JEAE 5 R R R A B & (18 BR 3R S A TR RN X SR S TR F38)
GyiR i &

WA —AE RA T RE LT HERF - AZRY w7 VR a— AOFEREBR LN Z b - Lo B 5
DFAE PRI DR

SfEEFE PARESL ENERSZHES— FURBHER

EDEE

Mol

W — A EREMNRELKBARRIZLY, LT OIER G500z, AFRV 7R
n— A0 HAOBDEIERETIT, R BEBREOHEXEREED, @805z (60
i) TRIEAS R bi, IR (605R LARE) TIIBIEMEA T I EIZ Rben T,
ZOZEnb, BAOAFRY v Fa— OB KDL, FEmEkFETHY, KB
FETIL60m% TE DRLEM S KECEDLLIER DY) -T,

ZE Ry MBI IR BR SR B BIEDY R/ THY  EHR, R, #ERBELBITTDIC
SNT, BRBEBRBEOVAZT, MEOHTI)—H, EFHELE, EFLE, =
W EE—2>TOMEDHTIV—=RF B2 TLDIEDRbhr oz, ZOZENG, MHHERE
AEHEOMED I — NV BLIO, EEBROGEPBRSRBRBIETHICRHIL

ISR OB, BERFBRIC B TT%, M T4%BITTHIL03000, ERHEE TR
WNED AR BIETH0.5%., i T0.3%BRBICRIR T HIENbhoT, £, 164
MOMIZIE RO BHES0%., ZtE35% MNHFER FICBITL TWW el edibhols,

A. BFEEE
HBOETCRFICBEEERLELBRE
DBEIMZIVERBEAZR) w7 Fa—
LADOBMBPEHEINTWS, Lol [[El—%
MicBWTHERBEAY R v Fa—A
DHEFREFEAE D> THEBL -85
LA BLNR, B LEREGEHR T —
FBERR 2 H TIX19904F LD 1995F E F TR
nEARRABREHOCTEREZRELHE
RIBOFRFEREELEML TWD, R
EE—EHIZR LT, FROBEL ERKT

AHZET, DI90FEMLOF IR EE L T,

BEIR A . TiHRE AE 2 0 O HERS & HEMT A 1248

B35 OQFETFT—FERAVTERBBLY
BHEME, ARy I rFa—AORE
HRABFLNICTD, OF DA ARE
R—=2AFAANEES DR EEOFE RS
REBRIELOMRE BB AT 52 L% H
L35,

B. HFgE 51
(1) AFRYw I RFu—AliERBRKmL

DB

VR AR B R AR O E
B BII2 12,2008 %, SHIZFERBEIC
3,000% % EAEA ML, £DOBEIE
BBFRE Y- CERRBETZINE



PR RELLZ, COMERNREL, F
RuTEICHHS-RZZZEDO1IR=A
A—hxt&#E (6,485 A) . FRSE (RIS
nNr-re2SLE02RaFs—bARE
(1,329N) . FLTHFZ T4 7 H£H (546 A\)
MNbieD, BIERIOH, 1IRaFR—hxt%
T, R TTE ~TRAEE OB REDE
TS, L HEEOBEE DRV BB A
RED B 42,4924 (L HFE#56.05%) . TiE
2,8404: ([F154.6 30 % 4 BIDREMT XA R LLT-,
2L %. 2ERORD . BFEOMB,
RAEBRGHIE, WAL TRAEICLY
20058 R ETH RS | LAHFEFEDFE
SiE B R L 7=, BE R 9P 1 2 R R O B
126mg/dl LA L F 7= 13 B B i B 200mg/ dl LA
EEFIIERBIEREALERL., BR
JRLIEIRARR B (e, LR EE) LB
fRiT, PEEE, X5, A, & ifE,
B BE M SE TR L -Coxtb N —FET
I RVTRRHT L=,

(2) 25 i I ofn. B & 2 o - D R BE FE B JiE &
OEBMIF 72

FRR T I KBRAFIR B T O R BRD O
R RS R AL, RO~ PR
EEOYZRHER TRMAET, LiEEORE
H D7 BE2,4864 (FHIHE#RS5.95%) . &M
2,83544 ([7154.158%) 220054 K £ T1EBFL .
A DEEOREL B, SR
7Y 1372 B B ifn B 100mg/dILA = 126mg/dIA T
Bl PRI Y 1 3 22 B L B8 126mg/dI LA B E7 i3
BERIR A RSV S ER L, fEIX
ESH-ESC 2007 HARZ A% vy, Eilf/E,
EFME, EXSEMLE, &DERICTT,

o I FE T R T i BRIy L7, BEIRIR L
PEER 35 B RAEL D RBIRIT. MR D
Coxle N —REFT LEHWTHRITLZ, &
Hiz, MEOHERFEEFBREBHEDIZBIEH

Z Coxtbfl 4 —FREF NV CThighr Lz,
(3) FEATTRE

TR B M CREZEZZL OV HRET
¥ B (FE#405E~T95%) TXEFICIVFAEIC
RE*B-HBIOWTER T, AR
B O MFFICZERE R M2 R EL | ToeE
BERALTHLES, R 28 % (2 ML
1 B (2mD) & i 7 B 1 B (2mD) 2 A O CERMLL
mEZRE S D,

FRoMEENE: RERICXVS EFTICERRKIE
WOHHHLO, BiIE OB THGS
PERBIEFEDOHE L, R OEATHAEREL
FHELAR,

¥, T —2IE, BEARTREOR R
WCEARY. £EERMZ (RE, gkiE,
EHEE, RECEERAMBERGEER
) LA E TR 21T, BERFA. BRE®
i gL A TETEEOEREMRITL T, £
B ESEERET,

C. WFFess R
(1) ARV oz Fu—ALRBREREREBL
D BEER

B28,345 N, 233,501 NE DB
V(BRI 12.54E ), AMEEZEL30A .
A Hm31 A, <HEE T M2z A, 3B AEE
MR 1T A, L ARREZELLT A (56 A DRI HE
HOHHLLHEE - LIRERRIELEST)
DRIEDHERINT,

M1k, BAOD W &% (AL) &
NCEP-ATPIII (B1) ? 2 W # 48Z LA MEER
BIDAZR) w7 Fa—LOEEEZLHL
b THD, BAEDD K I,
NCEP-ATPII D&M L L~ T, AFRK
Uy Ra— OB ERE)roT-, FIZ
EDOBEEITRESIEE Tholz, HED
ARy I Ra—AORET, otEltt



~LCHEEDMEV A, NCEP-ATPII T, 60
KL BHLITFERBEOHEE IR,
(41 —A2i3, BRI A3 72K, AZ Ry 7
Y Ro— AOMREF BV EL I
T, WIRIEHOF BN AZ R )7 K
n— ADOHERRE TN R 2K B O
HEREZ R LIZLOTHD, 7 UHERRLIEF
BT, NIRIER OF BRI OMER R R
DOIfEREITIZIEFBE Thol-,

