—S28— FEBe: 58 BT

L | BR BEXHSELZHEEERSHEEREEBE SEBE

ERK
Rk
BERR
BERR

ARMEERd
ZL | BR RELTHSEXHEEERSEERBEEL|SHEE

E#R
$8A%
BEEEIRAR
SRR

HRHEEEE

]gﬁmﬁagm

[#4%v4ﬁwma~> it

6 HAERMGAREAE “BROBESEOHGHC T { SR IEREHROEH
B BRBRIBOLHEBOIY - UL ERIBER L L
F 1 DAEEROMSE :
#EI% : 161 bpm~, IEFAR @ 110-160 bpm, #REEIRAR © 80-110 bpm, BEMRAR : -79 bpm
T2 B g onHE
HHZEEEREIN ¢ 26 bpm~, IERMEE) © 6-25bpm, MIZ BN : -5bpm, HLENE &
REVICER D s dz o
3 —BERIROSE
ZE - DABIRA BB T A & c R 30 R, AR 15bpm B, o8
(WA BIA-EAR & <lEE) 215 B-2 ok

Bz DR PIB-R T A OB 30 U L, »oBTALERERSS—
R LHBIRPHBR-R T A TOB 30 UL, »oBTASERBENSICOENRS
BIE : WAMRE 15bpm BlLE, o288 (B BRR-EHE CchlfE) 25 2-10 oK
T4 —BEFRROBE L EEC O WTOMSE
- BHESBUERIRICIIERE SEZSEL LY,
PUT2EEOREL L, ZhNE2EREL T3,
- BE—EMERIR © BT A <70 bpm TR A 30 HBLE, ik

& [ RD 70-79 bpm RN CRESEREID 60 LI E
EHR BRI BE» SR T AL COOEEIET A 15bpm M E
- BIE—BERIR : BT 55% 80 bpm i

EHMZERPHE L “BROHERORELE
£ 13, bBERBIIRABLHEAY -0
BEDIEHEE RS> bDTH Y, Tk
2003 4 (FEL 15 %) ICHAERMGARESA 1, 1997 4£10F6# X 172K [E National Institute of
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% 2 BREMABE»SDEHML AN S DEEZROINTEHEINI WG

ERE

wHS

TFEHF (normal pattern)

FIEH I (subnormal pattern)
BEWL L 1 (abnormal pattern level 1)
BEWIL VI (abnormal pattern level I1)
5. BEFEML VI (abnormal pattern levellll)

O I R

LESIET RS

FRRE, BRI, &5IRRTFILE

B0, RENLEDT, &5vI32EERoER
REGLEORT, SEBROWER, 23RSk
p=buse i

1) TRCOBRODHEEIIERL L 1-5 DLW ThicoEING,
T 2) ASEEenR, B, SENAE, RUERRER, SUERRETIC S 08, BRLALKIGUT

INSDMIGZIT) .

7 3) RENABONE | SN, BERS, R (BEAEAEEORE - Fik, B Lo TRALF
AEA, FEGC k3 —BEEROFERE, FENERNRAORE LY

HE4) BRLAVIELTC, WISRBREY 254, R0

HR (ERBY, BEAHHE, RTRTRE, B -

Jals - FKDOBHERY) o TICEROEE (BRAFTUEFRRL L) 2EET 5,

£73 HOMELAND SECURITY FRELFIEE HER  FEE
£/ ADVISORY SYSTEM B FauES—x BEE  FHEW
Tsevere [EERTRNEE TN SRR el
AbHV FREG BHRE HEfE
RN HAB3HPES D
IBHEW Fazn
' GUARDED
5 R

7 BIRERL AVICEo 7, ABECE &R - BERS

Child Health and Human Development (NICHD)

DYYF—FHA FI4 DT HERL T B, Zh
SDHAF T4 i, RBEEEICEY 55
LT, 2 2OHEEFIDOALPERL T,
“E, BREMZESHPERTH D, —BEEIRDH
h, —BERIRNELEE, RBBEETHZ

B OWEKR o, BYVETER
BERRCEELS—BERIR, 7 IdREEL
—BERRCEERIRGHEERT 2 L X, IBIE well-
being REEINTwEBZN D 5 LHET
2" D2RTHB, Iho6EBRL, AFAF7
AV CRAEPRESOREL B Y “BREEE

DR REST" BEIBEZNGDVERTH 515
XY, 7RI ICEREL Ve 1 RE
EREE WD, £, “ERMLESHE OBE
IZit, ZROATERELVRL S (BEEZLX
VM) LT3, EEHEEREMGciE—KE
BEL AN EN-TnB I LB EET 3,
FEO@IHEL 2 oINS EEL TR, —EL
EBERER ok, L, SHRESEE
BELERLTWBRZ E2EARLE, L2250
BRGS0 8% — BB L TH, BRE well
being EVAM & BRI R IEDAEHE(L % BRI
LREMH Y, BE, HFY, IoICKEILBY
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T, DIFEORY — vl LR EIRIRERE
EORIRE X UEBRRIMBIEN LT F o4 v
PREIN, Z20Fh 3 BE (3-tier system)

WKABEINTYER, PHSENLTE 2 RAD
Hb, 22T, bHREBVLTIIMBIC 5 B
(5-tier system) DEHEAHEIEDO X 7,

HERHEEOES RN

8 XRZHE LABERMUToERmZ2E Y
%, OEZBHAEEPEECTCHIL, 98%ICT Y
F—s 2 (pH<7.10) »872\>, @ HGHZE)HSH
SERFHEETIE, 20 23%IC T F—2 A0
b5, ZOEwEERT 5 LBERESICB VLT,
FHARMEBNI AR well-being 2 FHIT 3 ) 2 Th
HEAIANZIHBLEZIONS,

¥/, BFAMEEIR (ate deceleration) & &
B—BMERIR (variable deceleration) %, #RIRD
BESHRIRERMICEE I 2 BEENHTIC
onT, BEORIEIM pH ETFHEEI N T
B bbb, EFHE—BERIKICEVLTA,
—BERIRD OHABCT BEEEDS 45 bpm Bk, 15-
45 bpm, 15 bpm KL BEIC L 2IHE->T, B
RBifl pH B ERT 5, 7, EH—BHERIRICE
W, S (RS 60 UL, »ORTA
70 bpm K¥), HEE (FHRHE 60 L E, »
D I A 70-80 bpm, FERERFH 30-60 ¥, 05
T 70 bpm £i), Z L CRE (ZhAN0EH
—IBWERRIR) 1<% B o TR pH 28 EF-T
%, XERRE 32 \28, BIE—BHERIR (pro-
longed deceleration) 2B W THERKETH 2 L HEE
I,

B &bz

REHEEPBHEBEINLI L v 2Ok
i, SOLRLEMNELHRBNEOEELED S
Bz, REHEE»S R “Qofry35” o
AL U TIHERECORME, “WoA v 7 5” O
e Lok EEROMEY B, Z20OFT
ED KD REEBERSH 5 O HiEEE B,
fTolAKRD, EDEIRKBEN TRt
WY, Ya—bT74—FNy JEHBPHEITS

BB o8 BT
EHLELDOTEETHL I L2HRT 2,
51X

1) FESER L RAERORESG LB ICET 25
e THEMER L BERERORER & EEE
TEBREBES) ~HEYRAERICEIT3
MRy b TRE) ORERICET T~ 2009 4 3
H4H.

