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HS-Omega-3 Index® 

Seminal Publication 2004 
Biomarker for Fatty Acid Comp., correlating with tissue FA Comp. 
Measured in Erythrocytes (low biologic Variability) 
Standardized and validated Method for 26 Fatty Acids  
 (low analytical Variability) 
> 280 Publications, >50 current Research Projects 
QM according DIN ISO 15189 

® 



Biological and analytical Variability of  
EPA+DHA in various Compartments 

Harris WS, Thomas R Clin Biochem 2009;43:338-40 
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August 2018 – Measuring the Omega-3 Index in Germany 
 
   Results Target  Recommendation 
 
Omegametrix:  6.43%  8 – 11% more omega-3 
 
Labor B1:  4.36%  >8%  is normal 
Labor B2:  7.29%  >8%  more omega-3 
Labor G:   5.69%  >8%  more omega-3 
Labor M:   3.70%  >4%  more omega-6 
Labor W:   4.30%  6 – 8% - 

…one sample in 6 Labs… 

Standardization !!! 
Ethical Issues!!! 



In humans representative for tissue 
Heart, Breast, Muscle, Cheek cells, Placenta 

 
In experimental animals representative for tissue 

Kidney, Cerebral Cortex, Liver, Lung, Gut, asf. 
 

Almost no correlation with intake 

Harris WS et al Circulation 2004;110:1645 
Arnold et al, JBC, 2010; 285:32720-33; ;  
Gurzell et al, PLEFA 2014;91:87 
Roy et al, Int J Canc 2015; e-pub July 2 
u.a. Köhler et al, Br J Nutr 2010;104:729 
Lager et al, J Clin Endo Metab 2017;102:4557 





HS-Omega-3 Index in 23615 Erythrocyte-Samples from Europe 

n < 2% = 0, n > 18% = 2 



n < 2% = 0, n > 20% = 0 

n < 8% = 17984 = 76.15% 

n in target range = 4831 = 20.45% 

n > 11% = 799 = 3.38% 
 

HS-Omega-3 Index in 23615 Erythrocyte-Samples from Europe 



Gellert et al, PLEFA 2017;117:54 

446 German Women between 40 and 60 Years old 
Semi-representative 

Mean 5.49+1.17%, <8%: 97.3% of all women 



4.5% 



Omegametrix, data on file 

HS-Omega-3 Index in 1711 Turks, uppermost social stratum 
 Mean 6.08+2.20 %  

81%<8%; 16.2% in target range, 2.8%>11% 

Overestimation, real situation worse 



HS-Omega-3 Index in 1000 South-Koreans  
No Supplementation, Mean 10.4 + 3.0 % 

Park et al, unpublished 



Stark K et al, Prog Lipid Res 2016, e-pub May 20 

Omega-3 Index around the World 



Omega-3 Index: Epidemiology 
 

Total Mortality 



Omega-3 Index and Risk for Total Mortality in LURIC  

Kleber et al, Atherosclerosis 2016;252:157 



Harris et al, J Clin Lipidol 2017;11:250-259 

Women‘s Health Initiative Memory Study: 6501 Women, Age 65-80  
Years, 15 Y Follow-up, 1851 (28,5%) dead 



Harris et al, J Clin Lipidol. 2018;12:718 

Omega-3 Index and Total Mortality in Framingham 



Omega-3 Index: Epidemiology 
 

Clinical Events 



Block RC et al, Atherosclerosis 2008;197:821 

Omega-3 Index and Acute Coronary Syndrome 



Omega-3 Index and Cardiovascular Events in Framingham 

Harris et al, J Clin Lipidol. 2018;12:718 



Harris et al, J Clin Lipidol. 2018;12:718 



Omega-3‘s and  
Cardiovascular / 

Primary – secondary Prevention 
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The Issue of Bioavailability 



Variability in Uptake of Omega-3‘s Ingested 

- Low Fat vs / High Fat Meal: up to Factor 13 

- Chemical Form:   up to Factor   2 

- Emulsion / Fish vs. caps up to Factor 22 

- Matrix Effects   up to Factor 10 

- Inter-individually:   up to Factor 13 

 

Intake ≠ Uptake 

Bioavailability not predictable individually 

One Dose doesn‘t fit all! 