—7 . NCEP-ATPINZ L 52 B (7
7 DR R REAE D) T, AF R s
Ro— AOER R FH B B2 AT
Hé, BYETIIRERIR FE 3B k., &tk
TR A T2 18 LA | T BR 395 5
FEQVAZLELTHBE ThoT-,

AAOBEEEICLDIAZR TR
a— AT, ZHEOERZEBREEDMGR
EFLipo TV (ZERRENF—FLL
=2.20;95%EB{X[1.31-3.08), —H. %
ML, FIRSE TIIERBEBRIEOR
MRR &7 bipinotz (B8 BREE N —F
b =1.34;95%{Z#[X[#0.96-1.87) , LA>L,
BOmE AT 2V T, HARDOZWEREIZLD
AERY 7 Ra— A EBR SRR B RRAEL
BENRO N (B ERRAE -

=2.92:95%{5 4 X fi]1.54-5.55) , T,

ATV =TT TEZDE, 60 A
DF A YE Rz PR BB RBIE & OB A5 KV i <
IO (60 A : 2L BH%E N —F Lt
= 6.25 ; 95% 15 #H [X 41 2.08-18.79, 60 ¥ LA
E:Z2EEFHE Y —FE=1.80;95%F#
[Xf1.01-3.20),

—#5 . NCEP-ATPII 22 Wr & #E (R 1
TUTEETII, BREOLERBEBRV
ZOHRBNT L AZR Yy 7 Fa—hE
BLE A RN (B EERRE AV —F
H=1.75;95%{E WX M 1.27-2.41, &t %

FERMAE AP —FH=1.90;95% ¥ X [
1.31-2.77).

(2) 72 | IR i Hil & Jd A5 v - O 5 0 E 8 i &
=] 0 A

BRI BPET35.2%, LMET21.6%., B8
RIEHIT6.2%, 3.5% Th -7, IEHHEEE
Yo T 2L, BRBHROFEmATE P —FH
. BHEOERFATLT (5%FEH X
[#1:1.1-2.8), ZMEOERAT1.6 (1.1-2.3), ¥k
RIFHRT3.3 (1.8-6.0)Th-7-, LiHRIED
SN R, kOB RIBAT
4.1 (1.5-10.9)Th -7, B2, D/~
W R, ERBHEITIFECE R TH-
Pz ML A7) —NEIZO6 BR A9 S BE R I & D
BRI, M OF -0 8 5 il [ R A B v
WA — A, M EEET
1.6, 2.3k, 2.5%x, BERBETL5, 1.9%, 2.2%,
3.1k HE R IR BE T3.7%, 5.5%, 5.1k, 3.8% T
&1 (%:P<0.05),

(3) B firbr AL

ERE2ENLTEICT T, BEATTRES
ZAT 23059 D F L DH L SEEEDZE
Zirbhi- Fexsic, S LRELRE
L. 8094 (BHE2724 , &iE4374) HFER
MimELEBL, BARMRELERL:
HLODIG, TOFAMOFICHLT, BEE
BYHBIEERELERL/-, REELEE
AR AL R D,

154/ &4 [H] (FR19-204E ) O 1
FEATTRESERL/-, 8094 X%\, 5
RIFOIFREDHERS A I 1=, 15FRTOFER A
OFEBIE, B TIEH R60%, IFG27%,
IGT13%., M TIEH 8%, [FG 10%, IGT
9% Th -7z, ZOFR—xtREDISFE DR
RIgloOFAE, BHET, EER29%, IFG
35%. IGT 29%, DM#A7%, ¥ T, E#



# 53%. IFG 24%. IGT 19%., ¥R R
4%—C$'§)’thc

D. £%

PR i o> A #E R L= 431 T, NCEP-ARP
MOZUT A (BT U7 EHE) O
HF ORI oA E FEHHE X
HLIERBIRBDYAI R LRI, N
A 31 R CIEE O fERRBEIXE DO
bbbl ThbDZEMnb, V= ANE
FERIIMIL-EREF LT EVEVIL
Bhhot-,

AAODMEETIT, AZR)Iy IR
o— ADTEER ISR BT DM R BT,
B X0 O B Ao T IR 85 R B R E LR A
R, Bk (60RE LARE) TIXBIEMEASS
VIERERIR RN 0T, ZOZEND, B
EDAFRY w7 Ra— LD KRR,
EREFEETHY, RBAFETII0R TE
DOREMENKESEDLLHI LD DT,

OB RA FERFH T, LMERE
OBES RO, BHELIVLBEEMEN LY
IXoxVERbNI-, Zhix, BERDOMD=
F—FFRETLRROBEmAA RO, BA
AMZBWTIE, ZEOFH THRRIHERE
RICRZEABOATREEEHLEE DN
Do

&bz, EFR, SERA, BERAETNIC,
fmEDHT T —BIZ, FEEREEEBDORIE
DYAL % F1-, MENIEFR T, MEHE
BMETHLBELEMELLBE ., EHER
MEEHEFFTIE, EXSELENCRER
BB EEDOYRINHEICERY, EE
R EESERAROEE, EFLEID, 18
BBREBOYAIHELARY, BERHFTTIT,
EEMENSERIBEBRBIEDIRINH
{ipote, ZOZEND, MEEDKRRED, IEH

R BERA BERBREBTTOICONT,
MEDHFT)—id, EFEBELE, EF
MmE. EFLEL—2>FT2MEOHTH
J— M FR->TLAI LN b oz,
— R R4 e &I, MBELs M EL OBEN
[CONWTHID TRTZENTET,

15EM ORI, #ERBEIZBHETT %,
HETA%BITTHIENN0, BRHE
TIRVED, FEMICBHETHI0.5%, KT
0.3%BERBICBARTHILbh ol £
7= 1545E ORI IE#H B O H1£50% . ik
35% DSTHERE R B 12T L2281 72D,

E. f5i

AADAZRY w7 v Fa—AOB R
T, BEED B L L WRBREBRELD
REME AL, RILEREFOBEROF T,
PIRRAE T A R T, ISR R B RIEDY A
TIZEDRNZED Do T, BERFIIER
BIBOYARZ THLHIEN MY, MEEHEE
B BERFAAEA T — 0 EDDHITD
nT, MEOHTI)—HPIER SIEMmE, E
ElE, EEME~EDTIV—BNEDT
STREZELALHITR ST, BT —#
ERZHRETHERICBNT, ERE~
DORRITEL B T0.5%., LHET0.3%Th-
pel®

BACAERE 1T, FEATTREICLDHERIA,
BRI OIERBRBOMGREL£TEEE
FEBIIANT, YOIHATEGENRIE
FRHIC &N B)HT T u—F T2, £,
FRERE ICBIT A8 (HER) LBITLA
WBE (ER) LOMTEDIOREFRERD
BODHDHONERITL T, AEEEOK
EfEOREAERT D,

F. ®REfaBR g &
Ko/l



58 VAR T ESEE o O3 ESNE NiTE ). fIET GREERFRARULER
NP (ERLERER B Y — Tt BT



1. A48y oF0—LOHES SUMMRE TR ERBEBAXNERE

The Japanese defininon

40 =&~ Abdommnal obesity(+)