2) MEEHE, % M7 EERECY v —-YHREAE
EEFEHRERREMRYE, 72 ORERSHSR
HEAGRFET LHEERETOSIF LRSI
B9 2058 Fhk 19 EERTE - SHEITRHE.
2008 ; p.15-35.

3) WHEH # M7 ERICEGHL - —BREE
BRIANKCET 2287 v — . BEESEH
S REMBE, T8O RERSHAEE ALY
RILC ERERNCONN LRE ICE T 2%
SERL 18 FERTE - SEBRERE. 2007 5 p111-
38.

4) BOx— —BUBEES AT L0h0RTHE
DREI. BEBLEBEENR "REHEE
AT LOYE, FMIcBIT 2% B 3 EEH
. 1992 ; p.37-41.

5) fhARIEHE, BIARX, AREBE, DREkR, FiE
¥, EEER. bEORERE v —IcBiT 3
LEERILC OO & BHIENR. B4 35 Ermms
BRiBE, F L RERATIREE A RIGT
CEERBCOSIERE CET %K. R
18 FERIE - HIHPZEE. 2007 5 p.249-70.

6) REHISE, 2K F BB, MERE, 808
B, MEAT WIS, BEMERS AT L LRGR
B2 AT LDOBHEEICEET 2 %R, BN ER
FMRERYE, TEORERATESE—AY
RIFET L EERIEC OSHT LR T ICB T 2074
ViR 19 FERE - S ETEHE. 2008 5 p.149-
54.

7 BHTEE, b, KTEHEE, RESS, NEi#
& BiEd BEfY Y Y — o8BI 3R
M2HREERE RATIUHBOoIGZ SO
2. BRBENEMRERYE, FELRERS
MAFE L RIET LIEEBHC OO LR
BB 2R TR 20 FERE - EEH
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T AR (EIBERRE 2 — BESH)

“Saving mothers’ lives” — i EEIRDRBEEEICRDE
ERICRVBATOBEMFYXCHNT, 3 FEIC—FR
TENBRERETREREEZEOR 1 ML THSB. 2003~
S5HED3IFEMOBEICLDE, 1F)XHT BHEELR
ECORRDE 1 il DNEERBS ST S5 THY, 10
PHESHV23AEHRESN, TO0FMT 2 ELULE
BoTW3, 2005 ENHhH EICH T B EERFET RN 10
THESHIWETA, 2056 0MEEE S0 -REEE
BV TENI10PHEESH V1A THIDELEL T,
ChEPEBNEBETHS. 27, WHODEEHC L
TH, DMEFEBEIHFAOEERECOERD by T &
HoTWd, ZOLOGHEREENEDEZE NI, B A
AANTEREFRADE N, £5F - EEKEDEHIEEL
, TWBDTHA2Y, hHEOFETEZEEOER DEER

) RCORBRHOEALE, [BHREBLIFERIVESSIEL
HEART S DRMEDHDEEL5N 5. HiE - EEENNECORS
o X, DR 7 BLIE 1 ELIROBEEERETHY 3EE
S e I e C 1' l O n CHLTHENCLDBNALE DS, PIEICHY B
NERBIZEZBFERCOERHIE, BHLIUBIEZH,ICE
BA20TREVLEFAINZDTHS.
ZDEDIC, RBOBEIFHEOEICHEET 3/0HK
EHHFIRTH B Y, BEXRKMEDERL EDRBEREDR
L, BREPRBEFENORE, HEFROSEE, £F0
BRR{bm EC LY, by ETHEIMERICHEEEHhNS,
SHERZOLILEEER DL, BHRIREMBICHEL
THZEEL, BREETUSLIEEEL, LhkhREkic
WS BVWEERIEIE, Y X IFHEAEXEMOFENE, F
IR HEEZDCZLETHBEFRICEAIBELEICD
WT, BHZA 25D RREHITROBERICED - THEON
PHEMIRICEHREBFEV LA, £, KEEFHTESY
BENFARELEDL EIC2EREET-> TV EELD
BFEEIC DWW, REDEFE LRI EF32 & LA
DREREEHITIRIE, 5% T, SEFMEROER
BiCHhY), EROEE,PEBETHS. “Saving mothers’
lives" £ S EEIC, EHME, BRHBVE, NERE, 48
E, MEBERELENFEEZL, BLAOREICHZZED
KUITHY), COBEFZO—BhELhIEENTH 3.

A% Vol.41 No.4(2009) 3
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SHDERE FIREBRRE

MWMEEAY R

BRIBMERE=Y —DEE
—BENSREF CTZIRDIERDT

e
IS5
&b

(SUMMARY) BROoHEEE=s Y ¥y 73aeXk
85% O IcER SR, BRTHERRMIZACER
LTwaizbdhrb b, HiERRIERRHIERE L
By EgsrEwITEFrAERY, LL, EF
FHIELEE X, BLAEETRBVTRORE
FRREFTHLESNSE, IhE TORBOHEE
ZHYVIOERERIRIELILT, TOER, B
JUBEDTA K4 2 BRAL, TOBRKIE
HEBELCHETAZEOEER 2L TS
PENH L. (FERRAE 53 :409-415, 2009]

(KEYWORDS) MEDABRE=YU I (fetal
heartrate monitoring), Electric fetal moni-
toring (EFM), Cardiotocogram(CTG), #
A RSA4

[FU&Ic

JlR OB (FHR)®=4 ) Y 73BT
S GRETHAH. F1E, TRICET HEIK
BAEEDS, BRNERICELTS vFaftar b
- VBRI ERE, EROBROBGE
TENRHFFERLTWELZELALDLOTD
2V, Zo#RIE, 2003 EROKREORRERL
TBEY, ~HRbIPEOFELHET S, LrL,
ZIC, EETREI, £2%85% 04 ER
ENELCHRICERLTCWA FHR 2% ¥
7, Eix, HERIRFERHMERE R RS S E S
EWVWHIEFVARLWOTH S, Fiz, RERE
BEELZETEVIERNZLVOTHS. 2EZ
DX REMEAT S NREICH LT, BRER

WEBIEH LB TWADTHAEHI . 20T
La, BMLTWELDIL, FHREZ5 Y
VIDBREEEDREo TR I EET S,

RREBEET=-YUV I DR
&b

1817 4E1Z Laennec Si2 & o CIEZHIHRES
nizhs, F05EHIZIE DeKergaredec I2& o
THRRBRLESERESR TS, FRUR, JFE.L
BRBBIEETWAEEL LTERSNTEZ.
® 512, 1893 4EIZ Von Winckel 755 R 0305
160 bpm (beat per minute) £l Lk, 120 bpm ELF i
JIRIRFEDOMBETH B Lab 722, JEROIEIC
L BIERBEEOFMEIIEE o 7205, 19 AL
RKOEED, 20Kk, WEMICHDLTHY
SNTWOTH 5.

