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DOCOSAPENTAENOIC ACID: A REVIEW OF ROLES IN NUTRITION AND 

HEALTH

ABSTRACT

Aim: This review was aimed at documenting the roles of docosapentaenoic acid (DPA) in human nutrition and health, and, to point out some potential areas of future research involving it. 

Study design: It is a literature review of the emerging roles of DPA in nutrition and health. 

Duration: It was written between 1st July and 12th  September, 2025.

Results: DPA is an omega-3 fatty acid found in tissues in association with eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). However, unlike EPA and DHA, its specific roles have not been extensively studied in clinical studies. DPA is found naturally in cold-water fatty fish, microalgae, krill, seal and whale blubber, beef and mutton from grass-fed ruminants, dairy products and eggs. Its biosynthesis from EPA is inefficient and the conversion from EPA is lower in men than in women. High intake of omega-6 fatty acids reduces DPA synthesis in the endoplasmic reticulum due to competition for the same enzymes. DPA plays a role in cognitive development, immune function, neural health and risk reduction of cardiovascular events and inflammation. Its abundance in mother’s milk, the retina and brain, points to its importance in infant and child development and adult well-being. EFSA has set EPA+DHA daily values for general well-being, but Australia and New Zealand provide daily intake values for pregnancy and lactation for those at 14-50 years of age. To avert the consequences of deficiency, DPA-based drugs and supplements are increasingly available. 

Conclusion: Although the functions of DPA seem to overlap with those of EPA and DHA, its specific roles in human metabolism and well-being are not firmly established. The amount needed for well-being and its upper tolerable limit for various age groups, gender and health conditions, require establishment. The mechanism of action of the DPA-derived pro-resolving mediators in inflammation, requires elucidation. 
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Introduction 

BACKGROUND

The major fatty acids in food lipids include saturated fatty acids, monounsaturated fatty acids and the polyunsaturated fatty acids (PUFA). Linoleic acid, linolenic acid, alpha linolenic acid (ALA), arachidonic acid (AA), eicosapentaenoic acid (EPA, C20:5n-3), docosapentaenoic acid (DPA, C22:5n-3) and docosahexaenoic acid (DHA, C22:6n-3) are very long chain (VLC) PUFA. The latter 3 are referred to as marine omega-3 FA, as they are found naturally in krill, fatty fish, fish oils, microalgae and other seafood in significant amounts. Edible oils from sunflower seed, peanut, maize grain and palm nuts, are excellent sources of the omega-6 FA, but they also contain small amounts of ALA. Omega-3 FA are essential nutrients that play crucial roles in various aspects of human health, including cardiovascular health (Ebrahimi et al., 2009), brain function (Helland et al., 2008; Dunstan et al., 2008), and eye health (Agrön et al., 2020; Wang and Ko, 2023); They are anti-inflammatory and support cellular functions. In plant foods, ALA is the main omega-3 FA.
The predominance of omega-6 acids in human diets (mainly as linoleic acid, LA) and its product, arachidonic acid (AA, C20:4n-6), has been shown to inhibit the biosynthesis of EPA and DHA (Nakamura and Nara, 2003; Tu et al., 2010; Friesen and Innis, 2010). The recommended daily intake of EPA and DHA depends on age, physiological condition, and health  and it ranges from 40 to 250 mg in children and adolescents, and, from 200 mg to 600 mg in adults (EFSA, 2012), but that of DPA has not been agreed upon. Currently, it is recommended that human adults take 250 mg of EPA and DHA per day as supplements or eat oily marine fish 2-3  times a week (Vannice and Rasmussen, 2014;; US DHHS and USDA, 2015). Where omega-3 FA values are given, DPA has normally been excluded due to the scanty clinical research done with it and the lack of clarity on its unique roles in human nutrition, metabolism and health. However, the deficiency of DPA has been postulated to result in disturbed homeostasis (EFSA, 2010), indicating its necessity for well-being. Many Authorities and countries do not have recommended daily intake values and upper tolerable limits for total VLC PUFA (EPA+DHA+DPA), but Australia and New Zealand, have set the intake of VLC PUFA for pregnant mothers at 110 mg/day for those at 14-18 and at 115 mg/day for those of 19-50 years of age (Governments of Australia and New Zealand, 2017), respectively. For lactating mothers of 14-18 and 19-50 years of age, the values are set at 140 and 145 mg/day, respectively. The upper tolerable limit for VLC PUFA in children, adolescents and adults is set at 3,000 mg/day, while no amount has been set for infants below 1 year of age  (Governments of Australia and New Zealand, 2017). This probably assumes that mother’s milk provides adequate amounts for infant metabolism, naturally, through her diet. For adults, the American Heart Association recommends the intake of the omega-3 FA, as EPA+DHA at 4,000 mg/day (Siscovick et al., 2017; Skulas-Ray et al., 2019). 

