
Foods 2021, 10, 1816. https://doi.org/10.3390/foods10081816 www.mdpi.com/journal/foods 

Communication 

Food-Based Dietary Guidelines for Seafood Do Not Translate 

into Increased Long-Chain Omega-3 Levels in the Diet for  

U.S. Consumers 

Michael F. Tlusty 

School for the Environment, University of Massachusetts Boston, Boston, MA 02125, USA; 

michael.tlusty@umb.edu  

Abstract: Humans underconsume fish, especially species high in long-chain omega-3 fatty 

acids. Food-based dietary guidelines are one means for nations to encourage the consumption of 

healthy, nutritious food. Here, associations between dietary omega-3 consumption and food-

based dietary guidelines, gross domestic product, the ranked price of fish, and the proportions 

of marine fish available at a national level were assessed. Minor associations were found 

between consumption and variables, except for food-based dietary guidelines, where calling out 

seafood in FBDGs did not associate with greater consumption. This relationship was explored 

for consumers in the United States, and it was observed that the predominant seafood they ate, 

shrimp, resulted in little benefit for dietary omega-3 consumption. Seafood is listed under the 

protein category in the U.S. Dietary Guidelines, and aggregating seafood under this category may 

limit a more complete understanding of its nutrient benefits beyond protein. 
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1. Introduction

The context of fish (defined by the FAO (2020) as “fish, crustaceans, molluscs and 

other aquatic animals, but excludes aquatic mammals, reptiles, seaweeds and other 

aquatic plants”) consumption varies across the globe. For many, the consumption of 

aquatic-produced foods is a function of the accessibility to fisheries, along with socio-eco-

nomic dependence on those fisheries (both inland and oceanic), and the prevalence of 

aquatic-produced foods within the local food system [1]. For these often-low-income 

countries, fish is a necessity, because it can contribute to >20% of the animal protein sup-

ply [1,2], prevents micronutrient deficiencies [3]; thus, substituting fish is not realistic [4], 

and increasing consumption would be beneficial. For other countries, particularly those 

in the high-income category, the context is that terrestrial-based proteins are more abun-

dant, and fish is not a necessary protein source [5]. Here, a greater variety of choice and 

availability of nutrients leads to the question of substitution. Consumers often pose the 

“instead of” question [6], and consider “Do I have the fish, or instead do I have some other 

animal source food?”. Yet is micronutrients are deficient, then substituting a good source of 

micronutrients for a poor source is not a viable option. Furthermore, within high-income 

countries, people are still hungry, although for many of those that can obtain sufficient 

calories, their dietary choices lead to where they do not consume a full complement of 

recommended nutrients [7]. Across all economic levels, it is important that suggested nu-

tritional substitutions be within the proper and intended purpose for achieving nutri-

tional sufficiency. Here, the concept that fish consumption in high-income countries is 

more a concern about nutrients rather than protein [8,9] is explored. Specifically, the focus 

is on the case of long-chain omega-3 fatty acids (LCn-3s) within the United States (USA). 
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LCn-3s are important nutrients for humans because they have significant cardiovas-

cular, neurocognitive, and psychological health benefits [10–13]. Marine oily fish are con-

sidered the primary source of LCn-3 in the human diet [14,15], because LCn-3s originate 

in marine algae, and are bioaccumulated up food chains. There are some terrestrial 

sources of LCn-3s, as well as human populations that have an increased ability to elongate 

short omega-3 to LCn-3 [16]. In the United States, fish and seafood constitute 71% of the 

diets of citizens who consume a high amount of LCn-3s [17]. LCn-3s are commonly har-

vested from finite fisheries [18], and a global gap between supply and demand for this 

nutrient [18,19] makes them limited in many diets globally [20]. Most national dietary 

guidelines that have a daily recommended nutritional intake of LCn-3 place the value at 

≥250 mg per day for adults [14]; however, global availability is only 149 mg EPA+DHA 

per capita daily [18]. Inequity in distribution and availability [21,22] are likely to exacer-

bate the number of people with limited dietary LCn-3.  

