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Fig. 1. Omega-3 index, the sum of EPA and DHA in plasma
phospholipids. Means with different letters were significantly (P
< 0.05) different. The number of subjects was 55 in placebo, 55
in 0.5 g, 25in 1 g, and 15 in 2 g of n-3 PUFAs (Adapted from
Park & Harris, J Med Food 2009)".
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Fig. 2. Kaplan-Meier Curves for stroke in the primary prevention subgroup (A) and the secondary prevention subgroup (B), adjusted
for age, gender, hypertension, diabetes mellitus, and smoking (Adapted from Tanaka et al, Stroke 2008)12).
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ABSTRACT

Omega-3 Index as a Risk Factor for
Cardiovascular Disease and
Its Application to Korean Population

Of all known dietary factors, long-chain omega-3 fatty
acids (eicosapentaenoic acid and docosahexaenoic acid)
the

cardiovascular disease. Evidence continues to accrue for

may be most protective against death from
benefits of omega-3 fatty acids in the prevention of
coronary heart disease and stroke. Anti-arrhythmogenic,
anti-inflammatory, anti-thrombotic and hypolipidemic
effects of omega-3-fatty acids are emerging as the most
likely explanation. New evidence has confirmed and
refined the cardioprotective risk factor of Omega-3 Index,
the only standardized blood test of omega-3 fatty acids
measuring content of erythrocyte eicosapentaenoic and
docosahexaenoic acids. Current evidence suggests that
individuals with coronary artery disease may reduce their
risk of sudden cardiac death by increasing their intake of
long-chain omega-3 fatty acids by approximately 1 g per
day and achieving a target range of 8-10% Omega-3
Index. However, target range of Omega-3 Index for

Koreans may be higher than 10%.

Key words: Cardiovascular disease, Docosahexaenoic acid,
Eicosapentaenoic acid, Inflammation, Lipoprotein, Omega-3
Index, Platelet

=t
=

Mo
ror

il

1. Harris WS, Von Schacky C. The Omega-3 Index: a
new risk factor for death from coronary heart disease?
Prev Med 2004;39(1):212-20.

2. Emken EA, Adlof RO, Gulley RM. Dietary linoleic

10.

11.

acid influences desaturation and acylation of

deuterium-labeled linoleic and linolenic acids in
young adult males. Biochim Biophys Acta 1994;

1213(3):277-88.

. Burdge GC, Finnegan YE, Minihane AM, Williams

CM, Wootton SA. Effect of altered dietary n-3 fatty
acid intake upon plasma lipid fatty acid composition,
conversion of [13CJalpha-linolenic acid to longer-chain
fatty acids and partitioning towards beta-oxidation in
older men. Br J Nutr 2003;90(2):311-21.

. Park Y, Harris WS. Dose-dependent effects of n-3

polyunsaturated fatty acids on platelet activation in
mildly hypertriglyceridemic subjects. J Med Food
2009;12(4):809-13.

. Harris WS, Sands SA, Windsor SL, Ali HA, Stevens

TL, Magalski A, et al. Omega-3 fatty acids in cardiac

biopsies  from  heart transplantation patients:

correlation with erythrocytes and to

supplementation. Circulation 2004;110(12):1645-9.
Dewailly E, Blanchet C, Lemieux S, Sauvé L,

response

Gingras S, Ayotte P, et al. N-3 fatty acids and
cardiovascular disease risk factors among the Inuit of
Nunavik. Am J Clin Nutr 2001;74(4):464-73.

Hu FB, Bronner L, Willett WC, Stampfer MJ,
Rexrode KM, Albert CM, et al. Fish and omega-3
fatty acid intake and risk of coronary heart disease in
women. JAMA 2002;287(14):1815-21.

. Iso H, Rexrode KM, Stampfer MJ, Manson JE,

Colditz GA, Speizer FE, et al. Intake of fish and
omega-3 fatty acids and risk of stroke in women.
JAMA 2001;285(3):304-12.