Human diets are typically deficient in the omega-3s, especially in children (Ramakrishnan et al., 2009; Mozzafarian et al., 2013; Nowak et al., 2020), due to consumption of foods containing insignificant amount of omega-3 FA, and low amounts of foods that are rich in the omega-3 FA. 

DPA synthesis in the body from EPA is inefficient (Baker et al., 2016). DPA plays a role in brain health, reduction of inflammation, supporting immune function, and neural health ( Kelly et al., 2011; Chaung et al., 2013; Dyall,  2015;). It therefore seems to be an integral part of human nutrition for well-being. In infants, DPA, similar to EPA and DHA, is available through mother’s milk (Mosca and Gianni, 2017). Concentrated fish oil, fish oil-based supplements, oily fish, beef and mutton from pasture-raised livestock, serve as the primary DPA sources for the general population. However, DPA levels in fish oils are substantially lower than those of EPA and DHA (Byelashov et al., 2015); where omega-3 FA deficiency is exhibited, due to inadequate intake or deficiency-precipitating conditions, DPA-based drugs and supplements are increasingly available (Byelashov et al., 2015). Global studies have shown low intake of the omega-3 FA by the general populations in many regions of the World (Stark et al., 2016), except in a few countries where regular seafood consumption is part of the national food culture. Regions with high (EPA+DHA/total omega-3 FA as a percent) blood levels (>8%) as measured by the omega-3 index included the Sea of Japan, Scandinavia, and areas with indigenous populations or populations that are not fully adapted to Westernized food habits, and consume adequate amounts of foods that are rich in the omega-3 FA (Stark et al., 2016). Very low blood levels of omega-3 FA (omega-3 index of ≤4%) were observed in North America, Central and South America, the rest of Europe, the Middle East, Southeast Asia, and Africa (Stark et al., 2016). Deficiency symptoms of the VLC omega-3 FA in humans include scaly and dry skin, greater than normal hair loss, loss of memory and concentration, joint pain, inflammation and/or swellings, and in children, common symptoms include attention deficit hyperactive disorder, aggressiveness, depression  and anxiety (Gow and Hibbeln, 2014).
The Chemical Structures of EPA, DHA, DPA and AA

DPA shares chemical structural similarities with EPA and DHA. As an “elongated version of EPA, DPA has two extra carbons in the chain and the same number of double bonds as EPA (Byelashov et al., 2015).” Biochemically, it is therefore, a direct elongation product of EPA. The similarity of DPA to EPA and DHA in structure (Figure 1), may explain some of its overlapping biological functions with the two better-studied companion fatty acids.
                                                                 
Figure 1: Chemical structure of EPA, DHA, DPA and Arachidonic acid (Reinertsen et al., 2024)
BIOSYNTHESIS OF DPA

