and Cordievascular Center, Fufishiro-dai 5-7-1. Suita-shi. Osaka 5658565, fapan
5 Department of Environmental and Preventive Medicine, Hyogo Collzge of Medicine, Hyogn, Mukogawa-che 1-1, Nishinomiya-shi, Hyego 663-8501, Japan
* Department of Preventive Medicine and Public Health, Keio University, Shinano-machi 35, Shinjuku-ku, Tokyo 160-8582, fapan

ARTICLE INFO ABSTRACT

Article History:

Received 15 November 2010

Received in revised form 21 February 2011
Accepted 21 February 2011

Awvaijable online 24 Fehruary 2011

Objective: Serum 1,5-anhydro-p-glucitol (1.5-AG) Is well-known to be a useful clinical marker of both
short-term glycernic status and postprandial byperglycemia. In addition, previous epidemiological stud-
ies have shown that an increased postioad glucose level in an oral glucose tolerance test is a risk factor
for cardiovascular diseases (CVD). However, no previous prospective study has reported the assocdiation
between seram 1,5-AC levels and the risk of CVD. In this study, we examined whether serum 1,5-AG
tevels can predict the incidence of first-ever CVD,

Methods: Qur study was a population-based cohort study in an urban area of Japan. Study subjects com-
prised 2085 initially healthy Japanese (991 men and 1104 women, mean age: 58.5 years) with no histery
of coronary heart disease {CHD) or stroke. They were followed up for an average of 11.1 years, and 147
CVD events {64 CHD and 83 strokes} were observed,

Results: The adjusted hazard ratios (HRS) of alf CVD in men increased linearly {p=0.004). The HR in the
categogy with serum 1,5-AG levels of 14,0 pgjmi. or less was 2,22 (95% confidence interval; 1.24-3.98)
compared to the reference category (245 pg/mL or greater). Similar results were also shown with a
sensitivity analysis in non-diabetic men. Conversely, no significant relationship between serum 1,5-A6
levels and CVD risks was observed in wamen,

Conclusions: Qur results suggest that measurement of serum 1.5-AG levels is useful to detect individuals,

Keywords:
Population-hased studies
Cohaort studies

Japanese
1.5-Anhydro-p-glucital
Cardiovascular diseases
Postprandial hyperglycemia

especiatly men, at higher risk for CVD, regardless of the presence or absence of disbetes.

© 2011 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Serum 1,5-anhydro-p-glucitol {1,5-AG) levels are well-known
to rapidly decrease concomitantly with the excretion of glucose in
uring, and serum 1,5-AG is a useful clinical marker for short-term
glycemic status and postprandial hyperglycemia [1-3},

Previous epidemiological studies have shown that an increased
postioad glucose level in an oral glucose tolerance test (OGIT) is
a risk factor for cardiovascular diseases (CVD) [4,5]. A random-
ized controlled trial of individuals with impaired glucose tolerance
also reported that acarbose, an x-glycosidase inhibitor that sup-
presses the elevation of postprandial glucose levels, reduced the
incidence of CVD as well as type 2 diabetes [6]. These findings
suggest that detection and improvement of ‘postprandial hyper-
glycemia is important for CVYD prevention.

An OGTT is useful for the detection of postprandial hyper-
glycernia, however, it requires overnight fasting, long time,

* Corresponding author. Tel: +81 6 6833 5012x2186; fax: +81 6 6833 5300.
E~matl aidedress: makatow®hsp.novego jp (M, Watanabe),

2021-9150/% ~ see front matter © 20171 Elsevier Ireland Ltd. Al vights reserved,
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additionial costs, and is not always feasible in routine dlinical set-
tings or during health check-ups. In contrast, measurement of
serum 1,5-AG levels can be performed using a single non-fasting
blood sample, relatively costs less, and may be an alternative to
OGTT. However, to our knowledge, no previous prospective study
has shown the association between serum 1,5-AG levels and the
risk of CVD in initially healthy individuals. We examined whether
serum 1,5-AG levels can predict the incidence of first-ever CVD in
a population-hased cohort study of an urban area in Japan.

