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Effects of Long Time Intake Eicosapentaenoic Acid (EPA) on Brachial Endothelial Function in
Patients with Coronary Artery Disease
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M THEELE(bLE RS G o/ DIRFEIVERNERIEE CEELE(LE RS AL -/, HRREAME X EPA
BHTOABERIET U LEEEARATL ’Prk?ﬁiﬁ IJ&HTF'EH;W%T%:‘& MbERE G Do FMD IO hO—
IVBET3.29 +1.45% 15 3.27 £ 1A% NEBB LT LA RS L o720, EPABETIE3.04 +1.50% H»55.54 +
2.55% NEHBE (p<0.0001) (CHEANL 7.

#5% FMDOETLABEEERE CSWI(SHMEEPARE D12 BEORETFMD DEELEMFP RSN, EPAD
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o) a0 y = -0.055x + 10.94
r=-0.3164
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WEL. FEEEsh s semds (HHONES) T15%
W DZHHEVRERIZFMD Zflls€ L7z, FMD WE#E I3
THBEREHE L2, FMD (y) 34# (x) &y = —0.055x
+10.94, r=-03164, p <0.050FExAMMERL
(B1). S OFEBNREEOFYIERATom TH D720,
75i% D FMD OIEH D 95% 158 FBRE6.01% % 5%
12, FMD6.0%LLF % FMDIR TER & LT, SRhlox > b
)—JLHEr L7

2) EEhiRx B

I Y — AR LA M98 <20 Lo D 2 20 & C g IR L
P FED N CTRIRIE B IR E R 2 AT o TG D5,
5tk Bl IR 2 A 5612 AHA (American Heart Association) 43
B TT5% L. LOZENA A THEHIT, FMD6.0%LLT
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Correlations between age and flow mediated vasodilatation (FMD) in normal controls.
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S R (IO 9 I A% 180 mmHg VL e, REENrD %
B, BEREIR DD BRI, BRIEH, € o AR
BB DAEPNIE S R SRz, fERIEHIICE M
JE EPA 8] (/37— S600%) 235 Lero7-8 (2
Yhu =)L) EHERIGHEIEICEMEE EPA% 1H 1,800 mg
PG L8 (EPAEED) 0 2BRICEID AT, 12 7 ARIBIZ L 7.
HEOEY [HF1320074E1H, 3H, 5HZa Y ba— B
DX g E LTIOM & % &, 20074:2H, 41, 6H %
EPABEDBSH L LTABIZ B S 72, BEHOTRIC
FMD Zifll5g L, it CRMERRINA T -7z, Bekail 7 A
DA KOV 814 12 A HRITT, BV b e T <o Fod i 42 o
LEDIEANRY M ETABRELERIZT > ba—Iv i
T6f6l, EPAREC26, FIEEIER T av s, 4G F
Mz CABRLZEMIE Y ha— L #ECT36I, EPARETI
B, R BIIRE AN % =2 7 EFEa v e — VT
9%, EPARETSHHI, NREIFEEDGBRIEIZEE D72
DB L7 E T Y ha— L BET 1260, EPARETT
BITH o7z F72 EPA BHIOEIVEH CHMRE 1k L 756
(ZEPARED3BITH o7z, ErflEE EPA AN X 2 B
ERLNR D 5722 AR TR L2 85-Hk2s 260, W
LEHINE 2 EBLDNIZEMD DI L 2D 1HT
Btz BAIINC127 B0 T B IR EAE B % 4 Bl x5 &

Vol. 5 No. 2 2010 ] Cardiol Jpn Ed 103



% 1 Baseline patient characteristics.

Control group
(n=71)

Sex (male/female) 39/32

Mean age (yr, mean £ SD)

BMI 25.1 £ 3.01

Present smoking (

Hypertension 52(

Diabetes mellitus (DM) 15(21.

Dyslipidemia 48(67.

Medication
Ca’*antagonists 39(54.
ACE-I| or ARB 42(59.
B -blockers 10(14.
a -blockers 6(8.5)
HMG-CoA reductase inhibitor (
Aspirin 42(
Ticlopidine or Clopidogrel

PCI 50(

CABG 4(5.6)

Single vessel dis.

Multiple vessel dis.

