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Abstract
Fish oils originate from the tissues of oily fish. Sharks, swordfish, tilefish, and albacore tuna contain high levels
of eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), both forms of omega-3fatty acids. Some
individuals take fish oil supplements to help attention deficit-hyperactivity disorder, and disorders related to the
brain. Fish consumption and fish oil supplementation have been dubbed brain food because of the relationship
between these omega-3 fatty acids and improvement in cognitive function. Fish oil supplementation has been
shown to decrease blood triglyceride levels in both athletes and no athletes. Although fish oil and consumption
of fish have been linked to prevention of a number of disorders and diseases, it is important to read the scientific
literature to ascertain what benefits have been found and what benefits are anecdotal. Fish oil supplementation
has recently been proposed as an ergogenic aid for athletes. This claim is mainly based on the mechanistic
evidence that fish oil and then omega-3 polyunsaturated fatty acids exerts anti-inflammatory properties and acts
to change the functional capacity of the muscle cell by changing the fluidity of the protein and lipid membrane
within the cell membrane. This overview summarized the scientific data related to the effectiveness of fish oil
supplementation to improve athlete performance in the context of muscle adaptation, energy metabolism, muscle
recovery and injury prevention, is summarized. Based on the available information, only some scientific
evidence proves that supplementation with fish oil can have a positive effect on spot performance; therefore, at
present, it is not possible to conclude that the integration of fish oil is always effective and ergogenic.
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Introduction
Exercise training exerts a physiologic stress on the body, which requires a coordinated response by the
cardiovascular, pulmonary, and nervous systems to increase the blood flow and the oxygen supply to the
working skeletal muscle. At rest, muscle receives approximately 20% of the total blood flow which, during
exercise, this can increase to more than 80%. Physical exercise always causes, to varying degrees, a certain
degree of mechanical and metabolic stress on the human body and this leads to two results: inflammation and
oxidative stress.
In fact, the appearance of oxidative stress and its effects on the body can take place in certain
pathological conditions (Cobley et al, 2018; Pizzino et al, 2017; D'Angelo et al, 2012a; D’Angelo et al, 2013;
Ingrosso et al, 1995; Ingrosso et al, 1996), but it is also a consequence of competitive sports (Kawamura
&Muraoka, 2018).
For this reason, interest in finding nutrients and supplements that can improve athletic performance,
recovery and to also reduce the effects of oxidative stress is increasing (D'Angelo & Rosa, 2020).
Athletes often use dietary supplements in order to increase metabolic capacity, delay fatigue onset, improve
muscle hypertrophy, and shorten recovery periods (D'Angelo &Cusano, 2020).
In recent times the concept of the presence, in daily consumption foods, of nutraceutical components is
born; these are food components, called "functional", which provide important benefits for human health, not
only in conservative terms, but above all preventive (D’Angelo & Tafuri, 2020; Deane et al., 2017; Motti et al.,
2018; D’Angelo et al., 2019a; Meccariello et al., 2020). Many nutraceuticals are polyphenols, a major group of
plant compounds chemically characterized by the presence of one or more aromatic rings with one or more
hydroxyl substituents and the main foods rich in polyphenols are fruits and vegetables (D’Angelo et al., 2009;
D’Angelo, 2020; D’Angelo & Rosa, 2020a). These phytochemicals possess anti-oxidant (Zappia et al., 2010; del
Monacoet al., 2015; D'Angelo et al., 2007; D’Angelo et al., 2012b; D’Angelo &Sammartino, 2015) and antiproliferative actions (D’Angelo et al., 2017; Martino et al., 2019; D’Angelo et al., 2019b; Boccellino et al, 2020),
and also a wide range of beneficial effects against atherosclerosis, brain dysfunction, stroke, cardiovascular
diseases, and cancer (Del Rio et al., 2013; D’Angelo 2020a; Boccellino& D’Angelo, 2020).
They can act as anti-inflammatories and antivirals, contributing to cell apoptosis, and numerous works
offer them capable of improving sports performance (Malaguti et al., 2013).
Another functional food is fish oil, nutriment rich in 3-polyunsaturated fatty acids (-3PUFA).
