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ñUnified Theory of Wellnessò 
 

ÅChronic inflammation is the cause 
and the effect of most illnesses and 
the diseases of aging  

 
ÅAnti - inflammation = Wellness  

 
ÅOptimizing Omega 3 = Anti -

inflammation + more  



Fats through the ages  

 



Fatty Acids 101  

ÅA hydrocarbon chain with a methyl 
group at one end and a carboxyl group 
at the other  

ÅSaturated fatty acids -  fatty acids 
containing the maximum number of 
hydrogen atoms  

ÅSteric Acid (18:0) Found in Animal fat  

 



 

Or more simply  



ÅFatty acid nomenclature  

ÅFatty acids can be identified by 3 important 
characteristics (in this order).  

Å1. Chain length (number of carbons)  

Å2. The number of carbon -carbon double bonds.  

Å3. The location (starting from the methyl end) 
of the first double bond.  

Å18:3 n -3 (or w3) for linolenic acid   

 



DHA (C22:6n -3)  



Omega 3 vs. Omega 6  

ÅPosition of the double bond 
determines the 3 dimensional 
structure  

ÅThis determines reactions with 
receptors  



 



Fluidity of Fats  
ÅSaturated         Solid at room temp

      

ÅMonounsaturated  Liquid at room temp
     cloudy in refrigerator  

 

ÅPolyunsaturated        Liquid in refrigerator, 
          more double bonds, 
          more fluid, more  
          unstable, easily  
          oxidized  





ÅC=C introduced into fatty acid chain  

ïRemaining hydrogen molecules can either be on the 
same side of the chain (cis)  

ïor opposite sides of the chain (trans).  

 

ÅA cis bond in a fatty acid causes the chain to 
fold back on itself.  

 

ÅA trans bond is rigid and properties more 
closely resemble those of saturated fatty acid.  

 

ÅLike saturated fatty acids, trans fatty acids are 
able to pack together more closely and so have 
a higher temperature of melting.  



Trans vs. cis fats  



Trans Fats  

ÅLack of fluidity due to rigid structure  

ÅSolid at room temperature  

 



Trans - fats  

ÅIncrease LDL, Decrease HDL  

ÅIncrease TNF, IL6, CRP  

ÅIncrease Insulin Resistance  

ÅIncrease CHD events  

ÅIncrease AMI risk up to 32%  
ÅMozaffarian D et al. Health effects of trans - fatty 

acids: experimental and observational evidence.  

   Eur J Clin Nutr . 2009 May;63 Supp l 2:S5 -21.  



ÅMonounsaturated fatty acids (MUFA) 
contain one carbon=carbon double 
bond.  

ïavocados  

ïextra -virgin olive oil  

ïalmonds  

ïmacadamia nuts  

ÅOleic acid (18:1 n -9)  



ÅPolyunsaturated fatty acids (PUFA's) 
-  Contain 2 or more carbon=carbon    
 double bonds  

ÅPlant  (short chain) and marine (long 
chain) sources  

Ån-6 and n -3 series  

ÅLinolenic acid (18:3 n -3)  

 



Å18:3 n -3 



Eicosanoids  



Eicosanoids  

ÅSir John Vane ï Nobel Prize 1982  
ïAspirin, Eicosanoids prostaglandins, leucotrienes  

ÅEarliest hormones in evolution  

ÅAutocrine hormones produced by every cell 
in the body  

ÅChronic Disease ï imbalance of eicosanoids  
ïHeart disease, cancer, diabetes, arthritis, 

depression  

ÅInflammation ï imbalance of eicosanoids  

ÅCorticosteroids  
 Inhibit release of fatty acids from cell membrane  

 Suppress favorable + unfavorable eicosanoids  

 



Eicosanoids?  

ÅProstaglandins  

ÅThromboxanes  

ÅLeukotrienes  

ÅLipoxins  

ÅHydroxylated Fatty Acids  

Å15 -epi Lipoxins  

ÅProstamides  

ÅIsoprostanoids  

 



Favorable Eicosanoid    Unfavorable  
Effects      Eicosanoid Effects  
 
Vasodilatation     Vasoconstriction  
 
Decrease platelet      Increase platelet  
Aggregation     aggregation  
 
Decrease inflammation   Increase inflammation  
 
Decrease cell division    Promote cell division  
Cause apoptosis    Promote cancer  
 
Enhance immune function   Depress immune function  
 
Improve cognitive function   Depress cognitive function  
 
Antiarrhythmic    Proarrhythmic  
 
Prevent atherosclerosis   Promote atherosclerosis  
 
               



n-3, n -6 and Inflammation  

ÅEPA and DHA inversely associated with 
TNF and CRP  
ÅALA not associated with inflammatory 

markers  
ÅThe higher the intake of n -6 the more 

important n -3 for anti - inflammation  
 
 
 

 Pischon T et al. Habitual dietary intake of n -3 and 
n-6 fatty acids in relation to inflammatory 
markers among US men and women. Circulation . 
2003 Jul 15;108(2):155 -60.  



Slow cooked oatmeal  

Sunflower, peanut  
High carb 
diets which 
cause 
increased 
insulin 
levels 
increase AA  

 

Breast milk  

 

Cortisol  

Glucagon  

LA and 
LNA 
compe
te for 
D6D  

LA and 
LNA 
compete 
for D6D  

ALA
=  



 

PGA2 Very  

Series  4  
Leucotrienes  
LB4, LC4  
Very Bad  
Eicosanoids  

Except 

PGI2 

 

Anti - tumor  

Anti - Inflamm  



 
Prostaglandins  
Thromboxanes  

Leucotrienes  

Lipoxins  
Hydroxylated  
Fatty acids  

Pain  

Vasoconstriction, Atherosclerosis. Plaque formation  

Viral  
replication  

Atherosclerosis  

cancer  

Prostacyclin, 
Vasodilation ,   

Breast Cancer  

PGI2, PGA2 cytoprotective  
Blocked by COX2 inhibition  
Not all ñbadò Eicosanoids are bad 

COX, LOX 
are key 
enzymes for 
eicosanoid 
synthesis  

LTB4 

PGE2 

Pain 

Inflammation  



Can DHA be synthesized   

ÅFrom short chain plant PUFAôs ï ALA 

ÅNo 

ÅFrom long chain marine PUFAôs ï EPA 

ÅNo 

 



Eicosanoids from DGLA  
ÅCOX 
ïPGG1 
ÅVasodilates  
ÅInhibits Platelet aggregation  
ÅImproves Insulin sensitivity  

ïPGA1 
ÅSuppresses viral replication  
ÅInhibits pro - inflammatory cytokines  

Å15LOX  
ï15 HETE inhibits 5LOX and decreases leucotrienes  

 
ÅDo you need GLA supplements?  
ïSlow cooked oatmeal ï 2 bowls per week  
ïOne capsule of evening primrose or borage oil per 

week  
 

 
 
 



Benefits of PGE 1 

ÅCardiovascular  
ïInhibits platelet aggregation  
ïVasodilator  

ÅImmune  
ïAnti - inflammatory  

ÅNervous  
ïControls release of neurotransmitters  
ïAnti -depressive action  

ÅEndocrine  
ïInhibits insulin secretion  
ïIncreases cAMP synthesis  

ÅDigestive  
ïReduces acid secretion  

ÅRespiratory  
ïRelaxes bronchial tissue  

 



How do you block AA 
formation?  