1960 4E @i #1412, K E @ Edward Hon (1958)?,
% )V &7 4 @ Roberto Caldeyro-Barcia (1966) ¥
& ¥4 v @ Konrad Hammacher (1967) ¥ 3% 1L &
B, BERROHEYBRNIIERTHE
(FHR £ = % Y » 7/, Electric fetal monitoring
(EFM)®, & %\ idf5 180309 B (cardioto-
cogram ; CTG)]) #M% L., ARENFERZIOD
BEPSET -t Vo THBETHLRVTHA
3. HTH, Hon 2L ETHHENDY, £O
%D EFM OEEEZBEo T DTH 5.

Edward Hon 13, #— A SV T TE - 2HHE
AT 575 Loma Linda KFEFEEEHEL:
%, Yale RFERARCEEL T T,

1) IKEDA Tomoaki EMIERIHHL v & —FEMHH - &

2) SUGA Sachie R#t

0485-1420/09/ ¥ 250/3&3/JCLS

BERMAE vol53 no.4 2009448 409

—279—



£1 HRCHATIBERRERCSIIIET CALERE

SEARI T B BRI L B | R
REBLE 7TV R EBRAERESEGRLTHEH
BIRBEEA A — VRE (FRTH) LB + 4+
RETFTEIHE=% — LE - =
B F7IBRE (N Y A7 iER) LB +
FEPGHIDH(7 B ki) LA +++
VEREANDOATF UL Fik5 (HE%S) LA +++
TERENORIRIREIRCR VE Yk V£ V5 LE -—
BIR 7 4 793 s F (negative predict value) 1A ++
HERLVY 7 A LBRHERESSEL RVE
BROEKE= ) V5 LC +++
TR R FRAL LB - -
BIRBERA A — UKRE (EREKL) LE 4+
FE RIS (7 B kil) LD ++
RET Y7 ¥ 2T 5 BRI FHEASR A %51
PHBE~DOAT O A FRE(BEHERS) LC +/-
BRAVATF I A—% ILC +/=
FRIRAOER ST 54847 (STAN) LB —HTHRBRINTNS

TEFVALARMET ~, #3EL AV, US Preventive Services Task Force 12 & 5 A~E O B IS 2R,
BRI EREE, —~+++, (1) 2HE) 2003 FEREH,5BF 0 EMOKREORTZEZRLTVE,

T%%, BRRACHFTTBY, MECKIERED
MEE=y—2HBWTH(R1). 2HREFEOKEE
=y —OHMICHAB IR OB, BKEC
B IREHEECEEL 2 Y v T TEETLIDOTH -
720, FOBLEABEBVBERSN, BRELL
ELERSTRE E e o 7z,

Hon ¥, REHLFEWIHE TH o7z Edward
Quilligan & & B, AN T 2 V7T KE
(USCO) AT 2% L, EFM OBEISHE 2179 .
USC iF, B, v x5z v 7 REREHOI,
HRTORIFSBRIYFRE o206 TH
5. SHBCBELA-ERZECRR SN EFM
AL, T FERSIhTwo%, L,
FRIREAMEFIZ, EFM 2 &< EE LWL,
BELLBLEOT VF AR R SR T W
MolzZ b, thit T T, EFM OFFHEICH T
%, HMENIEPFTERVWRAZERTIE L2
5.

RARRETOREALDD &,

EFM B4 h7-ER%2 P LEBH L /2w, EFM
HBAFE S N7z 1960 SRR, 19RO A FY R
DEFCHHE Little DB|MED S, MR LR
REBEREO [HEMREE] &, 5%EBEOR
AELEERTHE LT HEZDN BN TH -
72", 7z, 1951 4E|Z Lillienfeld & Parkhurst #¢
$#1"8 L 7= “continuum of reproductive casualty”
EVIBED—RIZELOATWAY, Zhig,
[FEHREE] &, BEY, EKBREEAINLZ
LT [UELTwaRE] & [T oI
WEL, RIEECTEL{ k2 REOLEIIEIS
DBOLEVWIBETHS, TNV I IDTAFY
ViR Z o 72, Myers D—HOEED, -0
BEEE TR LAY.

B2 F U< LRBRR L bl EoREIC X
D, TEURAMPDAMELVELIITEL LI
ToTWwWi, ZOZ &, FikEEIC EFM TR
FEZEMCERL, BESDNIFIWRMNC
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Lo Tl T 52 LT, FHERMBIZIZL AL
CTENTELLIHICERY, BFURECHMREE
ER IR T 5 L8 L 5 M7z (Quilligan, 1975) 1.
1971 4, R[E® Nixon KFLFHD President’s com-
mission on maternal retardation O T, 2000 %
FCIC T 5 & % National goal & iREL 72
X, BEACOEFEBRED, BRIGET
ELHDEERIZDTHA.

1980 £ DJEEE K7 7 B DBISE, 1980 FDHD
B8 (autocorrelation) &, EFM % £ HR# 0
L iRk L BRI, B0/ YL & KM
HBibdbdo T, —ROERER~NOERIZTIER
ViR WAN

LB, RPTAP)A—=LZ2RLDETHHE
BBEELZFMT 54LFEE EFM L EL L0 R
wh kv, BEfRAOERIEZRONR. L
ML, TNDY TN A L BOEEEDFEHT
25 EFMICERFENDLZ &R 5.