Food-based dietary guidelines (FBDGs) are used to “provide advice on foods, food 

groups and dietary patterns to provide the required nutrients to the general public to pro-

mote overall health and prevent chronic diseases” [23]. Given that LCn-3s are limited 

globally [18], it is not surprising that LCn-3 from seafood (note the change from ‘fish’ in 

the first paragraph to ‘seafood’ here, due to the marine origin of LCn-3s) is limited in diets 

[20]. However, it is unknown whether FBDGs to consume seafood are linked to an in-

creased consumption of LCn-3s from seafood. With the limited nature of this critical nu-

trient, the FBDGs can be viewed as a good place to encourage the increased consumption 

of limited nutrients. 

This review threads a link between disparate but complementary ideas and data sets. 

The following are known separate data points for global seafood: 

- How many countries include “seafood” or “fish” in their FBDGs [24–27]; 

- The amount of fish available within each country [28]; 

- The calculated level of dietary LCn-3s [20]; 

- The country-level variations in fish prices [29].  

However, it is not known if there is a correlation between FBDGs for “seafood” and 

dietary LCn-3s, how this relationship may be moderated by the amount of fish available 

nationally, or its cost.  

Seafood consumption in the United States has been extensively discussed [9,30]. As 

demonstrated globally, multiple lines of disparate but complimentary data exist but lack 

cohesiveness. The following facts are available for seafood in the United States: 

- U.S. citizens under-consume fish based on NHANES data analysis [9,30], a fact so 

obvious it is stated in the Dietary Guidelines for Americans [31]; 

- The type of fish consumed matters with respect to LCn-3 [32], with a call for Ameri-

cans to include oily fish [31], or more specifically, salmon [33]; 

- Americans do not consume all fish species equally, and shrimp, salmon, and 

canned tuna comprise 50% of their annual seafood consumption [34]; however, only 

salmon contains enough LCn-3 to meet a recommended intake of 250 to 500 mg per 

day [35]; 

- Consuming oily fish multiple times per week along with ingesting supplements 

results in the highest index of the percentage of LCn-3 as a percentage of total 

erythrocyte fatty acids [36].  

However, after two decades of calls to increase LCn-3 intake [37], are American die-

tary patterns changing to increase the dietary availability of LCn-3?  

Understanding influences on LCn-3 consumption is critical to provide the link be-

tween FBDGs for seafood and the amount consumed, and how the guidelines may or may 
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not be followed, will help identify additional steps for modifying FBDGs for increasing 

dietary benefits. 

2. Materials and Methods 

Here, the published data sets on the inclusion of the recommendation to eat “sea-

food” (often referred to generically in FBDGs as “fish”) within FBDGs [27] are compared 

to country-level seafood availability [28], as well as the dietary inclusion of seafood-based 

LCn-3s [20]. These are also compared to the average price for seafood at a national level 

[29], and the per capita gross domestic product [38]. Diet data are subject to overestima-

tion [39–41], and as such, these disparate data sets were analyzed with a ranked trend 

analysis. A quadrate trend analysis was conducted, where data for each country were 

identified as being below or above a median value for that variable; then, two variables 

assessed within a 2-factoral space. If the dominant cells indicated that both variables were 

below or above the median, this indicated a positive association. Factors trending nega-

tively had below-above median associations. Six total comparisons were made; therefore, 

a protected p-value of 0.008 (0.05/6) was used to prevent reporting spurious correlations. 

The translation of the FBDG for a singular country, the United States, was then ex-

plored through an examination of seafood consumption patterns [34]. The industry-cal-

culated seafood consumption patterns were compared to their ability to meet a guideline 

of 8 oz (226.7 g) per week (or 32.4 g/d, [31]) for a 2000-calorie daily diet. The LCn-3 levels 

of EPA and DHA [42] of the top ten seafood species consumed in the United States [34] 

were used to assess cumulative LCn-3 consumption through these species for 2019 data. 

The top ten list accounted for only 74.8% of all seafood consumed; therefore, the remain-

ing 25.2% was assumed to have an LCn-3 level equal to the weighted average of the top 

10 species consumed. The top ten consumption patterns were then extended so the total 

amount consumed was the recommended (8 oz per week) total. The LCn-3 consumption 

was then recalculated based on whether consumer behavior was equivalent to the recom-

mended level. 

3. Results 

A number of prior studies have examined the details within different FBDGs, and 

found that seafood (or fish) was mentioned in 58% [24], 80% [25], 83.5% [27], or 83.7% [26]. 