 
ÅEPA ï feedback inhibitor of 

D5D  

ÅEPA in diet controls rate of 
AA production from DGLA  



Modulation of Eicosanoids  

ÅGo Downstream  

Inhibit COX and LOX enzymes  

ÅKnock out both ñgoodò and ñbadò 

ÅDrugs  

ÅSometimes ñgoodò knocked out more than ñbadò 

ÅGo Upstream  

Reduce arachidonic acid (AA) levels  

ÅManipulate balance of ógoodò and ñbadò 

ÅLow glycemic diet plus high dose fish oil  

 



Inuit Paradox  

ÅExtremely low incidence of 
cardiovascular disease 
among the Inuit despite 
50% of calories from fat.  

ÅFish and fish -eating 
mammals are the main 
sources of fat  

 

 



Postmenopausal Inuit women from Nuuk  

ÅMean BMI 28, Sedentary, 75% smokers, 
9% HRT  

ÅAA/EPA=1.1    (Quebec women 11.1)  

ÅLow triglycerides  (inverse ratio to n -3)  

ÅLow heart disease  

 
 Cote S et al. Very high concentrations of n -3 fatty 

acids in peri -  and postmenopausal Inuit women from 
Greenland. Int J Circumpolar Health . 2004;63 Suppl 
2:298 -301.  



Omega 3 ï CV Disease  

ÅDecreased MI and Sudden Death  

ÅAntiarrhythmic -   Atrial and Ventricular  

ïMay not be for patients with AICDôs 

ÅDecrease Triglycerides  

ÅDecrease BP  

ÅDecrease restenosis after angioplasty  
ÅDi Minno MN et al.  Exploring newer cardioprotective 

strategies: omega -3 fatty acids in perspective . 
Thromb Haemost . 2010 Aug 30;104  

 

 

 



3 landmark Cardiovascular omega 3 
studies  

ÅNew England Journal of 
Medicine  

ÅCirculation  

ÅJAMA 

 



BLOOD LEVELS OF LONG -CHAIN 
nï3 FATTY ACIDS  

AND THE RISK OF SUDDEN DEATH  
 ÅLong chain n -3 PUFA  (Omega 3) have 

anti -arrhythmic properties  

ÅDietary supplements of Omega 3ôs reduce 
risk of sudden death in MI survivors  

ÅDo Omega 3ôs reduce sudden death in 
patients without history of CV Disease?  

ÅAlpert C. et al. N Engl J Med , Vol. 346, No. 
15, April 11, 2002  

 

 



ÅProspective study  

Å22,000 male physicians  

ÅFollowed 17 years  

ÅFatty acid content of blood of men 
with sudden death as first 
manifestation of cardiovascular 
disease vs. matched controls  

 



Results (Alpert et al.)  
ÅBaseline blood 

levels of long 
chain n -3 were 
inversely related 
to risk of sudden 
death.     P =.007  

ÅComparing risk of 
sudden death in 
highest to lowest 
quartile : 81% 
reduction of risk  



Discussion  
Ån-3 fatty acids are antiarrhythmic  

Å> ½ of sudden death from cardiac 
causes have no history of c -v disease  

ÅThis study was prospective, controlled 
and in men without hx of c -v disease  

ÅOf all the fatty acids in the blood 
including saturated, monounsaturated, 
and polyunsaturated only percentage 
of long chain omega 3 predicted less 
sudden death. P =0.01  





 

ÅLong chain omega 3 fatty acids are 
responsible for the inverse 
association between fish 
consumption and sudden death.  

ÅPossible mechanisms  
ïAnti -arrhythmic  

ïInhibition of thromboxane production  

 



Early Protection Against Sudden Death by 
n-3 Polyunsaturated Fatty Acids After 

Myocardial Infarction    

 Å11,323 Survivors of recent (< 3 month)  MI  

ÅEither n -3 PUFA 1g/day or Vitamin E 300 
mg/day or both or neither  

ÅUsual pharmacological Rx + Lifestyle  

ïMediterranean Diet  

ïn-3 PUFA but not vitamin E improved survival  

 

ÅMarchioli, R et al. Early Protection Against 
Sudden Death by n -3 Polyunsaturated Fatty 
Acids After Myocardial Infarction 
Circulation. 2002;105:1897 -1903  

 

 

 



ÅAfter 3 months ï 41% decrease in 
mortality  

ÅAfter 4 months ï 53% decrease in 
sudden death  

ÅAfter 6 months ï 28% decrease in 
CHD deaths  

ÅAfter 12 months ï 30% decrease in 
Cardiovascular mortality  

ÅDecrease in Triglycerides 5% but not 
in Total Cholesterol or HDL or LDL  

 





Omega 3 and Triglycerides  



Factor  

 

Function  

 

Effect of Omega 3 

on Factor  

 

Thromboxane A 2  

 

Vasoconstriction, 

platelet aggregation  

 

Decreases 

formation  

 
Prostacyclin  

PGI2 

 

Vasodilator, prevent 

platelet aggregation  

 

Increases 

formation  

 
Leukotriene B4  

 

Promotes 

inflammation  

 

Decreases 

formation  

 
Fibrinogen  

 

Blood clotting 

factor  

 

Decreases 

formation  

 
Oxygen Free 

Radical  

 

Cellular damage, 

LDL oxidation  

 

Decreases 

formation  

 
Endothelial 

Relaxation Factors  

 

Reduces arterial 

vasoconstriction  

 

Increases 

formation  

 

 

 

 



Fish and Omega 3 fatty acid intake 
and risk of Coronary Heart Disease in 
Women. Hu, F et al. JAMA 2002;287: 