2. Methods

2.1 Study design and samples

The details of the Suita study have been described elsewhere
[7-8] Briefly, the Suita study is a prospective population-based
cohort study of an whan area in Japan. In 1989, 6485 Suita city
residents (age, 30-79 years) were randomly sampled and enrolled
as study participants. They underwent medical examinations every
2 years. Among these participants, 2406 participants underwent
medical examinations between April 1994 and February 1995, and
their serum samples were collected and stored at —80°C. In this
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study, we measured serum 1,5-AG levels in these stored samples.
Of these 2406 participants, 289 were excluded from the present
analysis for the following reasons: history of coronary heart dis-
ease (CHD) or stroke (n=78), lost to follow-up (n=132), serum
creatinine level of 176.8 mmol/L (2.0 mg/dL) or more (n=4), and
data missing (n = 97). Finally, the remaining 2095 participants (991
men and 1104 women) with serum 1,5-AG measurements were
included as subjects in the baseline study and were followed up
until December 31, 2007. Informed consent was obtained from all
subjects, and the institutional review board at the National Cerebral
and Cardiovascular Center approved this study.

2.2. Baseline data collection

The baseline survey included questionnaires, anthropomet-
ric measurements, and blood sample tests. Height and weight
were measured in light clothing, and body mass index (BMI)
was calculated as weight (kg) divided by the square of height
(m). Blood pressure was measured 3 times in more than 1-
min intervals by well-trained physicians in a sitting position
after at least 5min of rest, using a standard mercury sphygmo-
manometer [7], and the third measurement of blood pressure was
adopted for the present analyses. The levels of total serum choles-
terol, high-density-lipoprotein (HDL)-cholesterol and creatinine
were determined using an automatic analyzer in the laboratory
of the National Cerebral and Cardiovascular Center. Estimated
glomerular filtration rates (eGFR) were estimated with a following
equation for the Japanese: eGFR (mL/min/1.73 m2)=194 x serum
creatinine—19%4 x Age~0287 (x0.739: if women) [10].

2.3. Measurement of 1,5-AG

In 2009, stored frozen serum samples were shipped to the clin-
ical laboratory company for measurement of 1,5-AG (Mitsubishi
Chemical Medience Corporation, Tokyo, Japan). 1,5-AG was mea-
sured using the enzymatic method with the “Determiner L 1,5-AG”
measurement kit manufactured by the Kyowa Medex Co., Ltd.
(Tokyo, Japan) and an H7700 Clinical auto-analyzer, manufactured
by the Hitachi High-Technologies Corporation (Tokyo, Japan). The
coefficient of variation was less than 5%.

2.4. Ascertainment of outcomes

QOutcome ascertainment has been previously described else-
where [7-9]. The main outcome is the incidence of first-ever CVD
events (stroke and CHD). Physicians or nurses checked the health
status of each subject at biennial clinical visits to the National Cere-
bral and Cardiovascular Center, and all participants also completed
yearly questionnaires by either mail or telephone. The patients sus-
pected of developing stroke or CHD were confirmed by a review
of medical records performed by either the registered hospital
physicians or the cohort study research physicians. In addition, to
complete the surveillance, we also conducted a systematic search
of death certificates for fatal stroke and ML In Japan, all death cer-
tificates are forwarded to the Ministry of Health, Welfare, and Labor
and coded for the National Vital Statistics.

A stroke was defined according to criteria from the US National
Survey of Stroke [11]. Classification of stroke subtypes (ischemic
stroke, intracerebral hemorrhage, subarachnoid hemorrhage) was
based on the examination of computed tomographic scans, mag-
netic resonance images, or autopsies (subarachnoid hemorrhages
were excluded from the present analyses). With regard to myocar-
dial infarction (MI), definite and probable MI were defined
according to the criteria of the MONICA project [12]. The criteria
for CHD were first-ever M, coronary angioplasty, coronary artery
bypass grafting and sudden cardiac death.

2.5. Statistical analysis

A previous report from Japan proposed a serum 1,5-AG level
of 14.0 ug/mL, irrespective of sex, as the cut-off for the diagnosis
of diabetes [13]. The distribution of serum 1,5-AG levels differed
between sexes. Accordingly, we adopted a serum 1,5-AG level of
14.0 pg/mL as the lower cut-off in common, and set the median
of those who had serum 1,5-AG of more than 14.0 ug/mL as the
upper cut-off (overall and according to sex), overall: 23.1 pg/mL,
men: 24.5 pg/mL, women: 21.3 ug/mL. These cut-offs were used to
compare baseline characteristics, crude incidence rates, and hazard
ratios (HRs). To calculate p values for continuous variables, one-
way analysis of variance was used, and for categorical variables,
Chi-square test was used. To compare in women the prevalence
of medication for diabetes and current alcohol drinking status,
Fisher’s exact test was used. The p values to test for a linear trend
in HRs were calculated.