. Yuan JM, Ross RK, Gao YT, Yu MC. Fish and

shellfish consumption in relation to death from
myocardial infarction among men in Shanghai, China.
Am J Epidemiol 2001;154(9):809-16.

Albert CM, Campos H, Stampfer MJ, Ridker PM,
Manson JE, Willett WC, et al. Blood levels of
long-chain n-3 fatty acids and the risk of sudden
death. N Engl J Med 2002;346(15):1113-8.
Marchioli R, Barzi F, Bomba E, Chieffo C, Di
Gregorio D, Di Mascio R, et al. 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 Miocardico (GISSI)
-Prevenzione. Circulation 2002;105(16):1897-903.



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Yokoyama M, Origasa H, Matsuzaki M, Matsuzawa Y,
Saito Y, Ishikawa Y, et al. Effects of eicosapentaenoic
acid on major coronary events in hypercholesterolaemic
patients (JELIS): a randomised open-label, blinded
endpoint analysis. Lancet 2007;369(9567):1090-8.
Tanaka K, Ishikawa Y, Yokoyama M, Origasa H,
Matsuzaki M, Saito Y, et al. Reduction in the
Recurrence of Stroke by Eicosapentaenoic Acid for
Hypercholesterolemic Patients the
JELIS Trial. Stroke 2008;39(7):2052-8.

von Schacky C. A review of omega-3 ethyl esters for

Subanalysis of

cardiovascular prevention and treatment of increased
blood triglyceride levels. Vasc Health Risk Manag
2006;2(3):251-62.

Harris WS, Ginsberg HN, Arunakul N, Shachter NS,
Windsor SL, Adams M, et al. Safety and efficacy of
Omacor in severe hypertriglyceridemia. J Cardiovasc
Risk 1997;4(5-6):385-91.

Pownall HJ, Brauchi D, Kiling C, Osmundsen K, Pao
Q,

triglyceride and its reduction by omega-3 fatty acids

Payton-Ross C, et al. Correlation of serum
with lipid transfer activity and the neutral lipid
compositions  of
lipoprotiens. Atherosclerosis 1999;143(2):285-97.

Park YS, Harris WS. Omega 3 fatty acid supplementation

high-density and low-density

accelerates chylomicron triglyceride clearance. J Lipid
Res 2003;44(3):455-63.

Park Y, Jones PG, Harris WS. Triacylglycerol-rich
lipoprotein margination: a potential surrogate for
whole-body lipoprotein lipase activity and effects of
eicosapentaenoic and docosahexaenoic acids. Am J
Clin Nutr 2004;80(1):45-50.

Chambrier C, Bastard JP, Rieusset J, Chevillotte E,
D, Therond P,

Eicosapentaenoic acid induces mRNA expression of

Bonnefont-Rousselot et al
peroxisome proliferator-activated
Obesity Res 2002;10(6):518-25.

Harris WS, Connor WE, Illingworth DR, Rothrock
DW, Foster DM. Effects of fish oil on VLDL

J Lipid Res

receptor gamma.

triglyceride ~ kinetics in humans.
1990;31(9):1549-58.

Harris WS, Bulchandani D. Why do omega-3 fatty
acids lower serum triglycerides? Curr Opin Lipidol
2006;17(4):387-93.

Roche HM, Gibney M. Effect of long-chain n-3

polyunsaturated fatty acids on fasting and postprandial

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

A8 A%e) AFAEZA Omega-3 Indexoll Ik LHIE olal] 2 Golle] Ag —

triacylglycerol metabolism. Am J Clin Nutr 2000;71(1
Suppl):232S-7S.

Mori TA, Burke V, Puddey IB, Watts GF, O’Neal
DN, Best JD, et al. Purified eicosapentaenoic and
docosahexaenoic acids have differential effects on
serum lipids and lipoproteins, LDL particle size,
glucose, and insulin in mildly hyperlipidemic men.
Am J Clin Nutr 2000;71(5):1085-94.

Din JN, Newby DE, Flapan AD. Omega 3 fatty acids
and cardiovascular disease-fishing for a natural
treatment. BMJ 2004;328(7430):30-5.