75 = 11

El;:f;?;"’ p value
31/25 0.8782
76 £ 8 0.4645

25.6 = 2.39 0.4883
9(16.1) 0.5962
47(83.9) 0.1491
15(26.8) 0.4560
32(57.1) 0.2253

36(64.3) 0.2871
23(41.1) 0.0429
8(14.3) 0.8916
9(16.1) 0.0622
15(26.8) 0.8625
26(46.4) 0.1534
24(42.9) 0.9455
36(64.3) 0.4627

1(1.8) 0.2682
21(37.5) 0.6012
35(62.5) 0.7127

(): %

EPA: eicosapentaenoic acid, BMI: body mass index, ACE-I: angiotensin converting enzyme inhibitor;
ARB: angiotensin receptor blocker, HMG-CoA: 3-hydroxy-3-methylglutaryl coenzyme A, PCI:
percutaneous coronary intervention, CABG: coronary artery bypass grafting.

L7z (#8553 73%). BYET0HI, LMESTHIT, R4
HRIE51A 592 E T, P75 2 10 TH o7z HEkD
WARIE# % 12 7 A #k#: L EPA 235 L e hr o7z v ha—
VEXTIE (A B8 T70%), HE 3k O IR ICEPA
1,800 mg/ H#& 124 H AR FH L 7- EPA B 56 B (He#% &
FEET6%) Thole. BATRERNIRT. BLl, F
H4Eky, BMI (body mass index), BIfEBZMEOMEREIZ, W
HCHEE TGP o7z. FREMEREC R, RS
FED A PHEEIE DM BE CHE I b 72, WIRETIET ¥
T TV EREERMERE (ACED »50ET VAT
VIV ZEREIEE (ARB) A M-V HETHE
(p=0.0429) 12% o725 HIV 7 AFEHER B MWK,
a HEWSE, HMG-CoA #ICHERMESE (R5FY), TAK
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Vy, Fru¥yy, 7ub 7 LIVONRASIEmEEIC A
FlI e h ol FRENEEIREEAM (percutaneous
coronary intervention; PCI) & 2 ~ + 1 — )b #50%)
(704%), EPABE36H (64.3%) CTHjRFICAH & 241X %<,
FR Bk S A 7S 24 (CABG) bWi#E CHEZE I Rd o
7. EEIIRZEBE D M CTH BRI R o7

ABFIEIE Y NBRE R BV TRBEZEOHIZHE ;X
N7z, AWZERIBIC 0 RSP L B2 CE TEDbL,
JEARZ BT, PEXEBHEMTRE L.

2. 13k
1) mE, DERBEMBBELCFIRE
GBI T M) — R 127 AR O PRS2 BRI LT,



% 2 Baseline patient characteristics.

BERAER E EPA DR EEREDNR ——

) pvalue
Total cholesterol (mg/dl) 204 + 33 200 + 34 0.5575
Triglyceride (mg/dl) 139 £ 75 157 £ 95 0.2273
LDL-C (mg/dl) 120 = 26 113 = 34 0.1878
HDL-C (mg/dl) 50 £ 14 51 £ 12 0.5869
Uric acid (mg/dl) 54+13 52+14 0.5353
hs-CRP (mg/dl) 0.197 £ 0.224 0.184 £ 0.185 0.7387
Hematocrit (%) 375 365 0.3920
Platelet (10*/mm®) 18.8 = 5.0 19.7 = 3.9 0.3064
Systolic blood pressure (mmHg) 138 £ 22 133 £ 20 0.1921
Diastolic blood pressure (mmHg) 77 £13 78 £10 0.8901
Heart rate (beats/min) 67 =8 71£9 0.0328
BA diameter (mm) 4.29 = 0.74 4.16 £ 0.64 0.2876
Time to peak diameter (sec) 61 £ 23 65 + 24 0.1125
FMD (%) 3.29 £ 1.45 3.04 £ 1.50 0.3300
LV-EF (%) 71£8 70£7 0.5368

LDL-C: low density lipoprotein-cholesterol, HDL-C: high density lipoprotein-cholesterol, hs-CRP: high
sensitivity C-reactive protein, BA: brachial artery, FMD: flow-mediated vasodilation, LV-EF: left

ventricular - ejection fraction.