DPA, EPA and DHA, are synthesized in the endoplasmic reticulum by the action of elongases and desaturases (Tang et al., 2018; Pellegrini et al., 2020; Metherel et al., 2024). Through the action of D5-and D6-desaturases and elongases, ALA is converted into EPA, then DPA, and finally DHA (Dyall and Michaael-Titus, 2008; Gregory et al., 2011), but the reverse conversion of DHA to DPA, and the final conversion back to EPA also occurs (Kaur et al., 2011). The conversion of ALA to EPA and DHA varies and is reported to be lower in men compared to women, possibly due to higher demand for DHA during pregnancy and lactation (Calder, 2016; Stepanow & Liput, 2018). It has also been suggested that sex hormones may modify plasma and tissue n-3 PUFA content, possibly by altering the expression of desaturase and elongase enzymes in the liver (Childs et al., 2008), as the concentrations of VLC n-3 PUFA in rat plasma and tissues were positively associated with circulating concentrations of oestradiol and progesterone and negatively associated with circulating concentrations of testosterone (Childs et al., 2008). The higher amount of DHA in pregnancy (Olsen et al., 2019) and lactation (Klemens et al., 2012), points to its critical roles in fetal and infant development. VLC omega-3s in human diets come primarily from seafood, fish oil supplements, and foods fortified with fish oils. Most fish oils contain less than 2% DPA by weight (Byelashov et al., 2015). However, levels of DPA in human milk were shown to be higher than those of EPA, but comparable to those of DHA (Koletzko et al., 1988), thus pointing to its potential importance in infant development.

For humans, ALA is predominantly obtained from plant foods and its conversion to the VLC omega-3s is minimal and yet significant. In healthy young women, it was estimated that up to 21% of dietary ALA is converted to EPA, while only 6% is converted to DPA and 9% to DHA (Burdge and Wootton, 2002). In young healthy men, only about 8% of ALA is converted to EPA and DPA, and none is converted to DHA (Burdge et al., 2002). Another study estimated that only 5% of ALA is converted to EPA, and less than 1% to DHA (Barceló-Coblijn and Murphy, 2009). 

The conversion is also reduced by roughly 40% when diets are high in the pro-inflammatory omega-6 FA (Innes and Calder, 2018), which are significantly abundant in Western diets (Kris-Etherton et al., 2000), and much of the rest of the world (Stark et al., 2016), through the influence of food culture, changes in diets, location, and increasing seafood scarcity due to over exploitation of the natural fish stocks and the high cost of their acquisition. 
Omega-6s compete with omega-3s for the same enzymes in biosynthetic pathways in the human body (Simopoulos, 2002). In addition, genetic variations in desaturation and elongation genes, can result in even more reduced conversion of shorter-chain omega-3s into EPA, DPA and DHA (Lemaitre et al., 2011). Dietary habits and other lifestyle factors may also affect the biosynthesis of DPA. For example, a feline study showed that alcohol consumption reduced levels of DPA in plasma and liver (Pawlosky and Salem Jr. 1995). Thus, an adequate supply of DPA, can best be achieved through direct consumption of rich sources such as oily seafood, fish oil supplements and pharmacological drug preparations (Burdge and Wootton, 2002; Burdge et al., 2002). 
Sources and Potential Dietary Intake of DPA 

According to the US Department of Agriculture (USDA) National Nutrient Database for Standard Reference, seafood is the richest source of the VLC omega-3s, including DPA (USDA, 2014). Raw salmon, Atlantic mackerel  (which contain more DPA than EPA) provide up to 393 and over 200 mg DPA per 100 g of edible portion, respectively (USDA, 2014). Pacific herring, whitefish, bluefin tuna, and rainbow trout can potentially deliver between 100 and 200 mg of DPA per 100 g of edible portion (USDA, 2014). Seal meat and blubber are particularly rich in DPA, with the oil from the bearded seal containing 5.6% DPA, which is more than in any other marine animal oil (USDA, 2014). Bang et al. (1980) estimated that Greenland Innuits consumed anywhere between 1.7 to 4.0 grams of DPA per day, leading them to conclude that this may explain the rarity of ischemic heart disease among the Greenland Innuits. 

Following the US Food and Drug Administration advice, Evans (2006) and Taylor et al. (2018) recommend women who are pregnant, might become pregnant, or are breastfeeding, should consume 230-340 g of edible portion of oily fish per week, whileWestrom (2014), also following FDA advice, recommends that they eat at least 340 g/week in order to benefit the potential infant or the breastfeeding child, as long as it is safe from toxic heavy metal or other harmful contaminants.  The 3 groups agree on a figure that is close to what Bang et al. (1980) estimate is the upper potential intake of the Greenland Innuits. The American Heart Association recommends a maximum intake of 4 g of the omega-3 FA as supplements (Siscovick et al., 2017; Skulas-Ray et al., 2019).   