3 51, 1660 £4, XY ¥ @ Erich Saling
Lo, MFFREBIEEREBEOSTHAOKER
R i ¥ (fetal blood sampling : FBS) 2SE A &
72, FHR/$% — Y E FBS D ELLENRT
WEREVIERDDoZ. L2L, EFM % A
7Y—= e LTCHEAL, FHRZNy 77 v
TELUTHAL, HERSHIZERTLZ 8Tk
HFEHDOWNI2,

. } )
B 1 Edward Hon EEIOBRE-OLBEE=2Y > ¥ (Ju-
lian Parer {4 5)

@ SIREIDIRBEEERES L
B CHERAINBDLIICHEE

BRI DO ADBIETdH o 7225, SHREID
felRFFHlEE LT, AF Y Py IV EREE A

\
o - , Thb. 1981 FOHRERABES (BHARE
bb‘@,\w EFM @%At rLate @l{&tﬁ-‘ ﬁ%m%) ME éé%ﬁ) E f%ug é hf: FHR }\’
OHFENI, EFM PFBHICEREOE~EA 3 y—rOHETH, [JRBRYA L A-ERE—AN
hi-oi, 190 EROBPETHo72. DL E, HIR-FEUR! CBRIEELS VMBS
S FHR €= %Y v, CST, NST 7%, I§ bz, LzhoC, BRRI—ESHBRIKRkE &7
R ARORES, BRNERITLIER SN S EEZ RIEE SR wE [Late DRM] 12
HRwE FIL, KENSHASRE. BETY, & B DBEELD, L LBRAEEZMCEIER
WO FHR €= %) Y A NST L IiZh % = CTHh, Murata HIZ L 5 (1983) 7 4 7 HFIVEE
EERLITLIERICT 5795, CST & NST 34481 FOERTHIHEWENTVB LI, HLDER
OBREEEREZE LTHREIRANTRETH ~— @R IR KB R i E (hypoxiemia) D ¥ A >
%, BREMCE, BRI OSBNERABT S ThY, —BEFIROBEEE, EHREESHOMHEK
®, NST DEFE (T4bb—ANEROFETH IR ERZ 2 F U T 5B IMJE (acidosis)
EVZFEIHELZES CST 0ERE (B —BNE ERBTAELOLDOTHL. Lo T, BR—
ROFETHE)ICETT AL E L bR BYRROBBEDICE L, EETREY S
Thbb, BRERFZEFETLLEESCE, — ThHHY, BUERHEH I R TWwER2S
BEAROBEENTTEZ Y, EX—BEGHIRS i, £ 0%E, ELICBBT a0 Rw,
HIBL, 7RA74F IV 7ALETFTHEELZ-D
\ J
BB vol.53 no.d 20094E4 H 411
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DIYERTE

Research Planning Workshop

Electronic Fetal Heart Rate Monitoring:
for

May 15-16, 1995
Nalcher Building, NIH Campus
Bethesda, Maryland

Nationa! institutes of Health
Hationat Institite of Chitd Heatth and Human Devalopmant

2 AARKI1oDaA 2P REH
1995 4 6 # 2 F£HIC, REE/NEBREREHEH
(NICHD) S AR v H—Et %o T, k2P LIl 18 AD
EMEIPET o/ 1995458150, 16 Hicirbhi:
%1 HSEEHORK BREOCHEEE=S )Y 7OHE
RERBIIODVTORVEGBRFfTONRALD, 2% R
PRONLIENHE Lol

9 % contraction stress test (CST) RS & h
72. ZHUE, Pose HAT1969 FICERLZLDT
& 5 D%, Long beach E2 &% FE D Freeman & 7%,
ZL OBKRPICISE LT, FRAMEZERLAY.
R EED Rochard i VY5~ b DERZ, CST A%
B chLEME, TCCST DR, %
P UERE LRVWERIIZ 20 0 2 BB R0
—AEHERSHHERRABL, AFT PV UE
WHELO) VAPLVAFAMNNST) ZHRL
7=, CST ORATICIIBETIERN DL VDI,
NST X Z0BEED S, B MICEKRICE D -
TWo/lzDTH5H.

EFM S2&:HH

BED X9z, EFM AP ERT 5 L EEHET
TIIFENIET L2225, MR RSB
EBA Lol Ths.

LMOHFICR LB RTH o722 L2,
1970 E4H 5 80 AL HIT T, 220D F 4L 7D
MEPEAITbNII. 1D, 5HEICEFM
EBIAT o B LEZE L LTHRMIT-

THEORBTH S, LR, FRIBOIRECE FER
LZWAR%ET) 2 &, MBI RER KT
Tholz. ZTOMHE, EFM B, MRWES
AT, BofesR, BEE RUFHLIOIR
LIRBENIBDOTE AP o7z Bz, &0
HRICBCYH, EZHIYLEEL, FTLEUH
RWEE| - SHF BRI A BREE T THL,
Kotz

I 1205 471, MHERRELR CHRTFERAR
EBl2 B8k, E¥BLAERRT % BT A5
FTH 5B, KD 50,000 FILL LA Z FEHIC
#&F L 72 Collaborative Perinatal Project of the
National Institute of Neurological and Communi-
cative Disorders and Stroke (NCPP) ¢, Mtk
FERD S BT, HAROKEREF MEKRED
FRE INAERZ, €0 12% LERICH L
<, BHREZEERLIZLAYEEL W E &S
ENMP FA—2Z 57, Perth FE®,
RSN, SR CTRIEHSNIHE
HEALNTVABY, E20F—5hbb, 1277
» 15% D FE B A5 B kE O R T HSH Mk R o0 B I/
ThHEHEEINDITTE D729,

UE, EFM ¢ EZEOBRKBIE L, WMiRkRE
DEFMROFERD? S, HRFEOEBREENER
DFEMREEX, UEIohTwadihdw
A= BERTHLI PPl THo7.
BWRR DL, THREEBTEICLLZTA 74 %
VT RTHTAIZDOEFM B 7 VICERFAL
72ELTH, BENREESARLRISELL v
R VRBBVWENS L TH o7,

SREDON N, EERELEH
fe 155

L2L, ThOBEERBS L UEEREOEEICD
2ob6T, BREIZEFM ORIk sZ L
Baho/zDTHsb, RE, DPEICBWTY
95% LA LD 4k, EFM 2HLTWwW5 LH#EE
Ehab.

ZOEHD 1D, BEOEBEFEHET LI
LT, BEEREEY -V rboT,
ERIIIERBERESEE SR TWBER) B
DTHLRWEVI RFTEFHOZORER, LT

412 BERMRE vol.53 no.4 200944 B

—282—



| S

Seminar of FHR monitoring in Miyazaki, Oct. 9-3, 2002, Miyaz
3 [RECESmERORELEE] FR

BAEMRBANSLEENEES(EREREAR, AHMNENERKEZERBILI LV
7 4 V=7 REEZIER AR Julian Parer #iF %2R E, b2 EO [MRIBCHEMER
EoFErER) 2EELE. 2002€ 10820, 3HOWAIL, EMEMKFES
#8-C Seminar of FHR monitoring in Miyazaki & # L CHE & hiz, BFIHRA Parer

k€5 s

LREMEEESZVE DT L L) BHDR
FleevFLTwhiotBbhab,

b9 1 o0BEIE, #¥ind 2 EEFRINITT
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Risk-prediction tools for cardiovascular disease based
on Japanese cohort studies
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ndividuals in the general population would

benefit from knowing their future risk of
cardiovascular disease (CVD), such as coron-
ary heart disease (CHD) or stroke, because
this would motivate them to improve their
lifestyle and/or take medication adequately.
Many risk-prediction tools have been devel-
oped for this purpose, mainly in Western
populations; for example, the Framingham
CHD risk score and New Zealand and Eur-
opean risk-assessment charts have been used
for patient education.'™ High-risk strategy is
an effective approach to preventing cardio-
vascular disease; high-risk status can be read-
ily understood and strongly motivates
individuals to change their lifestyle and/or
maintain adherence to a medication regimen.
Risk charts and scores are effective tools in
such a strategy.” However, we cannot adopt
the risk charts developed among the foreign
populations because of the difference in CVD
mortality and its subtypes among different
countries.® Accordingly, there is a great need
for risk-assessment charts or scores specific to
the Japanese population.