L%, BMIL g MR 2 (Total cholesterol; TC, Triglyceride:
TG, Low density lipoprotein-cholesterol; LDL-C, High
density lipoprotein-cholesterol; HDL-C), IfiL i /& B fif,
& C-reactive protein (hs-CRP), hematocrit (Ht) i,
MR Ml L7z, $RIME FMD g ffs & L7z,

2) FMD O AIE

FMD ®ifllsgid 2 % 7 ZB UNEXEF18G # i\ /2. il
DIKIZBNT, Firemd= (WHESE) T155 Mo
LEFEVRRICEMD 2l L7z, sl i £ o 5 7
B CTILE &R Z W L, fe v T 91 i & 0
50 mmHg /& <M LT 5 4TI BR L2 e, BRI BR 1% 5 45
] BB IR D 3Lk SOS & HE) T ) =7 BB & T u—7
(10 MHz) #HWCERL, MEERNELRDE. 2o
FEITTO—TDPREEINTEY, FEICIZT LR hnE
WHFILESBH Y, )T A MIEEO E R ZLZ T
R THBIED V2. FMD (%) 138 KGR M (mm)

OEEIEMER (mm) 25 [WzImERES (mm) %
REFRFME R CTRL TR, ZEIRETFMD ZHlE L
T35, KB REIEM bbb o7, BIEEE S
WX LTI, FRIOAMR 23 # FMD W& #% 1 Tlask
S5 X)IHRB L. WERMD TN o7 ER, 1K
BD 720 MAERZALMBR AR TH o 7fEflIE > M) —
BHAG IR 2B S R H BRI L 72,

#E BT LB X linear regression analysis, paired t-test,
unpaired t-test, BLF P HEZ A, p <0.05% Kl
HELlLz.

m R

1. TVMU—BOME, 8%, MREEEREE
IDVFERE

IVMN)—EOREFNLER21IZ7R7T. I TC, TG,
HDL-C, LDL-C, JRMfl, hs-CRP, Ht, I/ Eid il
HCHBEA IR o7z DUEIIIE, 58RI m#E
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% 3 Changes in parameters during 12 months between Control group and EPA group.

Control group (n = 71)

EPA group (n = 56)

Before After(12M)
TC (mg/dl) 204 = 33 198 + 30
TG (mg/dl) 139 £ 75 135 + 64
LDL-C (mg/dl) 120 £ 26 116 + 26
HDL-C (mg/dl) 50 £ 14 48 £ 14
Uric acid (mg/dl) 54+13 53%x1.2
hs-CRP (mg/dl) 0.159 £ 0.182 0.156 * 0.158
Hematocrit (%) 37 £ 4 36 £5
Platelet (10%/mm?) 18.2 = 5.4 18.1 = 5.4
SBP (mmHg) 139 £ 22 138 + 20
DBP (mmHg) 77 £13 77 £12
HR (beats/min) 67 =8 68 £ 9
BA diameter (mm) 4.32 £0.73 4.33 £ 0.66
Time to PD (sec) 64 = 23 65 = 23
FMD (%) 3.29 £ 1.45 3.27 £ 1.49

After(12M)
0.0139 200 £ 34 195 + 28 0.0266
0.3925 157 £ 95 128 £ 73 0.0004
0.0008 113+ 34 104 £ 26 0.0007
0.0188 51 £ 12 50 £ 11 0.2339
0.9591 52+14 54+14 0.2600
0.8559 0.185 £ 0.189 0.167 £ 0.154 0.5162
0.0076 36E5 35xE5 0.0021
0.8126 19.9 £ 3.6 19.8 = 4.5 0.7911
0.5277 137 + 20 133 £ 19 0.0929
0.8435 78 £ 10 74 £ 11 0.0068
0.5774 71£9 71£10 0.9747
0.8765 4.15 £ 0.64 4.15 £ 0.67 0.9774
0.7643 66 + 24 67 £ 22 0.8485
0.8885 3.04 = 1.50 5.54 £ 2.55 < 0.0001

TC: total cholesterol, TG: triglyceride, LDL-C: low density lipoprotein-cholesterol, HDL-C: high density lipoprotein-cholesterol,
hs-CRP: high sensitive C-reactive protein, SBP: systolic blood pressure, DBP: diastolic blood pressure, BA: brachial artery, PD:

peak diameter, FMD: flow-mediated dilatation.