A Cox proportional hazard model was used to estimate age- and
multivariate-adjusted HRs with 95% confidence intervals (Cls). The
HRs were adjusted for the following baseline covariates as follows
for model 1, age; for model 2, model 1 plus BMI, hypertension (sys-
tolic blood pressure =140 mm Hg, diastolic blood pressure =90 mm
Hg, or the use of antihypertensive medication), hypercholes-
terolemia (total cholesterol >5.7 mmol/L (220 mg/dL) or the use
of antihypercholesterolemic medication) [14], HDL-cholesterol,
eGFR, current cigarette smoking (non-current and current) and cur-
rent alcohol drinking (men; non-current/light to moderate/heavy,
women: non-current/current);, for model 3, model 2 plus diabetes
(fasting plasma glucose (FPG) >7.0 mmol/L (126 mg/dL), postpran-
dial plasma glucose (PPG) >11.1 mmol/L (200 mg/dL), or use of
anti-diabetic medication). Fasting was defined as fasting time of 8 h
or more (n= 1401, 67%), and postprandial was defined as that of less
than 8 h (n =694, 33%). We defined current alcohol drinking as non-
current drinking, light to moderate drinking (alcohol consumption
of less than 46 g/day), or heavy drinking (that of 46 g/day or more).
However, because women with heavy alcohol drinking were few
(n=8, 0.7%) and had no CVD incidence, we treated current alco-
hol drinking as non-current/current drinking in the multivariate
analyses of women. Menopause was added to model 2 and model
3 in women, Combined analyses of women and men adjusting for
sex were conducted only in CHD and ischemic strokes because sig-
nificant interactions between sex and serum 1,5-AG levels were
observed in all CVD (p=0.03) and all strokes (p=0.01).

In addition, three sensitivity analyses were conducted: First,
similar analyses were performed in non-diabetic men with FPG
or PPG less than 6.1 mmol/L (110 mg/dL). Second, the definition of
postprandial in the diagnostic criteria for diabetes was changed to
a fasting time of 2h or less (postprandial: n=28, 1%), and similar
analyses were conducted to confirm the influence of diabetes diag-
nostic criteria by PPG. Third, adjustment for waist circumferences
in model 2, instead of BMI, was conducted to estimate the influence
of insulin resistance. We did not enter both BMI and waist circum-
ferences into the models to avoid the colinearity problem because
waist circumferences highly correlated with BMI (correlation coef-
ficient: 0.84). In addition, triglycerides levels were categorized by
tertile and added to the model 2 in the combined analysis of women
and men with fasting time of 8 h or more (n=1401), and similar
analyses for CHD and ischemic strokes were conducted.

All p values were two-tailed, and p < 0.05 was considered statis-
tically significant. All analyses were conducted using SAS version
8.2 (SAS Institute, Cary, Carolina, USA).

3. Results

The mean (standard deviation) of serum 1,5-AG was 23.0 ug/mL
(9.2) in men and 20.0p.g/mL (7.0) in women. The overall dis-
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Table 1
Baseline characteristics by sex and serum 1,5-anhydro-p-glucitol levels, the Suita study, Japan, 1994~2007.
Men
1,5-Anhydro-p-glucitol (pg/mL) P
=245 14.1-24.4 <14.0
Number of subjects 423 416 152
Age (years) 58(12) 61(12) 63(11) <0.001
Body mass index (kg/m?) 22.7(2.7) 22.8(2.9) 23.1(29) 0.24
HDL cholesterol (mmol/L) 1.4(03) 1.4(0.4) 1.4(04) 0.48
1,5-Anhydro-p-glucitol (pg/mL) 31.3(5.6) 19.7 (3.0) 8.8(3.6) <0.001
Estimated GFR (mL/min/1.73 m?) 80.2(15.6) 78.1(16.0) 79.0(18.1) 0.19
Hypertension (%) 32 37 45 0.01
Hypercholesterolemia (%)° 23 23 21 0.85
Diabetes (%) 0 3 30 <0.001
Current cigarette smoking (%) 44 39 41 0.36
Alcohol drinking (non/light to 29/53/18 29/55/16 35/47/18 0.55
moderatefheavy) (%)
Hypertension medication (%) 13 15 20 0.09
Hypercholesterolemia medication (%) 4 4 5 0.81
Diabetes medication (%) 0 0 20 <0.001
Women
1,5-Anhydro-p-glucitol (pug/mL) p
>213 14.1-21.2 <14.0
Number of subjects 442 438 224
Age (years) 59 (12) 55(12) 58(12) <0.001
Body mass index (kg/m?) 222(3.2) 21.9(2.7) 223(32) 0.12
HDL cholesterol (mmoi/L) 1.6 (0.4) 1.6(0.3) 1.6(03) 0.001
1,5-Anhydro-p-glucitol (pug/mL) 26.7 (4.1) 18.0(2.0) 10.5(3.2) <0.001
Estimated GFR (mL/min/1.73 m?) 80.2(19.7) 81.2(16.8) 81.1(15.2) 071
Hypertension (%) 33 26 31 0.06
Hypercholesterolemia (%)° 39 37 38 0.80
Diabetes (%) 1 1 12 <0.001
Current cigarette smoking (%) 11 8 8 0.42
Current alcohol drinking (non/light to 75/25/0 72271 72/28/0 031
moderate/heavy) (%)
Menopause (%) 76 63 71 <0.001
Hypertension medication (%) 14 12 17 0.17
Hypercholesterolemia medication (%) 7 7 5 0.46
Diabetes medication (%) 0 0 4 <0.001