=O= Abdowmal obesityl-)

Hazard ratio

Al 00 40 S0 60 T0 Age A2 0 I

The NCEP-ATPIII deftun
40 =

4 :u"' 10 5 === Men
W *
30 4 e 5 ] == Women l
o ,,
20 4 E s 7
b=l
g 4 . L4 ,/
10 9 = ’ —— - -
M’
0- 0 i i i i J
B1 B2 0 1 2 t 1

The number of components

A ADZ BT E#E (A1) . NCEP-ATPIIOZ W M (B I X BMEMRBAF Ry 7 Fr—
LAOHEE. ITEM. M3 s 7T, AAROBKERICIEAZR) IV Fa— AORL
K] T 3 21 oD 5 B i A 4B D AR T FE R BE (A2) , *:HEEBAE T (—) R R 3 =0% L
TP<0.05, NCEP-ATPIID 2K B #E = LA AR w7 Fa— AOR R E 55 0 5 5l
(LA fEPRBE, * AR F=0% B AL L TP<0.05,

M2 mMEAFT)— BRFEM-H-BREBFAREDOEABRE WBHE
mEATI)—

E% EXEE SN0E
EER 1.6 [ |
BRE |
BREE |

REIRLIEb O, AL LB T, BRBFBRESFRICH O ILERL TN,
3. A—RRECH(THHMAER N O 1SEMMEB REHR
_ RHEA3T4)

(¢ ﬁu;fﬁ}_-![lﬁti 9205 LD HE)

HE B BN B H BN B
U i | FG 1GT | R
BTV HRASEOREN, FRY - RRLOH OXREE1SERFHERRUC




1. WF5E
ZREROHTTICET 5 —K#E



RIHE 4

MERBROFTICET S —EX

Lii
EERL | XFA M4 (BB | & B 4 MRS | B |HERE | ~—2
ik &4
AERY vy | ARERRE (BERFMFOME |BE LG | WA | 2008 | 238-243
WE # | Fe—LA0EY |F8 #H et
brEO.OLEE (FFREE (B OBRE | SOLE HH( | 2008 | 50-54
Bexo) 27K |[BEME |MTF7741R
FOEELBRE | F)IR—
T | D WH L | mmEAZERD
el — %k < fEBIZ R
BIURFHCKER |T& A
AU 2
DHREOHEDO |MEBEHK  |Annual Review |[FPAES | WA | 2008 | 362-369
WL #EF=EAN | FhEE 2008 tt
e HH
i AR R
FA
EEEFNBLO | BAEEE | BFEEYF AYHN | KR | 2008 | 132-142
IR | AOLETRFSE, FoHEEMR |update Ez—4k
HKEAS  [2008-09
HERE
REEEAKA w3 E A FA RN e HiRR e
Kokubo Y, Impact of high- Hypertension. |52(4) |652-659 2008 Oct
Kamide K, normal blood
Okamura T, pressure on the risk
Watanabe M, of cardiovascular
Higashiyama A, |disease in a
Kawanishi K, Japanese urban
Okayama A, cohort: the Suita
Kawano Y. study.
Okada S, Circulating CD34- |Diabetetes Care (31(1) |157-158 |2008
Makino H, Positive Cell
Nagumo A, Number Is
Sugisawa T, Associated With
Fujimoto M, Brain Natriuretic
Kishimoto I, Peptide levrl in
Miyamoto Y, Type 2 Diabetic
Kikuchi-Taura |Patients.
Akie, Soma T,
Taguchi A,
Yoshimasa Y.




Okamura T, Low-density Atherosclerosis. 2008
Kokubo Y, lipoprotein
Watanabe M, cholesterol and non-
Higashiyama A, |high-density
Miyamoto Y, lipoprotein
Yoshimasa Y, cholesterol and the
Okayama A. incidence of
cardiovascular
disease in an urban
Japanese cohort
study: The Suita
study.
Kawano Y, Masked Clin Exp 30(3) [289-296 |2008
Horio T, hypertension: Hypertens.
Matayoshi T, subtypes and target
Kamide K. organ damage.
Nishida H, Plasma Peptides. 29(4) 1599-605 (2008
Horio T, adrenomedullin as
Suzuki Y, an independent
Iwashima Y, predictor of future
Kamide K, cardiovascular
Kangawa K, events in high-risk
Kawano Y. patients: comparison
with C-reactive
protein and
adiponectin.
DOi Y, Fasting plasma J Clin 93 3425-3429 (2008
Kubo M, glucose cutoff for Endocrinol
Yonemoto K, diagnosis of Metab
Ninomiya T, diabetes in a
Iwase M, Japanese
Arima H, population.
Hata J,
Tanizaki Y,
lida M,
Kiyohara Y.
Arima H, High-sensitivity C- |Arterioscler 28 1385-1391 (2008
Kubo M, reactive protein and | Thromb Vasc
Yonemoto K, coronary heart Biol

Doi Y.

disease in a general
population of
Japanese: the
Hisayama Study.




Maebuchi D, Arterial stiffness Hypertens Res (31 1339-1345 (2008
Arima H, and QT interval
Ninomiya T, prolongation in a
Yonemoto K, general population:
Kubo M, the Hisayama Study.
Doi Y,
Tanizki Y,
Matsumura K,
lida M,
Kiyohara Y.
Kubo M, Secular trends in the |Circulation 118 2672-2678 2008
Hata J, incidence and risk
Doi Y, factors of ischemic
Tanizaki Y, stroke and its
lida M, subtypes in the
Kiyohara Y. Japanese
population.
Ninomiya Y , Impact of kidney Circulation 118 2694-2701|2008
Kiyohara Y, disease and blood
Tokuda Y, pressure on the
Doi Y, development of
Arima H, cardiovascular
Harada A, disease: an
Ohashi Y, overview from the
Ueshima and for |Japan
the Japan Arteriosclerosis
Arteriosclerosis |Longitudinal Study.
Longitudinal
Study Group
Ohnishi H, Incidence of Hypertension 31 1385-1390| 2008
Saitoh S, Hypertension in Research
Akasaka H, Individuals with
Mitsumata K, Abdominal Obesity
Chiba M, in a Rural Japanese
Furugen M, Population: The
Furukawa T, Tanno and Sobetsu
Mori M, Study.
Shimamoto K.
K&, AARY w7 |HAJERZA |43 132-138 2008
RS Fo—A, falRE | TRIFEREE
R &, TFHE L RPHE
— RN TNT I DM
THERRE, U EF - TR
oE H, Fe-.
I,
#* il
B A .




Mizuta E, Leptin gene and Hypertens Res. (31(6) |1069-1077 (2008
Kokubo Y, leptin receptor gene

Yamanaka I, polymorphisms are

Miyamoto Y, associated with

Okayama A, sweet preference

Yoshimasa Y, |and obesity.

Tomoike H,

Morisaki H,

Morisaki T.