A smaller number of FBDGs provided information on either the serving size or the num-

ber of meals per week. Graham et al. [26] found that 35 FBDGs reported servings per week, 

and Herforth et al. [24] reported an average of 2.2 servings per week, but only 23 provided 

the serving size. It is difficult to generalize serving size given the wide variability in how 

this metric is reported. However, Springmann et al. [27] were able to deduce a serving 

size of 32.9 (±17.4 g/d, mean ±1. s.d., range 4.6–93.5, n = 65) for 90% of the FBDGs that 

suggested eating seafood.  

The median quadrant analysis demonstrated an overall positive trend (χ2 = 11.0029, 

p < 0.001, Table 1) between the FBDG serving size, determined by Springmann et al. [27], 

and dietary LCn-3, determined by Micha et al. [20] (Figure 1, interactive data available at 

https://www.tlusty.solutions/n3.html (accessed on 28 June 2021). Of factors that may in-

fluence dietary LCn-3, the presence of a seafood recommendation in the FBDGs, per capita 

GDP, the total fish available in the country, and the percentage of fish from marine sources 

all showed a positive association with the dietary LCn-3 (for all values, χ2 > 9.7, p < 0.002, 

Table 1). The ranked price per fish in various countries was negatively associated with the 

amount of LCn-3s in the diet (χ2 = 7.01, p < 0.008, Table 1), indicating that where fish is 

cheaper, people consume more. These significant associations (per capita GDP, ranked 

price (inverted to reflect the negative association), total fish, and the percentage of marine 

fish available nationally) were developed into a four-point index, where a score of 4 indi-

cated a greater probability of having a high dietary LCn-3. For those countries that had all 

four relevant pieces of data available, the distribution of the index scores did not differ if 

the country had an FBDG for seafood, had an FBDG but did not suggest a serving size, 
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had an FBDG but did not recommend seafood, or did not have an FBDG (one-way 

ANOVA, F3, 140 = 1.70, p > 0.15, Figure 2). Overall, dietary LCn-3 increased in correlation 

with a lot of inexpensive fish of marine origin being available, along with a higher per 

capita GDP. 

The United States is a country that not only includes fish in their FBDGs, but also 

have provided a serving size of 8 oz (226.7 g) per week (Dietary Guidelines Advisory 

Committee 2020). However, the typical American does not adhere to this level of con-

sumption [9]. An estimated 90% of U.S. citizens do not meet the recommendation for sea-

food consumption [31]. In 2019, Americans ate an average of 138.9 g of seafood per week 

per capita [34]. This was less than the global average of 195.3 g/week per capita [20]. The 

top most consumed seafood item was shrimp, followed by salmon, then canned tuna (Fig-

ure 3). This high consumption of shrimp (30.5% of seafood intake) provides only 2.7% of 

the total average LCn-3s [42], whereas salmon (20% of consumption) provided a majority 

of the LCn-3s, at 62.9% (Figure 3). The general trends described here are based on recom-

mendations for an adult eating a 2000-calorie diet, and do not consider the specific needs 

of pregnant women, infants, children, or those requiring a greater caloric intake. Not only 

do U.S. citizens not follow the dietary guidelines, but their preference for shrimp does not 

ensure that they obtain their necessary dietary LCn-3s. 

Table 1. The association between dietary LCn-3 [20] and factors that may influence seafood intake. 

Association is determined by a median-quadrant approach, where data are assessed for each coun-

try if it is above or below the median value for that variable (in the case of FBDGs, it is the pres-

ence/absence of a seafood recommendation). A positive association is then determined if dietary 

LCn-3 and the other factors have a majority of observations in the below–below and above–above 

quadrant. Darker colors indicate stronger associations, lighter colors indicate weaker associations, 

and the numbers indicate a count of countries in each quadrant. The additional factors are recom-

mended (g/d) intake and if the FBDG identified seafood [27], as well as GDP [38], ranked fish price 

[29], and total fish and percentage of marine fish available [28]. Price had a negative association 

(lower price associated with greater dietary LCn-3), whereas all other variables had a positive asso-

ciation. 