Mean (standard deviations), or percentage is shown. GFR means glomerular filtration rate.
2 Hypertension is defined by systolic blood pressure >140 mm Hg, diastolic blood pressure >80 mm Hg or the use of antihypertensive medication.
b Hypercholesterolemia is defined by total cholesterol >5.7 mmol/L (220 mg/dL) or the use of antihypercholesterolemic medication.
¢ Diabetes is defined by fasting plasma glucose >7.0 mmol/L (126 mg/dL) in those with fasting time of 8 h or more, postprandial plasma glucose >11.1 mmol/L (200 mg/dL)

in those with fasting time of less than 8 I, or the use of antidiabetic medication.

tribution (minimum, 25th percentile, median, 75th percentile,
maximum) of serum 1,5-AG by sex was 1.2, 17.0, 23.1, 28.9,
and 55.3 ug/mL, respectively in men, and 1.7, 15.2, 19.8, 24.8,
and 41.5 ug/mL, respectively in women (data not shown). The
prevalence of diabetes and medication for diabetes at base-
line was highest in the category with the lowest serum 1,5-AG
(<14.0 pg/mL) in both sexes, and was much higher in men (Table 1).
Age and prevalence of hypertension increased as serum 1,5-AG
decreased in men only.

During the follow-up period (11.1 years average), 147 CVD
events (64 CHD and 83 strokes) were observed. The CHD included
14 percutaneous coronary angioplasty, 5 coronary artery bypass
grafting, 1 sudden death, 41 myocardial infarctions and 3 unclassi-
fied CHD. The strokes included 53 ischemic strokes, 14 hemorrhagic
strokes and 16 unclassified strokes. The incidence rates of all CVD
and each CVD subtype increased as 1,5-AG levels decreased in men,
and the incidence rate of all CVD was 15.1 per 1000 person-years in
the lowest 1,5-AG category (Table 2). In model 2, there was a statis-
tically significant linear increase in the adjusted HRs of all CVD in
men (p=0.004), and the adjusted HR was 2.22 (95% CI 1.24-3.98)
in the lowest 1,5-AG category. In model 3, the adjusted HR of all
CVD in the lowest 1,5-AG category was less than model 2. How-

ever, the adjusted HR of the middle category (14.1-24.4 pg/mlL)
was not very different and the elevation of risk was still sig-
nificant, 1.74 (95% Cl 1.07-2.84). In men, similar results were
observed for each CVD subtype, although the HRs of CHD were
much lower than of all strokes and were not statistically significant.
In women, similar results were not observed, although, for CHD,
similar trends were observed (Table 3). In the combined analysis
of women and men for CHD, the HRs in model 2 increased linearly
with decrease in serum 1,5-AG levels (p=0.03), and the adjusted
HR in the lowest 1,5-AG category was 2.10 (95% ClI 1.10-4.02)
(Table 4).

A sensitivity analysis for non-diabetic men with FPG or PPG less
than 6.1 mmol/L (110 mg/dL) showed that the adjusted HRs for all
CVD in model 2 increased as 1,5-AG levels decreased (p=0.03), and
the adjusted HR was 2.00 (95% Cl 0.88-4.55) in the lowest 1,5-AG
category (Table 5). Similar results were observed with all strokes
and ischemic strokes, but such a relationship was not clear in CHD.

