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-3 Fatty Acids: Food or Supplements?

ENNY M. KRIS-ETHERTON, PhD, RD; ALISON M. HILL, PhD
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he practice of good nutrition is guided by a “food-
first” approach. Registered dietitians, both in the
United States and globally, have long championed a

ood-based approach for achieving nutrient adequacy and
reventing and treating diseases. Consistent with this
uiding principle is the position of the American Dietetic
ssociation (ADA) on fortification and nutritional supple-
ents (1). “It is the position of the ADA that the best

utritional strategy for promoting optimal health and
educing the risk of chronic disease is to wisely choose a
ide variety of foods. Additional nutrients from fortified

oods and/or supplements can help some people meet
heir nutritional needs as specified by science-based nu-
rition strategies such as the Dietary Reference Intakes.”
nherent to this position is that a variety of nutrient-
ense foods be consumed in moderation as the basis for a
ealthful diet. This is a key message echoed by the Di-
tary Guidelines for Americans 2005, which states, “Con-
ume a variety of nutrient-dense foods and beverages
ithin and among the basic food groups. . . .” and “Meet

ecommended intakes within energy needs by adopting a
alanced eating pattern . . .” (2).
The position of ADA on nutritional supplements is that

hey can help some individual’s meet their nutrient needs
hen their diet is inadequate because of different circum-

tances, including being in an “at-risk” life-stage group
or a nutrient deficiency (1). For example, because 10% to
0% of the older population is unable to absorb naturally
ccurring vitamin B-12, the Institute of Medicine advises
eople 50 years of age and older to meet their Recom-
ended Daily Allowances primarily by consuming foods

ortified with vitamin B-12 or by taking a vitamin B-12
upplement (3). Likewise, a prenatal supplement that
rovides folic acid, iron, zinc, copper, calcium, and other
itamins and minerals typically is recommended for preg-
ant women, especially those with a compromised nutri-
ional status (4,5). Other circumstances that determine
he need for nutrient supplementation include limited
ariety in food selection, which prevents achieving nutri-
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nt adequacy, and the need for medical nutrition therapy
or specific diseases or conditions (1).

The ADA position paper on fortification and nutritional
upplements (1) emphasizes the importance of bioavail-
bility when considering use of supplements. Relative to
his, there are important issues to consider: (a) not all
orms of a nutrient function equivalently; (b) natural
ources of nutrients may not be the most functionally
ffective; (c) sources of nutrients in a food matrix may
unction differently than the isolated form; and (d) nutri-
nt balance must be considered (1). These considerations
re germane to the ongoing discussion about n-3 fatty
cids and the preferred “delivery system,” ie, food vs
upplement, to meet current recommendations for plant-
erived (�-linolenic acid [ALA; 18:3n-3]) and marine-de-
ived (eicosapentaenoic acid [EPA; 20:5n-3], docosahexa-
noic acid [DHA; 22:6n-3], and docosapentaenoic acid
DPA; 22:5n-3]) n-3 fatty acids.

IETARY RECOMMENDATIONS FOR N-3 FATTY ACIDS AND FISH
he current n-3 fatty acid recommendations have been

ssued by the Institute of Medicine of the National Acad-
mies (6). The Acceptable Macronutrient Distribution
ange for ALA is 0.6% to 1.2% of energy. Up to 10% of

otal dietary n-3 fatty acids can be provided by EPA and
HA, which represents median consumption for these

wo fatty acids in the United States. The 2005 Dietary
uidelines promote this position, but also notes the fol-

owing: “Limited evidence suggests an association be-
ween consumption of fatty acids in fish and reduced risks
f mortality from cardiovascular disease for the general
opulation. Other sources of EPA and DHA may provide
imilar benefits; however, more research is needed” (2).
he 2005 Dietary Guidelines also note that there is evi-
ence that suggests that consumption of approximately
wo servings of fish per week (approximately 8 ounces
otal) can reduce risk of mortality from coronary heart
isease, and that consuming EPA and DHA can reduce
isk of mortality from cardiovascular disease in people
ho have already experienced a cardiac event (2). Be-

ause of the health benefits associated with EPA and
HA, numerous agencies and organizations worldwide,

ncluding ADA, have issued recommendations for EPA
nd DHA, as well as for fish consumption, for health
romotion and decreased risk of many chronic diseases.