1815 -1821  
ÅAll  previous fish and CHD studies ï men  

Å84,688 female nurses followed 16 years  

ÅHighest fish intake 34% less CHD p < 
.001  

ÅHighest omega 3 intake 33% less CHD          
p < .001  

ÅHighest fish or omega 3 intake ï 45% 
less CHD deaths p < .001  

 

 

 



ÅDecrease in CHD independent of 
established risk factors  

ïFiber  

ïTrans fats  

ïRed Meat  

ïFruits and Vegetables  



Mechanism ï Omega 3ôs 

ÅDecrease in Thromboxane A2  

ÅImproved endothelial dysfunction  

ÅReduced platelet aggregation  

ÅVasodilatation  

ÅReduced Inflammation  



 
 

 Kris -Etherton PM et al. Fish consumption, fish oil, 
omega -3 fatty acids, and cardiovascular disease. 
Circulation . 2002 Nov 19;106(21):2747 -57.   



Omega 3 stabilize atherosclerotic plaques  

ÅAtherosclerotic plaques readily 
incorporate n -3 PUFAs from fish -oil 
supplementation, inducing changes 
that can enhance stability of 
atherosclerotic plaques.  
ÅStability of plaques could explain 

reductions in non - fatal and fatal 
cardiovascular events associated 
with increased n -3 PUFA intake.  
 

 Thies F et al. Association of n -3 polyunsaturated 
fatty acids with stability of atherosclerotic 
plaques: a randomized controlled trial. Lancet.  
2003 Feb 8;361(9356):477 -85.  



Omega 3ôs decrease inflammation in 
arterial wall  

ÅN-3 PUFA decrease inflammation 
in the arterial wall and decrease 
atherogenesis and plaque 
rupture  
 

Å Yaqoob P, Calder PC. N -3 polyunsaturated 
fatty acids and inflammation in the arterial 
wall. Eur J Med Res . 2003 Aug 20;8(8)  



Omega 3 and 
atherosclerosis  

ÅDecrease Cytokines IL -6, TNF etc  

ÅDecrease CRP, Improve Endothelial   
function  

ÅDecrease adhesion molecules VCAM ICAM  

ÅDecrease LDL oxidation  

ÅDecrease monocyte infiltration  

Å Increase Plaque stability  

ÅReverse Endothelial Dysfunction  

  



The Progress of 
Atherosclerosis  

Foam cells ï beginning of 

fatty streak 

Endothelial cell 

Activated 

macrophage 

T-cell 

Adhesion 

molecules 

LDL 

particle 

IL -6 

IL -1 

TNF- a 

Smooth muscle 

cells 

óOxidizedô 

LDL  

Monocyte 

IL -6 

IL -1 

TNF- a 

Liver  

 

P-selectin 

E-selectin 

VCAM-1 

ICAM-1 

MCP-1 

MMPôs 

CRP 

SAA 

HDL 

Tissue Inhibitor of MMP 

(TIMP) 

Transdermal E2 

2-Methoxy E2 

Oral  E2 

E2 
COMT 

Stress  

Test 

E2 

aromatase 

Melatonin 

Epi 



DHA decreases VCAM -1 

 Weber C et al. Docosahexaenoic acid 
selectively attenuates induction of 
vascular cell adhesion molecule -1 
and subsequent monocytic cell 
adhesion to human endothelial cells 
stimulated by tumor necrosis factor -
alpha. Arterioscler Thromb Vasc Biol . 
1995 May;15(5):622 -8.  



ST depression with stress -echo 
reversed by n -3 PUFA 

Å78% of patients had normal ST -
segment during repeat stress echo 
after 4 months of 1 gm n -3 PUFA per 
day  

ÅThis suggests reversal of coronary 
endothelial dysfunction  
 

 Gaibazzi N, Ziacchi V. Reversibility of stress -echo 
induced ST -segment depression by long - term oral n -3 
PUFA supplementation in subjects with chest pain 
syndrome, normal wall motion at stress -echo and 
normal coronary angiogram. BMC Cardiovasc Disord . 
2004 Mar 23;4(1):1.   



Omega 3 IV  
ÅA rapid supply of n -3 (PUFA) is 

indicated in some acute conditions  

ÅDecrease inflammatory responses 
and cell sensitivity to various stimuli  

ÅImprove endothelial dysfunction  

ÅAnti -arrhythmic  
  Carpentier YA et al. Intravenous lipid emulsions 

to deliver omega 3 fatty acids. Prostaglandins 
Leukot Essent Fatty Acids . 2006 
Sep;75(3):145 -8 



ÅMixtures of n -3 PUFA and 
Triglycerides are rapidly absorbed in 
tissues  

ÅManagement of acute illness  



IV Omega 3  

ÅModulate acute inflammation  
ïWhenever acute corticosteroids are given  

ïAcute Exacerbation of Asthma  

ÅReduce the risk of Cardiac Arrhythmias  
ïConversion of arrhythmias, V tach, A Fib  

ïPrevention of Ventricular Fibrillation  

ÅAcute MI  
ïPrevent VF  

ïImprove endothelial dysfunction  

 

 



Oral PUFA before and after CABG  

Å2 gm PUFA/day x 5 days before 
until discharge  

ÅAF decreased 50%  

ÅShorter ICU stay  
 Calo L. et al. N -3 Fatty acids for the 

prevention of atrial fibrillation after 
coronary artery bypass surgery: a 
randomized, controlled trial. J Am Coll 
Cardiol . 2005 May 17;45(10):1723 -8 



IV PUFA post CABG  

ÅDecreased AF 50%  

ÅShorter ICU Stay  

Å100 mg/kg PUFA IV  

 
 Heidt MC et al. Beneficial effects of intravenously 

administered N -3 fatty acids for the prevention of 
atrial fibrillation after coronary artery bypass 
surgery: a prospective randomized study. Thorac 
Cardiovasc Surg . 2009 Aug;57(5):276 -80.  



Circulation . 2004;110:368 -373.  
 





ÅMcAfee AJ et al. Red meat from 
animals offered a grass diet 
increases plasma and platelet n -3 
PUFA in healthy consumers.  

  Br J Nutr . 2010 Sep 1:1 -10.  



Lovaza  

ÅEPA  465 mg and DHA 375 mg = 840 
omega3  

Å4 mg (6 IU) of vitamin E  

ÅReduces triglycerides 50%  

Å180 caps = $236.89 = $1.32/cap  

 

 Bays H. Clinical overview of Omacor: a 
concentrated formulation of omega -3 
polyunsaturated fatty acids.  Am J Cardiol . 
2006 Aug 21;98(4A):71i -76i.  



