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Very long chain (“marine”) w-3 

polyunsaturated fatty acids

Eicosapentaenoic acid (EPA) 20:5w-3

Docosapentaenoic acid (DPA) 22:5w-3

Docosahexaenoic acid (DHA) 22:6w-3
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Pathway of 

biosynthesis of 

EPA, DPA and DHA



EPA, DPA and especially DHA are 

poorly synthesised in humans

-> dietary sources are important



a-Linolenic acid (18:3w-3)

Stearidonic acid (18:4w-3)

Eicosapentaenoic acid (20:5w-3)

D6-desaturase 
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Elongase

Docosahexaenoic acid (22:6w-3)
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Synthesised in plants

Found in green leaves, some 

seeds, some nuts, some plant oils

Found in seafood (especially oily 

fish), in fish oils and lean fish liver 

oils, in algal oils, in concentrated 

pharmaceutical preparations
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Long chain w-3 PUFA content of fish

EPA DPA DHA Total

(g/100 g food) g/portion

Cod 0.08 0.01 0.16 0.30

Haddock 0.05 0.01 0.10 0.19

Herring 0.51 0.11 0.69 1.56

Mackerel 0.71 0.12 1.10 3.09

Salmon 0.55 0.14 0.86 1.55

Crab 0.47 0.08 0.45 0.85

Prawns 0.06 0.01 0.04 0.06





Effect on EPA + DHA intake by eating 

oily fish or taking supplements

Grams per day

Normal

diet

+ one 

concentrated 

fish oil 

capsule

+ one 

standard 

fish oil 

capsule

+ one 

Omacor

capsule

One meal 

of salmon

+ 4 

Omacor

capsules



In most cells and tissues the content of 

EPA and DHA is low (especially when 

compared with the content of w-6 PUFAs)  



w-6 and w-3 PUFA contents of phospholipids 

of human white (mononuclear) cells

% of total fatty acids

Linoleic acid (18:2w-6) 10

DGLA (20:3w-6) 1.5

Arachidonic acid (20:4w-6) 20

a-Linolenic acid (18:3w-3) < 0.5

EPA 1.0

DHA 2.5



But increasing EPA+DHA intake 

increases the EPA and DHA content of 

blood lipids, blood cells, and many 

tissues including liver, heart & skeletal 

muscle – effect is dose, time and tissue 

dependent



Effect of fish consumption 

on EPA and DHA status

Sands et al. (2005) Lipids 40, 343-347

• Cross-sectional

• N = 163

• Male & female

• Aged 20 to 80 y

• Fish intake = Self reported 

tuna + nonfried fish

• Erythrocytes 

(Omega-3 index = EPA+DHA)



 



Analysed the fatty acid composition of:

• plasma PC, TAG, CE and NEFA

• platelets

• erythrocytes

• mononuclear cells

• buccal cells

• adipose tissue 

From 200 subjects 

at 9 time points over 

one year

From 200 subjects 

at three time points 

over one year







=> The amount of EPA and DHA being 

consumed is strongly reflected in the 

amounts of those fatty acids in blood, 

cell and tissue lipids



What is the health impact of increased 

intake (& status) of marine w-3 PUFAs?





The Greenland Inuit (“Eskimo”)
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Much lower than expected rate 

of death from heart attack



How could this be?

-> The Inuit diet??
• Ate lots of seal 

meat, whale meat, 

whale blubber, fish

• -> Very high intake 

of w-3 PUFAs
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100 x difference 

in intake!



Prospective study of w-3 PUFA intake 

and CHD outcomes: 

The Nurse’s Health Study

Total CHD (P < 0.001)

Fatal CHD (P = 0.01)

Non-fatal MI (P = 0.003)

Hu et al. (2002) J. Am. Med. Assoc. 287, 1815-1821
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Prospective study of w-3 PUFA status 

and sudden death: 

The Physician’s Health Study
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Quartile of whole blood marine w-3 PUFAs

Adjusted for age & smoking

Also adjusted for BMI, diabetes, 

hypertension, hypercholesterolemia, 

alcohol, exercise & family history of 

MI

Albert et al. (2002) New Engl. J. Med. 346, 1113-1118







CVD : Classic and emerging risk factors

CLASSIC:

Age

Sex

Family history (genetics)

Smoking

High alcohol consumption

High blood pressure

Diabetes

Obesity

Lack of physical activity

High serum (LDL) cholesterol

EMERGING:
High serum triglycerides

Elevated post-prandial lipaemia

Endothelial dysfunction

Tendency towards thrombosis

Inflammation

Elevated plasma homocysteine

Poor antioxidant status 
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= Improved by n-3 PUFAs



Marine w-3 fatty acids most likely slow or limit 

atherosclerosis due to risk factor reduction …..