HEEE o728, DIEUIEPATECTAHE (p=0.0328)
2% o7z ERBIIREES X O 7 BB O b b By IR i K
LR ELERE WA CTHEEIE o7z, FMDIZI b
O—V#£3.29 £145%, EPA#E3.04 £ 1.50% CH EAIE %
ol TYM)—RIAEDNICHEIT LA ER LY
single plane Simpson % TR 7z E W45 W (LV-EF)
oy ba—V#E71 + 8%, EPARET0 = 7% TH EA=13%
otz

2. 12hR#&omAERE, ME, EE FMD
DZE1E

R3CIMFENE, JREEME, hs-CRP, I 1E, L%,
FMD 02 %779, TC, LDL-CIXMi#EE b A IS
KT L72%% TGIZEPABETOAAEIAKT L7z RIEH,
hs-CRP I HEE HICH B AL R S A h o7z HUIMHE
EHERIMNT L7228, /MU L 2L e h o7,
PG E I I > b=V BETIEEL L 2 h - 7225 EPA
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BECIME TN Z /R L7 (p=0.0929). JLERMIMTE X >
P = VEETIEEILL 22 o725 EPARRTIRAE
(p=0.0068) \ZALF L7z DU L b A HR L i
REholz RREIIREER i R YLR B E R ML D
HELREAUTRE eh o7z, FMDOZALZE2II8T. 2
Y Pa—VRETIE3.29 + 145%55 3.27 = 149% LA B
ZALIZR SN h 57275 EPARETIE3.04 £ 1.50%%5 5
554 £ 244%~EHE (p <0.001) (ZHEmML 7=

3. RAFVDEEICELD12HBEDFMDDZEI{L
Iy b= VEETAY TG OS5 OFMD 13 3.28
+1.59%2°53.19 £ 1.53%~NE BB L ZALE RS LroT:
(p=06812). F/-A5F #5020 DFMD b 3.34 +
1.04% 725345 £ 131 %N BB L EILE RS Loz
(p=0.7198). EPABETHOAYF DAL 5 FMD D%
LEZRBIIRT. A¥FVIEHRGDOABIOFMDIE3.24 +
1.56%7255.27 = 2.50%~F & (p <0.0001) (28, A%



BERAER E EPA DR EEERENR ——

(%) Control group (%) EPA group

p =0.8885 p < 0.0001

([
4 4
2 2
0 0
K] -1
Before After(12H) Before Ater(120)
2 Change in FMD during 12 months between Control group and EPA group.
without statin group with statin group
14 14
p <0.0001 p=10.0007
12 12
10  E 10
8 8
b S 6 o
o
4 4
o
2 2 ’
0 e 0 L
T +1.95x9
) ; ; O snoxe ; ,
Before ifter(121) o e Before ifter(121)

3 Change in FMD during 12 months between without-statin and with-statin patients in EPA group.
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F 5 D158 OFMD 12249 + 1.21%7%*5 6.30 = 2.60%
~EE (p=0.0007) [ZHIML7z. FMD QNI Ay F
Y ILRETII 2.03%, HGHRETIFI381%E, AFYF»
BGRETREVHZ R L7,

