
KEY POINTS 

• After approximately 50 years of age, people begin to lose skeletal muscle mass and strength, a process mitigated by exercise training. Older adults
who regularly engage in exercise training are referred to as master athletes and often display phenotypic characteristics similar to their younger,
untrained counterparts.

• A key aspect supporting the adaptive response of skeletal muscle to exercise training is adequate nutrition, with the majority of research in the
sport and exercise science domains focusing on the role of protein and carbohydrate ingestion. However, recent research in the clinical setting in
older adults indicates a potential ergogenic effect of long chain n-3 polyunsaturated fatty acids (LC n-3 PUFAs).

• In untrained older adults, LC n-3 PUFA intake (~3–5 g/d) enhances rates of muscle protein synthesis with amino acid and insulin infusion,
promotes gains in muscle size, and potentiates strength gains with resistance exercise training. However, not all studies have shown a positive
effect, and it is therefore unclear if LC n-3 PUFA ingestion is ergogenic for master athletes.

• There is no evidence that LC n-3 PUFA intake is ergogenic for endurance exercise performance or recovery in humans of any age
or training status.

• Current population intake recommendations are 250–500 mg eicosapentaenoic acid (EPA) + docosahexaenoic acid (DHA) per day. There is
emerging evidence that EPA+DHA intakes above the recommended amount improves LC n-3 PUFA status and may confer health benefits in older
adults; however, further research is required.

• Oily fish is an excellent source of LC n-3 PUFAs and supplementation is a viable option for individuals who are unable or do not wish to consume
oily fish.
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INTRODUCTION
After approximately 50 years of age, people begin to lose skeletal 
muscle mass and strength that can lead to a disease known as 
sarcopenia. Sarcopenia results in reduced capacity to produce force 
and is a primary risk factor for the development of numerous negative 
health outcomes (Janssen, 2006). It is thought that engaging in high 
levels of physical activity and/or exercise training can mitigate some of 
the negative consequences of sarcopenia (McKendry et al., 2020). In 
this regard, there is evidence that older adults who regularly engage in 
exercise training— or master athletes— display similar skeletal muscle 
biochemical and performance characteristics compared with younger 
healthy persons (McKendry et al., 2018). These findings not only 
highlight the importance of exercise training to promote athletic 
performance in master athletes but also to support healthy aging in the 
general population. 

A key factor supporting both exercise performance and recovery from 
exercise is appropriate nutritional intake. For instance, carbohydrate 
ingestion is required to provide the fuel necessary to support energy 
needs during exercise and restore levels of muscle glycogen during the 
recovery period (Burke et al., 2011). Protein intake, particularly high-
quality protein rich in amino acids, is essential for the remodelling, 
repair, and growth of damaged skeletal muscle tissue (McGlory et al., 

2018). However, the role of fatty acids in supporting the adaptive 
response to exercise training has received comparably less attention. 
Traditionally associated with improved cardiovascular health, there is 
now emerging evidence from the clinical setting that ingestion of long 
chain n-3 polyunsaturated fatty acids (LC n-3 PUFAs) potentiates 
skeletal muscle anabolism in older adults (Smith et al., 2015). These 
findings are complemented by reports in younger persons indicating a 
potential role for LC n-3 PUFAs in mitigating indices of muscle soreness 
and inflammation in response to damaging exercise (Anthony et al., 
2021). In this Sports Science Exchange (SSE) article, we will build on 
previous SSE articles focused primarily on younger persons (Rockwell 
& Ritz 2021; Witard & Davis 2021) to explore the potential for LC n-3 
PUFAs to enhance exercise performance and recovery in master 
athletes. We will also provide recommendations for practical application.

WHAT ARE LC n-3 PUFAS?
LC n-3 PUFAs are a class of biologically active fatty acids, sometimes 
referred to as omega-3 fatty acids, consisting of a hydrocarbon chain 
with a carboxylic acid group at one end and a methyl (omega) group at 
the other. The n-3 nomenclature refers to the position of the first double 
carbon bond away from the methyl end. The most well-studied LC n-3 
PUFAs are eicosapentaenoic acid (EPA; 20:5 n-3) and docosahexaenoic 