Levels count, not dose – Omega-3 Index!! 
Schuchardt PLEFA 2013;89:1; Köhler et al, Br J Nutr 2010, 104:729; Flock, JAHA 2013; 2:e000513 
Davidson et al J Clin Lipidol. 2012;6:573-84; Hussey et al, Clin Pharm Drug Develop 2012;1:14; 
Neubronner et al, Eur J Clin Nutr 2011;65:247; Köhler et al, Nutrients 2017;9:629 
 
 
 
 
  



Aung et al JAMA Cardiol 2018; e-pub Jan 31 

* 
* 
* 
* 

* 
* 
* 

Low Fat vs / High Fat Meal: up to Factor 13 
1 Capsule with Breakfast 

+ 

+ 

+ 

* 



Aung et al JAMA Cardiol 2018; e-pub Jan 31 

No Uptake – No Effect 



n < 2% = 0, n > 18% = 2 



https://www.naturalproductsinsider.com/lipids/optimal-illusive-omega-3-level 



https://www.naturalproductsinsider.com/lipids/optimal-illusive-omega-3-level 



Recruitment for trials never 
 depended on baseline levels 
 
That‘s nonsense 
 
Like a trial with an antihypertensive, 
 with no baseline blood pressure 
 
or like a statin trial with no baseline LDL 



Burr et al, Lancet 1989; II:554:757 

DART, Diet and Reinfarction Trial, two-year Nutrition Trial, randomized,  
Mono-center, factorial Design in 2033 Pat shortly after first MI 

2 x fatty Fish per Week 



Gruppo Italiano per lo Studio della  
Sopravvivenza nell´Infarto miocardico 

GISSI-P, Lancet 1999; 354:447 

3.5 Years randomized, open, multi-center,  
factorial Design, 11324 Pat shortly after first MI 

0.85 g ω-3 Fatty Acids / Day 

300 mg Vitamin E / Day 

Combination 

Neither 

Timepoint of Intake free  



Marchioli et al Circulation 2002;105:1897-1903 

Total C 154, n-3 111 



JELIS: RCT in 19 466 Hyperlipidemics, + cardiovasc. Disease,  
Of them 9326 1.8 g / day EPA 
9319 Controls, Mean Follow-up 4.6 Years. 

Yokoyama et al, Lancet 2007;369:1090 

Primary End Point: coronary  
Event, fatal and non-fatal 
Myocardial Infarction,  
others like Revascularization 
 



REDUCE-IT 
RCT with 8179 Participants with CV Risk, all Statin 

4 g EPA-Ethylester vs. Placebo 
4.9 Years mean Trial Duration 

Primary End Point: MACE 

 CV Death, non-fatal Myocardial Infarction,  

 non-fatal Stroke, coronary Revascularization, 

 unstable AP with Hospitalization 
 

Bhatt et al, N Engl J Med 2018, e-pub Nov 10 



25% rel. Risk Reduction, p<0.001 
 

REDUCE-IT 
 

Bhatt et al, N Engl J Med 2018, e-pub Nov 10 

Serum-Level increased almost sixfold 



AHA Scientific Advisory on EPA+DHA Supplements 

Primary  
Prevention 

Siscovick et al AHA statement on omega-3‘s Circulation 2017 March 13 

Secondary 
Prevention 



Summary EPA & DHA in CVD 
Epidemiology: low levels – later CVD, high mortality, MI, Stroke 
Mechanisms of Action, if HS-Omega-3 Index around 10% 
 TG‘s↓ 
 Blood Pressure ↓   
 Heart Rate ↓ 
 inflammatory Cytokines ↓ 
 Plaque Stabilization 
Intermediate endpoints positive: e.g. SCIMO 
Some Endpoint Trial positive – few issues in trial methods 
Many Endpoint Trials neutral – many issues in trial methods 
Guidelines positive for Cardiovascular Prevention and Secondary  
 Prevention, no clear Recommendation of Dose 
Intake ≠ Uptake 
My Suggestion: Aim for HS-Omega-3 Index around 10% 
Integrate Omega-3 Index into Clinical Routine 
Standardization needed 