Z B

EPA IR EAR TR LIRS, M4 PR s s et 1 2
RBIRAIEAEEIIHI VY, SRR Y, P
VERD 7 812 X B BIIRBAL O R B2 s ShTwa, £
7275 =2 DERAVER Y R /IMIIER Y, Rho %+ —+
EPEALHIHINC X 25 B IR HIRIE R, PUAS R IR VR >
HREPMEENTWS, ZOX) R EPAZ &GO w-3 %Al
NSRRI BE D FFO L R R AEHASEBIRA X > M D FEE
EHZTWABERbI B Ll kR EIR FMD 2 v
TEPA BHI#H 512X AFMD O b2 T L7z, el
THAEBI O ERG A T5 £ 10 TH S720, DI ED
e BN B IEE G L) RO BRE 25 757D 95%
BEER FRMOFDM6.01% % Kb, FMD6.0% L F %
FDMAK FHERB & LCTHI L7z, SEER 75O mi & %
% <& Ui B IR A R M EPA & 14E 4 5- L TFMD
OEALEREILZHE RO 2V, SREHICBVWTL R
R EHIR FMD 250 A XY O TR T2 %05 Z &5l
sNTHEHY, FMDHEDERIIKEV. FMDOETL
72 BRI R CRME EPAZ BN 2 o7z L BNl 72
HCI2HAMBEEL, FMDOZE LEMET L7z mEileE
EPAZBINE T ICERGHE L MG L - TIERIL AT
O—)l, LDL-ILATH—L AR T L22Y, FMDIZ
ZALL o7z, —IERGIFRICEME EPA &8 i L 72 %%
TREILATFE—), LDL-2LATO—VOAEERIKTE
EBIZM)ZUERY FOAEIMETL, JRRPEOK e
EHIZFMD O BRI A S 72, EPAIZL S FMD
MO OFEMIIAHTH 525, EPARRGIZ X223 E%H
ELCOMENRIERE, 1BERRE LComE ik iR+
PEFC B R IEIRIVER, A RECOFLIEIEIC X 510
EIRIER G E DR EZA5NT WS, EPA#SEEICBITS
IS S0 0L D AR A ) & PR M E O B KT, EPA
O2MBICENRR L LToOMEILRER O 55K E
WelBlbN L, w-3% A SFIRIRRIC X 5 FMD o
EHERAE Y, BRSPS OARAER, Tt
HEN T 2. EPAZDSHH L I N © P B2 il i @ eNOS
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(endothelial NO synthetase) #EA:% {2 LT FMD %z 3
27207, EPAD EHMEANLO eNOS RN S5 2
LT, FMDASY#ET 5 MM SN TV HH7, eNOSIE
BINL 2w EWw)MEP b HY, TEHEREORMIIEAET
LTI N TR, DY RS Fr DL ER &L
T, TLATFO—IUE PR DA IS B Bk RE Ot 0 ),
WE ML @ eNOS i = T F BLo B e 25 i ST
D EPACDLFABOBEIHENSH, 25Fr Lo
RO WD 72N T0D Y. SHORNLTIE, 2> ha—
WEED28%, EPABED2TBICAT F LS THY,
EPABECOMBERRAME L7275, HFEMEE )2 2bE
BRSNS, SEFED A SRR IR R b o 7.
BRI BE AT A IER O EREREDLDL-I L AT
T D3 A —)UiZ 100 mg/dl R AR ENT WS
A5, ARBFFEIZB1FHLDL- 2L A7 10—V 100 mg/dl Fii 3%
REIL 26% LMK, AYF U HGBITH 4% L2ERLTH
5%, EREIEOHELI AT TH oIz, AFF %512
THRERE % 15U L 729 L CEPADOMER R 2 5
ETHLN, SENG AT F L OIREBBD LR, SHhOME
LENT-

FMD B IRIEALE 5 B IR O MRS, 1B E ORI,
TRAGEEI A E SRS STV 2 5% A PRz I3 i A
RN T2 LTMLEHE (NO), Fursrsvvr1, W
Bz SR IMAE MM T, CHIF M) T ARRRTF el %
ST AH—HT, MEPNHMAETFELTZ Y FReY Y, TrY
FFUUUI, MaYEFHUA, RERGWT BN
EEZHLNTWA. FMDIZHbEE T2 W H IS ME A
Sowmsh b —mkaEH (NO) THb. BUEFMD Ol
FEEE, Sk L-oTRRD., ZD72520024E 12
Corretti 5 & HULE LT FMDHIEDE EHA R T4 VA E
n7z 12D oMk, B REREE —E0R
> E, 3040 ML LOREHENRBICHET S Ll
HHEBESINT VLD, S HOMRE TIEZDOHA FF74 2 1Zifho
TFMD %58 L7HEFNI D R o 72, F RSNk 0 22 5
2, FEEESNZE A S (BIEER) TS5 0%
BARRICFMD 2l E LTV 5725, K- EIR IR R b
Redrotz. FI2BETERLEE 0k LTIdAb R 2 B AR
TE T2 X IHRE L7278, #ERIEA T Th o7z,
ZNH FMD OIS THED R 525, S Rox 4
] —JE ) T FMD O #E R 2 b 2 LB LTB Y, e &M



BRI —E Bbhs, A NI4 2 TIRIEREE 1
57D\ A O REMOINMSIRIBENTNS, Ll
Ll L7200 B a1l 5 % 7 0 —7 % LB EIIRICEAT
WCHTTC, IRAKNEZEMEICBRETLIENTRETH D,
Pz v, HEMLEV. EEk T -7 L miEs
DAL DBRMFERRBZICARSNTD, 3 CITHEREIT RE 23
ENEEAETH A, Y TOFMD O EIITHEZBRD —
ANDA TR AR Ko TITh 7z, 4 HO#E TFMD
DOY— 7Bk T2 HAIIEFITEL, T EmRaAH
THEE Bbh b,