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--------------------------------------------------------------------------------------------------------------------------------Fish oil (FO) is one of the product development from fishery commodities which potential to be developed. The
global usage of fish oil in 2002 is edible (14%), industrial (5%) and aquatic (81%).
Various studies in recent years have shown its beneficial effect on diverse mechanisms including antioxidant and anti-inflammatory effects. Because of the aforementioned properties over, the last decade there has
also been an increasing interest in potential benefits of -3 PUFA supplementation in athletic populations, with
an ultimate goal to improve athletic/sporting performance. The aim of the current review is to give an overview
of the current literature which has investigated the effect of fish oil supplementation in athletic performance.

1. Fish oil composition
Fish oil is oil rich in fatty acids, both the -3 fatty acids docosahexaenoic acid (DHA, 22:6n-3) and
eicosapentaenoic acid (EPA, 20:5n-3); they are polyunsaturated fatty acids (PUFA) with a double carbon bond
starting after the third carbon atom from the end of the carbon chain (Figure 1). Fish, like men, are not able to
directly synthesize omega-3 (-3), but accumulate them in their tissues by absorbing them from the microalgae
or from the animals they eat. Photosynthesis by most algae and phytoplankton is associated with the production
of -3PUFA. Herring, sardines and other large and small blue fish, cod, salmon and tuna are among the richest
fish in -3 fatty acids. Once purified by molecular distillation, the product is eventually integrated with
tocopherol and enclosed in capsules or gelatin pearls (Mozaffarian et al., 2006).

Figure 1.
3-fatty acids and source.
Fish oil use in the food sector derives from the human body's need to take -3 polyunsaturated fatty
acids from the outside, which it is unable to synthesize autonomously.
In reality, the -3PUFA family can be synthesized in the body starting from a-3 precursor, alpha
linolenic acid (ALA), particularly abundant in flax seeds and in many oil seeds such as walnuts, canola oil,
soybean and hemp, and it is involved in important body functions. In the modern Western diet -3PUFA can be
found in botanical sources, which are rich in ALA; and in marine sources, e.g. oily fish (e.g. salmon), crustacean
(e.g. krill) and the liver of lean fish, which are rich in EPA, DHA and docosapentaenoic acid (DPA). -3PUFA
are also frequently called ‘essential’ fatty acids, as they cannot be readily synthesized de novo by the body.
These acids, members of the -linolenic family, eventually pass through the food web and are incorporated into
fish lipids and, thus, form an integral part of our diet either through consumption of fish, fish oils or the flesh of
terrestrial animals subjected to a diet containing fish or fish products.
2.Fish oil: propertiesand benefits
The effects of FO on health are mainly derived from its immune-modulatory and anti-inflammatory
proprieties. Through these properties it has been demonstrated that 3PUFA supplementation may help in the
prevention or treatment of many inflammatory-related diseases such as diabetes and cardiovascular disease
(Dewailly et al., 2001; Hill et al., 2007).
Today many foods common to the Western diet are deficient in -3, but abundant in -6PUFAs, with a
very high -6/-3 ratio. It is believed that this unbalanced relationship is associated with the modern prevalence
of cardiovascular diseases, cancer, diabetes and neurodegenerative diseases, which affect millions of people
around the world. Evidence indicates that dietary supplementation with -3PUFA may reduce the risk of these
diseases. As a result, governmental and scientific organizations now recommend increased dietary intake of 3PUFA (Simopoulos, 2016; Endo &Arita, 2016).
Several experimental studies have shown that taking -3PUFA and improving the -6 and -3 ratio
could modulate the immune and inflammatory response. The anti-inflammatory effects of FO are partly
mediated by inhibition of the 5-lipoxygenase pathway in neutrophils and monocytes, inhibiting the function
mediated by leukotriene B4 of leukotriene B5. Furthermore, -3 decreases interleukin IL-1 and IL-6 inhibits
inflammation. Inflammation is characterized by an increase in prostaglandins, cytokines and other pro----------------------------------------------------------------------------------------------------------------------------2323
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DNA and intracellular proteins. A diet rich in -3PUFA provides photo-protection and counteracts the risk of
ultraviolet-induced skin cancers. In addition to modifying the production of eicosanoids, -3PUFA can also
reduce the activation of the NF-KB pathway, reducing the production of inflammatory cytokines that contrast
with -6 fatty acid, which is a well-known stimulator of NF-KB activity (Gammone et al., 2019).