Congestive Heart Failure 
HFrEF 



Cardiovasc Health Study: Later development CHF 
2763 CV Healthy, 10 Y Observation, 555 cases of CHF 

Mozaffarian et al Ann Int Med 2011;155:160 



Mean Omega-3 Index: 3.7% 



Endpoint Trial  



GISSI-HF, Lancet 2008,372:1231 



GISSI-HF: HS-Omega-3 Index 

Harris et al, Nutr Res 2016;36:989 

  Baseline  3 Months 

Placebo 4.73+1.70  4.81+1.49 

Verum 4.75+1.68  6.73+1.93   p<0.0001 

Way below target range of 8 – 11% 



GISSI-HF, Lancet 2008,372:1231 

Total Mortality + Hospitalizations 

GISSI-HF: Primary Endpoint 



GISSI-HF, Lancet 2008,372:1231 



Summary EPA & DHA in CHF (HFrEF) 
Epidemiology: low levels – later CHF 
Low HS-Omega-3 Index in CHF 
Mechanisms of Action, if HS-Omega-3 Index around 10% 
 Heart Rate ↓ 
 Heart Rate Variability ↑ 
 LV-Function ↑ 
 Infarct Size ↓ 
 Fibrosis ↓ 
 Ejection Fraction ↑ 
Parameters of Physical Performance better 
Comorbidities better: Depression, Cognition, Quality of Life, asf. 
Endpoint Trial positive 
Low HS-Omega-3 Index causal for HFrEF 
Guidelines positive, no clear Recommendation of Dose 
Intake ≠ Uptake 
My Suggestion: Aim for HS-Omega-3 Index around 10% 
Integrate Omega-3 Index into Clinical Analysis Platform 
HFpEF as yet unclear 



 
Omega-3 Index and Blood Pressure 



No association between fish consumption  
and elevated blood pressure 

Yang et al, Nutrients 2016; 8(1). pii: E58 



Yang et al, Nutrients 2016; 8(1). pii: E58 

No association between consumption of EPA and DHA and elevated blood pressure, 
But association with biomarkers for circulating levels of EPA and DHA 



J Hypertens. 2018;36:1548 



Filipovic al, J Hypertens. 2018;36:1548 



Abumweis et al J Human Nutr Diet 2018;31:67 

Meta-Analysis Intervention Trials on CV Risk Factors 



Brain 



Crawford MA et al Am J Clin Nutr 1997;66:1032S-41S 

Fatty Acids in Human Brain 



Modified from Haast RA, PLEFA 2015;92C:3 



Harris et al, J Clin Lipidol. 2018;12:718 

Omega-3 Index and Cardiovascular Events in Framingham 



Bhatt et al, N Engl J Med 2018, e-pub Nov 10 

28% Risk Reduction Stroke, p<0.01 
 

REDUCE-IT 
RCT with 8179 Participants with CV Risiko, all on Statin 

4 g EPA-Ethylester vs. Placebo, 4.9 Years mean Study Duration 



Cognition 



HS-Omega-3 Index and Executive Function 
in 4-Year olds 

assessed as „Dimensional change card sort“ 

Adjepong et al, J Nutr Biochem. 2018;57:287-293 



Johnston et al Nutr Neurosci 2013;16:30 

Mean Age 
31.4+7.4 Jahre 

Correlation HS-Omega-3 Index and Cognition 



HS-Omega-3 Index, Brain Volume 
and Cognitive Function in 

Framingham  
Quartile 1 vs. 2-4 

n = 1575; Age = 67 
*equivalent to approx. 2 years normal brain ageing 

Model Covariates Total  Cerebral  
Brain Volume  (%) 