S AND CANADIAN DIETARY RECOMMENDATIONS FOR LONG-
HAIN N-3 FATTY ACIDS AND FISH
n the position paper on dietary fatty acids, the ADA and
ietitians of Canada recommend two servings of fish per
eek, preferably fatty fish (7). In addition, 500 mg/day

PA and DHA is recommended. Approximately 8 oz of
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ooked fatty fish per week is equivalent to 500 mg/day
PA and DHA. Other recommendations for fish and EPA
nd DHA issued by organizations in the United States
re consistent with this guidance. A list of these recom-
endations includes:

American Diabetes Association: two or more servings of
fish per week (with the exception of commercially fried
fish filets) provide n-3 polyunsaturated fatty acids and
are recommended (8).
American Heart Association: two servings of fish (pref-
erably fatty) per week (9,10).
2005 Dietary Guidelines Advisory Committee Report:
two servings of fish (preferably high n-3 fish) per week
(11).
National Cholesterol Education Program: fish is recom-
mended as a food item for people to choose more often
[see Table V.2–6 in (12)].
National Academies: seafood is part of a healthful diet
and can be substituted for other protein sources that
are higher in saturated fat (13).

LOBAL RECOMMENDATIONS FOR LONG-CHAIN N-3 FATTY
CIDS AND FISH

Australia and New Zealand National Health and Med-
ical Research Council: a suggested dietary target for
men and women 19 to older than 70 years of age is 610
and 430 mg/day of DHA/EPA/DPA, respectively (14).
European Society for Cardiology: oily fish and n-3 fatty
acids have particular protective properties for primary
cardiovascular disease prevention (15-17).
International Society for the Study of Fatty Acids and
Lipids: a minimum combined intake of 500 mg/day EPA
and DHA is recommended for cardiovascular health
(18).
National Heart Foundation of Australia: at least two
fish (preferably oily fish) meals per week (19).
United Kingdom Scientific Advisory Committee on Nu-
trition: consume at least two portions of fish per week,
of which one should be oily, and provide 450 mg per day
EPA�DHA (20).
World Health Organization: regular fish consumption
(one to two servings per week; each serving should pro-
vide the equivalent of 200 to 500 mg EPA�DHA) (21).

ECOMMENDATIONS FOR SECONDARY PREVENTION OF
ORONARY HEART DISEASE AND TRIGLYCERIDE-LOWERING
ecommendations for long-chain n-3 fatty acids for sec-
ndary prevention of coronary disease are that patients
ith documented coronary heart disease consume 1.0
/day (9), preferably from fatty fish. EPA and DHA in
apsule form could be considered in consultation with a
hysician (9). For patients who need to lower triglyceride
evels, 2 to 4 g EPA and DHA per day, as capsules, are
ecommended under a physician’s care (9).

EALTH RISKS OF N-3 FATTY ACIDS
igh intakes of n-3 fatty acids can cause excessive bleed-

ng in some individuals. Thus, patients taking �3 g/day

ong-chain n-3 fatty acids should do so only under a a

126 July 2008 Volume 108 Number 7
hysician’s care (9). The US Food and Drug Administra-
ion has set the “generally regarded as safe” level for
ong-chain n-3 fatty acids at 3.0 g/day (22). Likewise, the
pper Intake Level for DHA/EPA/DPA has been set at
.0 g/day by the Australia and New Zealand National
ealth and Medical Research Council (14). Risks (and
enefits) of fish consumption have been discussed in de-
ail elsewhere (13,23). Specific concerns have been raised
bout the presence of environmental toxins, such as mer-
ury, dioxins, and other contaminants. The US Food and
rug Administration and the Environmental Protection
gency acknowledge that some fish and shellfish contain
igher levels of mercury, and advise against consumption
f shark, swordfish, king mackerel, or tilefish (golden
ass) by women who may become pregnant, pregnant
omen, nursing mothers, and young children (24). In
ddition, the Advisory indicates that up to 6 oz (one
verage meal) of albacore tuna per week is acceptable.
owever, for these high-risk population groups, inclusion