A few risk charts and scores have been
developed for Japanese populations. For
example, in the National Integrated Project
for Prospective Observation of Non-commu-
nicable Disease and Its Trends in the Aged,
1980 (NIPPON DATAS80), Ueshima et alf
presented their original risk charts, which
were based on random sampling of the gen-
eral population throughout Japan.” In these
charts, the probabilities of death within 10
years from CHD, stroke and all CVDs were
compiled in a color-coded display combining
10-year age group, systolic blood pressure,

T Okamura and A Higashiyama are at the Department of
Preventive Cardiology, National Cardiovascular Center,
5-7-1, Fujishirodai, Suita 565-8565, Japan.

E-mail: okamurat@hsp.ncve.go.jp

smoking and serum total cholesterol and
glucose levels. The six colors on each chart
corresponded to levels of probability of
CVD-related death. Unfortunately, these
charts predicted only fatal CVD and were
based on a limited number of predictive
markers measured 30 years ago. The Japan
Lipid Intervention Trial (J-LIT) charts also
show absolute and relative risk for primary
and secondary CHD, derived from a 6-year
prospective study of about 50000 partici-
pants; however, the data are from a cohort
of patients with mild hypercholesterolemia
and under simvastatin treatment.® Risk
charts for CHD and stroke from the Jichi
Medical School (JMS) cohort study are also
available; these were based on a 10-year
prospective study of about 12 000 participants
living in 12 communities, but the surveyed
communities were limited to rural areas>!?

Arima ef al.!’ have now developed a risk-
prediction tool based on one of the most
famous Japanese cohorts. A total of 2634
participants in the Hisayama study were fol-
lowed up for 14 years. Arima ef al.! used data
from randomly selected two-thirds of the
study population to develop a new risk-pre-
diction model that was then tested to compare
observed and predicted outcomes in the
remaining one-third. The model showed
good performance in detecting high-risk indi-
viduals. Data are collected using a simple risk
score sheet that records sex, age, systolic blood
pressure, low-density lipoprotein (LDL) cho-
lesterol, high-density lipoprotein (HDL) cho-
lesterol and smoking status. The model was
the first to entail a score sheet rather than risk
charts and to use LDL and HDL cholesterol
levels as prediction markers in a community
setting. This score sheet would be a useful
guide in identifying individuals at high risk of
CVD during annual health check-ups in rural
communities.
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Still, there is a need for additional predic-
tion tools tailored to the Japanese population.
Although the study by Arima et al!! was
carefully designed, it has some limitations,
due mainly to its small sample size. First, sex-
specific risk scores should be presented as in
other previously published risk charts for the
Japanese population;1® however, Arima
et al'! assessed men as having a higher risk
for CVD than women by two points—
equivalent to the risk increase with 10 addi-
tional years of age. Second, two types of risk
score sheets are needed: one for CHD and
another for stroke. The risk score sheets of the
Hisayama study combined these end points
into one category. Many Japanese cohort
studies, including the Hisayama study, have
clearly shown, a high level of serum LDL
cholesterol is a risk factor for CHD, but not
for stroke.!?!3 Third, their risk score sheet is
based on a cohort study in one rural town.
Accordingly, this score sheet may be limited
in its generalizability to urban populations, in
which the incidence of CHD is much higher
than in rural populations.!%13

In any case, the risk-prediction tools avail-
able for use in the Japanese population will
improve as ongoing epidemiological studies
yield new outcomes. It is difficult to address
this issue in a single cohort study. Meta-
analysis using data on individual participants
from many cohort studies may be an efficient
way to develop a risk-prediction tool for the
Japanese population in general.!*
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Objective: Only a small number of population-based cohort studies have directly compared the predictive
value of low-density lipoprotein cholesterol (LDL-C) and non-high-density lipoprotein cholesterol (non-
HDLC) for coronary artery disease in Asian populations, such as Japan.

Methods: We performed an 11.9-year cohort study of 4694 men and women, aged 30-74 years, selected
randomly from an urban general population in Japan. Baseline LDL-C levels were estimated using the
Friedewald formula. The predictive values of LDL-C and non-HDLC for myocardial infarction (MI) and
stroke were compared.

Results and conclusion: During the follow-up period, there were 80 incident cases of Ml and 139 of stoke,
comprised of 23 intracerebral hemorrhages, 85 cerebral infarctions and 31 other types of stroke. The
Hazard ratio (HR) for Ml was highest in the top quintile of LDL-C (HR: 3.03, 95% Cl, 1.32-6.96) when male
and female data were combined. The HR for Ml was also highest in the top quintile of non-HDLC (HR: 2.97,
95% (I, 1.26-6.97). Analysis of trends showed a significant positive relationship between MI incidence
and serum LDL-C and non-HDLC levels (both P=0.02). However, there was no relationship between the
incidence of any subtype of stroke and either LDL-C or non-HDLC. The predictive value of LDL-C and non-
HDLC for MI, assessed by calculating the differences in the ~2 logarithm likelihood (~21n {L}) and area

under the curve {AUC), were almost similar.,

© 2008 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

The causal relationship between high levels of serum low-
density lipoprotein cholesterol (LDL-C) and coronary artery disease
(CAD)is well established [ 1-5]. Blood LDL-C levels are therefore the
main target for lipid management in the majority of guidelines of
developed countries for preventing atherosclerotic disease [3-5].
Some US cohort studies have also suggested that non-high-density
lipoprotein (non-HDLC) may be a better predictor of CAD [6,7].
However, to our knowledge, only one population-based cohort
study has directly compared the predictive value of these lipid
markers for CAD in an Asian population [8], which have a lower
incidence of coronary artery disease, but a higher risk of stroke
than Western populations [9-12]. Furthermore, although it has not

* Corresponding author. Tel.: +81 6 6833 5012x2228/2188; fax: +81 6 6833 5300.
E-mail address: ckamurat®hsp.ncve.gop (T. Okamura).