Sports Science Exchange (2021) Vol. 29, No. 221, 1-6

1



acid (DHA; 22:6 n-3) (Figure 1). Population intake recommendations for 
LC n-3 PUFA (250–500 mg EPA+DHA/d) can be achieved with the 
consumption of 1 to 2 portions (100–140 g/portion) of oily fish per 
week (EFSA, 2005; The Scientific Advisory Committee on Nutrition, 
2004; US Department of Health and Human Services and US 
Department of Agriculture, 2015). These fatty acids play numerous 
roles in cellular function, such as serving as the substrate for the 
production of anti-inflammatory resolving mediators as well as 
suppressing the expression of pro-inflammatory molecules. LC n-3 
PUFAs are also key components of phospholipids that make up our 
membranes (McGlory et al., 2019). Given the important role of LC n-3 
PUFAs in cellular health and function, their impact on skeletal muscle in 
response to exercise training has become a topic of increased scientific 
research.

ARE LC n-3 PUFAs ERGOGENIC FOR MASTER ATHLETES?

SKELETAL MUSCLE ANABOLISM

Initial evidence that LC n-3 PUFAs altered skeletal muscle anabolism 
emanated from work in steers. The authors demonstrated that in 
response to an LC n-3 PUFA-rich fish oil infusion, there was an increase 
in the EPA and DHA composition of skeletal muscle phospholipid 
membranes and a doubling of whole-body amino acid disposal, 
indicative of protein accretion (Gingras et al., 2007). Later, Smith et al. 
(2011) reported potentiated rates of muscle protein synthesis (MPS) in 
response to a hyperaminoacidemic-hyperinsulinemic clamp following 8 
weeks of 1.66 g/d EPA and 1.50 g/d DHA supplementation in older 
women and men. The finding of potentiated MPS rates in response to 
amino acid and insulin provision following LC n-3 PUFA intake is 
especially intriguing given that, despite high training volumes, master 
athletes still exhibit age-related declines in MPS rates similar to that of 
their untrained counterparts (McKendry et al., 2019). Further studies 

have also reported improvements in muscle size and strength with 6 
months of 1.66 g/d EPA and 1.50 g/d DHA supplementation in older 
persons (Smith et al., 2015) as well as improved muscle strength with 
LC n-3 PUFA intake in response to 18 weeks of resistance exercise 
training in older women (Da Boit et al., 2017) (see Witard & Davis 2021 
for further discussion). 

While there is growing evidence that LC n-3 PUFA intake may exert a 
positive impact towards skeletal muscle, not all studies have shown 
such an effect. Indeed, a recent study by Murphy et al. (2021) observed 
no beneficial effects of 6 months of supplementation with 1.6 g/d EPA 
+ 2.3 g DHA/d, provided as part of a mixed macronutrient drink
containing leucine-enriched protein, on appendicular lean mass,
strength, or physical performance in older adults who had low muscle
mass at baseline. Furthermore, a large clinical trial in over 2,000 older
adults reported no impact of 3 years of supplementation with 0.3 g
EPA/d + 0.7 g DHA/d alone or in combination with home-based
strength training on short physical performance battery (SPPB) test
scores (Bischoff-Ferrari et al., 2020). Nonetheless, even if an effect of
supplementation was present, it would have been difficult to observe in
the latter study given that most participants had near-maximal SPPB
scores at baseline. Several other factors have been posited to explain
the inconsistency between studies in terms of the impact of LC n-3
PUFA supplementation on skeletal muscle outcomes (e.g., differences
in sex, habitual protein intake, baseline health status, differences in
outcome measures), and further research is needed to systematically
test these hypotheses. Thus, it appears that the effect of LC n-3 PUFAs
on skeletal muscle anabolism in older persons is mixed and unclear.

ENDURANCE EXERCISE TRAINING

In addition to the outer phospholipid membrane of skeletal muscle 
(sarcolemma), LC n-3 PUFA supplementation impacts the lipid 