Harris WS, Park YS, Isley WL. Cardiovascular disease
and long-chain omega-3 fatty acids. Curr Opin
Lipidol 2003;14(1):9-14.

Park YS, Harris WS. EPA, but not DHA, decreases
mean platelet volume in normal subjects. Lipids
2002;37(10):941-6.

Kris-Etherton PM, Harris WS, Appel LJ; AHA
Nutrition Committee. American Heart Association.

Omega-3 fatty acids and cardiovascular disease: new

recommendations  from  the  American  Heart
Association. Arterioscler Thromb Vasc Biol 2003;
23(2):151-2.

Behn C, Araneda OF, Llanos AJ, Celed6n G, Gonzalez
G. Hypoxia-related lipid peroxidation: evidences,
implications and approaches. Respir Physiol Neurobiol
2007;158(2-3):143-50.

O’Keefe JH Jr, Abuisssa H, Sastre A, Sterinhaus DM,
Harris WS. Effects of omeg-3 fatty acids on resting
heart rate, heart rat recovery after exercise, and heart
rate variability in men with healed myocardial
infarctions and depressed ejection fraction. Am J
Cardiol 2006;97(8):1127-30.

Raitt MH, Connor WE, Morris C, Kron J, Halperin B,
Chugh SS, et al. Fish oil supplementation and risk of
ventricular tachycardia and ventricular fibrillation in
patients with implantable defibrillators: a randomized
controlled trial. JAMA 2005;293(23):2884-91.

Third report of the national cholesterol education
program (NCEP) expert panel. Detection, evaluation
and treatment of high blood cholesterol in adults
(Adult Treatment Panel III) National heart, lung and
blood Institute National Institute of Health NIH
Publication No. 02-5215, 2002.

Kris-Etherton PM, Harris WS, Appel LJ; AHA

Nutrition Committee. American Heart Association.



33.

34.

35.

36.

— tigkEkE)A): A 19 A1 % 2010 —

Omega-3 fatty acids and cardiovascular disease: new
recommendations from the American Heart Association.
Arterioscler Thromb Vasc Biol 2003;23(2):151-2.
Sands SA, Reid KJ, Windsor SL, Harris WS. The
impact of age, body mass index, and fish intake on
the EPA and DHA content of human erythrocytes.
Lipids 2005;40(4):343-7.

Park Y, Park S, Yi HJ, Kim HY, Kang SJ, Kim J, et
al. Low level of n-3 polyunsaturated fatty acids in
erythrocytes is a risk factor for both acute ischemic
and hemorrhagic stroke in Koreans. Nutr Res
2009;29(12):825-30.

Park Y, Lim J, Lee J, Kim SG. Erythrocyte fatty acid
profiles acute non-fatal
infarction. Br J Nutr 2009;102(9):1355-61.
Park Y, Lim J, Kwon Y, Lee J. Correlation of

erythrocyte fatty acid composition and dietary intakes

can predict myocardial

with markers of atherosclerosis in patients with

37.

38.

39.

40.

myocardial infarction. Nutr Res 2009;29(6):391-6.
An WS, Kim SE, Kim KH, Lee S, Park Y, Kim HIJ,
et al. Comparison of fatty acid contents of erythrocyte
membrane in hemodialysis and peritoneal dialysis
patients. J Ren Nutr 2009;19(4):267-74.

Lee E, Lee S, Park Y. n-3 polyunsaturated fatty acids
and trans fatty acids in patients with metabolic
syndrome: a case-control study in Korea. Br J Nutr
2008;100(3):609-14.

Hwang I, Cha A, Lee H, Yoon H, Yoon T, Cho B,
et al. N-3 polyunsaturated fatty acids and atopy in
Korean preschoolers. Lipid 2007;42(4):345-9.

Nogi A, Yang J, Li L, Yamasaki M, Watanabe M,
Hashimoto M, et al. Plasma n-3 polyunsaturated fatty
acid and cardiovascular disease risk factors in
Japanese, Korean and Mongolian works. J Occup

Health 2007;49(3):205-16.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