0021-9150/$ - see front matter © 2008 Elsevier Ireland Ltd. All rights reserved.
doi: 10.1016/j.atherosclerosis.2008.07.020

been shown that there is a positive relationship between the risk
of any type of stroke and high serum levels of total cholesterol (TC)
in the Japanese population {9,10], the effects on stroke incidence of
the closely related lipid fractions, LDL-C and non-HDLC, have not
been evaluated.

The purpose of this study was therefore to investigate the pre-
dictive value of LDL-C and non-HDLC for the incidence of CAD and
stroke in a Japanese urban population over an 11.9-year period.
Our a priori hypothesis was that both LDL-C and non-HDLC may
be useful predictors of CAD risk, but not of stroke risk.

2. Methods
2.1. Populations
The Suita study [13,14], a cohort study of cardiovascular dis-

ease, was established in 1989 and included 12,200 Japanese urban
residents of Suita City, Osaka. The participants, aged 30-79 years,
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were selected randomly from the municipality population registry.
Of these, 6485 men and women had a baseline medical exami-
nation at the National Cardiovascular Center between September
1989 and March 1994 (participation rate: 53.2%). Of the 6485
participants, a total of 1791 were excluded for the following rea-
sons: past history of coronary heart disease or stroke (n=208),
nonperiodical participation in baseline survey (n=79), aged 75
or older (n=343), non-fasting visit {n=153), use of lipid-lowering
agents such as statins (n=106), serum triglyceride >4.5mmol/l
(400 mg/dl) (n = 98) and missing information at the baseline survey
or lost to follow-up (n = 804). The data of the remaining 4694 partic-
ipants (2169 men and 2525 women) were then analyzed. Informed
consent was obtained from all participants. This cohort study was
approved by the Institutional Review Board of the National Cardio-
vascular Center.

2.2, Baseline examination

Blood samples were collected at the National Cardiovascular
Center (NCVC) after the participants had fasted for at least 12 h. The
samples were centrifuged immediately and a routine blood exami-
nation that included serum total cholesterol (TC), HDL cholesterol,
triglyceride and glucose levels then carried out. LDL-C was esti-
mated using the Friedewald formula[15). Non-HDLC was calculated
by subtracting HDL-C from TC.

Blood pressures were measured in triplicate on the right arm
in the seated position after 5min rest by well-trained physicians
using a standard mercury sphygmomanometer, The average of the
second and third measurements was used in the analyses. Hyper-
tension was defined as either a systolic blood pressure =140 mmHg,
a diastolic blood pressure >90mmHg or the use of antihyper-
tensive agents. Diabetes was defined as a fasting serum glucose
>7.0 mmol/l (126 mg/dl), the use of anti-diabetic agents, or both.
Height in stockings and weight in light clothing were measured.
Public health nurses obtained information on the smoking, drinking
and medical histories of the participants.

2.3. Endpoint determination

The participants were followed until December 31, 2005. The
first step in the survey involved checking the health status of all
participants by repeated clinical visits every 2 years and yearly
questionnaires sent by mail or conducted by telephone, Informed
consent for review of in-hospital medical records was obtained
from 86.2% participants who were suspected of having had a
myocardial infarction (Ml) or stroke. The medical records were
reviewed by registered hospital physicians or research physicians
who were blinded to the baseline information.

The criteria for definite and probable Ml were defined according
to the criteria of the MONICA (Monitoring Trends and Determinants
of Cardiovascular Disease) project [16], which requires evidence
from an electrocardiogram (ECG), cardiac enzymes and/or autopsy.
Stroke was defined according to the National Survey of Stroke
criteria [17], which requires the rapid onset of a constellation of
neurological deficits lasting at least 24 h or until death. The strokes
were classified as either ischemic stroke (thrombotic or embolic),
intracerebral hemorrhage, subarachnoid hemorrhage or undeter-
mined type. Adefinite stroke was defined by autopsy or on the basis
of diagnostic imaging, such as computed tomography or magnetic
resonance imaging.

Cases with typical clinical symptoms, detected in the clinical
visit during follow-up surveillance, but without informed consent
for an in-hospital medical records survey, were defined as possible
MI or stroke. Furthermore, to complete the surveillance for fatal
MI and stroke, we conducted a systematic search for death certifi-

cates. All death certificates in Japan are forwarded to the Ministry
of Health, Welfare, and Labor and coded for National Vital Statis-
tics. We classified fatal MI and stroke listed on the death certificate,
but not registered on our surveillance system, as possible M[ and
stroke.

2.4, Statistical analysis

Sex-specific analysis was performed. We set the cut-off points
for serum LDL-C and non-HDLC according to the quintile ranges.
For baseline characteristics, analysis of variance for means or Chi-
square tests for proportions were used. The multivariable-adjusted
hazard ratio (HR) of LDL-C and non-HDLC for MI or stroke was
calculated using proportional hazards model adjusted for age,
hypertension, diabetes, HDL-C, body mass index (BMI), smoking
(never-smoked; ex-smoker; current smoker) and drinking (never-
drank; ex-drinker; regular drinker). Sex-combined analysis with
further adjustment for sex was also carried out.

Separate models with LDL-C or non-HDLC levels as ordinal vari-
ables (median of LDL-C or non-HDLC quintile) were fitted to the
other risk factor adjusted models (test for trend). The differences
between the -2 logarithm likelihood (-2 In [L]) in each lipid added
model and the —2In [L] in other risk factor adjusted models were
calculated. These differences had an approximate x? distribution
with 1 d.f. These x? values assess which lipid had the greatest
predictive value in other risk factor adjusted models. The abil-
ity to predict which people developed cardiovascular disease was
also assessed by calculating the area under the receiver-operating
characteristic (ROC) curve (AUC). This curve showed the predic-
tive probability of the variables using logistic regression analysis
and the same covariates used in the multivariable model of test for
trend. Furthermore, the predictive values of the ratio of LDL-C to
HDL-C (LDL-C/HDL-C) and the ratio of non-HDLC to HDL-C (non-
HDLC/HDL-C) for myocardial infarction (MI) and stroke were also
compared.

All confidence intervals were estimated at the 95% level and sig-
nificance was set at a P value of <0.05. The Statistical Package for
the Social Sciences (SPSS Japan Inc. version 15.0], Tokyo, Japan) was
used for all the analyses.

3. Results

The mean and standard deviation of serum LDL-C in the base-
line survey was 3.23 + 0.82 mmol/l (124.9 + 31.7 mg/dl) in men and
3.49 + 0.90 mmol/l {(134.8 + 34.9 mg/dl) in women. The mean base-
line serum non-HDLC was 3.90 £ 0.89 mmol/l (151.1 + 34.5 mg/dl)
in men and 4.01 £ 1.01 mmol/l (155.2 £ 39.1 mg/dl) in women.