Makino H, Pioglitazone Diabetes Res  |81(3) [327-330 |2008
Okada S, treatment stimulates |Clin Pract.
Nagumo A, circulating CD34-

Sugisawa T, positive cells in type

Miyamoto Y, 2 diabetes patients.

Kishimoto I,

Akie TK,

SomaT,

Taguchi A,

Yoshimasa Y.

Nagaoka I, Mutation site Cire J. 72(5) |694-699 (2008
Shimizu W, dependent

Itoh H, variability of

Yamamoto S, cardiac events in

Sakaguchi T, Japanese LQT2

Oka Y, form of congenital

Tsuji K, long-QT syndrome.

Ashihara T,

Ito M,

Yoshida H,

Ohno S,

Makiyama T,

Miyamoto Y,

Noda T,

Kamakura S,

Akao M,

Horie M.

Sakaguchi T, Age- and genotype- |Cardiovasc 19(8) [797-799 [2008
Shimizu W, specific triggers for |Electrophysiol.
Itoh H, life-threatening

Noda T, arrhythmia in the

Miyamoto Y, genotyped long QT

Nagaoka I, syndrome.

Oka Y,

Ashihara T,

Ito M.,

Tsuji K,

Ohno S,

Makiyama T,

Kamakura S,

Horie M.




Nakayama M,  [Class A macrophage | A (herosclerosis. | 198(2) [426-433 2008
Kudoh T, scavenger receptor
Kaikita K, gene expression
Yoshimura M, |levels in peripheral
Oshima S, blood mononuclear
Miyamoto Y, cells specifically
Takeya M, increase in patients
Ogawa H. with acute coronary
syndrome.
Makino H, Impaired flow- Diabetes Res 79(1) [177-82 2008
Doi K, mediated Clin Pract.
Hiuge A, vasodilatation and
Nagumo A, insulin resistance in
Okada S, type 2 diabetic
Miyamoto Y, patients with
Suzuki M, albuminuria.
Yoshimasa Y.
Kokubo Y, Impact of metabolic [Hypertens Res. |31 2041-2049|2008
Okamura T, syndrome
Yoshimasa Y, components on the
Miyamoto Y, incidence of
Kawanishi K, cardiovascular
Kotani Y, disease in a general
Okayama A, urban Japanese
Tomoike H. population: The

Suita Study.

27 —




IV. R O HIETY) - Bkl



Impact of High-Normal Blood Pressure on the Risk of
Cardiovascular Disease in a Japanese Urban Cohort
The Suita Study

Yoshihiro Kokubo, Kei Kamide, Tomonori Okamura, Makoto Watanabe, Aya Higashiyama,
Katsuyuki Kawanishi, Akira Okayama, Yuhei Kawano

Abstract—Few prospective studies have examined the association between high-normal blood pressure and cardiovascular
disease (CVD) in Asia. We examined the impact of high-normal blood pressure on the incidence of CVD in a general
urban population cohort in Japan. We studied 5494 Japanese individuals (ages 30 to 79 years without CVD at baseline)
after completing a baseline survey who received follow-up through December 2005. Blood pressure categories were
defined on the basis of the ESH-ESC 2007 criteria. In 64 391 person-years of follow-up, we documented the incidence
of 346 CVD events. The frequencies of high-normal blood pressure and hyperiension Stage 1 and Stage =2 were 18.0%,
20.1%, and 10.19% for men and 15.9%, 15.6%. and 8.8% for women. respectively. Antihypertensive drug users were also
classified into the baseline blood pressure categories. Compared with the optimal blood pressure group, the
multivariable hazard ratios (95% confidence intervals) of CVD for normal and high-normal blood pressure and
hypertension Stage 1 and Stage =2 were 2.04 (1.19 to 3.48), 2.46 (1.46 to 4.14), 2.62 (1.59 to 4.32), and 3.95 (2.37 to
6.58) in men and 1.12 (0.59 to 2.13). 1.54 (0.85 to 2.78), 1.35 (0.75 to 2.43), and 2.86 (1.60 to 5.12) in women,
respectively. The risks of myocardial infarction and stroke for each blood pressure category were similar to those of
CVD. Population-attributable fractions of high-normal blood pressure and hypertension for CVD were 12.2% and 35.3%
in men and 7.1% and 23.4% in women, respectively. In conclusion, high-normal blood pressure is a risk factor for the
incidence of stroke and myocardial infarction in a general urban population of Japanese men. (Hypertension. 2008;
52:652-659.)

Key Words: cardiovascular discases m epidemiology m general population m high-normal blood pressure
B myocardial infarction m prospective studies m stroke

Many cohort studies have demonstrated that hyperten-
sion is a strong risk factor for total mortality and
cardiovascular disease (CVD)'-5 in both developing and
developed countries.¢” The guidelines of the Joint National
Committee 7 from the United States has recently introduced
a category, designated “prehypertension.” for people with
blood pressures ranging from 120 to 139 mm Hg for systolic
pressure or 80 to 89 mm Hg for diastolic pressure.* The
European Guidelines? and Japanese Society of Hypertension
Guidelines,'® however, divide this population into 2 groups:
those with systolic blood pressures between 120 and
129 mm Hg or diastolic blood pressures between 80 and
84 mm Hg are classified as normal, whereas those with systolic
blood pressures between 130 and 139 mm Hg or diastolic blood
pressures between 85 and 89 mm Hg are classified as high-
normal. Although the association of cardiovascular risk with
elevated blood pressure is well accepted.’-*¢ only a few studies

have addressed the absolute and relative risks of CVD for
the population with blood pressure values in the high-
normal range. The Framingham Heart Study revealed an
association of high-normal blood pressure with increased
risk of CVD."" The Framingham coronary heart disease
prediction functions perform well for whites and blacks in
different settings; thesc findings can be applied to other
ethnic groups, like in the ARIC study, after recalibration
for differing prevalence of risk factors for coronary heart
disease events.'? Few studies have investigated the asso-
ciation between blood pressure category and the incidence
of CVD in Japan,*'* where there is a higher incidence of
stroke and lower incidence of myocardial infarction (MI)
than those in Western countries.” We performed a prospec-
tive examination of the risk of stroke and MI in men and
women according to blood pressure category comparing
normal and high-normal blood pressures in a general urban
Japanese population.
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Kokubo et al

Methods

Study Subjects

The Suita Study.’*!5 an cpidemiological study of cerebrovascular
and cardiovascular disease, was based on a random sampling of
12200 Japanese residents of Suita. As a baseline, participants
between the ages of 30 and 79 ycars were randomly selected from the
municipality population registry and stratified into groups by sex and
age in 10-year increments in 1989. Of these, 6485 men 4nd women
underwent regular health checkups between September 1989 and
March 1994. Subjects have continued to visit the National Cardio-
vascular Center every 2 years since that time for regular health
checkups.

Cohort members in the study population were excluded from thesc
analyses if they had a past or present history of CVD at haseline
(n=208). were missing data (n=170), attended health checkups after
April 1994 (n=79), or failed to complete the follow-up hcalth
surveys or questionnaires after baseline examination (n=534). After
applying these exclusions, 5494 individuals were included in the
analysis.