The major food sources of DPA in pregnant and lactating Canadian women in declining order were reported recently to be seafood, poultry, meat and dairy products, with most of the DPA coming from salmon consumption (ISSFAL, 2014). In a study by Rahmawaty et al. (2013) with Australian children, EPA and DHA intakes were highly correlated with the consumption of marine fish and seafood products, whereas DPA intake was moderately correlated with meat consumption. From the same study, the main contributors of DPA in declining amount for the children were meat, poultry, and game products, marine fish and other seafoods, cereal-based products, milk, dairy and egg products. 

Among terrestrial sources, liver of New Zealand cattle and lamb were the richest sources of DPA, containing approximately 140 mg DPA per 100 g of edible portion (USDA, 2014). Australian beef was reported to be able to provide up to 80 mg DPA per 100 g of the meat (Droulez et al., 2006). These high amounts are attributable to the extensive pasture grazing of the livestock (Droulezet al., 2006). Amounts of DPA in the UK food tables for lean trimmed meat were, on average, 20 mg per 100 g in beef, and 30 mg in lamb (European Food Safety Authority-EFSA, 2002). US beef, on the other hand, contains negligible amounts of DPA as the animals are fed primarily on  grain and  may have little or no access to natural pasture, especially if they are zero-grazed. It has been theorized by Miller et al. (2013) that the relatively high levels of DPA in tissue may serve as a pool for the supply of VLC omega-3s in humans.

Despite the documented benefits of regular consumption of fatty fish flesh, not all individuals consume fish due to allergies or taste preferences. Highly refined dietary fish oil or fish oil-based supplements offer the benefits of omega-3s for people who are averse to fish consumption, such as vegetarians and vegans. In countries where fish consumption is insufficient, or for consumers with allergy towards fish, fish oil-based supplements, which are highly deodorized during manufacture so as to lose the fishy smell, are likely to become a significant dietary source of DPA (Byelashov et al., 2015). According to the USDA National Nutrient Database for Standard Reference, menhaden oil contains 4.9% DPA, making it one of the richest sources of DPA among commercial fish oil supplements (USDA, 2014). Oils from wild salmon (3.0%), sardine (2.0%), cod liver (0.9%), and herring (0.6%) are good sources of DPA (USDA, 2014). The consumption of fish or fish oil-based supplements is likely to increasingly become the major consideration to maximize omega-3 FA availability for nutritional and health function optimization in humans. The EFSA (2012), recommends between 250 and 500 mg/day of dietary EPA and DHA for European adults based on cardiovascular risk considerations. The panel also suggested supplemental intakes of DHA alone up to about 1 g/day do not raise safety concerns for the general population; however, no data was provided for DPA when consumed alone or as part of the total VLC omega-3 FA intake. Habitual diet, age, inherent adiposity, genotype, sex and BMI, influence the rate of conversion of ALA to EPA and other omega-3 VLC PUFA as well as their circulating levels in tissues (Childs et al., 2014). 
Role of DPA in Human Nutrition and Health. 