Women Omega 3 stroke  

ÅHighest quintile of intake of long -chain 
omega -3 polyunsaturated fatty acids  
ÅReduced risk of total stroke  
ÅRRs of 0.72 total stroke  
ÅRR of .67  thrombotic stroke  
ÅNo association between fish or omega -3 PUFA 

intake and hemorrhagic stroke.  
 
 Iso H. Intake of fish and omega -3 fatty acids 

and risk of stroke in women. JAMA. 2001 Jan 
17;285(3):304 -12.   

http://www.ncbi.nlm.nih.gov/entrez/utils/fref.fcgi?itool=AbstractPlus-def&PrId=3051&uid=11176840&db=pubmed&url=http://jama.ama-assn.org/cgi/pmidlookup?view=long&pmid=11176840


Omega 3 CV  
ÅOne Fish Serving Weekly Associated 

With Lower Heart Failure in Middle -Aged 
Men 

 Levitan EB, et al. Fish consumption, marine omega -3 
fatty acids, and incidence of heart failure: a 
population -based prospective study of middle -aged 
and elderly men. Eur Heart J  2009;30:1495 -1500  

ÅHigher Dietary Omega -3 PUFAs Linked 
to Fewer Premature Ventricular Beats in 
Acute Myocardial Infarction  

 Smith PJ et al. Association between n -3 fatty acid 
consumption and ventricular ectopy after myocardial 
infarction. Am J Clin Nutr  2009;89:1315 -1320  



Omega 3 and cancer  

ÅAnti - Inflammation  

ÅAnti -NFKB 

ÅAnti -cancer  

ÅWeak clinical data in medical literature on 
actual cancer prevention  

 
ÅBoutros C et al. Omega -3 fatty acids: investigations 

from cytokine regulation to pancreatic cancer gene 
suppression . Arch Surg . 2010 Jun;145(6):515 -20.  

 

 



Breast Cancer  

ÅFatty Acids composition in biopsy of  
adipose tissue in breast carcinoma 
and benign breast disease  
ÅInverse association between breast  

ca risk and n -3 fatty acid levels  
ÅN-3 and N -6 Fatty Acids in Breast Adipose 

Tissue and Relative Risk of Breast Cancer in a 
Case Control Study in Tours, France.  
Maillard, V. et al. Int J. Cancer  98, 78 -83 
(2002)  

 

 



Omega 3 and breast cancer  

ÅLong -chain n -3 consistently inhibit the 
growth of human breast cancer (BC) cells 
both in culture and in grafts in 
immunosuppressed mice  

ÅEPA and DHA inhibit cyclooxygenase 2 
which promotes mammary carcinogenesis  

 
 

 Stoll BA  et al. N -3 fatty acids and lipid peroxidation 
in breast cancer inhibition. Br J Nutr  2002 
Mar;87(3):193 -8 



Fatty Fish and Endometrial 
cancer  

ÅConsumption of fatty fish, but not other 
types of fish, may decrease the risk of 
endometrial cancer.  
Å40% decreased risk  

 
 
 
 

 Terry P et al. Fatty fish consumption 
lowers the risk of endometrial cancer: a 
nationwide case -control study in Sweden. 
Cancer Epidemiol Biomarkers Prev  2002 
Jan;11(1):143 -5 



Omega 3 and colon cancer  

ÅChemopreventive effect in colon cancer 
mediated through oxidative stress and 
apoptosis.  
ÅInhibition of colonic PKC beta II signaling 

and restoration of TGF -beta 
responsiveness  

 

 Murray NR et al. Protein kinase C betaII and 
TGFbetaRII in omega -3 fatty acid -mediated inhibition 
of colon carcinogenesis. J Cell Biol  2002 Jun 
10;157(6):915 -20  

ÅSarotra P et al. Chemopreventive effect of different 
ratios of fish oil and corn oil in experimental colon 
carcinogenesis . Lipids . 2010 Sep;45(9):785 -98 .  



Omega 3 and prostate 
cancer  

ÅMultivariate relative risk analysis: 
highest fatty fish consumption group   
had approx ¼ rate of death from 
prostate cancer  

 

 Terry P. et al.  Fatty fish consumption and 

risk of prostate cancer The Lancet  Volume 
357 Issue 9270 June 2001  Page 1764  

 



Omega 3 and Prostate CA  

 

ÅEPA and DHA in diet lowered risk  

ÅALA increased risk of advanced PC  

 

 

 

 Leitzmann MF et al. Dietary intake of n -
3 and n -6 fatty acids and the risk of 
prostate cancer. Am J Clin Nutr . 2004 
Jul;80(1):204 -16.  



Pancreatic cancer  

ÅFunahashi H et al. Opposing effects 
of n -6 and n -3 polyunsaturated fatty 
acids on pancreatic cancer growth. 
Pancreas . 2008 May;36(4):353 -62  



Omega 3 and BMD  
ÅA higher ratio of n -6 to n -3 fatty acids is 

associated with lower BMD at the hip in 
both sexes.  

ÅDietary polyunsaturated fatty acids may 
play a vital role in preserving skeletal 
integrity in older age.  

 

 Weiss LA et al. Ratio of n -6 to n -3 fatty 
acids and bone mineral density in older 
adults: the Rancho Bernardo Study. Am J 
Clin Nutr . 2005 Apr;81(4):934 -8.  



PUFA USA diet  

 



How much long chain 
omega 3 do you need?  

 
 

ÅInuit (Eskimos)    7-10 g/day  

ÅNeo-Paleolithic hunters   3 

ÅOne tablespoon cod liver oil  2.5  

ÅCurrent American intake  0.12  

ÅAHA recommendation   0.25  

ï2 servings of fish per week   
    



Long chain omega 3 / 4 oz 
serving  

Å2 or more g  

ïHerring       2.4 g  

ïMackerel       2.1 g  

ïAtlantic Salmon  2.1 g  



1-2 g of Omega 3 per 4 oz 
serving  

ÅPacific oysters    1.6 g  

ÅPacific salmon    1.5  

ÅAtlantic mackerel    1.4  

ÅBluefish      1.1  

ÅTrout      1.1  

 

 



Less than 1 gram  

ÅFreshwater bass   0.9 g  
ÅSwordfish     0.9  
ÅCanned tuna    0.8  
ÅHalibut      0.5  
ÅShrimp      0.4  
ÅSnapper     0.4  
ÅClams      0.3  
ÅYellow fin tuna    0.3  
ÅCatfish      0.1  

 



Low or no Omega 3  

ÅFast food fish 
sandwiches  

ÅFish sticks  

ÅImitation crab (made 
from low fat Pollack )  



Beef?  