Measurement of Blood Pressure and Covariates
Well-trained physicians measured blood pressure 3 times in a seated
position with a mercury column sphygmomanometer and an appro-
priately sized cuff according to standard protocol after at least 5
minutes of rest before the initial blood pressure reading was
obtained. Systolic blood pressure was measured first to obtain
approximate systolic blood pressure levels. Systolic (SBP) and
diastolic (DBP) hlood pressures were the average of the second and
third measurements recorded more than | minute apart.

Al baseline examination, subjects were classified into one of the 5
blood pressure categories based on the criteria of ESH-ESC 2007:
optimal (SBP <120 mm Hg and DBP <80 mm Hg), normal (SBP
120 to 129 mm Hg or DBP 80 to 84 mm Hg), high-normal blood
pressure (SBP 130 to 139 mmHg or DBP 835 to 89 mm Hg).
hypertension Stage | (SBP 140 to 159 mm Hg or DBP 90 to
99 mm Hg), or hypertension Stage =2 (SBP =160 mm Hg or DBP
=100 mm Hg).>'© Antihypertensive drug users were classificd
according to their blood pressure levels at baseline survey. Due to the
small sample size for Grade 3 hypertcnsion, both Grades 2 and 3
were combined. Therefore, we compared optimal blood pressure
with Grade | and Grades 2 plus 3 hypertension in this study. In
addition, after antihypertensive drug users were classified into the
hypertension Stage =1 group, subjects were classified into one of the
4 blood pressure categorics: optimal, normal, and high-normal blood
pressure and hypertension Stage =1 group. If the SBP and DBP
readings for a subject were in different categories, the subjects were
categorized into the higher of the 2 blood pressure categories.

At the baseline examination, we performed routine blood tests.
including serum total cholesterol, high-density lipoprotein cholester-
ol. triglycerides. and glucose levels. Physicians or nurses adminis-
tered questionnaires regarding individual personal habits and present
illnesses. Subjects were classified as current smokers, nonsmokers.
and past smokers. We also measured height and body weight in a
fasting state. Body mass index was calculated as weight (kg) divided
by the square of the height (m?). Hyperlipidemia was defined as total
serum cholesterol levels =5.7 mmol/L (220 mg/dL) and/or current
use of antihyperlipidemic medications. Diabetes was dcfined as
fasting plasma glucose levels =7.0 mmol/L (126 mg/dL) and/or
current use of antidiabetic medications. We obtained informed
consent from all participants. This study was approved by the
Institutional Review Board of the National Cardiovascular Center.

Confirmation of Strokes and

Myocardial Infarctions

Five hospitals in the Suita area were capable of performing CT scans
and/or MRI, all of which were the major hospitals to which paticnts
with acute stroke and those with MI were admitted. Medical records
were reviewed by registered hospital or research physicians who
were blinded to the haseline data. Stroke and MI events were

High-Normal Blood Pressure and CVD in Japan 653

registered il they occurred between the date on which the baseline
health examination was performed and December 31, 2005. Strokcs
were defined according to the US National Survey of Stroke
criteria.’® which require rapid onset neurological deficits lasting at
least 24 hours or until death. For each suoke subtype (cerebral
infarction [thrombotic or embolic infarction], intracerebral hemor-
rhage, and subarachnoid hemorrhage), a definitive diagnosis was
established based on CT, MRI or autopsy. Definitive and probable
MIs were defined according to the crteria set by the MONICA
project.'” which requires electrocardiographic evidence, cardiac
enzyme elevations, and/or autopsy. Sudden death was defined as
death of unknown origin occurred within 24 hours from onset.

To complete our surveillance for fatal strokes and MIs, we
conducted a systematic search for death certificates. We identified
possible strokes or MIs using data from (1) the health examination
and questionnaires from the stroke and MI registries without in-
formed consent for medical records survey; and (2) death centificates
without registration of CVD incidence, which were defined as
probable stroke or MI. CVD was defined as siroke and MI in this
study.

End Point Determination

The end points of the current follow-up study were (1) date of the
first MI or strokc event; (2) date of death; (3) date of leaving Suira;
and (4) December 31, 2005 (censored). To detect MI and stroke
occurrences, each participant’s health status was checked at clinical
visits to the National Cardiovascular Center every 2 years. Yearly
questionnaires by mail or telephone were also completed for all
participants. We also obtained informed consent w review in-
hospital medical records for 86.2% participants who were suspected
to have signs or symptoms related to stroke or MI events.

Statistical Analysis
Analysis of variance and x* tests were used to compare the mean
values and frequencies by sex according to blood pressure calegory.
For each subject, person-years of follow-up were calculated from the
date of baseline survey, to the first end point. CVD event, death,
emigration, or December 31, 2005. The Cox proportional hazard
ratios (HRs) were fit for each blood pressure category after adjusting
for age and other potential confounding factors, including age.
present illness of hypercholesterolemia or diabetes. smoking status
(nonsmoker, past smoker, and current smoker), and drinking status
(nondrinker, past drinker, and current drinker) at baseline survey.
To express the impact of blood pressure categories on CVD
occurrence in the participants, we estimated the population-
attributable fraction (%). Population-attributable fraction was esti-
mated as PeX(HR—1)/HR. in which Pe is the proportion of incident
cases in the blood pressure category and HR is the multiple-adjusted
hazard ratio.'® All statistical analyses were conducted using SAS
statistical package software (release version 8.2; SAS Institute Inc,
Cary, NC).

Results

At bascline, we observed several differences in the distribu-
tion of CVD risk factors according to blood pressure catego-
ries (Table 1). The percentages of subjects with optimal,
normal, and high-normal blood pressure and hypertension
Stage 1 and Stage =2 were 31%. 20%, 18%, 20%, and 11%
for men and 42%, 17%, 16%, 16%, and 9% tor women,
respectively. On average, both men and women with higher
blood pressure were older and had higher serum total choles-
terol levels, higher body mass index, and higher incidences of
hyperlipidemia and diabetes than those with optimal blood
pressure, The percentages of antihypertensive drug users
classified as having hypertension Stages 1 and =2 at baseline
were 21.3% and 37.7% for men and 24.2% and 40.6% for
women, respectively.
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Table 1. Baseline Characteristics of Study Subjects According to Blood Pressure Category

Blood Pressure Category”