In a recent, large epidemiological investigation of older adults, higher circulating levels of DPA were associated with lower total mortality, including death from coronary heart disease (Mozaffarian et al., 2013). In a case-controlled study by Oda et al. (2005), involving 73 patients with acute myocardial infarction and 84 matched controls, serum DPA levels were significantly higher in healthy individuals than in the affected group. Further, a study by Li et al. (2002) in Australian men, showed the amount of DPA in blood platelets had a strong negative correlation with the mean platelet volume, which is a risk factor for acute myocardial infarction. In the Edinburgh Artery Study, which was a cross-sectional survey of more than 1,500 people, DPA was the only VLC omega-3 FA that reduced the likelihood of developing atherosclerosis, suggesting that it could have a protective effect (Leng et al., 1994). Another study in Australian men indicated that blood levels of DPA are influenced by diet, and its sustained consumption was positively linked to less carotid atherosclerosis (Hino et al., 2004), thus supporting the results of the earlier study of Leng et al. (1994). These studies, though epidemiological,  highlight the link between DPA and better cardiovascular health. Some in vitro studies showed that purified DPA, when applied to platelets or cell lines, reduced platelet aggregation (Phang et al., 2009; Akiba et al., 2014), stimulated endothelial cell migration (Kanayasu-Tokoda et al., 1996), and reduced inflammation (Norris & Dennis, 2012). It was also reported in a study (Akiba et al., 2000), that DPA treatment inhibited platelet aggregation more efficiently than EPA or DHA, though in a later study using human blood samples, DPA was equally as effective as combined EPA and DHA in inhibiting platelet aggregation in female subjects (Phang et al., 2009}. Further, a recent in vitro study showed that the application of VLC omega-3s, including DPA, suppressed triglyceride and cholesterol synthesis in liver cells (Nagao et al., 2014), which further highlights the link of DPA to better health outcomes. In the study (Nagao et al., 2014), using 4 highly unsaturated fatty acids (HUFA), it was found that tetrahexaenoic acid (THA) exerted the strongest suppression on the synthesis of triacylglycerol and cholesteryl ester, and the order of the strength of suppression was found to be THA > DHA > DPA > EPA. It seems that both the number of carbon atoms and double bonds in an n-3 HUFA structure has an effect on lipid metabolism in HepG2 cells. In a study by Morin and co-workers (2014), the administration of DPA in a rat model, resulted in the production of a variety of anti-inflammatory and pro-resolving mediators, demonstrating its potential for use in the treatment of pulmonary inflammatory conditions. A recent review of studies (Li et al., 2016), recommends the increase in the intake by pregnant mothers of DPA in early prenatal and early postnatal life stages to benefit the infant and mother. 
One study related to the structure of the omega-3 FA, showed that DPA was incorporated into cell phospholipids faster than EPA, and the rate is similar to that of DHA (Kaur et al., 2011). During the exposure of liver cells to DPA or DHA, the content of both fatty acids increased gradually at a similar rate and plateaued at 16% after 8 hours of supplemental exposure (Kaur et al., 2011). But in the same study and looking at the individual VLC PUFA, EPA content reached the saturation point at 12%, which was lower than the 16% saturation point for each of DPA and DHA (Kaur et al., 2011). In a later study by Kaur et al. (2013), it was demonstrated that DPA was less actively oxidized than oleic acid and EPA, which may imply its conservation and deposition in tissues for use in biological processes. Other studies have shown DPA improved lipid metabolism (Gatoh et al., 2009; Chen et al., 2012), reduced tension in blood vessel walls and inhibited chronic inflammation (Chen et al., 2012), inhibited chronic inflammation, and decreased aortic plaque build-up (ISSFAL, 2014). Also, DPA inhibited the pro-inflammatory mediators derived from cyclooxygenase metabolism, which therefore suggests it plays a major role in the inhibition of inflammation (Norris & Dennis, 2012). A recent and profound development in understanding DPA's role in the body’s defense against disease, came with the discovery of the structures and in vivo and in vitro synthesis of DPA-derived specialized pro-resolving mediators, which have exhibited potent anti-inflammatory and tissue-protective properties (Dalli et al., 2013; Serhan, 2014; Aursnes et al., 2014).