Figure 1: Chemical structures of eicosapentaenoic acid (EPA; 20:5 n-3) and docosahexaenoic acid (DHA; 22:6 n-3).
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composition of other key regulatory membranes in the cell, such as the 
mitochondria (Herbst et al., 2014). Mitochondrial membranes also 
exhibit different responses to LC n-3 PUFA supplementation compared 
with sarcolemmal membranes, with mitochondrial membranes 
appearing to be more susceptible to LC n-3 PUFA intake (Gerling et al., 
2019). Given that oxidative phosphorylation, the process of adenosine 
triphosphate (ATP) production using adenosine diphosphate (ADP), 
inorganic phosphate (Pi), and oxygen, occurs in the mitochondria, the 
differential effect of LC n-3 PUFA intake on sarcolemmal and 
mitochondrial membranes could be physiologically relevant in the 
context of endurance exercise. In this regard, 12 weeks of 2 g/d EPA 
and 1 g/d DHA supplementation in young men increased ADP sensitivity 
(Herbst et al., 2014), whereas others have shown that LC n-3 PUFA 
supplementation can lower the oxygen cost of exercise (Hingley et al., 
2017). Moreover, reports in rodents show that LC n-3 PUFA intake also 
reduces hindlimb oxygen consumption during contraction (Peoples & 
McLennan, 2010). Despite the potential for LC n-3 PUFAs to increase 
mitochondrial ADP sensitivity and decrease oxygen consumption during 
exercise, little evidence exists that LC n-3 PUFA ingestion translates to 
an ergogenic endurance exercise performance effect (Lewis et al., 
2020). 

Although existing evidence suggests that LC n-3 PUFA ingestion does 
not positively impact endurance exercise performance, it is important to 
note that nearly all studies in this field are conducted in younger adults 
(Heileson & Funderburk, 2020; Lewis et al., 2020) . This distinction is 
important because there may be fundamental differences in the 
physiology of younger and older persons that have a direct bearing on 
this area. For instance, it is not known if older persons require a greater 
relative dose of LC n-3 PUFAs to induce changes in cellular membranes 
compared with younger persons. Another, perhaps more compelling 
consideration is that LC n-3 PUFAs may only be ergogenic in the 

presence of dysfunction or suboptimal LC n-3 PUFA status. Indeed, 
mitochondrial dysfunction is often linked with impaired musculoskeletal 
health in older persons. In previous reports of enhanced muscle size 
with 6 months of LC n-3 PUFA ingestion in older persons (Smith et al., 
2015) increases in mitochondrial transcripts were also identified 
(Yoshino et al., 2016). So while LC n-3 PUFA ingestion in younger 
persons may be ineffective in promoting endurance exercise 
performance it is possible that LC n-3 PUFA intake higher than 
population recommendations could be beneficial for master athletes.

LC n-3 PUFA STATUS

A common measure of LC n-3 PUFA status is known as the omega-3 
index, which was developed to assess coronary heart disease risk largely 
from epidemiological data in individuals who already possessed 
cardiometabolic risk factors (Harris & Von Schacky, 2004). The omega-3 
index is the EPA+DHA content of a red blood cell membrane as a 
percentage of the fatty acids contained in that membrane (von Schacky, 
2015). Individuals with an omega-3 index of < 4% are considered high-
risk, whereas those with an omega-3 index > 8% are considered low risk. 
Critically, it is known that ~25% of Canadian adults aged 60 to 79 years 
and ~50% of Canadian adults aged 20 to 39 years possess an omega-3 
index < 4% (Demonty et al., 2021), with comparable numbers observed 
in the United States (Murphy et al., 2015). A recent cross-sectional study 
of 1,528 collegiate athletes identified a mean average omega-3 index of 
4.3%, with no participants achieving the 8% mark (Ritz et al., 2020). 
Collectively, these findings would suggest that both younger and older 
adults would benefit from increased EPA+DHA ingestion (Demonty et al., 
2021; Murphy et al., 2015; Ritz et al., 2020). In fact, a reanalysis of 
changes in EPA+DHA blood lipids in response to LC n-3 PUFA intake 
from our own work suggests a strong relationship between baseline LC 
n-3 PUFA status and the change in response to LC n-3 PUFA

Figure 2: A. Regression analysis of % change in blood eicosapentaenoic acid (EPA) + docosahexaenoic acid (DHA) composition (% total fatty acids) vs. baseline blood 
EPA+DHA composition (% total measured fatty acids) in response to 24 weeks of 1.6 g/d EPA and 2.3 g/d DHA in 30 older men and women (72 ± 7 yr [mean ± 
standard deviation]). Data taken from Murphy et al., 2021, with permission. B. Regression analysis of % change in blood eicosapentaenoic acid (EPA) + 
docosahexaenoic acid (DHA) composition (% total fatty acids) vs. baseline blood EPA+DHA composition (% total fatty acids) in response to 4 weeks of 3.5 g/d EPA and 
0.9 g/d DHA in 10, healthy young men (21 ± 4 yr [mean ± standard deviation]). Data taken from McGlory et al., 2014, with permission.
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supplementation in both older (Murphy et al., 2021) and younger (McGlory 
et al., 2014) individuals (Figure 2). Put simply, those who have a lower 
baseline LC n-3 PUFA status prior to supplementation experience a 
greater increase post LC n-3 PUFA supplementation.  