f up to 12 oz (two average meals) a week of a variety of
sh and shellfish that are lower in mercury as part of a
ell-balanced diet can contribute to cardiovascular
ealth and children’s proper growth and development
24). For all population groups, health professionals and
onsumers are advised to follow federal, state, and local
uidelines for fish consumption.

-3 FATTY ACID INTAKE AND FISH INTAKE
ccording to the National Health and Nutrition Exami-
ation Survey, 1999-2000, for the US population, mean

ntake of EPA and DHA is 100 mg/day (25). Based on data
rom the Continuing Survey of Food Intakes by Individ-
als 1994-96, fish and shellfish consumption is 10 g/day
or about 2.5 oz per week) for males and females of all
ges (n�16,103) (26). Based on National Health and Nu-
rition Examination Survey 1999-2000 data, mean intake
f fish is 2.92 oz per week (11). Moreover, much of the
eafood consumed in the United States comes from fish
ot high in n-3 fatty acids (ie, shrimp and other shellfish
nd whitefish) (13). In addition, estimates are limited by
he “all or none” phenomenon seen with fish and shellfish
onsumption; the number of individuals who regularly
at fish and shellfish is small, but consumption within
his group is high (27). Thus, it appears that a large
roportion of the population is not meeting current rec-
mmendations for n-3 fatty acid intake, which is consis-
ent with US population intake data for EPA and DHA
�100 mg/day).

Relative to the question of food providing sufficient n-3
atty acids to meet current recommendations is whether
sh production and consumption globally is adequate.
ata from the Food and Agriculture Organization of the
nited Nations indicate that in 2003, average apparent
er capita consumption of fish (and crustaceans and mol-
usks) was estimated to be 16.5 kg/year, which corre-
ponds to about 45 g/day (1.5 oz/day) (28). The latter
stimate conveys that seafood consumption meets cur-
ent guidelines for fish consumption (ie, 10.5 oz/week, or
bout two servings per week). However, the Food and
griculture Organization estimate includes nonfish sea-

ood and an unknown proportion of nonfatty fish. Based
n fish consumption data for the United States, it is

pparent that intake does not meet recommendations for
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ither fish or EPA and DHA. Consequently, to meet rec-
mmendations for long-chain n-3 fatty acids in the
nited States, fatty fish intake must increase, which

orresponds to increasing availability in the marketplace.
his translates to a pressing question, which is: Are fatty
sh stocks and production capacity sufficient to do this? If
ot, the question looms as to what are the alternatives for
eeting EPA and DHA recommendations.
There is an expanding list of fortified foods and supple-
ents that provide long-chain n-3 fatty acids. Such prod-
cts are making it easier to meet long-chain n-3 fatty acid
argets (29). Fortified foods contain varying amounts of
PA and DHA, depending on the source of these fatty
cids. If ALA is used to fortify rations fed to nonrumi-
ants (ie, chickens and pigs), the meat and eggs produced
y these animals will be enriched with this fatty acid (30).
bviously, if fish oil is used as a source, the fortified food
ill provide long-chain n-3 fatty acids (31). If algae are

he source, then the fortified foods will be high in DHA (as
lgae are a rich source of DHA) (32,33).
In a carefully conducted study by Hoffman and col-