Visual Memory Executive 
Function 

Abstract 
Thinking 

Low Index = 
smaller Volume* Low Index = Worse Function 

A 
Age, sex, 

education, time 
interval 

p=0.005 p=0.026 p=0.025 p=0.001 

B A with apoE4 and 
homocysteine p=0.005 p=0.026 p=0.038 p=0.002 

C B with physical 
activity and BMI p=0.008 p=0.024 p=0.046 p=0.002 

 
D 
 

B with diabetes, 
sBP, smoking, A-

fib, prevalent  CVD 
and total 

cholesterol 

p=0.011 p=0.079 p=0.108 p=0.001 

Tan Z, et al. Neurology 2012;78:658-664 



Risk for cognitive Impairment in the Elderly 
depends on Omega-3 Index 

Data from KORA-Age-2 (95%CI) 
Mean Omega-3 Index high Tertile: 8.09+1.02% 

Omega-3 Index  Model 1  Model 2  Model 3  Model 4 
Low  1.77 (1.15-2.73)* 1.77 (1.13-2.71)* 1.77 (1.14-2.75)* 1.77 (1.14-2.76)* 
Mean   0.85 (0.53-1.38) 0.84 (0.52-1.36) 0.85 (0.52-1.39) 0.86 (0.53-1.40) 
High  Ref.  Ref.  Ref.  Ref. 
 
Age 
77-88  2.24 (1.51-3.32)** 2.25 (1.52-3.33)** 2.05 (1.36-3.07)* 2.05 (1.37-3.09)* 
>88  4.90 (2.59-9.25)** 4.85 (2.56-9.18)** 4.14 (2.15-7.98)** 4.15 (2.16-8.01)** 
 
*p<0.05, ***p<0,0001. Model 1 was adjusted for age and sex, model 2 was additionally adjusted  
for education, model 3 additionally for metabolic risk factors (obesity, actual hypertension, hyper- 
cholesterolemia, smoking, physical inactivity) and model 4 additionally for depression and anxiety. 

Lukaschek et al, Dementia Geriatr Cogn Dis 2016;42:236 



Ammann et al PLEFA 2017;121:68 

Women's Health Initiative Memory Study: 6706 Women >65, 10 J FU, 587 getting dementia 



Ismael A, 2015 



Witte et al, Cereb Cortex 2014;24:3059-68 

Correlation Improvement Executive Function and Omega-3 Index 



Külzow et al, J Alzheimers Dis 2016;51:713-25 

Correlation Memory Improvement and Omega-3 Index 



„Age-dependent“ Loss of Brain Structure 

Witte et al, Cereb Cortex 2014;24:3059-68 



Pregnancy 



Olsen et al, EBioMedicine 2018;35:325 

Likelihood Premature Birth <week 34 
As dependent on Plasma EPA & DHA 

Mittelwert 

95% CI 

95% CI 



Cochrane Meta-Analysis 

 

Gestational Age   +1.67 days (95% CI 0.95 to 2.39)  

     41 RCT’s, 12 517 pregnant Women 

Low Birth Weight   15.6% vs. 14%; RR 0.90, (95% CI 0.82 btois 0.99   

     15 RCT’s, 8 449 pregnant Women 

Perinatal Death of Child  RR 0.75 (95% CI 0.54 to 1.03);  

     10 RCT’s, 7 416 pregnant Women 

Middleton et al, Cochrane Database Syst Rev. 2018 Nov 15;11:CD003402 



Cochrane Meta-Analysis – Premature Birth 

 

< Week 37 13.4% vs. 11.9% (RR 0.89 (95% CI 0.81 to 0.97)  

   26 RCT’s, 10 304 pregnant Women; 

< Week 34    4.6% vs. 2.7% (RR 0.58, 95% CI 0.44 to 0.77) 

   9 RCT’s, 5 204 pregnant Women 

Middleton et al, Cochrane Database Syst Rev. 2018 Nov 15;11:CD003402 



Cochrane Meta-Analysis. 