Groups and Variables Optimal Normal High-Normal Stage 1 Stage =2 P Values
Men
No. of subjects 803 502 463 516 286
Age, years 50.8=13.2 54.0=12.9 57.5x12.2 601117 62.0+11.1 <0.001
SBP, mm Hg 107.8+7.5 121754 131.4+58 1439+8.5 167.0+17.4 <0.001
DBP, mm Hg 68.2=6.7 76.66.3 B1.2+6.9 87.5+8.2 97.0£11.7 <0.001
Total cholesterol, mmol/LT 51=08 52+09 5309 53+09 5.3+0.9 <0.001
High-density lipoprotein 1.3=03 1.3+0.4 1.3+0.3 1.3+0.3 1.3+0.3 0.332
cholesterol, mmol/Lt
Body mass index, kg/m’ 22027 227+26 23.2x27 23.3=3.0 236x3.2 <0.001
Annhypertensive medication, % 0.6 39 T 23 377 <0.001
Hyperlipidemia, % 237 27.4 30.6 344 314 <0.001
Diapetes, % 38 53 55 89 97 <0.001
Current smokers, % 59.7 49.6 46.3 443 409 <0.001
Current drinkers, % Tl 77.0 75.0 76.8 796 0.045
Women
No. of subjects 1240 504 465 457 258
Age, years 47.8+119 540115 589115 f1.6x9.4 62.9+9.6 <0.001
SBP, mm Hg 105.5=7.9 122.4=48 132.4=49 145.7-7.8 169.9+:14.0 «<0.001
DBP, mm Hg 66.4-6.6 156=71 79.7=6.9 85.0+9.0 892.3+139 <0.001
Total cholesterol, mmal/Lt 52+09 56+-1.0 57+09 59+09 58+1.0 <0.001
High-density lipaprotein 1.5+03 14=0.3 14:03 1.4=0.3 1.4+0.3 <0.001
cholesterol, mmol/Lt
Body mass index, kg/m? 211227 225x3.0 228=32 23.2+33 23.7237 <0.001
Antihypertensive medication, % 09 43 1.3 24.2 406 <0.001
Hyperlipidemia, % 288 4.2 509 58.6 58.1 <0.001
Diabetes, % 1.5 33 4.0 6.7 5.8 <0.001
Current smokers. % 15.6 1.7 92 6.9 89 <0.001
Current dnnkers, % 37.0 325 279 29.8 254 ~20.001

*Optimal blood pressure was defined as systolic pressure <120 mm Hg and diastolic pressure <80 mm Hg. Normal blood pressure was defined as systolic
pressure 120 to 129 mm Hg or diastolic pressure 80 to 84 mm Hg. High-normal blood pressure was defined as systolic pressure of 130 to 139 mm Hg or a diastolic
pressure of 85 to 89 mm Hg. Stage 1 hypertension is a systolic pressure 140 to 159 mm Hg or a diastolic pressure 90 to 99 mm Hg. Stage 2 and 3 hypertension
Is a systolic pressure =160 mm Hg or a diastolic pressure =100 mm Hg. If the systolic and diastolic pressure readings for a subject were in different categones,
the higher of the 2 categories was used. Plus—minus values are means=35D.

1To convert cholesterol values to mg/dL, multiply <38.67.

During an average |1.7-year follow-up period, we docu-
mented 213 strokes (155 definitive strokes and 58 probable
strokes) consisting of 141 cerebral infarctions, 32 intracere-
bral hemorrhages. 22 subarachnoid hemorrhages, and 18
unclassified strokes. We also documented 133 MIs (64
definitive Mls and 69 probable MIs or sudden cardiac
deaths). Subjects who moved from Suita (16.8% of the total
participants) were censored at that time.

We determined the age- and multivariable-adjusted hazard
ratios for CVD, ML and stroke according to blood pressure
categories in the presence or absence of antihypertensive
medication (‘'able 2). In men, the mulrivariable HRs (95%
Cls) of CVD incidence were 2.04 (1.19 to 3.48), 2.46 (1.46 to
4.14), 2.62 (1.539 to 4.32), and 3.95 (2.37 to 6.58) for men and
1.12 (0.59 to 2.13), 1.54 (0.85 to 2.78), 1.35 (0.75 to 2.43),
and 2.86 (1.60 to 5.12) for women with the normal and
high-normal blood pressure and hypertension Stage 1 and

Stage =2 groups, respectively. The risks of MI and stroke for
each blood pressure category were similar to the risk of CVD.
In a comhined analysis of men and women, the multivaniable
HR of CVD incidence were 1.62 (1.08 to 2.43), 2.08 (1.42 to
3.05), 2.06 (1.42 to 2.98), and 3.53 (2.43 to 5.13) for the
normal and high-normal blood pressure and hypertension
Stages 1 and =2 groups, respectively (data not shown). In
addition, the multivariable HR of CVD incidence in men and
women younger than 60 years old were similar to those seen
in men and women older than 60 years of age (data not
shown).

In a second analysis in which all antihypertensive drug
users were categorized to the Stage =1 group, we determined
the age- and multivariable-adjusted HRs for CVD, MI, and
stroke according to blood pressure category (Table 3). In
men, the multivariable HRs (95% Cls) of CVD incidence
were 1.83 (1.05 to 3.20), 2.11 (1.22 to 3.64), and 3.20 (2.01
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Table 2. Age- and Multivariable-Adjusted HRs for CVD According to Blood Pressure Category With and Without Antihypertensive

Medications
Blood Pressure Category*
Groups and Vanables Optimal Normal High-Normal Stage 1 Stage =2
Men
Person-years 9724 5889 5127 5611 3025
Cardiovascular disease
Case 23 34 43 57 52
Age-adjusted 1 2,03 (1.19-3.46) 2.42 (1.45-4.03) 2.44 (1.49-3.99) 3.71(2.25-6.16)
Muttivariable-adjusted 1 2.04 (1.19-3.48) 2.46 (1.46—4.14) 2.62 (1.59-4.32) 3.95(2.37-6.58)
Mi
Case 10 14 19 25 20
Age-adjusted 1 2.07 (0.92-4.68) 2.56 (1.18-5.53) 2.45(1.16-5.17) 3.47 (1.60-7.51)
Muitivariable-adjusted 1 2.14 (0.94-4.86) 2,65 (1.20-5.85) 2.72(1.26-5.84) 3.89 (1.76-8.56)
Stroke
Case 13 20 24 32 32
Age-adjusted 1 2.13 (1.06-4.30) 2.39(1.21-4.71) 2.49(1.30-4.78) 417 (2.17-8.01)
Multivariable-adjusted 1 2.12 (1.04-4.30) 2.43 (1.21-4.86) 2.62 (1.35-5.09) 4,38 (2.24-8.56)
Women
Person-years 15438 6100 5391 5272 2812
Cardiovascular disease
Case 25 17 28 28 38
Age-adjusted 1 1.05 (0.56~1.95) 1.48 (0.85-2.59) 1.32 (0.75-2.30) 3.00 (1.77-5.09)
Multivariable-adjusted 1 1.12 (0.59-2.13) 1.54 (0.85-2.78) 1.35(0.75-2.43) 2.86(1.60-5.12)
Mi
Case 7 5 10 9 14
Age-adjusted 1 1.09(0.34-3.48) 1.71 (0.63-4.59) 1.38 (0.50-3.80) 3.56 (1.39-9.08)
Muitivariable-adjusted 1 1.44 (0.42-4.90) 2.27 (0.78-6.57) 1.69 (0.56-5.10) 5.24 (1.85-14.85)
Stroke
Case 18 12 18 20 24
Age-adjusted 1 1.05 (0.50-2.19) 1.39 (0.71-2.75) 1.29 (0.66-2.52) 2.83(1.49-5.39)
Multivariable-adjusted 1 1.05 (0.49-2.24) 1.28 (0.63-2.67) 1.21(0.61-2.45) 2.20 (1.07-4.50)