eagues (34), published in this issue of the Journal of the

Table. Fatty acid profilea (per amount [g] of fish or supplement to a

Lipids (1-g unit) Atlantic farmed A

Amount of product (g) 41.5 4
Fatty acids, total saturated 1.039
4:0
6:0
8:0
10:0
12:0
14:0 0.237
16:0 0.620
18:0 0.131
20:0
22:0
24:0
Fatty acids, total monounsaturated 1.839
14:1 undifferentiated
16:1 undifferentiated 0.318
18:1 undifferentiated 0.849
20:1 0.568
22:1 undifferentiated
Fatty acids, total polyunsaturated 1.837
18:2 undifferentiated 0.276
18:3 undifferentiated 0.047
18:4 0.076
20:4 undifferentiated 0.528
20:5 n-3 (EPAc) 0.286
22:4 n-6
22:5 n-3 (DPAd)
22:5 n-6
22:6 n-3 (DHAe) 0.605

aSources for fatty acid profiles: US Department of Agriculture National Nutrient Databas
bDHASCO-T�Docosahexaenoic Acid Single Cell Oil (Martek Biosciences Corp, Columbia
cEPA�eicosapentaenoic acid.
dDPA�docosapentaenoic acid.
eDHA�docosahexaenoic acid.
merican Dietetic Association, nutrient (ie, DHA) avail- f
bility of algal-oil capsules was compared with cooked
almon. Fatty acid analyses of plasma erythrocytes and
hospholipids demonstrated substantial and equivalent
ncreases in DHA in healthy individuals fed 600 mg/day
HA from salmon or algal oil. Bioavailability assess-
ents concluded that equivalent amounts of DHA were

vailable from both sources for incorporation into plasma
rythrocytes and phospholipids. While this is a key phys-
ological observation, it is necessary to highlight that
lasma erythrocyte and phospholipid EPA and DPA lev-
ls increased in the salmon group only, an effect reflective
f the fatty acid profiles of salmon (both farmed and wild)
s algal oil (Table). This is important when choosing a
ource of n-3 fatty acids to consume. The nutrient profile
f a food vs a supplement should also be considered when
aking a decision about how to include a target nutrient

n the diet. Along these lines, fish is an excellent source of
rotein, vitamins, and minerals, which are not present in
lgae. Moreover, fish is recommended as an alternative
rotein source for fatty red meats that are high in satu-
ated fat. Thus, in addition to serving as “food vehicle” for
eeting current recommendations for long-chain n-3

e 600 mg docosahexaenoic acid)

c wild Coho farmed Coho wild DHASCO-Tb

69.4 91.7 1.5
1.349 0.967 0.449

0.013
0.015
0.040

0.214 0.138 0.182
0.815 0.626 0.192
0.229 0.145

0.003
0.002

2.511 1.450 0.338
0.002

0.335 0.249 0.020
1.280 0.789 0.314
0.382 0.252
0.462 0.140
1.362 1.167 0.634
0.259 0.051 0.018
0.053 0.050
0.082 0.048
0.065 0.020
0.283 0.368

0.003

0.604 0.603 0.605

; (32) algal oil (DHASCO-T).
chiev

tlanti

2.4
0.533

0.075
0.343
0.115

1.144

0.137
0.734
0.121
0.152
1.381
0.093
0.160
0.045
0.145
0.174

0.156

0.606

e (fish)
, MD).
atty acids, substituting fish for high saturated fat pro-
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ein foods can facilitate meeting dietary recommenda-
ions for saturated fat. Consequently, fish “brings to the
able” more than just n-3 fatty acids, which is the under-
inning of achieving nutrient adequacy with nutrient-
ense foods.

-3 FATTY ACIDS AND HEALTH BENEFITS
urrent dietary recommendation of two servings of fish,
referably fatty fish, per week, or 500 mg/day EPA�DHA
7) is based on evidence from epidemiologic and clinical
tudies demonstrating cardiovascular health benefits
rom regular fish or fish-oil consumption. Collective anal-
ses of prospective cohort studies and randomized clinical
rials clearly demonstrate that modest consumption of
-3 fatty acids (ie, �500 mg/day EPA�DHA) lowers risk
f death from coronary heart disease (23). Both EPA and
HA improve numerous cardiovascular risk factors and