LURT & 0 568 BYAIR o0 P RZ A A1 0005 B0 e B s 0 e Bl R 9 A
R fEbE R T L% HICEE L, FRBIREMD &A%
ZEDMSNTW AP, EHLE EPA I X 5 FMD o84
ASE BRI IRPOD 2 EHE L, LR ORI & i A X >
FOIEE S 725 LTV EHEN SN S, EPAIZL % Rho ¥
F—BIEEIIH 2 A L7 A SR AW EE LB, il
TOT L7z i@ Bk B =R EPA 23 59 53838 13K
X\, S RO GIFEER A T5 % L S Td 512 b 2
b5, HHEEPAD RS T T LTW/z FMD A34
MUTHY, WNE KB RE % 2 72 AR B 0 L3 13 i
HTHTHWETHALIEERL TS, FMD I HE#HIC
BOTHLMFANRY FOTFHH 22 ->THY Y, FMD O
BN FHAYEET AN 5. WEIRE EEZFEOH
MEICBWT KT LZFMDA&#ELTEY, EHiE
EPA % BG4 55 3IT R &,

ALY T2 & EOTAEK OB BRI EMEE EPA
WA ZBINT5H LT, EREOMAEA XY OIHIAIHS
MTENTZEEN T, EPAZ &7z w-3 2 i A g MINGIGH
DFFOLMIINEH OW 7 2 B & B IR B HEJ i 1E12
B35 % MNERIRIIZE S L L SN 5.

o

FBEENIR FMD O T L 72 B IR B BB BT, =
FLEE EPA 85 0012 71 H I O H T FMD O A B 28 AR
51, EPADBREUEEVEH LM M N BB RE S /E 2
i1 [y g

X

1) Harris WS. n-3 Fatty acids and serum lipoprotein: human
studies. Am J Clin Nutr 1997; 65 (suppl): 1645S-1654S.

BERAER E EPA DR EEERENR ——

2) Tagawa H, Shimokawa H, Tagawa T, Kuroiwa-Matsumoto
M, Hirooka Y, Takeshita A. Long-term treatment with
eicosapentaenoic acid augments both nitric oxide-mediated
and non-nitric oxide-mediated endothelium-dependent fore-
arm vasodilatation in patients with coronary artery disease.
J Cardiovasc Pharmacol 1999; 33: 633-640.

3) Yano T, Kawano H, Yamashita M, Mizuguchi K, Mochizu-
ki H, Iwamoto T. Effects of ethyl-all-cis-5,8,11,14,17-icos-
apentaenoate (EPA-E), pravastatin and their combination
serum lipids and intimal thickening of cuff-sheathed carotid
artery in rabbits. Life Sci 1997; 61: 2007-2015.

4) Sato M, Katsuki Y, Kanehiro H limura M, Akada Y, Mizota
M, Kunihiro Y. Effects of ethyl all-cis-5,8,11,14,17-icosap-
entaenoate on the physical properties of arterial walls in
high cholesterol diet-fed rabbits. J Cardiovasc Pharmacol
1993; 22: 1-9.

5) Calder PC. Polyunsaturated fatty acids, inflammation, and
immunity. Lipids 2001; 36: 1007-1024.

6) Knapp HR. Dietary fatty acids in human thrombosis and
hemostasis. Am J Clin Nutr 1997; 65(suppl): 1687S-1698S.

7) Yokoyama M,Origasa H, Matsuzaki M, Matsuzawa Y, Saito
Y, Ishikawa Y, Oikawa J, Hishida H, Itakura H, Kita T, Kit-
abatake A, Nakaya N, Sakata T, Shimada K, Shirato K, for
the Japan EPA lipid intervention study (JELIS) Investiga-
tors. Effects of eicosapentaenoic acid on major coronary
events in hypercholesterolaemic patients (JELIS): A ran-
domized open-label, blinded end-point analysis. Lancet
2007; 369: 1090-1098.

8) Widlansky ME, Gokee N, Keaney JF Jr., Vita JA. The clini-
cal implications of endothelial dysfunction. J Am Coll Car-
diol 2003; 42: 1139-1160.

