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Omega-3 fatty acids have a role to play in sports performance! Optimal dose and duration for supplementation may

differ between athletes and amateurs.

Omega-3 fatty acids, specifically eicosapentanoic acid (EPA, 20:5n-3) and docosahexanoic acid (DHA, 22:6n-3)

are receiving increasing attention in sports nutrition. While the usual focus is that of athletes, questions remain if

the different training status between athletes and amateurs influences the response to EPA/DHA, and as to

whether amateurs would benefit from EPA/DHA supplementation.
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1. Introduction

The main purpose of nutrition for athletes is to compensate for increased energy and nutrient needs. In recent

years, the role of omega-3 fatty acids in sport has received increasing research attention . Omega-3 fatty acids

are perceived as a potential supplement that may beneficially affect performance, recovery and the risk for

illness/injury . Omega-3 fatty acids belong to the family of polyunsaturated fatty acids . While there are fatty

acids of varying length, the most important ones are considered to be the very long-chain fatty acids

eicosapentanoic acid (EPA, 20:5n-3) and docosahexanoic acid (DHA, 22:6n-3) . The predominant source for

EPA/DHA is seafood, particularly fatty fish, such as mackerel and herring. Although food items such as linseed oil

and walnut oil have high amounts of the plant-derived omega-3 fatty acid α-linolenic acid (ALA, 18:3n-3) they are

not routinely consumed in large quantities. Other food products, such as soybeans, squash and wheat germ

cereals contain less ALA but are often consumed in higher amounts and therefore contribute significantly to ALA

intake. While EPA can be synthesized from ALA, the conversion of ALA to EPA and further to DHA is characterized

by a low conversion rate , therefore the consumption of EPA/DHA via seafood is generally recommended.

Although the current recommendations stand, it should be noted that there is a substantial genetic variation in the

fatty acid metabolism .

In the European Union (EU), across all populations, EPA and DHA intake is not adequate; in 74% of the EU

countries the intake was found to be lower than the European Food Safety Agency (EFSA) recommendation of 250

mg for EPA and DHA as adequate intake for adults based on cardiovascular considerations . The current

dietary guidelines for Americans suggest the same value . EPA/DHA are considered safe up to 5 g per day .

Although EFSA’s recommendation is for the normal, healthy population, it is reasonable to assume that neither

athletes nor amateurs consume adequate amounts either considering their higher energy turnover and metabolic

flux. In fact, analyses of dietary habits in various athletes found that substantial proportions of the studied
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populations did not reach the dietary goals for macro- and micronutrients, including EPA/DHA . Furthermore,

a recent multi-center, cross-sectional study in 404 National Collegiate Athletic Association Division I football

athletes revealed that no athlete had an Omega-3 Index associated with low risk .

While there are some data that EPA/DHA may improve endurance capacity and promote recovery in athletic

populations , current evidence lacks consensus . Given the fact that a lot of studies with omega-3 fatty acids

were conducted in non-professionals, we also include studies conducted in amateurs (defined as people pursuing

an activity for pleasure without payment and not as a job). Broadening the data base may shed more light on the

effects of EPA/DHA supplementation on performance parameters. Furthermore, this large section of the population

is also of interest as it can potentially benefit from an optimized diet as well. Studies were included when

parameters relevant for performance, recovery and risk of illness/injury were reported.

2. Omega-3 Fatty Acids for Sport Performance

The evidence presented here show that EPA/DHA may have the potential to influence not only the metabolic

response of muscle to nutrition, but also the physiological functional response to exercise and post-exercise

conditions. However, these physiological and metabolic adaptations do not always translate into improved

performance.

There seem to be bigger gains for amateurs. It is possible that there is a genuine difference, that amateurs have

more to gain from EPA/DHA supplementation, but it could be due to the higher metabolic flux in athletes meaning

they require more EPA/DHA to see the benefits (either in terms of dosage or supplementation duration).

Alternatively, it could be the case that studies tend to be longer in the amateur groups (from experience, amateurs

are more willing to keep training constantly for longer than athletes), so the positive performance gains are more

likely to develop in the longer studies more often seen in amateurs. It should also be acknowledged that the

potential for performance gains is narrower in athletes due to the law of diminishing returns.

2.1. Increased Performance

It is known that the response of skeletal muscle to exercise can be influenced by the nutritional status of the

muscle . This effect is not confined to macronutrients, but EPA/DHA can also potentially influence the exercise

and nutritional response of skeletal muscle , this in turn can partly explain the observed decrease in soreness.

Although the potential for EPA/DHA supplementation to improve muscle mass or function, is supported by

mechanistic explanations including structural changes of the muscle cell membranes  it was found no

consistent effect on strength in amateurs. Muscle protein synthesis, a fundamental process in muscle growth, was

unchanged after 3.5 g EPA and 0.9 g DHA over 8 weeks, although muscle biopsies revealed that kinase signaling

in response to resistance training was altered . However, it has been shown that incorporation of EPA/DHA in

muscle cells stimulates foal adhesion kinase, which regulates MPS , and may actually have a beneficial effect

on muscle protein synthesis. This was shown in amateur females and males in response to anabolic stimuli, in two

8-week intervention studies with 1.86 g EPA and 1.5 g DHA . Interestingly, selective improvement in muscle
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torque and muscle quality after, but not during, exercise was reported in females only . EPA and DHA seemed to

optimize the effects of resistance training in amateur elderly females, including dynamic and explosive strength,

however these effects did not result in an overall improvement of isometric strength performance . These data

corroborate other reports that possibly older adult populations may benefit from EPA/DHA supplementation in the

context of preserving muscle mass in an older population .