Practical Conclusion: 

 

A universal Supplementation can make Sense,  

Although, with better knowledge, it should be aimed  

for women benefitting the most. 
 

Middleton et al, Cochrane Database Syst Rev. 2018 Nov 15;11:CD003402 



HS-Omega-3 Index in Pregnancy and Lactation 
representative Study in Germany 

Gellert et al, PLEFA 2016;109:22 

  Pregnant Lactating no Suppl. with Suppl. 

Omega-3 Index 6.62+1.39 5.57+1.39 6.04+1.39 7.73+1.28 

Range  3.81-11.10 2.49-9.24 2.49-11.10 4.61-11.08 

      85% 15% 



Other Health Issues depending on Omega-3 Index 
 
Perinatal Mortality 
Perinatal Complications 
Post-Partum Depression 
Major Depression 
Bipolar Depression 
Suicide 
Burn-out 
PTSD 
ADHD 
Autism / ASD  
Some chronic inflammatory diseases 
Muscle 
Age-related Muscle loss 
NAFLD 
others 



Tolerability and 
Safety 



GISSI-HF, Lancet 2008,372:1231 



HS-Omega-3 Index can safely be increased  

by increasing intake. 

EFSA: up to 5 g / day EPA+DHA  

FDA: up to 3 g / day safe. 

 

Tolerability and Bioavailability maximized, 

if taken with main meal. 



Switco65+: 826 Patienten after Thromboembolic Event,  
all anticoagulated, 3 Years Observation 

Reiner et al, J Thromb Haemostas 2017;17:47 



JELIS, Yokoyama et al 2007;369:1090 

JELIS: RCT in 19 466 Hyperlipidemics, + cardiovasc. Disease,  
9326 Participants 1,8 g / Tag EPA in Japan 
9319 Controls, Mean Follow-up 4.6 Years. 



REDUCE-IT 
RCT with 8 179 Participants with cardiovascular Risk, all on Statin 
4 g EPA-Ethylester vs. Placebo 
4.9 Years Study Duration 

Bhatt et al, N Engl J Med 2018, e-pub Nov 10 



Safety and Tolerability 
 
Avoid daily Doses > 3 – 5 g say FDA - EFSA 
Large interindividual variability in uptake 
My suggestion: Avoid Omega-3 Index >16% - 17% 
 small bleeding risk 
  according to JELIS & REDUCE-It 
 
 



DHA and EPA contribute to the normal function of the heart  

DHA and EPA contribute to the maintenance of normal blood pressure  

DHA and EPA contribute to the maintenance of normal blood triglyceride levels  

DHA contributes to maintenance of normal blood triglyceride levels 
 

Authorized Claims 
for Omega-3‘s 



DHA contributes to maintenance of normal brain function 

DHA contributes to the maintenance of normal vision 

DHA maternal intake contributes to the normal brain development of the  

 foetus and breastfed infants 

DHA maternal intake contributes to the normal development of the eye of the  

 foetus and breastfed infants 
 

Authorized Claims 
for Omega-3‘s 



Summary 
 
No human life without EPA&DHA  
There is a world-wide deficit in EPA&DHA 
can only be diagnosed with standardized Fatty Acid Analysis (HS-Omega-3 Index) 
Deficit cannot be corrected with ALA, DHA must be ingested 
Symptoms of a deficit are 
- Reduced Life Expectancy 
- Sudden Cardiac Death  
- Cardiovascular Diseases 
- Congestive Heart Failure 
- Ischemic Stroke 
- Impaired Cognition 
- Major Depression 
- Premature Birth and perinatal Complications 
- Elevated Blood PRessure 
- Many others 
For Pregnancy, major Depression, cardiovascular Diseases, Congestive Heart Failure 
 Guidelines recommend EPA&DHA 
Many Intervention Trials not positive for methodologic Reasons: 
 Bioavailability, Baseline Levels, inter-individual Variability in Uptake asf 
Omega-3 Index up to 16% safe, small Bleeding Risk at higher levels (0,1%/Year) 
Deficit in EPA&DHA, when Omega-3 Index <8% 



Conclusion  
 
A suboptimal HS-Omega-3 Index (<8%) identifies Individuals  
needing the Contribution of EPA&DHA to Health. 
 