  Dietary  N-3 
  Below Above 

Recommended Above  5 26 

g/d Below 19 15 

FBDG Above  36 56 
 Below 47 27 

GDP Above  29 51 
 Below 49 31 

Price Above  44 29 
 Below 28 45 

Total fish Above  16 67 
 Below 67 16 

% Marine Fish Above  31 52 
 Below 52 31 

 



Foods 2021, 10, 1816 5 of 9 
 

 

 

Figure 1. (Left) The comparison between the recommended consumption (g/d, [27]) and mean dietary seafood LCn-3 

consumption [20], with bubble size indicating the ranked price [29]; (right) the total fish supply vs. the proportion of that 

which is of marine origin [28], with a bubble size of mean dietary seafood LCn-3 [20]. Interactive data are available at 

https://www.tlusty.solutions/n3.html (accessed on 28 June 2021) 

 

 

Figure 2. The number of countries that have 0–4 positive attributes for seafood consumption: GDP [38], ranked fish price 

[29], and total fish and percentage of marine fish available [28]. Positive attributes indicate that the country is above the 

median, except in the case of ranked fish price, which has a negative association with dietary LCn-3, and thus is inverse. 

The countries are split into (a) those that do not have an FBDG (None); (b) those that have no seafood recommendation in 

their FBDG (NR); (c) those that have a seafood recommendation in g/d (FBDG-s); and (d) those that have a seafood rec-

ommendation, but g/d is not specified (no g/d). Size of the bubbles indicates the country-level LCn-3 consumption [20]. 
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Figure 3. (Left) The availability of seafood species for American consumers in 2019 [34] and the values of each of those 

species if Americans consumed an aggregate 8 oz per week [31]. (Right) Dietary LCn-3 [42] for Americans based on sea-

food species available in 2019, and if they were to consume the recommended amount of seafood. 

4. Discussion 

Here, the focus was on seafood contributions to dietary LCn-3s. The U.S. Dietary 

Guidelines identify seafood as “a protein foods subgroup that provides beneficial fatty 

acids (e.g., eicosapentaenoic acid [EPA] and docosahexaenoic acid [DHA])”. The recom-

mendation of “eat 8 oz of seafood per week” in the United States (and elsewhere) is not 

being put into practice in a way that leads to adequate LCn-3 consumption. Although 

consumers are provided a message to “eat seafood”, they choose species that do not pro-

vide an adequate level of this critical nutrient. Aggregating seafood into the protein cate-

gory in the FBDGs may limit the development of a more complete understanding of its 

nutrient benefits beyond protein. Just as low LCn-3 shrimp is selected as a seafood of 

choice, placing seafood within the protein category validates a substitution of other low-

LCn-3 protein instead of seafood (“instead of fish, I’ll have other animal source food…”, Gard-

ner, [6]). The same could be said of other nutrients, because seafood is beneficial for hu-

man health due to the contents of selenium, taurine, vitamins D and B12 [8], and can help 

to prevent deficiencies of these nutrients [3]. Nutrient-density is identified as important 

within the U.S. Dietary Guidelines (2020), being mentioned 175 times, and seafood is spe-

cifically described as a nutrient-dense food [31]. However, salmon is mentioned specifi-

cally within the U.S. Dietary Guidelines only ten times, and just one of those mentions 

specifically addressed it as being a high-LCn-3 food. Salmon is also identified once each 

as a source of calcium and Vitamin D, whereas it was mentioned eight times for having 

low methylmercury (one mercury mention also in the same reference to salmon being 

high in LCn-3s). Sardines and anchovies, two other fish high in LCn-3s, are not associated 

with this fact in the U.S. Dietary Guidelines, but instead are referred to as being seafood 

low in methylmercury (eight instances each, whereas sardines are highlighted once as be-

ing a good source of calcium). The U.S. Dietary Guidelines steer a consumer towards eat-

ing more healthily, although do not result in wiser consumption with respect to seafood. 

This is also observed globally, where countries with FBDGs for seafood have marginally 

but not statistically increased dietary LCn-3 consumption. FBDGs have a monumental 

task to encourage citizens to eat properly, but the overly general and misplaced guidance 

regarding seafood consumption (e.g., highlighting mercury over LCN-3s, Spiller et al., 

[10]) limits its outcome-based impact. This misplaced guidance is demonstrated through 

the U.S. FBDGs, where “omega-3” is mentioned once, “EPA/DHA” is mentioned four 

times, and methylmercury is mentioned 34 times. Furthermore, the ratio of omega-3 to 

omega-6 fatty acids is important for bioavailability, due to the shift to more omega-6 con-

sumed in Western diets [43], and is not mentioned in the U.S. FBDGs. The FBDGs need to 
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be explicit about solutions for meeting recommended nutrient intake, and need to include 

the species of fish, as well as strategies to improve the omega-3:omega-6 ratio.  