Although the omega-3 index is garnering significant interest, a number of 
issues should be considered when evaluating the relevance of the 
omega-3 index in the sport and exercise sciences. First, the relationship 
between the omega-3 index and exercise performance/recovery is far 
from conclusive with little data showing a positive correlation between the 
two factors. Second, the omega-3 index was developed predominantly in 
individuals who already possessed cardiometabolic risk factors, so the 
relevance to healthy athletes in the context of cardiovascular risk is 
questionable (Harris & Von Schacky, 2004). Third, changes in the LC n-3 
PUFA composition of blood in response to LC n-3 PUFA supplementation 
do not necessarily reflect those of skeletal muscle, especially during the 
early (< 4 weeks) phase of supplementation (McGlory et al., 2014). This 
is because the changes in blood lipid profiles occur more rapidly following 
LC n-3 PUFA intake than do skeletal muscle (McGlory et al., 2014). 
Finally, the omega-3 index is a measure of the EPA+DHA content of a red 
blood cell membrane as a percentage of 26 measured fatty acids in that 
membrane (von Schacky, 2015). Thus, it is important to ensure that lipid 
analysis of blood samples from which the omega-3 index will be calculated 
is conducted by accredited laboratories or those with analytical standards 
capable of capturing all 26 fatty acids. Nevertheless, despite the 
aforementioned limitations the omega-3 index is a useful and practical 
biomarker of LC n-3 PUFA status in humans (Ritz et al., 2020) and future 
work that explores how changes in the omega-3 index relate to exercise 
performance and/or recovery are now warranted. 

SOURCES OF LC n-3 PUFAS

FISH AND SEAFOOD

Although it is unclear if an ergogenic effect of LC n-3 PUFA intake on 
exercise performance exists, what is clear is that LC n-3 PUFA are an 
essential component of the human diet and many older adults possess 
low LC n-3 PUFA status (Demonty et al. 2021). Certain older persons 
may therefore benefit from increased LC n-3 PUFA intake. The principal 
source of LC n-3 PUFA in the diet is fish and seafood. Most fish contain 
EPA and DHA; however, the content varies substantially between species 
and is highest in oily fish such as salmon and mackerel, intermediate in 
shellfish such as oysters and mussels, and lower in white fish such as cod 
and haddock (Table 1). The EPA and DHA content also varies within a 
species depending on environmental variables (e.g., season, maturity and 
diet). Farmed fish are generally fed a mixture of vegetable and fish oils 
and tend to have a higher total lipid and n-6 PUFA content and a lower 
proportion of LC n-3 PUFA compared with that of wild fish. Together, 
these differences result in a similar quantity of LC n-3 PUFA per portion 
of farmed and wild fish (EFSA, 2005). The retention of EPA and DHA in 
fish during cooking is excellent (~85%) (Crowley & Gormley, 2018). 
Slightly more LC n-3 PUFA is lost as a result of canning (~24–49%); 
however, canned oily fish remains a good source. In addition to its LC n-3 
PUFA content, further benefits of consuming fish include its content of 
the nutrients required for optimal health and athletic performance such as 
protein, iodine, selenium, calcium, and vitamins A, D, and B12.

FUNCTIONAL FOODS

An increasing number of food products are enriched with LC n-3 PUFA 
(e.g., certain brands of eggs, peanut butter, juice, margarine, bread, 
yogurt, milk, soy beverages). These foods can be useful LC n-3 PUFA 
sources for individuals who avoid fish. The LC n-3 PUFA content of a 
food can be altevred by adding EPA and DHA during the manufacturing 
process, or via feeding animals with short- or LC n-3 PUFA sources 
leading to the incorporation of the LC n-3 PUFA into eggs, dairy, and 
meat products. In general, eggs from chickens fed flax (rich in   -inolenic 
acid (ALA)) contain 60–100 mg DHA/egg, whereas eggs from chickens 
fed microalgae provide 100–150 mg DHA/egg. Enriched foods can 
vary considerably in their EPA and DHA content. Therefore, consumers 
are advised to check the label of these functional foods prior to purchase