Safety and Tolerability of EPA&DHA make an optimal 
HS-Omega-3 Index (8 – 11%)  
Safer than a lower HS-Omega-3 Index. 
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Fabian et al, Breast Canc Res 2015;17:62 

Intake ≠ Uptake 
 



ASCEND N Engl J Med 2018, e-pub Aug 26 

ASCEND: RCT in 15480 Diabetics without cardiovascular Disease 
Of them 7740 daily 410 mg EPA + 340 mg DHA –Ethylester in Capsule   
7740 daily 1 g Olive Oil in Capsule 
Mean Follow-up 7.4 Years 



Vital 
RCT with 25 871 Participants  

460 mg EPA plus 380 mg DHA –Ethylester 

 vs. Placebo 

5.3 Years mean Trial Duration 

Primary End Point: MACE 

 CV Death, Myocardial Infarction, Stroke 
 

Manson et al, N Engl J Med 2018, e-pub Nov 10 



Manson et al, N Engl J Med 2018, e-pub Nov 10 

Vital Results 



Myth 
 
Food supplements are generally not needed by healthy  
persons on a balanced diet. With a balanced diet the body 
obtains all nutrients needed.  

http://www.bfr.bund.de/de/gesundheitliche_bewertung_von_nahrungsergaenzungsmitteln-945.html 

Reality: Wrong with 
 Omega-3 Deficit 





Conventional Nomenclature of Fatty Acids 

 

Saturated 

Mono-unsaturated 

Poly-unsaturated 

 omega-6 

 omega-3 

Trans Fatty Acids 

Conventional Method 

in Nutritional Epidemiology: 

Food Frequency Questionnaire 

Approx. 50% Data plausible  



Wang et al JAMA Int Med 2016; e-pub Juli 5 



Linoleic Acid, C18:2ω-6 Arachidonic Acid, C20:4ω-6 

Alpha-Linolenic Acid C18:3ω-3 

Eicosapentaenoic Acid C20:5ω-3 

Docosahexaenoic Acid C22:6ω-3 



Alpha-Linolenic Acid: Energy Generation 

A small Selection of biologically active Metabolites of AA, EPA und DHA 

Araujo P et al Nutrients. 2019;11(5) 



α-LNA, EPA, DHA 
 
     α-LNA EPA  DHA 
Platelet Aggregation   - 
    
Blood Pressure   -    
    
Endothelial Function  -    
    
Triglycerides    
 
HDL(2) (29 %)    - 
    
LDL (8%)     - 
   

von Schacky JCI 1985, 76:2446 Mori TA et al Hypertension. 1999, 34:253 
Mori TA et al . Circulation. 2000, 102:1264 Mori TA et al . Am J Clin Nutr 2000, 71:1085 
Mori TA et al . Am J Clin Nutr. 2000, 71:1085 Finnegan YE et al Am J Clin Nutr 2003,77:783 



Associations of individual Fatty Acids with  
10-year Total Mortality in LURIC 

Kleber et al Eur Heart J 2016;37:1072-82; Kleber et al Atherosclerosis 2016;252:157-81  
Delgado et al J Clin Lipidol 2017;11:126-35; Delgado et al Clin Lipidol, 2017;11:1082-90 
Kleber et al J Clin Lipidol 2018;12:455-63 



Wang et al JAMA Int Med 2016; e-pub Juli 5 
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