Increased LCn-3 consumption needs to align with social and environmental sustain-

ability goals [44], and an environmentally sustainable consumption [45] approach to 

FBDGs is necessary, although has not yet been achieved [26]. Hallstrom et al. [32] have 

identified key species for Sweden that meet both high nutrient density and low environ-

mental impact targets, and this work needs to be conducted internationally to identify the 

best sources to meet nutrient goals for human health. The most critical step to bridge this 

nutrient consumption gap is to adjust FBDGs to more specifically identify high-LCn-3 fish 

species. There are multiple non-animal proteins that have lower environmental impacts 

than seafood [46]; therefore, seafood may be overlooked from a protein standpoint, with 

consumers missing out on the LCn-3 benefits. Eating small, oily, pelagic fish will be im-

portant in meeting an increased LCn-3 consumption goal, as will salmon (and trout and 

char). There are multiple production platforms for salmon, each with a complementary 

suite of benefits and drawbacks from a life cycle assessment standpoint [47], and caution 

needs to be exercised in not blindly categorizing all aquaculture fish into high or low im-

pact. Additionally, equity needs to be considered. Within the United States, there is re-

gional variation in the availability of fish at chain-restaurants [22], and affordability needs 

to be a driver for adequate nutrition. However, the biologically relevant consumption of 

LCn-3s may only come through addressing global LCn-3 deficit [18] through the increased 

production of alternatives [48] such as algal oils, as well as preserving more of the nutri-

ents in processing and the value chain [49], and finally, by aligning nutrition goals to pol-

icies [50]. If alternatives are to be created, the efficacy of LCn-3 consumption from supple-

ments vs whole fish will need further examination. Studies of heart health mainly focused 

on LCn-3 supplements do not find overwhelming benefits [51], whereas studies examin-

ing whole fish consumption often do [52]. 

Funding: No funding was harmed in conducting this research. 

Institutional Review Board Statement: This work did not require an IRB. 

Informed Consent Statement: Not applicable 

Data Availability Statement: Interactive data are available at https://www.tlusty.solutions/n3.html 

(accessed on 28 June 2021). 

Acknowledgments: I thank detailed discussions with D. Love for shaping this presentation. S. Nich-

ols and B. Page also provided valuable comments that improved the clarity of this work. 

Conflicts of Interest: MT is on the Science and Nutrition Advisory Council for the Seafood Nutrition 

Partnership. He is also a scientific advisor for the Feed innovation Network which includes being a 

judge for the F3 Challenge. Both of these positions are unpaid, and do not provide funding for 

Tlusty’s research. 

References 

1. FAO. The State of World Fisheries and Aquaculture 2020. Sustainability in Action; FAO: Rome, Italy, 2020. 

2. Tacon, A.G.J.; Metian, M. Fish Matters: Importance of Aquatic Foods in Human Nutrition and Global Food Supply. Rev. Fish. 

Sci. 2013, 21, 22–38, doi:10.1080/10641262.2012.753405. 

3. Hicks, C.C.; Cohen, P.J.; Graham, N.A.J.; Nash, K.L.; Allison, E.H.; Lima, C.D.; Mills, D.J.; Roscher, M.; Thilsted, S.H.; Thorne-

lyman, A.L.; et al. Harnessing global fisheries to tackle micronutrient deficiencies. Nature 2019, 574, 95–98, doi:10.1038/s41586-

019-1592-6. 

4. Béné, C.; Barange, M.; Subasinghe, R.; Pinstrup-Andersen, P.; Merino, G.; Hemre, G.I.; Williams, M. Feeding 9 billion by 2050—

Putting fish back on the menu. Food Secur. 2015, 7, 261–274, doi:10.1007/s12571-015-0427-z. 

5. OECD/FAO. OECD-FAO Agricultural Outlook 2020–2029; OECD-FAO Agricultural Outlook; FAO Publishing: Rome, Italy; 

OECD Publishing: Paris, France, 2020; ISBN 9789264317673. 

6. Gardner, C. “instead of what,” and repeated 4-year interval change regarding red meat and T2D: Increasing causal inference in 

nutritional epidemiology through methodological advances. Am. J. Clin. Nutr. 2021, 113, 497–498. 