Table 1 shows the baseline characteristics of the participants
in each LDL-C quintile. In both sexes, there were significant differ-
ences in the mean values for age, non-HDLC, HDL-C and BMI. These
variables, with the exception of HDL-C, tended to be higher in the
higher LDL-C groups. Serum HDL-C levels were lower in the higher
LDL-C groups. There was no significant difference in the prevalence
of hypertension and diabetes in the quintiles for men, whereas the
prevalence of these conditions in women was higher in the higher
LDL-C groups. In both sexes, the proportion of current drinkers was
lower in the higher LDL-C groups, whereas the proportion of current
smokers was highest in the lowest LDL-C group. The relationships
between non-HDLC quintiles and the above-mentioned baseline
characteristics were almost similar (data not shown in the table).

The total person-years studied was 56,196 (25,420 for men and
30,776 for women), with a mean follow-up period of 11.9 years.
During the follow-up period, there were 80 incident cases of MI (41
definite and 39 probable Mis) and 139 of stoke (102 definite and 37
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Table 1
Sex-specific mean and prevalence of risk characteristics at baseline in an 11.9-year prospective study of 4694 Japanese men and women

HDL means high-density lipoprotein. LDL means low-density lipoprotein. 5.D. means standard deviations. Brackets indicate standard deviation. Analysis of variance was used
for comparisons of multiple group means and the Chi-square test was used to compare frequencies.

probable strokes), comprised of 23 intracerebral hemorrhages, 85
cerebral infarctions and 31 other types of stroke.

Table 2 shows the number of incident cases and multivariable-
adjusted HRs for MI and cerebral infarction stratified by LDL-C
quintile. In women, the bottom and second quintiles and the third
and fourth quintiles were combined into two categories due to

Table 2

the small number of cardiovascular events. In both sexes, the HR
for MI was highest in the top quintile of LDL-C, although the
value in women was not statistically significant (HR 3.73; 95% Cl
1.25-11.1 for men: HR 1.78; 95% CI 0.66-4.77 for women). In the
test for trend, serum LDL-C showed a significant positive associa-
tion with MI when the data from men and women were combined

The numbers of cases and multivariable-adjusted HRs and 95% C.Ls for myocardial infarction and cerebral infarction according to serum LDL cholesterol level in an 11.9-year

prospective study of 4694 Japanese men and women

LDL means low-density lipoprotein.

* HR means hazard ratio and 95% C.I. means 95% confidence interval. The HR was adjusted for age, body mass index, diabetes, HDL cholesterol, cigarette smoking category
and alcohol intake category by a Cox proportional hazard model. Sex was also adjusted in the men and women combined model.
® These groups were combined due to small number of cardiovascular event. The cut-off points were 2.73 between Q1 and Q2, and 3.68 between Q3 and Q4, respectively.

© Sex-specific quintiles were used for analysis.
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Table 3
The numbers of cases and multivariable-adjusted HRs and 95% C.1.s for myocardial infarction and cerebral infarction according to serum non-HDL cholesterol level in an
119

year prospective study of 4694 Japanese men and wonien

HDL means high-density lipoprotein.
2 HR means hazard ratio and 95% C.I. means 95% confidence interval. The HR was adjusted for age, body mass index, hypertension, diabetes, HDL cholesterol, cigarette
smoking category and alcohol intake category by a Cox proportional hazard model. Sex was also adjusted in the men and women combined model.
b These groups were combined due to small number of cardiovascular event. The cut-off points were 3.21 between Q1 and Q2, and 4.26 between Q3 and Q4, respectively.
¢ Sex-specific quintiles were used for analysis.

(P=0.02). Asimilar trend was observed when the endpoint was lim-
ited to definite Mls by the criteria of the MONICA project (P=0.01,
data not shown in the table). The incidence for cerebral infarction
was not related to LDL-C levels in either sex. The incidences of
intra-cerebral hemorrhage, other types of stroke and total stroke
were also not associated with LDL-C levels (data not shown in the
table).

Table 3 shows the results stratified by non-HDLC. The HR for
MI was highest in the top quintile of non-HDLC in both sexes,
although in women the value did not reach statistical significance
(HR 2.61; 95% CI 1.00-6.8 for men: HR 1.77; 95% (1 0.50-6.25 for
women). In men, the HR for MI was highest in the top quintile
of non-HDLC (HR 2.61; 95% ClI 1.00-6.80). In the test for trend,
serum non-HDLC showed a significant positive association with
MI when the data of men and women were combined (P=0.02).
A similar trend was observed when the endpoint was limited to
define Mls (P=0.01, data not shown in the table). The incidence
of cerebral infarction was not associated with non-HDLC levels
in either sex. The other types of stroke and total stroke were
also not associated with non-HDLC level (data not shown in the
table).

To determine the predictive values of LDL-C and non-HDLC, the
difference between the —2In [L] of model including each lipid and
the —2In [L] of other variable-adjusted models was calculated. The
x? values for LDL-C and non-HDLC were almost the same at 5.71
(P=0.02) for LDL-C and 5.49 (P=0.02) for non-HDLC. Furthermore,
the AUC of the ROC curves based on predictive probability targeting
for MI were also estimated. The AUC of LDL-C and non-HDLC were
the same at 0.82.

We calculated the hazard ratios of LDL-C/HDL-C and non-
HDLC/HDL-C, and compared the predictive values of these for the
incidence of Ml and stroke. Both ratios were significantly asso-
ciated with the increased risk for Ml but not with any types of
stroke. The multivariable HRs of LDL-C/HDL-C and non-HDLC/HDL-
C for Ml were 1.32 [95% (I, 1.07-1.61] and 1.25 {95% CI, 1.07-1.47],
respectively. Furthermore, the x2 values between the —2In (L)

of each lipid added mode! and non-added model for LDL-C/HDL-
C and non-HDLC/HDL-C were almost the same at 7.34 (P=0.01)
for LDL-C/HDL-C and 7.06 (P=0.01) for non-HDLC/HDL-C. The
AUC of the ROC curves based on predictive probability were also
the same. Apparently, because non-HDLC/HDLC was expressed as
[(TC/HDLC) — 1}, the HR and predictive value for TC/HDLC were just
the same as those of non-HDLC/HDLC.

When the participants were divided in two groups using the
median value of serum triglycerides (1.12 mmol/l, 99 mg/dl), the
results of all the analyses listed above were similar.

4, Discussion

This 11.9-year cohort study of a Japanese urban population
showed a positive association between serum LDL-C or non-HDLC
levels and increased risk of MI, but not with any type of stroke.
Furthermore, we found there was no substantial difference in the
predictive value for Ml incidence between LDL-C and non-HDLC. To
our knowledge, this is the first cohort study in an urban Japanese
population on the relationship between serum lipids and cardio-
vascular events.