ÅGrain feed cattle: 
33 -74% fat mostly 
saturated  
ïOmega 3: < 1% of 

fat  

ïOmega 6/Omega3   
20:1  

ÅGrass feet cattle  
ïOmega 3: 7% of fat  

ïOmega 6/Omega 3  
3:1  



Contaminants in Fish  

ÅPCBôs (polychlorinated biphenyls) 

ÅMethyl mercury  

ÅDioxins  

ÅPregnant women should not eat  

ïBluefish, stripped bass, swordfish, 
shark, king mackerel, tuna steaks, white 
and golden snapper, fresh water fish  





Mercury  

ÅConverted to methyl mercury in water  

ÅNeurotoxin  

ÅAccumulates in large fish at top of food 
chain  

ÅEpidemics reported  

ÅTakes years for levels to drop in body  

ÅCardiovascular disease  

ÅNeurobehavioral disorders in children  

 



Mercury and CVD and 
mortality  

 

ÅHigh content of mercury in hair  
Å1.6 x coronary event  
Å1.3 x all cause mortality  
ÅMercury may also attenuate the 

protective effects of fish on 
cardiovascular health.  
 

 Virtanen JK et al. Mercury, fish oils, and risk of acute 
coronary events and cardiovascular disease, coronary 
heart disease, and all - cause mortality in men in 
eastern Finland. Arterioscler Thromb Vasc Biol . 2005 
Jan;25(1):228 -33.  



Mercury, Omega 3 and Heart Disease  

ÅMercury increases risk of CV disease  

ÅFish consumption may counteract benefits of 
Omega 3ôs 

Å8 European countries + Israel  

ÅHg in toenails, DHA in fat vs. risk of 1 st  MI  

ÅHighest vs. lowest quintile  

ÅHighest Hg  2.16 x risk, p=.006  

ÅHighest DHA  0.56 x risk, p=.02  

 

 Guallar E et al. Mercury, Fish Oils, and the 
Risk of Myocardial Infarction. N Engl J Med  
2002 Nov 28;347(22):1747 -1754  



Mercury and Heart Disease  

ÅHg level was significantly correlated 
with fish consumption  

ÅHigher Hg level in dentists  

ÅHg level was not significantly 
associated with the risk of coronary 
heart disease  

 

 Yoshizawa K et al. Mercury and the 
Risk of Coronary Heart Disease in 
Men. N Engl J Med  2002 Nov 
28;347(22):1755 -1760  



Dioxins  

ÅBy products of industrial chemicals  

ÅNeuro damage  

ÅTeratogens  

ÅCarcinogens  



Organochlorines  

ÅAt least one aromatic ring  

ÅPCBôs  

ÅDDT 

ÅOthers  

ÅPersist in fish and environment 
decades after banned  



PCBôs  Polychlorinated 
Biphenylôs 

ÅInsulation for electrical transformers  

ÅBanned in US since 1977  

Å1.2 billion  pounds made in US before 1977 
ending up in lakes, rivers, wildlife  

ÅStill ubiquitous in US and worldwide  

ÅCarcinogen  

ÅNeuro damage in children with exposed 
mothers  

 
 Jacobson JL et al. Effects of in utero exposure to 

polychlorinated biphenyls and related contaminants on 
cognitive functioning in young children. J Pediatr . 1990 
Jan;116(1):  



Omega 3 supplements  

ÅGrades  

ïCod liver oil ï contaminants  

ïHealth Food Store  

ÅMolecularly Distilled or Cholesterol 
Free ï minimum requirement ï 
ïSome PCBôs removed 

ïSome Mercury removed  

ïPharmaceutical grade ï needed if 
more than 2.5 -3.0 g/day  

 
 

 



ñPharmaceutical gradeò fish oil 

ÅNegligible levels of toxins  

ïPCBs< 10 ppt  

ïDioxin < 2ppt  

ïArsenic, Lead, Cadmium, Mercury < 10 -20 ppb  

ÅLess GI side effects  

Å100 x distillation of health food grade  

ÅTotal long chain omega 3 >60% of fatty acids  

ÅAA/EPA Ratio < 0.04  

ÅSome health food grade fish oils have high 
AA levels  

ÅLiquid = about 8 grams EPA+DHA per 
tablespoon  



Detection limits  400 ppb  

 

 Melanson SF et al. Measurement of organochlorines in 
commercial over - the -counter fish oil preparations: implications 
for dietary and therapeutic recommendations for omega -3 fatty 
acids and a review of the literature. Arch Pathol Lab Med . 2005 
Jan;129(1):  



micrograms/liter=pp b 

 Foran SE et al. Measurement of mercury levels 
in concentrated over - the -counter fish oil 
preparations: is fish oil healthier than fish?  
Arch Pathol Lab Med . 2003 Dec;127(12):1603 -5.  



How much omega 3 do you need?  
 

ÅGoal            g/day  

 

ÅMaintaining good health  2.4  

ÅImproved CV health   2.4 -4.8  

ÅImproved Brain function  4.8 -9.6   

ÅInflammation Reduction  4.8 -9.6  

ÅOptimal health    4.8 -9.6  

ÅTreating Neuro Disease   9.6+  

 



Fats to Avoid  
ÅSaturated fats  
ïHigh in AA  

ïRed meat, high fat dairy  

ïMakes cell membranes more rigid  

ÅTrans fats  

ïpartially hydrogenatedé margarine 

ïInhibit D6D and series 1 eicosanoids  

ïIncreased heart disease  

ÅOmega 6 PUFAôs 

ïSoybean oil, safflower oil, corn oil etc.  

ïExcess can be worst of all fats?  

ïIncrease production of AA and bad 
eicosanoids  



Good Fat Choices  

ÅMonounsaturated fats for food  

ïOlive oil  

ïNuts  

ÅAlmonds, cashews, macadamia  

ïAvocados  

ïDo not effect eicosanoids  

ÅLong chain Omega 3 from fish oil as   
a supplement  



How do you measure your        
n-6/n -3 ratio?    