7. Bird, J.K.; Murphy, R.A.; Ciappio, E.D.; McBurney, M.I. Risk of deficiency in multiple concurrent micronutrients in children 

and adults in the United States. Nutrients 2017, 9, 655, doi:10.3390/nu9070655. 



Foods 2021, 10, 1816 8 of 9 
 

 

8. Lund, E.K. Health benefits of seafood; Is it just the fatty acids? Food Chem. 2013, 140, 413–420, doi:10.1016/j.food-

chem.2013.01.034. 

9. Papanikolaou, Y.; Brooks, J.; Reider, C.; Fulgoni, V.L. U.S. adults are not meeting recommended levels for fish and omega-3 

fatty acid intake: Results of an analysis using observational data from NHANES 2003–2008. Nutr. J. 2014, 13, 31, 

doi:10.1186/1475-2891-13-31. 

10. Spiller, P.; Hibbeln, J.R.; Myers, G.; Vannice, G.; Golding, J.; Crawford, M.A.; Strain, J.J.; Connor, S.L.; Brenna, J.T.; Kris-Etherton, 

P. An abundance of seafood consumption studies presents new opportunities to evaluate effects on neurocognitive develop-

ment. Prostaglandins Leukot. Essent. Fat. Acids 2019, 151, 8–13. 

11. Hibbeln, J.R. Depression, suicide and deficiencies of omega-3 essential fatty acids in modern diets. World Rev. Nutr. Diet. 2009, 

99, 17–30, doi:10.1159/000192992. 

12. Hibbeln, J.R.; Davis, J.M.; Steer, C.; Emmett, P.; Rogers, I.; Williams, C.; Golding, J. Maternal seafood consumption in pregnancy 

and neurodevelopmental outcomes in childhood (ALSPAC study): An observational cohort study. Lancet 2007, 369, 578–585, 

doi:10.1016/S0140-6736(07)60277-3. 

13. Harris, W.S.; Tintle, N.L.; Imamura, F.; Qian, F.; Korat, A.V.A.; Marklund, M.; Djoussé, L.; Bassett, J.K.; Carmichael, P.H.; Chen, 

Y.Y.; et al. Blood n-3 fatty acid levels and total and cause-specific mortality from 17 prospective studies. Nat. Commun. 2021, 12, 

2329, doi:10.1038/s41467-021-22370-2. 

14. Kris-Etherton, P.M.; Harris, W.S.; Appel, L.J. Fish consumption, fish oil, omega-3 fatty acids, and cardiovascular disease. Circu-

lation 2002, 106, 2747–2757. 

15. Harris, W.S. Omega-3 fatty acids. In Encyclopedia of Dietary Supplements; CRC Press: Boca Raton, FL, USA, 2004; pp. 493–504. 

ISBN 9781482204056. 

16. Gladyshev, M.I.; Sushchik, N.N. Long-chain omega-3 polyunsaturated fatty acids in natural ecosystems and the human diet: 

Assumptions and challenges. Biomolecules 2019, 9, 485. 

17. Richter, C.K.; Bowen, K.J.; Mozaffarian, D.; Kris-Etherton, P.M.; Skulas-Ray, A.C. Total Long-Chain n-3 Fatty Acid Intake and 

Food Sources in the United States Compared to Recommended Intakes: NHANES 2003–2008. Lipids 2017, 52, 917–927, 

doi:10.1007/s11745-017-4297-3. 

18. Hamilton, H.A.; Newton, R.; Auchterlonie, N.A.; Müller, D.B. Systems approach to quantify the global omega-3 fatty acid cycle. 

Nat. Food 2020, 1, 59–62, doi:10.1038/s43016-019-0006-0. 

19. Tocher, D.R.; Betancor, M.B.; Sprague, M.; Olsen, R.E.; Napier, J.A. Omega-3 long-chain polyunsaturated fatty acids, EPA and 

DHA: Bridging the gap between supply and demand. Nutrients 2019, 11, 89. 

20. Micha, R.; Khatibzadeh, S.; Shi, P.; Fahimi, S.; Lim, S.; Andrews, K.G.; Engell, R.E.; Powles, J.; Ezzati, M.; Mozaffarian, D. Global, 

regional, and national consumption levels of dietary fats and oils in 1990 and 2010: A systematic analysis including 266 country-

specific nutrition surveys. BMJ 2014, 348, g2272, doi:10.1136/bmj.g2272. 