9) Bonetti PO, Lerman LO, Lerman A. Endothelial dysfunc-
tion: a marker of atherosclerotic risk. Arteioscler Thromb
Vasc Biol 2003; 23: 168-175.

10) Goodfellow J, Bellamy MF, Ramsey MW, Jones CJTH, Lew-
is MJ. Dietary supplementation with marine omega-3 fatty
acids improve systemic large artery endothelial function in
subjects with hypercholesterolemia. J Am Coll Cardiol
2000; 35: 265-270.

11) Corretti MC, Anderson TJ, Benjamin EJ, Celermajer D,
Charbonneau F, Creager MA, Deanfield J, Drexler H, Ger-
hard-Herman M, Herrington D, Vallance P, Vita J, Vogel R.
Guidelines for the ultrasound assessment of endothelial-de-
pendent flow-mediated vasodilation of the brachial artery;
A report of the international brachial artery reactivity task
force. ] Am Coll Cardiol 2002; 39: 257-265.

12) Kawano H, Yano T, Mizuguchi K, Mochizuki H, Saito Y.
Changes in aspects such as the collagenous fiber density
and foam cell size of atherosclerotic lesions composed of
foam cells, smooth muscle cells and fibrous components in
rabbits caused by all-cis-5,8,11,14,17-icosapentaenoic acid.
J Atheroscler Thromb 2002; 9: 170-177.

13) Thies F, Garry JM, Yaqoob P Rerkasem K, Williams, Shear-
man CP, Gallagher PJ, Calder PC, Grimble RF. Association

Vol. 5 No. 2 2010 ] Cardiol Jpn Ed 109



of n-3 polyunsaturated fatty acids with stability of athero-
sclerosis plaques: a randomized controlled trial. Lancet
2003; 361: 477-485.

14) Nakao F, Kobayashi S, Mogami K, Mizukami Y, Shirao S,
Miwa S, Todoroki-Ikeda N, Ito M, Matsuzaki M. Involve-
ment of Src family protein tyrosine kinases in Ca>" sensiti-
zation of coronary artery contraction mediated by a sphin-
gosylphosphorylcholine-Rho-kinase pathway. Circ Res
2002; 91: 953-960.

15) Sellmayer A, Witzgall H, Lorenz R, Weber PC. Effects of
dietary fish oil on ventricular premature complexes. Am J
Cardiol 1995; 76: 974-977.

16) Schrepf R, Limmert T, Claus Weber P, Theisen K, Sellmay-
er A. Immediate effects of n-3 fatty acid infusion on the in-
duction of sustained ventricular tachycardia. Lancet 2005;
363: 1441-1442.

17) Burr ML, Fehily AM, Gilbert JF, Rogers S, Holliday RM,
Sweetnam PM, Elwood PC, Deadman NM. Effects of
changes in fat, fish, and fibre intakes on death and myocar-
dial infarction: Diet and Reinfarction Trial (DART). Lancet
1989; 2: 757-761.

18) Albert CM, Hennekens CH, O'Donnel CJ, Ajani UACarey
VJ, Willentt WC, Ruskin JN, Manson JE. Fish consumption
and risk of sudden death. JAMA 1998; 279: 23-28.

19) Marchioli R, Barzi F, Bomba E, Chieffo C, Di Gregorio D,
Di Mascio R, Franzosi MG, Geraci E, Levantesi G, Mag-
gioni AP, Mantini L, Marfisi RM, Mastrogiuseppe G,
Mininni N, Nicolosi GL, Santini M, Schweiger C, Tavazzi
L, Tognoni G, Tucci C, Valagussa F, GISSI-Prevenzione In-
vestigators. Early protection against sudden death by n-3
polyunsaturated fatty acids after myocardial infarction:
time-course analysis of the results of the Gruppo Italiano
per lo Studio della Sopravvivenza nell Infarto Miocardio
(GISSI)-Prevenzione. Circulation 2002; 105: 1897-1903.

20) Iso H, Kobayashi M, Ishihara J, Sasaki S, Okada K, Kita Y,
Kokubo Y, Tsugane S, for the JPHC study group. Intake of
fish and n3 fatty acids and risk of coronary heart disease
among Japanese. The Japan Public Health Center-Based
(JPHC) Study Cohort I. Circulation 2006; 113: 195-202.