      Arachidonic/EPA ratio in serum  

  

ÅGreenland Eskimos   0.7  

ÅJapanese     1.5  

ÅAmericans     10  

ÅADHD      20  

 

ÅGoal      1.5 -3.0  

 

 



AA/EPA Ratio correlates with 
depression  

ÅP <.01  

 

 

 

 Adams PB et al. Arachidonic acid to 
eicosapentaenoic acid ratio in blood correlates 
positively with clinical symptoms of depression. 
Lipids  1996 Mar;31 Suppl:S157 -61  



Control  

Experimental  

19.6  

4.4  

9.1  

6.2  

19  

6 

Group  
n-6/n -3 
(Diet)  

AA/EPA 
(Plasma)  

Fatal MI  

de Lorgeril M et al. Mediterranean alpha - linolenic 
acid - rich diet in secondary prevention of coronary 
heart disease. Lancet.  1994 Jun 11;343(8911)  
 
 

AA/EPA predicts fatal MI  



Simvistatin Raises AA/EPA  

ÅSimvistatin 40 mg/day x 24 weeks  

ÅAA:EPA ratio increased from 15.5 to 18.8 
(P<.01)  

 

 

 

 Harris JI et al. Statin treatment alters 
serum n -3 and n -6 fatty acids in 
hypercholesterolemic patients.  
Prostaglandins Leukot Essent Fatty Acids . 
2004 Oct;71(4):263 -9.  



Omega 3ôs and the Brain 

 



DHA Review  

ÅEssential for the growth and functional 
development of infant brains  
ÅRequired for maintenance of normal adult 

brain function  
ÅDietary intake improves learning ability  
ÅTaken up by the brain in preference to other 

fatty acids  
ÅDecreases in DHA in the brain are associated 

with cognitive decline during aging and with 
onset of Alzheimerôs dementia 
ÅDecreases amyloid peptides  
 Horrocks LA et al. Health benefits of 

docosahexaenoic acid (DHA) Pharmacol Res  
1999 Sep;40(3):211 -25  



Omega 3 and dementia  
 

ÅAA/EPA Ratio in patients with Alzheimerôs 
Dementia, ñOther Dementiaò or CIND 
(Cognitively Impaired, not Demented)  

    12    
     
ÅAA/EPA Ratio in healthy controls     
  6 
 
ÅLow omega 3 in plasma risk factor for  all forms 

of dementia and cognitive impairment   
      
 

 Conquer JA et al. Fatty acid analysis of blood plasma of 
patients with Alzheimer's disease, other types of 
dementia, and cognitive impairment. Lipids  2000 
Dec;35(12):1305 -12  



n-3/n -6  

ÅCognitive   ratio  inverse ratio  

ÅAlzheimers   .16   6.25   

ÅOther Dementia  .18   5.5    

ÅCIND    .17   5.9  

ÅNormal    .25   4.0  

Å(p < .05)  



Omega 3 and Alzheimerôs risk 

ÅLarge Prospective study >800 subjects  
ÅFish once/week ï 60% less AD  
ÅTotal n -3 pufa inverse and linear association 

with AD  -  70% reduction  
ÅDHA inverse and linear association with AD ï 

80% reduction  
ÅNo difference with EPA, other dietary fats or 

vitamin E  
ÅA large number of animal studies show that 

n-3 pufa increase learning and memory  
 
 

 Morris MC et al. Consumption of fish and n -3 fatty 
acids and risk of incident Alzheimer disease.  
Arch Neurol . 2003 Jul;60(7):940 -6.   



Omega 3 ï Alzheimerôs 

ÅChiu CC et al. The effects of omega -
3 fatty acids monotherapy in 
Alzheimer's disease and mild 
cognitive impairment: A preliminary 
randomized double -blind placebo -
controlled study. Prog 
Neuropsychopharmacol Biol 
Psychiatry  2008;32:1538 -1544  





Omega 3 and Bipolar 
Disorder  

Å4-month  
ÅDouble -blind, placebo -controlled  
ÅOmega 3 fatty acids (9.6 g/d) vs placebo 

(olive oil)  
ÅIn addition to usual treatment  
Å30 patients with bipolar disorder  
ÅTreatment group improved in every outcome 

p=.04  
 

 Stoll AL et al. Omega 3 fatty acids in bipolar 
disorder: a preliminary double -blind, placebo -
controlled trial. Arch Gen Psychiatry  1999 
May;56(5):407 -12  



Omega 3 and ADHD  

 

ÅSignificant improvements from baseline on 7 
out of 14 scales for active treatment, 
compared with none for placebo  

 
 
 
 
 
 

 Richardson AJ et al. A randomized double -blind, 
placebo -controlled study of the effects of 
supplementation with highly unsaturated fatty acids 
on ADHD -related symptoms in children with specific 
learning difficulties. Prog Neuropsychopharmacol Biol 
Psychiatry  2002 Feb;26(2):233 -9 



ADHD ï No change with 345 mg DHA  

 Voigt RG  et al. A randomized, double -

blind, placebo -controlled trial of 
docosahexaenoic acid supplementation in 
children with attention -
deficit/hyperactivity disorder. J Pediatr  
2001 Aug;139(2):189 -96  



MS and omega 3  
 

ÅThere was a significant reduction in the 
mean annual exacerbation rate and the 
mean Expanded Disability Status Scale 
(EDSS) as compared to pre -study values.  
 
 
 

 Nordvik I et al.  Effect of dietary advice and 
n-3 supplementation in newly diagnosed MS 
patients. Acta Neurol Scand  2000 
Sep;102(3):143 -9  
 



Omega 3, depression, 
Homocysteine CVD link  

 

 

 

 

 Severus WE, Littman AB, Stoll AL. Omega -
3 fatty acids, homocysteine, and the 
increased risk of cardiovascular mortality 
in major depressive disorder. Harv Rev 
Psychiatry  2001 Nov -Dec;9(6): 280 -93  



Omega 3 and depression  

ÅThe addition of EPA led to a dramatic and 
sustained clinical improvement in all the 
symptoms of depression  

 

 Puri BK et al. Eicosapentaenoic acid in 
treatment - resistant depression associated 
with symptom remission, structural brain 
changes and reduced neuronal 
phospholipid turnover. Int J Clin Pract  
2001 Oct;55(8)  
 

 



Omega 3ôs and  Depression  

Å AA/EPA Ratio In patients with CRP < 
1.5  

Å Depressed         16.4   
 Not Depressed         13.2  p = .007  
Å Higher n -3 content increases 

membrane fluidity and increases 
serotonin transport  

 
 Tiemeier H et al. Plasma fatty acid composition and 

depression are associated in the elderly: the 
Rotterdam Study. Am J Clin Nutr . 2003 
Jul;78(1):40 -6.  
 