Fish oil via their biological active compounds have antioxidant and anti-inflammatory properties and
might ensure cardio-protective benefits, safeguard against metabolic conditions, lower carcinogenic risk, help in
cognitive disorders, or aid in sarcopenia and frailty. Initially used mainly for its hypo-triglyceridemicproperties,
fish oil has gainedover time and with many studiesa large and important role in the preventive and therapeutic
field (Figure 2). Besides having a vast number of benefits, another advantage of fish oil supplementation is the
virtually nonexistent side effect profile when the appropriate doses are administered.

Figure 2. Possible effects of fish oil intake.
Short-term fish oil supplementation is associated with increasing the insulin sensitivity among those
people with metabolic disorders (Gao et al., 2017). Numerous scientists have reported the various physiological
functions of EPA and DHA including lipid metabolism, anti-inflammation, and cognitive function (Calder, 2015;
Eslick et al., 2009; Jiao et al., 2014). An interesting possibility for depression therapy is fish oil, which contains
several -3PUFA. For many years, the benefits of -3 fatty acids have been understood, since intervention for
cardiovascular disease with these PUFAcaused the decreased production of VLDL. Furthermore, fish oil
supplementation has also been shown to have antiplatelet activity, improve heart failure, improve vascular
function in diabetics (Brinson et al., 2012), decrease selected markers of oxidative stress (Gray et al., 2014),
decrease osteoarthritis associated knee pain (Peanpadungrat et al., 2015), improve outcomes in critically ill
patients (especially acute lung injury/acute respiratory distress syndrome) (Glenn et al., 2014). Due to the many
benefits and few adverse effects, fish oil supplementation is used for many ailments, including psychiatric
disorders as depression (Mansoor et al., 2017).
The amount of studies concerning the preventive and therapeutic usefulness of fish oil has increased
dramatically in the last years, thanks also to a refinement of study techniques. The certainty of these beneficial
actions has been challenged by new discoveries. Particularly, recent studieshave failed to prove any associations
between -3PUFAsupplementation and improvements in vascular diseases or diabetes (Derbyshire, 2018;
Shahidi&Ambigaipalan, 2018). Therefore, the relationship between fish oil intakes and benefit (as cancer risk) is
unclear: currently it appears to be controversial (Hanson et al., 2020).
In recent years,the fish oil has also been used successfully in sports.
3. Material and Methods
The databases PubMed and Web of Science were consulted. The combined keywordswere: “fish oil”, “omega/3”, “exercise training”, “inflammation”, “oxidative stress”, and “exercise performance”. The search was carried
out on January, 2010-June, 2020.
4. Results
Several studies suggest that intake of PUFA enhance the performance of skeletal locomotive muscles.
In Atlantic salmon, for instance, dietary fatty acid composition and resulting changes in muscle lipid
composition significantly affected maximum swimming speed. These effects were largely due to a positive
relation between swimming speed and PUFA. Taken together, the data from animal studies suggest that ω3PUFA may play a beneficial role in augmenting exercise performance (Shei et al., 2014).