In the sensitivity analyses, altering the definition of postpran-
dial, entering waist circumferences or adding triglycerides levels
to the models hardly alter the results. In addition, waist circumfer-
ences or triglycerides levels were not related with the risk for CVD
or each CVD subtype.
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Table 2
Incidence rates and adjusted hazard ratios for cardiovascular diseases by serum 1,5-anhydro-p-glucitol levels in men, the Suita study, Japan, 1994-2007.
1.5-Anhydro-p-glucitol (pg/mL) p fortrend
>24.5 14.1-244 <140

Person-years 4727 4322 1455

All cardiovascular diseases

Cases, n 26 49 22

Incidence rates/ 1000 person-years 5.5 13 15.1
Model 12 1 1.76 (1.09-2.86) 2.29(1.29-4.07) 0.003
Model 2¢ 1 1.79(1.10-2.91) 2.22(1.24-3.98) 0.004
Model 32 1 1.74(1.07-2.84) 1.72 (0.89-3.34) 0.049

Coronary heart disease

Cases, n 16 19 10

Incidence rates/1000 person-years 34 44 6.9
Model 12 1 1.21(0.61-238) 1.81(0.81-4.05) 0.17
Model 22 1 1.14(0.57-2.25) 1.59(0.70-3.59) 0.29
Model 3* 1 1.13(0.57-2.24) 1.47 (0.59-3.68) 044

All strokes

Cases, n 10 30 12

Incidence rates/1000 person-years 21 6.9 8.2
Model 12 1 2.56 (1.25-5.25) 3.02(1.31-7.01) 0.006
Model 22 1 2.64 (1.28-5.45) 332(1.41-7.79) 0.003
Model 32 1 2,53 (1.23-5.23) 2.29(0.87-6.01) 0.04

Ischemic strokes

Cases, n 8 20 9

Incidence rates/1000 person-years 1.7 46 6.2
Model 12 1 2,16 (0.95-4.92) 2.84(1.09-7.37) 0.02
Model 22 1 2.15(0.94-4.93) 2.86(1.09-7.49) 0.03
Model 32 1 2.10(0.92-4.82) 2.28(0.78-6.67) 0.09

Parentheses indicate 95% confidence intervals,

2 Model 1: adjusted for age, model 2: adjusted for model 1 plus body mass index, hypertension, hypercholesterolemia, HDL cholesterol, estimated glomerular filtration
rate, current cigarette smoking, current alcohol drinking, model 3: adjusted for model 2 plus diabetes.

4. Discussion

This is the first report of a prospective cohort study showing that
serum 1,5-AG levels predict CVD incidence in men, similar to HbA;.

[15-17] or postload glucose levels in OGTT [4,5]. More subjects with
overt diabetes were included in the category with serum 1,5-AG
levels of 14.0 ug/mL or less, which would lead to the greatest risk.
Those with serum 1,5-AG levels of 14.1 to 24.4 ug/mL, whose preva-

Table 3
Incidence rates and adjusted hazard ratios for cardiovascular diseases by serum 1,5-anhydro-p-glucitol levels in women, the Suita study, Japan, 1994-2007.
1,5-Anhydro-p-glucitol (ug/mL) ’ p for trend
>213 14.1-21.2 <140
Person-years 5077 5293 2424
All cardiovascular diseases
Cases,n 22 15 13
Incidence rates/1000 person-years 43 28 54

Model 12 1 0.83 (0.43-1.60) 1.23(0.62-2.44) 0.68
Model 22 1 0.92 (0.47-1.79) 1.30(0.65-2.60) 0.54
Model 32 1 0.91(0.47-1.77) 1.04 (0.48-2.22) 0.99

Coronary heart disease

Cases, n 7 5 7

Incidence rates/1000 person-years 1.4 09 29
Model 12 1 0.82 (0.26-2.60) 2.09(0.73-5.96) 0.21
Model 22 1 0.89(0.28-2.83) 2.33(0.81-6.71) 0.15
Model 32 1 0.87 (0.27-2.76) 1.74 (0.54-5.56) 042

All strokes

Cases, n 15 10 6

Incidence rates/1000 person-years 3.0 1.9 25
Model 12 1 0.83 (0.37-1.86) 0.83 (0.32-2.14) 0.65
Model 22 1 0.93 (0.41-2.09) 0.88 (0.34-2.27) 0.77
Modei 32 1 0.92 (0.41-2.08) 0.75(0.26-2.12) 0.59

Ischemic strokes

Cases, n 6 7 3

Incidence rates/1000 person-years 1.2 13 1.2
Model 12 1 1.48 (0.50-4.41) 1.03 (0.26-4.12) 0.84
Model 22 1 2.01(0.66-6.11) 1.20(0.29-4.89) 0.60
Model 32 1 1.99 (0.66-6.06) 1.01(0.22-4.71) 0.71

Parentheses indicate 95% confidence intervals.

? Model 1: adjusted for age, model 2: adjusted for model 1 plus body mass index, hypertension, hyperchalesterolemia, HDL~cholesterol, estimated glomerular filtration

rate, current cigarette smoking, current alcoho! drinking, menopause, model 3: adjusted for model 2 plus diabetes.
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