 



n-3 pufa and post partum 
depression  

ÅDHA and total n -3 pufa 
predict post partum 
depression  
 

 De Vriese SR et al. Lowered serum n -3 
polyunsaturated fatty acid (PUFA) levels predict 
the occurrence of postpartum depression: Further 
evidence that lowered n -PUFAs are related to 
major depression. Life Sci . 2003 Nov 
7;73(25):3181 -7.   



Omega 3, depression, 
children  

ÅChildren with major depression  
Å600 mg Omega 3 vs. placebo  
Å4-16 weeks  
ÅHighly significant improvement 

in all scales  
 
 
 

 Nemets H, Nemets B,Apter A, Bracha Z, 
Belmaker RH.Omega -3 treatment of childhood 
depression: a controlled, doubleblind pilot study. 
Am J Psychiatry  2006;163:1098 -1100.  
 





 
Omega 3 improves schizophrenia  

 
 
 

 
 
 

 Peet M. Eicosapentaenoic acid in the treatment of 
schizophrenia and depression: rationale and 
preliminary double -blind clinical trial results. 
Prostaglandins Leukot Essent Fatty Acids . 2003 
Dec;69(6):477 -85.  



Omega 3 and mood 
disorders  

ÅImproves unipolar and bipolar depression  

ÅLow omega 3 found in acute coronary 
syndrome and depression  

ÅExplains the link between depression and 
heart disease  

 

 

 Parker G et al. Omega -3 fatty acids and mood 
disorders.  Am J Psychiatry . 2006 
Jun;163(6):969 -78.   

http://www.ncbi.nlm.nih.gov/entrez/utils/fref.fcgi?itool=AbstractPlus-def&PrId=3051&uid=16741195&db=pubmed&url=http://ajp.psychiatryonline.org/cgi/pmidlookup?view=long&pmid=16741195




Omega 3 and depression  
Å8-week, double -blind, placebo -controlled 

trial  
ÅOmega -3 PUFAs (6.6 g/day) with 

placebo,  
ÅOn the top of the usual treatment  
Å28 patients with major depressive 

disorder  
ÅSignificantly decreased score on the 21 -

item Hamilton Rating Scale for 
Depression (P < 0.001).  

 Su KP Omega -3 fatty acids in major depressive 
disorder. A preliminary double -blind, placebo -controlled 
trial.  Eur Neuropsychopharmacol.  2003 
Aug;13(4):267 -71.   

http://www.ncbi.nlm.nih.gov/entrez/utils/fref.fcgi?itool=AbstractPlus-def&PrId=3048&uid=12888186&db=pubmed&url=http://linkinghub.elsevier.com/retrieve/pii/S0924977X03000324


DHA grows neurons  

 

 

 

 Kawakita E et al. Docosahexaenoic acid 
promotes neurogenesis in vitro and in vivo.   
Neuroscience 2006:139:991 -997.  

 

Rat 
neuronal 
stem cells  



ÅStem cells produce new neurons 
throughout life in dentate gyrus of 
hippocampus and olfactory bulb  

ÅFunction of DHA in neurogenesis?  

ÅIn vitro?  

ÅCultured neuronal stem cells  

ÅCultured with and without DHA  

Å50% more neurons with DHA  

ÅIn vivo?  

ÅRats fed DHA produced 1.6 x more 
neurons in dentate gyrus  p=.005  

 



DHA in Pregnancy and Lactation  

ÅDHA supp during pregnancy and lactation  

ÅBetter mental processing tests in 4 year 
old children of supplemented moms vs 
placebo.  

ÅDHA supplement better than alpha -
linolenic acid for improved health 
outcomes.  

 

 Decsi T et al. N -3 fatty acids and 
pregnancy outcomes. Curr Opin Clin Nutr  
Metab Care. 2005 Mar;8(2):161 -6.  



Omega 3 and child development  

Å  Motor indices correlated positively 
with the plasma phospholipid  DHA 
content at 4 months of age (P=0.02).  

Å  The Clinical Adaptive Test/Clinical 
Linguistic and Auditory Milestone Scale 
developmental quotient correlated with 
the erythrocyte phospholipid  content 
of  EPA (P <  0.01 )  
ÅVoigt RG et al. Relationship between omega3 long -

chain polyunsaturated fatty acid status during early 
infancy and neurodevelopmental  status at 1 year of 
age. J Hum Nutr  Diet  2002 Apr;15(2):111 -20  



Omega 3 and Autism  
ÅRandomized, double blind placebo controlled  

Å1.5 gms daily of Omega 3  
ï.84 EPA/.7 DHA  

ÅImproved with omega 3ôs  
ïHyperactivity  

ïTantrums  

ïAggression  

ïSelf injury  

ÅAmminger, GP et al. Omega -3 fatty acids 
supplementation in children with autism: a 
double -blind randomized, placebo -controlled 
pilot study.  Biol Psychiatry . 2008 Jan 
15;63(2):e13.  



Omega 3 Autism  

Å700 EPA + 400 DHA per day  

ÅImproved scores  

 

 

ÅBent S "A Pilot Randomized 
Controlled Trial Of Omega -3 Fatty 
Acids For Autism Spectrum Disorderò 
J Autism Dev Disord . 2010 Aug 4  

 



Prenatal DHA and motor function  

ÅUmbilical DHA concentrations  

ÅReflect prenatal DHA availability  

ÅCorrelated with motor function age 7  

 

 Bakker E et al. Relationship between 
long -chain polyunsaturated fatty 
acids at birth and motor function at 7 
years of age. Eur J Clin Nutr  
2009;63:499 -504  



Omega 3ôs decrease obesity 

ÅEqually high fat diets emphasizing n -
3 PUFAs may even protect against 
obesity.  
 

 Wang H  et al. Effects of dietary fat types 

on body fatness, leptin, and ARC leptin 
receptor, NPY, and AgRP mRNA 
expression. Am J Physiol Endocrinol Metab  
2002 Jun;282(6)  



Omega 3 and body 
composition  

ÅDecrease in fat mass and increase in 
lean body mass when long chain 
omega 3 substituted for saturated fat 
along with diet  

ÅLost .9 kg vs .3 kg  
 

ÅCouet C et al. Effect of dietary fish oil 
on body fat mass and basal fat 
oxidation in healthy adults Int J 
Obesity  1997;21:637 -43   

 



Omega 3 and Bone  

ÅA higher ratio of n -6 to n -3 fatty 
acids is associated with lower BMD at 
the hip in both sexes.  
 