….. But marine w-3 fatty acids also reduce risk 

of  coronary events in people with advanced 

atherosclerosis



GISSI Prevenzione Investigators (1999) Lancet 354, 447-455



Marchioli et al. (2002) Circulation 105, 1897-1903



Possible mechanisms for prevention of 

non-fatal and fatal events with marine

w-3 fatty acids

1. Decreased cardiac arrhythmias

2. Decreased thrombosis

3. Decreased inflammation



Atherosclerotic plaque instability is driven by 

vessel wall inflammation 



• RCT of w-3 fatty acids (1.6 g 

EPA+DHA per day) in patients 

awaiting carotid 

endarterectomy (n = 180)

• Median time of treatment: 42 

days

• Patients given w-3 fatty acids 

have higher w-3 fatty acid 

content in plaques

• Patients given  w-3 fatty acids 

have fewer macrophages 

within the plaque

Control Omega-3
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Matrix metalloproteinases (MMPs) released from 

macrophages, foam cells and smooth muscle cells 

degrade the plaque cap making it 

more vulnerable to rupture



Control group Omega-3 group



Am. J. Med. (2002) 112, 298-304

Considered: Eleven intervention trials with marine

w-3 PUFAs and with follow-up of at least 6 months 

(2 dietary studies; 9 supplementation studies)

N = 7835 in control group; 7951 in w-3 PUFA group

Findings: 

Risk of nonfatal MI = 0.8 (P = 0.16); 

of fatal MI = 0.7 (P < 0.001); 

of sudden death = 0.7 (P < 0.01); 

of mortality = 0.8 (P < 0.001)



Conclusion: “dietary and non-dietary intake of w-3 

polyunsaturated fatty acids reduces overall 

mortality, mortality due to myocardial infarction, and 

sudden death in patients with coronary heart 

disease”

P = 0.16

P < 0.001

P < 0.01

P < 0.001



Arch. Int. Med. (2005) 165, 725-730

Considered: 97 intervention trials with lipid lowering 

strategies (incl. long chain w-3 PUFAs) and 

with follow-up of at least 6 months 

(for w-3 PUFAs considered 14 studies)

N = 10138 in control group; 10122 in w-3 PUFA group

Findings for w-3 PUFA: 

Risk of cardiac mortality = 0.68 (P < 0.001); 

of mortality = 0.77 (P = 0.01)



Conclusion “statins and w-3 fatty acids are the most favourable 

lipid lowering interventions with reduced risks of overall and 

cardiac mortality”



But new studies published from 2010 

onwards have challenged this view

(But these new studies have been criticised)







Cardiac death

32% reduction

Sudden death

33% reduction

MI

25% reduction



• MI survivors

• 1 g omega-3 ethyl ester per day

• N = 2466 real patients being treated as part of 

routine care

• Matched untreated controls (n = 9712)

• 2002-2011

• Primary outcome: death





The benefits of marine w-3 PUFAs 

go beyond cardiovascular health



- membrane structure

- growth

- development and function of brain, neural tissue and eye 

(-> VERY IMPORTANT IN EARLY LIFE)

- regulation of

- blood pressure

- platelet function, thrombosis, fibrinolysis

- blood lipid concentrations

- vascular function

- cardiac rhythm

- inflammation

- immune response

- bone health

- insulin sensitivity

Marine w-3 PUFAs are important in: 



Marine w-3 PUFAs are or may be  protective against:

- hypertension

- hypertriglyceridemia

- thrombosis

- vascular dysfunction

- cardiac arrhythmias

- cardiovascular disease

- inflammatory conditions

- allergic conditions

- immune dysfunction

- insulin resistance

- neurodegenerative diseases of ageing

- bone loss

- some cancers

- psychological and psychiatric disorders

Marine w-3 PUFAs (ESPECIALLY DHA) promote:

- optimal brain growth & optimal visual and neural function 
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• Typical intakes of marine w-3 fatty acids are low in most people, resulting in low 

status

• Intake and status of marine w-3 fatty acids can be markedly increased through 

intake of oily fish or supplements

• Much is known about patterns of incorporation of EPA and DHA in humans

• EPA and DHA act through multiple, increasingly understood, molecular and cellular 

mechanisms to affect cell and tissue function

• Through these actions marine w-3 fatty acids act to promote and maintain health 

and to reduce disease risk

• Marine w-3 fatty acids are important throughout the life course

• There is robust evidence that long-term intake of marine w-3 fatty acids reduces risk 

of coronary heart disease – due to beneficial impacts on a range of risk factors –

they have an important role in primary prevention of CHD/CVD

• There is strong evidence from studies conducted pre-2010 for a role for marine w-3 

fatty acids in secondary prevention of CHD – this role is challenged by some recent 

studies 

Summary of the past & present





There is still much to learn about:

- Dose responses and fatty acid interactions

- Mechanisms

- Effects of the different marine w-3 fatty acids (EPA vs DHA and don’t 

forget DPA)

- The role of chemical formulation

- Differences among population subgroups (sex, age, genetics, disease, 

physiological state) with regard to w-3 fatty acid handling, metabolism, 

and effectiveness

- Why some studies fail to show effects

- More sustainable sources of marine w-3 fatty acids (algal oils, GMO 

plants, ….)

- Whether plant w-3 fatty acids can have a role