21. Harris, W.S.; Jackson, K.H.; Brenna, J.T.; Rodriguez, J.C.; Tintle, N.L.; Cornish, L. Survey of the erythrocyte EPA+DHA levels in 

the heart attack/stroke belt. Prostaglandins Leukot. Essent. Fat. Acids 2019, 148, 30–34, doi:10.1016/j.plefa.2019.07.010. 

22. Love, D.C.; Turvey, C.; Harding, J.; Young, R.; Ramsing, R.; Tlusty, M.F.; Fry, J.P.; Nguyen, L.; Asche, F.; Nussbaumer, E.M.; et 

al. Nutrition and origin of US chain restaurant seafood. Am. J. Clin. Nutr. 2021, 113, 1546–1555, doi:10.1093/ajcn/nqaa437. 

23. FAO. Food-Based Dietary Guidelines. Available online: http://www.fao.org/nutrition/education/food-dietary-guidelines/en/ 

(accessed on 20 May 2021). 

24. Herforth, A.; Arimond, M.; Álvarez-Sánchez, C.; Coates, J.; Christianson, K.; Muehlhoff, E. A Global Review of Food-Based 

Dietary Guidelines. Adv. Nutr. 2019, 10, 590–605. 

25. Erve, I.; Tulen, C.B.M.; Jansen, J.; Minnema, R.; Schenk, P.R.; Wolvers, D.; van Rossum, C.T.M.; Verhagen, H. Overview of 

Elements within National Food-Based Dietary Guidelines. Eur. J. Nutr. Food Saf. 2017, 6, 172–227, doi:10.9734/ejnfs/2016/32645. 

26. Graham, E.; Thorne-Lyman, A.L.; Love, D.; Nussbaumer, E.; Bloem, M.; Fry, J.; Pasqualino, M.; Fanzo, J. Food-Based Dietary 

Guidelines Make Seafood a Priority, Sustainability an Afterthought. Curr. Dev. Nutr. 2020, 4, 139–139, 

doi:10.1093/cdn/nzaa042_004. 

27. Springmann, M.; Spajic, L.; Clark, M.A.; Poore, J.; Herforth, A.; Webb, P.; Rayner, M.; Scarborough, P. The healthiness and 

sustainability of national and global food based dietary guidelines: Modelling study. BMJ 2020, 370, 2322, 

doi:10.1136/bmj.m2322. 

28. FAO. FAOSTAT: New Food Balances. Available online: http://www.fao.org/faostat/en/#data/FBS (accessed on 20 June 2021). 

29. World Bank. Purchasing Power Parities and the Size of World Economies: Results from the 2017 International Comparison Program; The 

World Bank: Washington, DC, USA, 2020. 

30. Love, D.C.; Asche, F.; Conrad, Z.; Young, R.; Harding, J.; Nussbaumer, E.M.; Thorne-Lyman, A.L.; Neff, R. Food sources and 

expenditures for seafood in the United States. Nutrients 2020, 12, 1810, doi:10.3390/nu12061810. 

31. U.S. Department of Agriculture and U.S. Department of Health and Human Services. Dietary Guidelines for Americans, 2020–

2025, 9th ed.; US Department of Agriculture: Washington, DC, USA, 2020. 

32. Hallström, E.; Bergman, K.; Mifflin, K.; Parker, R.; Tyedmers, P.; Troell, M.; Ziegler, F. Combined climate and nutritional per-

formance of seafoods. J. Clean. Prod. 2019, 230, 402–411, doi:10.1016/j.jclepro.2019.04.229. 

33. Raatz, S.K.; Silverstein, J.T.; Jahns, L.; Picklo, M.J. Issues of fish consumption for cardiovascular disease risk reduction. Nutrients 

2013, 5, 1081–1097. 



Foods 2021, 10, 1816 9 of 9 
 

 

34. NFI. NFI’s Top 10 List Suggests Consumers Diversifying Seafood Consumption—About Seafood. Available online: 

https://aboutseafood.com/press_release/nfis-top-10-list-suggests-consumers-diversifying-seafood-consumption/ (accessed on 

20 June 2021). 

35. National Research Council. A Framework for Assessing Effects of the Food System; The National Academies Press: Washington, DC, 

USA, 2015. 