DPA, similar to EPA and DHA, has been linked to better mental health and cognitive function (Delgado-Noguera et al., 2010; Strømmen et al., 2014). Some observational studies have demonstrated lower DPA levels in patients with depression and schizophrenia than in healthy people (Hamazaki et al., 2013; Taha et al., 2013). In addition, women who had lower than normal blood levels of DPA during pregnancy, were linked to a higher prevalence of postpartum depression (Markhus et al., 2013). In trials with rodents, supplementation with purified DPA increased the levels of DPA and DHA in the brain, and reduced depression symptoms as measured by behavioral tests in the animals (Laino et al., 2014). In a population-based prospective cohort study in aged individuals (mean age of 73 years) n Japan, the estimated intake of 111 g per day of fish, 307 mg per day of EPA or 123 mg per day of DPA was associated with a reduced risk of major depressive disorder in the particular Japanese population with a fish consumption culture (Matsuoka et al., 2017). In a related study, DPA supplementation of aged rats improved brain function, as measured by long-term potentiation and performance in spatial learning tasks, and reduced age-related oxidative damage of the brain (Kelly et al., 2011). A recent study (Wretlind et al., 2025), found that women suffering from Alzheimer’s disease, had lower levels of omega-3 FA and other unsaturated lipids, but more saturated lipids in blood samples than the males suffering from the disease. Other studies are required on omega-3 FA amounts and particularly DPA in tissues in other diseases and the effect of their supplementation on the particular disease condition.  
In a human supplementation trial with 99.8% pure DPA, its consumption significantly increased the levels of EPA, DPA, and DHA in blood plasma of the participants [Miller et al., 2013]. It was also demonstrated that DPA was both retro-converted to EPA and further elongated to DHA (Miller et al., 2013). From the results (Miller et al., 2013), the authors suggested that DPA may serve as a reservoir for EPA and DHA, for use by the body as needed. The results of this study underscore the necessity of ensuring adequate DPA or its precursors ALA and  EPA in daily diets. The American Heart Association, recommends the daily consumption of 4 g/day of EPA and DHA as supplements (Siscovick et al., 2017; Skulas-Ray et al., 2019), a recommendation that is likely to guarantee adequate DPA availability for the body’s metabolic needs.   

Potential Role of DPA and Other Omega-3 FA in Disease Prevention and Treatment 

EPA and DHA, are mainly obtained by eating fish that have fed on microalgae. Through a number of studies, there is a growing body of evidence showing the advantages of the consumption of omega-3 FA to reduce the onset and progression of disease.  Most trials have, however, used either DHA and EPA together or either of them singly. There are very few that have used DPA alone. Among the most researched diseases in the context, are CVD-related maladies. Nevertheless, there is little evidence of the primary prevention of CVD by the omega-3 FA. Although omega-3s modestly lower triglyceride levels (Skulas-Ray et al., 2019; Bornfeldt, 2021), the major impact on CVD seems to be through a variety of other mechanisms related to cell membrane function, antioxidant properties, and reduction of atherogenic small low-density lipoprotein cholesterol particles (Watanabe and Tatsuno, 2020). Supplementation with omega-3 FA could be considered, particularly in those with hypertriglyceridemia, in those who do not eat fish, or for vegetarians and vegans. Intakes of up to 1 g daily are considered safe. For secondary prevention after statin optimization, if triglyceride levels are between 1.5 and 5.6 mmol/L, guidelines recommend taking 2 g of icosapent ethyl twice daily. This is also recommended in primary prevention for patients with diabetes, hypertriglyceridemia and additional CVD risk factors (Bosomworth, 2023). 
In a study, the administration of DPA in a rat model, resulted in the production of a variety of anti-inflammatory and pro-resolving mediators, thereby demonstrating the potential for its use in the treatment of pulmonary inflammatory conditions (Morin et al., 2014). In a cell culture study, DPA was shown to completely inhibit the growth and proliferation of colon cancer cells (Morin et al., 2013), a finding that may open the possibility of developing drugs based on DPA for cancer treatment. In a review, (Pellegrini et al. 2020)), effects on the ocular surface of omega-3 FA, Vitamins A, B12, C, D, selenium, curcumin and flavonoidswere analyzed. From the analysis, the efficacy of omega-3 FA supplementation in ameliorating dry eye disease symptoms was strongly supported, more than was shown for the other compounds.  In a controlled study with 15,480 patients with diabetes but without evidence of atherosclerotic cardiovascular disease who randomly received 1-g capsules containing either n-3 fatty acids (fatty acid group) or matching placebo (olive oil group) daily, the end results over a 7.4-year follow up period, showed no significant difference in the risk of serious vascular events between those who were assigned to receive n-3 fatty acid supplementation and those who were assigned to receive placebo (Bowman et al., 2018). Therefore, n-3 supplementation did not seem to provide any benefit to diabetic patients who did not have any cardiovascular issues.   
A randomized controlled trial (RCT) using omega-3 FA supplementation by Hu et al. (2019), reduced myocardial infarction (MI), vascular death, and CVD events, but not stroke. A prospective cohort study, using fish, resulted in reduced coronary artery disease (CAD) incidence and death (Zhang et al. 2020); this study showed significant benefits in CVD-related events. In  a study by Doshi et al. (2020) using EPA alone, MI, CAD deaths, and CVD events reduction were evident. No benefit was apparent for stroke and mortality. The results of this study mirrored those of the study by Hu et al. (2019). However, the latter group used EPA and DHA together. The results demonstrate the greater benefit from the inclusion of EPA. In a 2022 RCT (Shen et al., 2022), using omega-3 FA supplementation, major adverse cardiovascular events, CVD mortality and MI were reduced, but without any benefit to potential reduction of all-cause mortality or stroke. It seems clear that omega-3 FA supplementation does not confer any benefits towards ameliorating for stroke. 