21) Yeboah J, Crouse JR, Hsu FC, Burke GL, Herrington DM.
Brachial flow-mediated dilation predicts incident cardio-
vascular events in older adults. Circulation 2007; 115: 2390-
2397.

22) McVeigh GE, Brennan GM, Johnston GD, McDermott BJ,
McGrath LT, Henry WR, Andrews JW, Hayes JR. Dietary
fish oil augments nitric oxide production or release in pa-
tients with type 2 (non-insulin-dependent) diabetes melli-
tus. Diabetologia 1993; 36: 33-38.

23) Goode GK, Garcia S, Heagerty AM. Dietary supplementa-
tion with marine fish oil improves in vitro small artery en-
dothelial function in hypercholesterolemic patients: a dou-
ble-blind placebo-controlled study. Circulation 1997; 96:
2802-2807.

110 ] Cardiol Jpn Ed Vol. 5 No. 2 2010

24) Morgan DR, Dixon LJ, Hanratty CG, El-Sherbeeny N,
Hamilton PB, McGrath LT, Leahey WJ Johnston D,
McVeigh GE. Effects of dietary omega-3 fatty acid supple-
mentation on endothelium-dependent vasodilation in pa-
tients with chronic heart failure. Am J Cardiol 2006; 97:
547-551.

25) Nishimura M, Nanbu A, Komori T, Ohtsuka K, Takahashi
H, Yoshimura M. Eicosapentaenoic acid stimulates nitric
oxide production and decreases cardiac noradrenaline in di-
abetic rats. Clin Exp Pharmacol Physiol 2000; 27: 618-624.

26) Okumura T, Fujioka Y, Morimoto S, Tsuboi S, Masai M,
Tsujino T, Ohyanagi M, Iwasaki T. Eicosapentaenoic acid
improves endothelial function in hyperglyceridemic sub-
jects despite increased lipid oxidizability. Am J Med Sci
2002; 324: 247-253.

27) Khan F, Elherik K, Bolton-Smith C, Barr R, Hill A, Murrie
I, Belch JJF. The effects of dietary fatty acid supplementa-
tion on endothelial function and vascular tone in healthy
subjects. Cardiovasc Res 2003: 59: 955-962.

28) Yosefy C, Khalamizer V, Viskoper JR, Manevich I, London
D, Jafari J, Magen E, Wollman Y, Reisin L. Impaired nitric
oxide production, brachial artery reactivity and fish oil in
offspring of ischaemic heart disease patients. Br J Biomed
Sci 2003; 60: 144-148.

29) Strey CH, Young JM, Lainchbury JH, Frampton CM, Nich-
olls MG, Richards AM, Scott RA. Short-term statin treat-
ment improves endothelial function and neurohormonal im-
balance in normocholesterolaemic patients with non-
1schemic heart failure. Heart 2006; 92: 1603-1609.

30) Kaesemeyer WH, Caldwell RB, Huang J, Caldwell RW.
Pravastatin sodium activates endothelial nitric oxide syn-
thase independent of its cholesterol-lowering actions. J Am
Coll Cardiol 1999; 33: 234-241.

31) Nomura S, Inami N, Shouzu A Omoto S, Kimura Y, Taka-
hashi N, Tanaka A, Urase F, Maeda Y, Ohtani H, Iwasaka T.
The effects of pitavastatin, eicosapentaenoic acid and com-
bined therapy on platelet-derived microparticles and adipo-
nectin in hyperlipidemic, diabetic patients. Platelets 2009;
20: 16-22.

32) Benjamin EJ, Larson MG, Keyes MJ, Mitchell GF, Vasan
RS, Keaney JF Jr Lehman BT, Osypiuke E, Vita JA. Clini-
cal correlates and heritability of flow-mediated dilation in
the community: the Framingham Heart Study. Circulation
2004; 109: 613-619.

33) Anderson TJ Uehata A, Gerhard MD, Meredith IT, Knab S,
Delagrange D, Lieberman EH, Ganz P, Creager MA, Yeung
AC. Close relation of endothelial function in the human
coronary and peripheral circulation. J Am Coll Cardiol
1995; 26: 1235-1241.

34) Kuvin JT, Patel AR, Sliney KA, Pandian NG, Rand WM,
Udelson JE, Karas RH. Peripheral vascular endothelial
function testing as a noninvasive indicator of coronary ar-
tery disease. J Am Coll Cardiol 2001; 38: 1843-1849.