Ergogenic aids can help prepare an individual to exercise, improve exercise efficiency, improve recovery from
exercise or help prevent injury during intense training. In this regard, 3 has recently been considered an
ergogenic supplement, which can play a role in these processes, which not only counteract the inflammation
induced by exercise, but also improve muscle health and its availability of energy. The anti-inflammatory action
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competitions. In this context, FO could contribute to the prevention of neuro-muscle injuries related to intense
exercise. The reduction of some markers of muscle damage, the greater ease of recovery and the reduction of the
risk of injuries, would testify to the usefulness of FO in sports (Philpott et al., 2018). There is growing evidence
that -3PUFApossess anabolic / anti-catabolic properties in skeletal muscle. The balance of muscle proteins is
regulated by changes in the ratio of muscle protein synthesis (MPS): breakdown of muscle proteins (MPB). An
increase in MPS or a decrease in MPB will lead to a positive balance and ultimately to hypertrophy. Muscle
disuse due to illness or injury is associated with severe skeletal muscle loss. However, in some studies, a -3
supplementation action was shown to mitigate the loss of skeletal muscle mass. It is known that the increase in
the availability of amino acids stimulates an increase in MPS and the integration of -3 can enhance the
response to anabolic stimuli.A study concerning muscle recovery and soreness after performing eccentric biceps
exercises showed that seven days of supplementation of 3 g/day -3PUFA decreased muscle damage and postexercise pain (Jouris et al., 2011).
-3PUFA attenuated loss of muscle strength and gamma movement, blood inflammation markers such as
TNF-α and markers of muscle damage, such as myoglobin, creatine kinase and troponin I in slow skeletal
muscle. Furthermore, DHA appears to increase lipid oxidation and may stimulate glycolytic capacity in
myocytes; -3PUFA can probably improve athletic performance, through a modulation on insulin sensitivity,
which makes muscle cells more permeable as regards the necessary nutrients, such as glucose and amino acids
(Gammone et al., 2019).
They can be recommended as a good supplement for athletic populations to improve some aspects of
recovery during training or in competition.
Further long-term studies in humans are necessary to establish whether long-term -3 supplementation leads to
muscle hypertrophy and the consequent functional gains. Furthermore, the question remains whether -3PUFA
not only improve the MPS response to nutrition, but also increase MPS after an acute exercise of resistance
exercise(Jeromson et al., 2015).
Fish oil supplementation has been shown to increase nerve conduction velocity in the elderly, modulate
sarcolemma ion channel and improve cardiac contractile activity. Therefore, since the integration of fish oil
improves both the contractility of the heart muscle and the speed of nerve conduction, it is reasonable to
hypothesize that it may enhance the strength training effects on skeletal muscles. There is a lack of studies
reporting the effects of fish oil supplementation on neuromuscular function in the elderly and the lack of
information on the duration of supplementation and dose (Rodacki et al.,201).
There is evidence in humans that -3PUFA improve MPS response to nutrition and evidence from in vitro
and rodent cancer models that supplementation with -3PUFA reduces muscle protein breakdown (Jeromson et
al., 2015).
Long-chain -3 fatty acids help reduce the production of pro-inflammatory eicosanoids (such as interleukin6) and promote the production of prostaglandins in the 1 series, which have an anti-inflammatory effect. The
intense and frequent workouts that high-level athletes undergo determine an increased risk of accidents (in
particular those of repeated micro-traumas and of muscular ones) due to a high production of pro-inflammatory
molecules, often unbalanced by adequate production of anti-inflammatory molecules. Synergistically, EPA and
DHA play a role in the resolution of inflammation through inflammatory mediators derived from EPA and DHA
such as prostaglandins, leukotrienes, lipoxins, resolvins and proteins. The anti-inflammatory effect of EPA and
DHA depends mainly on incorporation into phospholipids. EPA and DHA differentially alter the inflammatory
response through specific lipid production of lipid mediators (Jeromson et al., 2015).
Integration with long-chain -3 can also be very useful in the prevention and treatment of anemia of the
athlete, or a decrease in the amount of red blood cells (which carry oxygen in the blood) linked to iron
deficiency: checking the status inflammation of the body facilitates the absorption and release of iron from the
body's deposits. -3 fatty acids have also proved useful in improving the efficiency of the central nervous
system, especially as regards reaction times and mood.
Preliminary findings demonstrate that fish oil may induce a physiological increase in testosterone synthesis
and then fat supplements may influence physical performance. If fat supplements induce an increase in blood
testosterone, this may have an effect on several other tissues, among which include stem or progenitor cells.
Indirectly, fat supplements may have an effect on cardiac progenitor cells which are fundamental during heart
development, myocardium homeostasis and myocardium regeneration. This consideration is very important
taking into account that cardiovascular diseases are the leading causes of death among athletes (Macaluso et al.,
2013).