In meta-analyses, the intake of ALA alone seems to have marginal or no effect on CVD and mortality (Harris et al., 2021; Nagshi et al., 2021).  EPA and DHA seem to have the greatest dietary impact. While both of these fatty acids are effective at lowering triglyceride levels, the benefit observed is higher than would be expected by this mechanism alone (Mason and Eckel, 2021). DHA has been demonstrated to raise low-density lipoprotein cholesterol (LDL-C) levels, while EPA lowers the atherogenic particle number with no effect on LDL-C levels (Mason et al., 2016). In addition, only EPA reduces peroxidation of small LDL-C particles (Mason et al., 2016). EPA may therefore be superior to DHA in reducing atherogenesis. Fish oil supplements can no longer be recommended for CVD prevention in either primary or secondary prevention at any dose (Byelashov et al., 2015). To minimize atrial fibrillation risk from fish oil consumption, the dosage should remain below 1 g per day (Byelashov et al. (2015). 
In conclusion, “the benefit from supplementary omega-3 FA intake is mostly seen in secondary prevention or disease amelioration, but not in disease prevention (Byelashove et al., 2015; Bosomworth, 2023). In patients who are on appropriate statin prescription, fish oil and combination preparations of EPA and DHA have failed to show benefit at any dose, and at any level of prevention (Byelashove et al., 2015; Bosomworth, 2023). High-dose EPA shows substantial benefit in hypertriglyceridemic patients who are taking statins. For those following the recommendation to eat 2 servings of oily fish twice a week, benefit is apparent only in secondary prevention of CVD (Bosomworth, 2023). 

Adverse effects of excessive DPA intake

Despite the documented benefits of regularly eating fish, not all individuals consume fish due to allergies or taste preferences. Highly refined and deodorized dietary fish oil-based supplements offer the benefits of omega-3s for people who are averse to fish consumption for various reasons. In countries where fish consumption is low, fish oil-based supplements are becoming a significant dietary source of DPA, cost allowing. According to the USDA National Nutrient Database for Standard Reference, menhaden oil contains 4.9% DPA, which makes it the richest source of DPA among commercial fish oil supplements (USDA, 2014). Oils from wild salmon (3.0%), sardine (2.0%) are rich sources, whereas cod liver (0.9%), and herring (0.6%) are good sources of DPA for human nutrition (USDA, 2014). Microalgal oil-derived supplements are available for vegetarians and vegans. 