*Optimal blood pressure was defined as systolic pressure <120 mm Hg and diastolic pressure <80 mm Hg. Normal blood pressure was defined as systolic
pressure 120 to 129 mm Hg or diastolic pressure 80 to 84 mm Hg. High-normal blood pressure was defined as systolic pressure of 130 to 139 mm Hg or a diastolic
pressure of 85 to 89 mm Hg. Stage 1 hypertension is a systolic pressure 140 to 153 mm Hg or a diastolic pressure 90 to 98 mm Hg, Stage 2 and 3 hypertension
is a systolic pressure =160 mm Hg or a diastolic pressure =100 mm Hg. If the systolic and diastolic pressure readings for a subject were in different categories,
the higher of the 2 categories was used. Multivariate analyses were adjusted for age, body mass index, hyperlipidemia, diabetes, and smoking and drinking status.
Antihypertensive drug users were classified according to their blood pressure levels at baseline survey.

to 5.09) for normal and high-normal blood pressure subjects
without antihypertensive medication and subjects with hyper-
tension Stage =1 with or without antihypertensive medica-
tion. respectively. In women, the multivariable HR of CVD
incidence was 2.13 (1.25 to 3.62) for the hypertension Stage
=1 group with or without zntihypertensive medications. The
risks of MI and stroke for high-normal blood pressure and
hypertension Stage =1 group were obscrved in men
(HR=2.32. 95% CI. 1.02 to 5.27 and HR=3.35, 95% CI:
1.64 to 6.80 for MI; HR=2.04, 95% CI: 1.00 to 4.22 and
HR=3.33. 95% CI: 1.80 to 6.15 for stroke, respectively).
HRs for CVD according to prehypertensive category exclud-
ing subjects taking antihypertensive drugs (Table 3) were
similar but slightly lower than that category including sub-
jects taking antihypertensive drugs (Table 2).

Using the HRs, we estimated the positive fraction of CVD
attributable to exposure for each blood pressure category at
baseline by sex (Figure). For men, 8.3%, 12.2%, 16.8%, and
18.5% of CVD incidence were excessive incidence due to
normal and high-normal blood pressures and hypertension
Stages 1 and =2 with values of 1.3%, 7.1%, 5.4%, and
18.0%.

Discussion
In this cohort study of a general Japanese urban population,
we determined that high-normal blood pressure was a risk
factor for the incidence of stroke and MI in men in compar-
ison to subjects with optimal blood pressure. In this study,
20.5% and 8.4% of CVD incidence may derive from prehy-
pertension cases in men and women, respectively. This is the
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Table 3. Age- and Multivariable-Adjusted HRs for CVD According to Blood Pressure Category

Blood Pressure Category™

Groups and Variables Optimal Normal High-Normal Stage =1
Men
Person-years 9670 4805 9243
Cardiovascular disease
Case 23 35 123
Age-adjusted 1 1.80 (1.03-3.13) 2.09(1.23-3.55) 3.00(1.914.72)
Multivariable-adjusted 1 1.83 (1.05-3.20) 2.11(1.22-3.64) 3.20 (2.01-5.09)
Mi
Case 10 16 51
Age-adjusted 1 1.71 (0.72-4.03) 2.27 (1.02-5.03) 2.98 (1.49-5.93)
Multivariable-adjusted 1 1.78(0.754.22) 2.32(1.02-5.27) 3.35 (1.64-6.80)
Stroke
Case 13 19 72
Age-adjusted 1 1.93 (0.93-3.98) 2,01 (1.00-4.08) 3.18(1.75-5.79)
Multivariable-adjusted 1 1.92 (0.92-3.97) 2.04 (1.004.22) 3.33(1.80-6.15)
Women
Person-years 15293 4834 9002
Cardiovascular disease
Case 24 20 81
Age-adjusted 1 0.80 (0.39-1.61) 1.28 (0.69-2.36) 212 (1.30-3.44)
Multivariable-adjusted 1 0.86 (0.42-1.72) 1.32 (0.69-2.53) 2.13(1.25-3.62)
Mi
Case 7 7 27
Age-adjusted 1 0.91 (0.26-3.14) 1.38 (0.47-4.01) 2.23 (0.94-5.28)
Multivariable-adjusted 1 1,17 (0.31-4.34) 1.83 (0.58-5.75) 2.97 (1.11-7.91)
Stroke
Case 17 13 54
Age-adjusted 1 0.76 (0.32-1.79) 1.22 (0.58-2.58) 2.12(1.17-3.83)
Multivariable-adjusted 1 0.77 (0.32-1.83) 1.11(0.50-2.49) 1.89 (1.00-3.58)

“Optimal blood pressure was defined as systolic pressure <120 mm Hg and diastolic pressure <280 mm Hg. Normal blood pressure was defined as systolic
pressure 120 to 129 mm Hg or diastolic pressure 80 to 84 mm Hy. High-normal blood pressure was defined as systolic pressure of 130 fo 139 mm Hg or a diastolic
pressure of 85 to 89 mm Hg. Stage 1 hypertension is a systolic pressure 140 to 159 mm Hg or a diastolic pressure 90 to 99 mm Hg. Stage 2 and 3 hypertension
is a systolic pressure =160 mm Hg or a diastolic pressure =100 mm Hg. If the systolic and diastolic pressure readings for a subject were in different categories,
the higher of the 2 categories was used. Multivariate analyses were adjusted for age, body mass index, hyperlipidemia, diabetes, and smoking and drinking status.

Antihypertensive drug users were classified into the hypertension Stage =1 group.

first cohort study to examine the impact of high-normal blood
pressure on the risks of stroke and MI incidence in a general
Japanese urban population, who have a relatively higher
incidence of stroke and lower incidence of MI than those seen
in Western countries.’

Compared with the previous studies, this study has several
methodological strengths. First, we evaluated a large prospec-
tive cohort of people selected randomly from a general
population in Japan, which allowed us to perform subanalyses
by age and CVD subtype. Second, our cohort population was
selected from an urban population in contrast to the majority
of other cohorts in Japan, which have been selected from rural
populations. Because approximately 66% of the Japanese
population lives in urban areas, this is an important strength
of our analysis. The health status of each participant was
examined every 2 years during a clinical visit at the National
Cardiovascular Center. In addition, a health questionnaire

was administered to each participant yearly by mail or
telephone. In combination with frequent evaluation of the
CVD registry, we could effectively examine the incidence of
CVD events in this population. Finally, we examined the risk
of CVD incidence, which is a more direct measure of CVD
risk than risk of CVD mortality, because mortality from CVD
is significantly influenced by treatment.