Additional research on the effect of fish oil supplementation on enzymes leading to testosterone synthesis are
important to clarify the molecular mechanisms by which fat supplements may contribute to increase the anabolic
effect of exercise, and the side-effects of this kind of supplementation.
To date, no consensus has been reached on what constitutes an effective dose of -3PUFA, a question probably
confused by individual variation and without apparent dose-response relationship. Previous studies have
observed individual consumption of -3PUFA in tissues, therefore the same period of administration and the
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increase in levels of -3PUFA fabric. Both the integration period and the duration of follow-up measures need to
be taken into account, as these factors will influence the measurement of the results.
Unfortunately, not only drugs, but also nutritional supplements or nutraceuticals could have adverse effects.
Despite the benefits listed above, there are potential risks associated with excessive use of -3PUFA. Important
potential side effects include impaired platelet function. The presence of EPA and DHA leads to the production
of thromboxane A3, which is a less potent platelet activator than thromboxane A2. Fish oil supplementation can
therefore affect platelet activation due to the different eicosanoids produced, which leads to an antithrombotic
effect that causes harmful effects for wound healing.
Physicians must understand the adverse effects that may occur with the integration of -3PUFA and that
potential risks should be evaluated along with the potential benefits. Adverse effects are likely to be dosedependent. In conclusion, it is necessary to understand the necessary dosages and the food concentration to aim
for, when the integration of -3PUFA is recommended.
The diversity in testing protocols, dosages, subject population contributed to the heterogeneity of
results from these studies, with several indicating a positive effect, but others demonstrating no effect. Although
more studies demonstrated a positive effect of ω-3 fatty acids in relation to muscle damage and inflammation
than compared to those with no effect, the relatively small number of studies is not a good indicator of the true
relationship between ω-3 fatty acids, muscle damage, and inflammation. The mixed results from these human
studies indicate that further investigation is warranted to identify the relationship between ω3-fatty acids, muscle
damage, and the inflammatory response to exercise (Shei et al., 2014).
Fish oil significantly improved the lipid profile of active players randomized to treatment. These results
suggest that FO supplementation is an effective way to increase EPA and DHA levels in plasma and should be
considered as a method to improve modifiable cardiovascular risk lipid factors in professional football players
(Yates et al., 2009).
It is also important to consider another aspect due to the integration of fish oil. Besides being oxidized,
fatty acids also seem to be crucial signaling molecules for peroxisome proliferator-activated receptor signaling
post-exercise, and thus for induction of the exercise-induced fatty acid oxidative gene adaptation program in
skeletal muscle following exercise. Collectively, a high fatty acids turnover (guaranteed by a fish oil integration),
in recovery seems essential to regain whole-body substrate homeostasis (Lundsgaard et al., 2020).However,
ultimately, the effects in humans of fish oilsupplementation on muscle damage and inflammatory response to
exercise, exercise metabolism, exercise and erythrocytesdeformability, and physical performance are not
uniform. Differences in the exercise protocol and/or the muscle groups studied may have contributed to the
differences in the findings between the different studies (Shei et al., 2014).Of course, the many variables do not
allow for an unambiguous result.
Conclusions
The current overview shows that data regarding the effects of -3PUFA supplementation are conflicting
and we conclude that there is, therefore, not enough evidence supporting a beneficial role on the aforementioned
aspects of exercise performance.
Although, a number of studies have assessed the efficacy of fish oil supplementation on red blood cell
deformability, muscle damage, inflammation, and metabolism during exercise, only a few studies have evaluated
the impact of fish oil supplementation on exercise performance. At present, it cannot conclude the hypothesis
that fish oil supplementation is effective and ergogenic, and that the data is inconclusive whether fish oil
supplementation effectively attenuates the inflammatory and immune-modulatory response to exercise. Future
human studies should assess the effectiveness of fish oil supplementation on delayed onset muscle soreness, and
subsequent exercise performance, in multisport athletes who typically engage in more than one bout of exercise
per day using a more robust research design than those that have been used in previous studies.
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