 
 

 Weiss LA et al. Ratio of n -6 to n -3 
fatty acids and bone mineral density 
in older adults: the Rancho Bernardo 
Study. Am J Clin Nutr . 2005 
Apr;81(4):934 -8.   

http://www.ncbi.nlm.nih.gov/entrez/utils/fref.fcgi?itool=AbstractPlus-def&PrId=3051&uid=15817874&db=pubmed&url=http://www.ajcn.org/cgi/pmidlookup?view=long&pmid=15817874


Omega 3ôs in surgical patients 

ÅShorter postoperative periods in the intensive 
care unit  

ÅLower rates of severe infections  

ÅPerioperative administration of n -3 fatty acids 
have a favorable effect on outcome in patients 
with severe surgical interventions  

ÅLower the magnitude of inflammatory 
response and by modulating the immune 
response.  
 

 Weiss G et al. Immunomodulation by perioperative 
administration of n -3 fatty acids. Br J Nutr  2002 
Jan;87 Suppl  



Omega 3 and bleeding  
 

ÅCABG patients  
ÅASA and or warfarin  
ÅñNo excess of bleeding episodes could be 

attributed to the use of fish oil, given in 
addition to either aspirin or warfarin ñ 
 
 
 
 

 Eritsland J et al. Long - term effects of n -3 
polyunsaturated fatty acids on haemostatic 
variables and bleeding episodes in patients with 
coronary artery disease. Blood Coagul Fibrinolysis  
1995 Feb;6(1):17 -22  



Omega 3 and bleeding  

Å10 g EPA same bleeding time 
effect as single 320 mg ASA  
 
 
 

 Knapp HR, Reilly IA, Alessandrini P, 
FitzGerald GA. In vivo indexes of 
platelet and vascular function during 
fish -oil administration in patients 
with atherosclerosis. N Engl J Med  
1986 Apr 10;314(15):937 -42  



Peri -menopause  

ÅLucas M et al. Effects of ethyl -
eicosapentaenoic acid omega -3 fatty 
acid supplementation on hot flashes 
and quality of life among middle -
aged women: a double -blind, 
placebo -controlled, randomized 
clinical trial. Menopause  2008  





Dysmenorrhea  
 

Å1.8 g EPA+DHA x 2 months  

ÅAfter 2 months of treatment with fish 
oil there was a marked reduction in the 
Cox Menstrual Symptom Scale from a 
baseline mean value of 69.9 to 44.0 (p 
< 0.0004)  

    Harel Z et al. Supplementation with 
omega -3 polyunsaturated fatty acids in 
the management of dysmenorrhea in 
adolescents. Am J Obstet Gynecol  1996 
Apr;174(4):1335 -8 



Omega 3 and RA  

ÅSignificant improvement with 2.6 
g/day  
 
Å Geusens P et al. Long - term effect of 

omega -3 fatty acid supplementation in 
active rheumatoid arthritis. A 12 -month, 
double -blind, controlled study.  
Arthritis Rheum  1994 Jun;37(6):824 -9 



Fish in first year of life reduces 
Allergies  

ÅChildhood asthma and allergies increasing  

ÅConventional advise is to avoid fish in first year 
of life  

Å4000 children followed 4 years  

ÅEarlier fish, more fish less Allergic illness  

ïAsthma, eczema, allergic rhinitis  

 

   Kull I et al. Fish consumption during the first year of 
life and development of allergic diseases during 
childhood.  Allergy  2006;61:1009 -1015.  

 

 





Fish Consumption Before 9 Months of 
Age Linked to Less Eczema  

 

 

 

 

 

 
Å Alm B et al. Early introduction of fish 

decreases the risk of eczema in infants. Arch Dis 
Child  2009;94:11 -15  



Asthma  

ÅOmega 3 ï 3 g/day  

Å28% increase in FEV1  

 

 Villani F et al. Effect of dietary 

supplementation with polyunsaturated 
fatty acids on bronchial hyperreactivity in 
subjects with seasonal asthma.  
Respiration  1998;65(4):  



Asthma  

Å5.4 g EPA + DHA per day  

ÅProtective effect on EIB  

ÅLowers inflammatory cytokines and 
prostaglandins  
 

 

 

   Mickleborough TD et al. Fish Oil Supplementation 
Reduces Severity of Exercise - Induced 
Bronchoconstriction in Elite Athletes. Am J Respir 
Crit Care Med . 2003 Aug 6  



ÅWestern Diets ï Omega 6 main PUFA  

ÅEPA and AA compete ï If AA wins 
inflammatory cytokines predominate  

ÅOmega 3 levels predict inflammatory 
response to stress and depression  

ÅIncreased omega6/omega 3 contribute 
to cardiovascular disease and 
inflammatory disorders  

ÅAutoimmune diseases such as RA, SLE, 
MS, IBD usually respond to Omega 3ôs 
by decreasing inflammatory cytokines  
ÅSimopoulos, A. Omega -3 Fatty Acids in 

Inflammation and Autoimmune Diseases. 
Journal of the American College of Nutrition , 
Vol. 21, No. 6, 495 ï505 (2002)  
 
 

 



Fish Allergy Pilot Study  

ÅApart from the gel capsule  

ÅFish oil supplements are entirely 
composed of lipids  

ÅSpecific proteins are nearly always the 
culprits behind food allergies  

Å6 with Fin Fish allergy and positive skin 
tests  

ÅNegative fish oil skin tests and negative 
challenge of fish oil consumption  

 



Fish Oil in Fish Allergic 
Patients  

ÅMark BJ, Beaty AD, Slavin RG. Are 
fish oil supplements safe in finned 
fish -allergic patients? Allergy Asthma 
Proc  2008;29:528 -529  



Inflammatory Markers Lower in Healthy 
Adults Consuming Omega -3 PUFAs and 

Non - fried Fish  

 

 

 

 
 

ÅHe K. et al. Associations of dietary long -chain n -3 
polyunsaturated fatty acids and fish with 
biomarkers of inflammation and endothelial 
activation (from the Multi -Ethnic Study of 
Atherosclerosis [MESA]). Am J Cardiol  
2009;103:1238 -1243  



Krill Oil vs. Fish Oil  

Å1-5 cm  

ÅLargest biomass on planet  

ÅEPA, DHA  

ÅPhospholipid structure  

ÅPhosphatidylcholine  

ÅAstaxanthin  