This study revealed that normal and high-normal blood
pressures were risk factors for CVD in Japanese urban men.
The results of a multiple ethnic groups investigation has
demonstrated that high-normal blood pressure is a risk factor
for incidence of coronary heart disease in both men and
women.'" Compared with optimal blood pressure, the relative
risk of CVD was 2.33 (1.85 to 2.92) for high-normal blood
pressure and was 1.81 (1.47 to 2.22) for normal blood
pressure among blacks.!” An inverse association of optimal
blood pressure and a positive association of Stage 1 hyper-
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Figure. The HRs and positive fraction attributable to exposure
to each blood pressure category (optimal, normal, and high-
normal blood pressures and hypertension Stages 1 and =2) at
baseline for CVD were estimated by sex. The gray area displays
excessive incidence of CVD due to normal and high-normal
blood pressures and hypertension Stages 1 and =2.

tension with coronary heart disease were observed in men
compared with normal blood pressure.'? The Framingham
Heart Study revealed that 17.6% and 37.3% of subjects with
baseline normal and high-normal blood pressure, respec-
tively, were diagnosed with hypertension within 4 years.
High-normal blood pressure has also been associated with
increased risk of carotid atherosclerosis,?® altered cardiac
morphological features.”’ and diastolic ventricular dysfunc-
tion.” all of which may be precursors of incidence of CVD.

Some prospective studies have looked at mortality from
CVD in Japanese populations. Murakami et al demonstrated
a relationship between prehypertension and overall mortality
by performing a meta-analysis of data from 13 population-
based cohort studies conducted in Japan.® Sairenchi et al
revealed that high-normal blood pressure was associated with
an increased risk of CVD mortality in Japanese men.?® The
NIPPON DATA 80 also indicated that high blood pressure
was a risk factor for mortality from all causes as well as death
from CVD among Japanese.?* All of these studies used end
points of mortality. The risk of CVD incidence, like used in
this study, is a more direct measure of CVD risk than is the
risk of CVD mortality, which is heavily influenced by
treatment.

In prospective studies examining the incidence of CVD in
Japanese populations, the Ohasama study demonstrated that
high-normal blood pressure was a risk factor for stroke by
using homed blood pressure, but not by using causal blood

High-Normal Blood Pressure and CVD in Japan 657

pressure.'® The Hisayama study, which observed the natural
course of untreated hypertension in a general Japanese elderly
population over a 32-year period, indicated that high-normal
blood pressure was not a risk factor for cerebral infarction.?
This cohort was approximately half the size of our cohort, and
the subjects were older and observed for longer periods of
time. Hypertensive risk for CVD decreased with advancing
age.? Over very long periods, confounding factors, including
advancing aging, menopause, lifestyle modifications, and
medication, will affect blood pressure classification. The
Tanno-Sobetu study determined that high-normal blood pres-
sure, determined according to the 1999 World Health Orga-
nization/International Society of Hypertension criteria, was
not a nisk factor for CVD in comparison to optimal and
normal blood pressures.?®

In this study, we did not find an association between
high-normal blood pressure and CVD incidence in women.
The association between blood pressure category and coro-
nary heart disease is well documented to be weaker in women
than in men.!? For each racial/ethnic group, the mean SBP
and DBP values in men were 6 to 7 and 3 to 5 mm Hg higher,
respectively, than the values in women.>” Postmenopausal
effects have been associated with elevated blood pressure.?®
Therefore, the period of hypertension exposure tends to be
shorter in women than in men. The incidence of CVD was
lower in women (3.9 per 1000 person-year) than in men (7.1
per 1000 person-years) in this study. The percentages of those
with hypertension who were aware, treated, and controlled
were higher for women than men.?’Because the frequency of
white coat hypertension is higher in women than in men,”3
blood pressure at baseline examination may be overestimated
in women, which may result in the absence of an association
between high-normal blood pressure and CVD incidence in
women.

The multivariable HR of CVD incidence for normal blood
pressure was 2-fold higher than that for optimal blood
pressure. In the Honolulu heart program and the Puerto Rico
heart health program, the multivariable HRs of CVD inci-
dence for normal blood pressure were approximately 2-fold
higher than those for optimal blood pressure.'* Thus, lower
blood pressure appears to prevent the incidence of CVD.

The crude 10-year cumulative incidences of CVD in this
subjects who had optimal, normal, and high-normal blood
pressure were approximately 2%, 6%, and 8% for men and
2%, 3%. and 5% for women, respectively (data not shown). In
the Framingham Heart Study, those were 5%, 8%, and 10%
for men and 1%, 3%, and 6% for women, respectively.'?
Compared with the Framingham Heart Study, the incidences
of CVD [or optimal blood pressure in the Suita study tend to
be lower in men and similar in women.

Our study has several limitations. The primary limitation is
a dilution bias?'; this study was based on a single-day
measurement of blood pressure, which may lead to a mus-
classification of blood pressure levels. Previous epidemiolog-
ical evidence has suggested, however. that blood pressure
measurements taken on a single day are accurate.’ Sccond,
approximately 10% of subjects who underwent baseline
survey did not respond o our questionnaires thereafter.
However, we found no clinical background difference be-
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tween participants and nonparticipants, because the main
denial reason for participation in this study was not a health
problem. Age- and sex-adjusted systolic blood pressures were
127 mm Hg for participants and 128 mm Hg for nonpartici-
pants (P=0.08). To achieve a minimum of failure study
subjects, we performed close follow-up with health question-
naires annually and health checkups every 2 years.

In conclusion. high-normal blood pressure is a risk factor
for MI and stroke in gencral Japanese urban men. Approxi-
mately 20% and 8% of CVD incidences can be attributed to
normal and high-normal blood pressure in both men and
women, respectively. To prevent the incidence of CVD, it 1s
necessary for subjects with high-normal blood pressure to
artempt to control these values through lifestyle modifications.

Perspectives

Although it is well accepted that hypertension is a strong risk
factor for total mortality and CVD all over the world, only a
few studies have addressed the absolute and relative risks of
CVD for the population with blood pressure values in the
high-normal range. In this study, the impact of high-normal
blood pressure on the incidence of CVD was examined in a
general urban population cohort in Japan. Blood pressure
categories were defined on the basis of the ESH-ESC 2007
criteria. In 64 391 person-years of follow-up, 346 CVD
events were identified. Compared with the optimal blood
pressure group, the multivariable HR of CVD for high-
normal blood pressure was 2.5 times in men but was not
statistically significant in women. This might be due to a
postmenopausal effect, higher frequency of controlled or
medication for hypertension, and white coat hypertension in
women compared with those in men, but it should be
researched further whether these reasons can be applied in
women. The risks of Ml and stroke for each blood pressure
category were similar to those of CVD. Approximately 20%
and 8% of CVD incidences can be attributed to prehyperten-
sion in men and women, respectively, It is a remarkable
finding that one fifth of CVD incidence is derived from
prehypertension in men. Our results suggest that it is neces-
sary for subjects with high-normal blood pressure to attempt
to control blood pressure through lifestyle modifications to
prevent the incidence of CVD.
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