36. Jackson, K.H.; Polreis, J.M.; Tintle, N.L.; Kris-Etherton, P.M.; Harris, W.S. Association of reported fish intake and supplementa-

tion status with the omega-3 index. Prostaglandins Leukot. Essent. Fat. Acids 2019, 142, 4–10, doi:10.1016/j.plefa.2019.01.002. 

37. Ervin, R.; Wright, J.; Wang, C.; Kennedy-Stephenson, J. Dietary intake of fats and fatty acids for the United States population: 

1999–2000. Adv. Data 2004, 348, 1–6. 

38. World Bank. GDP ranking (GDP)|Data Catalog. Available online: https://datacatalog.worldbank.org/dataset/gdp-ranking (ac-

cessed on 20 June 2021). 

39. Del Gobbo, L.C.; Khatibzadeh, S.; Imamura, F.; Micha, R.; Shi, P.; Smith, M.; Myers, S.S.; Mozaffarian, D. Assessing global die-

tary habits: A comparison of national estimates from the FAO and the global dietary database. Am. J. Clin. Nutr. 2015, 101, 1038–

1046, doi:10.3945/ajcn.114.087403. 

40. Winkler, J.T. Nutritional survey data are inaccurate. BMJ 2014, 348, g3204. 

41. Nissen, S.E. U.S. dietary guidelines: An evidence-free zone. Ann. Intern. Med. 2016, 164, 558–559. 

42. US Department of Agriculture Agricultural Research Service Nutrient Data Laboratory. USDA National Nutrient Database for 

Standard Reference, Release 28 (Slightly Revised); US Department of Agriculture: Washington, DC, USA, 2016. 

43. Simopoulos, A. The importance of the ratio of omega-6/omega-3 essential fatty acids. Biomed. Pharmacother. 2002, 56, 365–379, 

doi:10.1016/S0753-3322(02)00253-6. 

44. Tlusty, M.F.; Thorsen, Ø. Claiming seafood is ‘sustainable’ risks limiting improvements. Fish Fish. 2017, 18, 340–346, 

doi:10.1111/faf.12170. 

45. Tuomisto, H.L. Importance of considering environmental sustainability in dietary guidelines. Lancet Planet. Health 2018, 2, e331–

e332. 

46. Godfray, H.C.J.; Aveyard, P.; Garnett, T.; Hall, J.W.; Key, T.J.; Lorimer, J.; Pierrehumbert, R.T.; Scarborough, P.; Springmann, 

M.; Jebb, S.A. Meat consumption, health, and the environment. Science 2018, 361, eaam5324. 

47. Philis, G.; Ziegler, F.; Gansel, L.C.; Jansen, M.D.; Gracey, E.O.; Stene, A. Comparing life cycle assessment (LCA) of salmonid 

aquaculture production systems: Status and perspectives. Sustainability 2019, 11, 2517. 

48. Tocher, D.R. Omega-3 long-chain polyunsaturated fatty acids and aquaculture in perspective. Aquaculture 2015, 449, 94–107, 

doi:10.1016/j.aquaculture.2015.01.010. 

49. Love, D.C.; Fry, J.P.; Milli, M.C.; Neff, R.A. Wasted seafood in the United States: Quantifying loss from production to consump-

tion and moving toward solutions. Glob. Environ. Chang. 2015, 35, 116–124, doi:10.1016/j.gloenvcha.2015.08.013. 

50. Love, D.C.; Pinto da Silva, P.; Olson, J.; Fry, J.P.; Clay, P.M. Fisheries, food, and health in the USA: The importance of aligning 

fisheries and health policies. Agric. Food Secur. 2017, 6, 16, doi:10.1186/s40066-017-0093-9. 

51. Abdelhamid, A.S.; Brown, T.J.; Brainard, J.S.; Biswas, P.; Thorpe, G.C.; Moore, H.J.; Deane, K.H.; AlAbdulghafoor, F.K.; Sum-

merbell, C.D.; Worthington, H.V.; et al. Omega-3 fatty acids for the primary and secondary prevention of cardiovascular disease. 

Cochrane Database of Systematic Reviews, 2018, 11. 

52. Visioli, F.; Risé, P.; Barassi, MC.; Marangoni, F.; Galli, C. Dietary intake of fish vs. formulations leads to higher plasma concen-

trations of n− 3 fa�y acids. Lipids 2003, 38, 415-418. 