The role of LDL-C in the development of atherosclerosis and the
beneficial effect of LDL-C lowering therapy are well established,
especially in Western populations [1-4] Our study indicated there
is also a positive relationship between serum LDL-C and CAD events
in community-dwelling Japanese with no history of cardiovascu-
lar disease or use of lipid-lowering agents, such as statins. A recent
large clinical trialin Japan[18], the Management of Elevated Choles-
terol in the Primary Prevention Group of Adult Japanese (MEGA
study), also have shown an 18% reduction in mean LDL-C (from
4.05 mmol/l to 3.31 mmol/l) was associated with a 33% decreased
risk for CAD. These results suggested strongly that management of
serum LDL-C levels is as effective for reducing CAD in Japan as it is
in Western countries.

Non-HDLC levels are thought to be an alternative predictor
that can substitute for LDL-C in patients with hypertriglycemia
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[3]. Non-HDLC reflects the total cholesterol concentration of all
atherogenic lipoproteins. Several previous studies in US commu-
nities [6,7,9,19,20] or patients with type 2 diabetes [21,22] showed
that the non-HDLC level was a stronger predictor for CAD risk than
LDL-C. In the Lipid Research Clinics Program Follow-up Study [6],
differences of 0.78 mmol/l (30 mg/dl) in non-HDLC and LDL-C lev-
els corresponded to increases in CVD risk of 19% and 15% in men,
and 11% and 8% in women, respectively. In contrast, Chien et al.
showed that the hazard ratio of the top quintile and area under the
ROC curve for CAD incidence were almost similar for LDL-C and
non-HDLC in ethnic Chinese living in Taiwan [8].

Our results are consistent with the Taiwan study described
above [8], which to date represents the only report from a non-
Western community. As we calculated serum LDL-C levels using
the Friedewald formula, our results were not applicable to the
population with serum triglyceride levels equal to or greater than
4.5 mmol/l (=400 mg/dl). However, even if the predictive values of
LDL-C and non-HDLC are similar in the Japanese population, non-
HDLC may be the more convenient indicator to use for primary
prevention in the community. Both TC and HDL-C are included in
routine biochemistry measurements because of convenience and
low cost, and can be measured directly even in non-fasting serum.
Accordingly, non-HDLC may be a good serum marker for risk assess-
ment of CAD in a community-based setting.

In the present study, the positive association between serum
lipids levels and MI in women was less evident than that in men.
We believe it was mainly due to small number of Ml in women. Con-
tinued community surveillance in Japan showed that incidence of
MI for women was about one third of men [23].In the present study,
incidence of Ml for women was only 0.78 per 1000 person-years,
Because most MI cases (22 of 24) were post-menopausal women,
the low incidence of MI in pre-menopausal women was one rea-
son for sex-difference. However, it was difficult to perform further
analysis because of small sample size of Ml cases.

Similar to previous studies that have explored the relationship
between TC and stroke in Japan {9,24,25), we found no association
between LDL-C or non-HDLC levels and stroke events. A large meta-
analysis of individual data from 61 prospective studies [26], the
majority of which were from the US, European and Japanese popu-
lations, showed an absence of an independent positive association
between TC or non-HDLC and ischemic and total stroke mortal-
ity. Recently, the death probability over a 10-year period due to Ml
and stroke have been calculated and displayed as color risk score
charts by combining 10-year age, systolic blood pressure, smoking,
and serum total cholesterol and glucose levels by NIPPON DATA
(National Integrated Project for Prospective Observation of Non-
communicable Disease and Its Trends in the Aged) Research group
[27]. NIPPON DATA Risk chart for MI clearly showed the positive
relationship between TC and MI, however, the risk chart for stroke
showed the color gradient, which was shown death probability, for
stroke was not affected by TC levels.

The lack of a relationship between TC and ischemic stroke in
Japanese studies may be due to a lower prevalence of thrombotic
type cortical infarctions (large-artery occlusive) than in Western
populations [28), a condition that is associated with atherosclerosis
secondary to hypercholesterolemia. Furthermore, the Atheroscle-
rosis Risk in Communities (ARIC) Study also indicated that TC
was associated with increased risk of non-lacunar, non-embolic
stroke (thrombotic type cortical infarction), but not with lacu-
nar or embolic stroke [29]. The effect of LDL-C or non-HDLC on
ischemic stroke may be weak in populations with a low prevalence
of large-artery occlusive infarctions, such as in Japan. However, a
meta-analysis of randomized control trials by statin therapy has
indicated a reduction of stroke [30]. Even in Japanese patients with
hypercholesterolemia, statin therapy showed a non-significant but

inverse association with cerebral infarction {18]. Accordingly, high
serum levels of LDLC or non-HDLC should be dealt with caution as
a potential risk factor for ischemic stroke.

Previous studies.indicated that CAD or MI morality in Japanese
people was still lower thanin Westerners[9-12]. However, recently,
there were evidences that serum levels of TC and LDL-C in
Japanese were as high as those reported in the US population
[31]. However, CAD mortality has been shown to be higher in
large urbanized areas in Japan such as Tokyo and Osaka com-
pared to the rest of Japan [32]. These two cities are among the
most urbanized areas in Asia. The present study therefore pro-
vides additional evidence supporting the usefulness of LDL-C
and non-HDLC as predictors of future risk for Ml in screening
of the urbanized Japanese population. Although in Asian coun-
tries hypertension rather than LDL-C remains the most important
manageable cardiovascular risk factor [33], the present study
showed that, at least in urbanized areas, lowering of LDL-C lev-
els should also be considered as an important public health
issue.

The present study had some limitations. Firstly, the single LDL-
C or non-HDLC measurement at the baseline survey may have
underestimated the relationship between these lipids and CAD
due to regression dilution bias. Secondly, we did not measure
serum apolipoprotein B (apoB), which some previous studies have
shown as a stronger predictor for CAD than non-HDLC [8,20].
Furthermore, measurement of apoB is not required fasting status
and is estimated to be cost-efficient [34]. Further cohort studies
with measurement of apoB are needed in Japanese community-
dwelling populations. Thirdly, in order to accurately compare
the predictive value of non-HDLC and LDL-C, serum levels of
LDL-C should be measured by direct measurement of LDL-C,
rather than by the Friedewald formula. Exclusion of participants
with a high serum triglyceride level (>400mg/dl) may reduce
the predictive potential of non-HDLC. Finally, the relationship
between serum lipids and cerebral infarction warrants further
investigation, as we did not evaluate the effect of serum LDL-
C and non-HDLC on each subtype of cerebral infarction due to
small sample size, especially for thrombotic type cortical infarc-
tions.

In conclusion, higher levels of serum LDL-C and non-HDLC
are both associated with an increased risk of MI, but not with
cerebral infarction in a Japanese urban population. Although the
predictive value of non-HDLC for Ml is almost similar to that of
LDL-C calculated by the Friedewald formula, non-HDLC may be
recommended as an alternative screening marker for primary pre-
vention of CAD in the community, as it is less expensive and more
convenient.
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