DIETARY SUPPLEMENTS

Ideally, individuals should aim to meet their requirement for LC n-3 
PUFA from the diet. However, LC n-3 PUFA supplements are useful in 
situations where this is not possible. LC n-3 PUFA supplements come 
in a variety of chemical forms (triglycerides, free fatty acids, ethyl 
esters, re-esterified triglycerides, and phospholipids) and are derived 
from a range of sources (fish oil, krill oil, cod liver oil, and algal oil). A 
typical fish oil supplement contains ~1,000 mg fish oil, providing 180 
mg EPA and 120 mg DHA, but doses vary widely, ranging from ~150 to 
1,300 mg EPA + DHA per capsule (Albert et al., 2015; Nichols et al., 

Values derived from: 1The Food and Nutrient Database for Dietary Studies 2017-
2018 database on FoodData Central (U.S. Department of Agriculture, 2019), 
2Dawczynski et al. (2007), 3van Ginneken et al. (2011), 4Fleurence et al. (1994), 
5The USDA National Nutrient Database for Standard Reference, Legacy 2018 on 
FoodData Central (U.S. Department of Agriculture, 2019), 6Manufacturer’s website. 
DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid.
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2016). Some (Dyerberg et al., 2010), but not all (Hedengran et al., 
2015), studies report higher bioavailability of LC n-3 PUFA provided as 
triglycerides or free fatty acids compared with ethyl esters. A recent 
study reported that triglyceride formulations produced a 1% greater 
increase in the omega-3 index compared with ethyl ester supplements 
at the same EPA+DHA dose, although both formulations were effective 
for improving LC n-3 PUFA status (Walker et al., 2019). 

When choosing a supplement, a fish body oil supplement rather than a 
cod liver oil supplement is generally recommended, as the latter is high 
in vitamin A, which can leading to excessive intakes, particularly in at-
risk populations like pregnant women. Vegans and vegetarians can 
choose a supplement containing microalgal oil, which typically provides 
around 100–300 mg DHA/capsule, with some supplements containing 
EPA as well. A further practical consideration is to consume LC n-3 
PUFA supplements alongside a high fat meal to enhance absorption, 
particularly when the supplement is an ethyl ester formulation. It should 
also be noted that some studies have reported that a substantial 
proportion of LC n-3 PUFA supplements do not contain the amount of 
EPA+DHA advertised on the label and/or contain oxidized products 
exceeding industry-standard levels (Albert et al., 2015). Importantly, 
the impact of the oxidation of LC n-3 PUFA on their biological functions 
and health consequences remains to be established.

PRACTICAL APPLICATIONS

• Master athletes should consume LC n-3 PUFA in line with 
current population recommendations for health (250–500 mg/d). 
Although there is some evidence that greater intakes may enhance 
adaptations to resistance exercise, further research is needed 
before applied recommendations are possible.

• The omega-3 index is a useful measure of LC n-3 PUFA status; 
however, little evidence currently exists showing that it relates to 
exercise performance and/or recovery.

• Recommended LC n-3 PUFA intakes of 250–500 mg/d can be 
achieved via the consumption of 1 to 2 portions (100–140 g/
portion) of oily fish (like mackerel, sardines, and salmon) per week.

• Functional foods enriched with LC n-3 PUFA generally contain 
substantially less LC n-3 PUFA per portion compared with that of 
fish but can be a valuable source among individuals who avoid 
fish.

• LC n-3 PUFA supplements are useful where adequate LC n-3 
PUFA cannot be consumed via foods; however, there is some 
concern that certain supplements may contain oxidized products 
with potentially adverse health effects. Ideally choose a supplement 
that has undergone testing in an independent laboratory.

SUMMARY
In summary, the evidence to support an ergogenic effect of LC n-3 
PUFA to enhance the adaptive response of skeletal muscle to resistance 
exercise training in older adults is mixed. The reasons underlying the 
mixed results is multifactorial and could be related to several 

methodological differences between studies such as LC n-3 PUFA 
dose, LC n-3 PUFA status of participants, and habitual protein intake. 
There is no evidence that LC n-3 PUFA intake enhances endurance 
exercise performance; however, no study has specifically studied the 
effect of LC n-3 PUFAs on endurance exercise performance in master 
athletes. Approximately 25% of older adults possess low LC n-3 PUFA 
status and thus older adults may benefit from increased LC n-3 PUFA 
either in the form of food or supplementation.

The views expressed are those of the authors and do not necessarily reflect the position or policy 
of PepsiCo, Inc.
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