Peroxisome proliferator-activated receptor-gamma coactivator (PGC-1a) is a key regulator of mitochondrial

biogenesis. In obese participants, EPA has been shown to stimulate mitochondrial biogenesis , which could

result in improved endurance regulated via the PGC-1a pathway. It can be hypothesized that lower heart rates and

improved O  uptake may lead to better O  delivery to contracting muscles, thereby enhancing endurance

performance . Another mechanism for improved endurance could be that EPA/DHA increase the deformability of

RBC, which in turn could increase oxygen delivery to the muscles . It has also been shown that exposure of

human myotubes to EPA upregulated specific genes that regulate beta-oxidation . Moreover, clinical evidence

suggests that EPA/DHA increase fatty acid oxidation via the carnitine palmitoyltransferase-II . These

mechanisms may well have contributed to the increased fat oxidation during rest by 19% and during exercise by

27% following supplementation of 3 g/day EPA/DHA over 12 weeks in female adults .

2.2. Enhanced Recovery

The concept of muscle damage following intense eccentric exercise is accepted . The acute exercise recovery

period is defined as the initial 96 h following exercise . EPA and DHA have been described to increase the

structural integrity of muscle cell membranes , which in turn may explain the protective effect of EPA/DHA. This

has recently been demonstrated in soccer players where 1.1 g/day EPA/DHA combined with 30 g/day whey protein

resulted in reduced levels of muscle soreness along with a reduction of plasma CK concentration . Furthermore,

exercise-induced muscle damage causes responses that include DOMS and muscle fatigue. It also leads to

increased circulating neutrophils and interleukin-1 peaking within 24 h after the exercise, with skeletal muscle

levels remaining elevated for 48 h and longer . Inflammation is a key process in muscular repair and

regeneration, the potential of EPA/DHA to accelerate the recovery process via immune modulation come into play.

EPA/DHA influence immune modulation via increasing interleukin 2 (IL2) , where an acute dose of fish oil

improved markers of inflammation after eccentric exercise in amateur males . The authors found that in 45

amateur males an acute dose of 1.8 g fish oil before a single eccentric exercise bout lead to a smaller exercise-

induced elevation in tumor necrosis factor-α (TNF-α) and prostaglandin (PG)E  immediately, 24 h, and 48 h after

exercise, as well as significantly lower elevation in the concentrations of interleukin 6 (IL-6), CK, and myoglobin

(Mb) at 24 and 48 h after exercise.

Furthermore, in theory EPA/DHA may contribute to insulin-sensitizing effects because EPA and DHA are natural

ligands for peroxisome proliferator-activated receptor γ (PPARγ); following activation of PPARγ, nuclear factor

kappa B (NF-κB) activity is suppressed, reducing the release of pro-inflammatory cytokines . At a cellular level,

fatty acids have an important function in regulating the activity of certain enzymes and by acting as signaling

molecules . It has been shown that 1.3 g fish oil consumption over 6 weeks has the potential to ameliorate the
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exercise-induced decrease in superoxide dismutase activity in sedentary control participants . In the same study,

fish oil tended to increase the catalase activity after 1 h of recovery. Together, these findings suggest that EPA/DHA

may activate the superoxide dismutase and catalase pathways. Oxidative stress is usually defined by an increased

formation of prooxidants and decrease of antioxidants. This disturbance can lead to oxidative damage to cellular

components such as lipids, protein and DNA. However, oxidative stress and inflammation are interdependent.

Inflammation can develop following oxidative stress, on the other hand inflammation can induce oxidative stress

which further enhances inflammation . Exercise mode, intensity, and duration, as well as the subject population

tested, can impact the extent of oxidative stress. Furthermore, the use of antioxidant supplements such as

EPA/DHA can impact the outcomes. EPA and DHA have been shown to improve muscle function in older adults 

. A recent paper supports the view that EPA/DHA could bring benefits by attenuating the generation of oxidative

stress . In this review, preliminary evidence is provided that EPA/DHA may be beneficial in counteracting

exercise-induced inflammation. However, current data are inconclusive as to whether EPA/DHA supplementation at

the reported dosages is effective in attenuating the immune-modulatory response to exercise and ultimately

improve recovery.

2.3. Reduced Risk of Injury/Illness

Optimal sports performance requires optimal health. EIB is a prominent asthma phenotype affecting an estimated

90% of asthma patients and up to 50% of elite athletes . Reduced inflammation ameliorates the severity of

asthma and exerts a bronchodilatory effect. The anti-inflammatory effects of EPA/DHA may be linked to a change

in cell membrane composition and lipid mediators such as resolvins . Alternatively, the effect may also be

mediated by the decreased production of bronchoconstrictive leukotrienes .

Certain sports like soccer or rugby can lead to traumatic brain injuries (TBI). As outlined by others, the number of

sport-related concussions are increasing globally . Although DHA and EPA have shown promising in vitro and

animal evidence of neuronal repair capacities in TBI , there has been only one large, controlled intervention

study conducted in American football players. The underlying mechanisms for this observation have not been

completely elucidated but it is suggested that saturation of brain cells with DHA in particular may facilitate healing

after brain trauma, thereby counteracting negative long-term results . Other mechanisms by which specifically

DHA could convey neuroprotection include preservation of myelin, alleviation of glutamate cytotoxicity, suppression

of mitochondrial dysfunction and down-regulation of alpha-amino-3-hydroxy-5- methyl-4-isoxazolepropionic acid

receptor sub- units. Details are discussed elsewhere .
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