The most common and significant side effects of excessive omega-3 FA supplement intake are gastrointestinal (e.g., nausea and bloating), dermatological (skin itching and rash), and hematological (anticoagulatory effects) (Wander et al., 1997). Other reported side effects of high dose consumption of the omega-3 FA in clinical trials, included increased bleeding risk (Bhatt et al., 2019), increased LDL-C production (though it increased LDL density) (Calabresi et al., 2000), and the inability to control blood sugar levels [Bowman et al., 2018], implying that there would be no benefit of omega-3 FA supplementation for diabetic patients. Other risks associated with excessive intake of supplemental omega-3 PUFA include altered platelet function (Wensing et al., 1999) and the potential for lipid peroxidation (Corteselli et al., 2020). However, these effects were demonstrated by the combined dose of DHA and EPA. A substantial relative increase in atrial fibrillation has been demonstrated with the use of high-dose omega-3 FA, but the absolute increase is small and no indication of any harm is found at doses below 1 g daily  intake (Bosomworth, 2023). Very long-chain, highly unsaturated fatty acids such as EPA, DPA and DHA, are at high risk of peroxidation. Membrane phospholipid fatty acids can potentially be vulnerable to peroxidation, resulting in free radical formation, which can be detrimental to proteins and DNA integrity (Wander et al., 1997). However, in a study (though short), on young horses fed 60 mg/Kg of body weight daily for 60 days, omega-3 FA supplementation did not negatively affect Vitamin E status or promote lipid peroxidation (White-Springer et al., 2021). Also, systematic reviews that examined the safety profile of omega-3 FA, when doses of up to 4 g/day were consumed, concluded that supplementation is well tolerated and that associated adverse effects were of no clinical significance (Dighriri et al., 2022; Chang et al., 2023). All in all, potential risks of supplemental omega-3 FA intake, should be assessed against potential benefits, with the adverse effects likely to be dose-dependent. Also, most side effects are apparent only with the intake of supplements, as the amounts of the omega-3 FA in diets are normally low, with amounts varying depending on the nature of the food and manner of processing. To avoid undesirable side effects, consumers should eat as much of the plant sources of omega-3 FA, as any adverse side events from their consumption are minimal, due to the predominance in plant foods of ALA, whose percentage conversion to EPA and consequently to DPA is low (Burdge and wootton, 2002; Burdge et al., 2002] . However, in the quest to maximize DPA intake from whatever source, the length of time at high temperature processing of food should be kept short in order to maximize dietary omega-3 FA retention, and, therefore, the dietary intake of DPA from thermally processed meals (Lokuruka, 2024). 
Potential areas of future research
Although most of the suggested functions of DPA seem to overlap with those of EPA and DHA, the unique roles of DPA require to be established. The upper tolerable limit and amounts of DPA needed for optimal metabolism in various age groups, by sex, body composition, and health condition, require establishment. Future research should also establish the effect of individual variations and genotype on DPA need, synthesis and tissue levels. The variation of its levels with the various disease conditions should also be investigated. The mechanism of action and role of the recently discovered DPA-derived specialized pro-resolving mediators in inflammation requires elucidation.  

CONCLUSION

The 3 omega-3fatty acids EPA, DHA and DPA, are abundant naturally in krill, in cold-water fatty fish, marine algae, whale and seal blubber. DPA is synthesized from EPA and is elongated to DHA. ALA is the major omega-3 fatty acid in plant foods and is the precursor for EPA synthesis. The conversion of EPA to DPA is inefficient and furthermore, the conversion is lower in men than in women, probably due to the greater need in females during pregnancy and lactation and the influence of sex and intrinsic higher adiposity in women. The presence of DPA in human tissues and its relative abundance in human milk, brain and retina, points to its importance in human health, such that it is increasingly recognized as a necessity to be provided in adequate amount in daily diets. Habitual diet, age, sex, genotype, adiposity, and, BMI, influence the conversion rate of ALA to EPA and other VLC omega-3s as well as their circulating levels. Many observational trials have demonstrated a clear link between DPA intake and better health outcomes, with multiple in vitro and in vivo studies showing direct positive effects of DPA on inflammation, lipid metabolism, cardiac health, cognitive function and retinal health; a number of recent epidemiological studies are also pointing to potential roles of omega-3 FA in secondary disease prevention or amelioration, but not in primary prevention. Future research should establish the effect of individual variations and genotype on DPA need, synthesis and tissue levels, set the upper tolerable limit, as well as the unique roles of DPA separate from those of EPA and/or DHA. 
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