hese have been the subject of several comprehensive
cientific reviews (9,23,35). Briefly, EPA�DHA in a dose-
ependent manner can lower plasma triglycerides, heart
ate, and blood pressure, and have antiarrhythmic and
ntithrombotic effects (23).
In addition to cardiovascular health, several studies

ave shown that supplementation with EPA and/or DHA
an have antidepressant and mood-stabilizing effects,
rompting recommendations for clinical use of n-3 fatty
cids in the prevention and/or treatment of psychiatric
isorders. The American Psychiatric Association has ap-

igure. Metabolic conversion and biological effects of n-6 and n
A�arachidonic acid. ALA��-linolenic acid. DGLA�dihomo-�-lino
A�linoleic acid. Modified from Holub (41): “Clinical nutrition: 4. Ome
66(5), Page(s) 608-615 by permission of the publisher. © 2002 Can
roved recommendations for supplementation in de- b

128 July 2008 Volume 108 Number 7
ressed individuals of 1 g/day EPA�DHA, but advises
gainst substitution of n-3 fatty acids with antidepres-
ants (36). There also is increasing interest in the role of
-3 fatty acids in the treatment and prevention of behav-

oral disorders, such as attention deficit hyperactivity
isorder (37), and onset of age-related neurodegenerative
iseases (38). While research in these areas is promising,
here is uncertainty as to the mechanism of action of n-3
atty acids with respect to mental health, and whether
PA or DHA is responsible for these effects. In compari-
on, clear evidence exists for the role of DHA in neural
nd visual development and function, especially during
regnancy, lactation, and infancy. Low levels of DHA are
ssociated with impaired visual acuity and brain devel-
pment in infants (39).

PECIFIC POPULATION CONSIDERATIONS: THE VEGAN
t is evident that current consumption of long-chain n-3
atty acids and fish is markedly less than current recom-
endations for optimal health. Thus, the question arises

s to how to close this intake “gap.” For individuals with
low intake of EPA and DHA, algal supplements can be
suitable alternative, and for vegans they are ideal.

ndividuals who consume a vegan diet are the most obvi-
us population to benefit from algal supplements because
f their unique dietary pattern, which restricts all animal
roducts, including dairy and eggs. This raises questions
bout the fatty acid intake in this population and how

olyunsaturated fatty acids. Dashed line indicates retroconversion.
acid. DHA�docosahexaenoic acid. EPA�eicosapentaenoic acid.

fatty acids in cardiovascular care”—Reprinted from CMAJ 05-Ma-02;
Medical Association.
-3 p
lenic
est to achieve an optimal essential fatty acid status (40).
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here are several issues to consider before recommenda-
ions for use of these supplements can be made.

The fatty acids, linoleic acid and ALA, are essential
utrients for human health. Linoleic acid and ALA un-
ergo a series of elongation and desaturation steps to
roduce arachidonic acid and EPA, respectively [Figure;
41)]. EPA is then elongated to DHA, however, this occurs
t a very low rate (42,43). In humans, conversion of lino-
eic acid to arachidonic acid is more efficient than that of
LA to EPA and DHA. Production of arachidonic acid and
PA is further regulated by competition between linoleic
cid and ALA for desaturase enzymes that catalyze their
onversion to these long-chain fatty acids. Additional
ompetition between arachidonic acid and EPA for cy-
looxygenases and lipoxygenases can substantially im-
act eicosanoid production. Eicosanoids derived from ar-
chidonic acid are proinflammatory and proaggregatory,
nd promote vasoconstriction and cell proliferation. By
omparison, EPA-derived eicosanoids are less inflamma-
ory and less proaggregatory. Thus, a diet higher in ALA
nd EPA (as provided by fish) can limit overproduction of
roinflammatory and aggregatory eicosanoids.
EPA can directly influence arachidonic acid biosynthe-

is from linoleic acid by inhibiting �6 desaturase activity
the rate-limiting enzyme for metabolism of linoleic acid),
lthough this effect is blunted with high intakes of lino-
eic acid (44). In addition, DHA has been shown to reduce
rachidonic acid levels via the same mechanism (45).
his is important in the context of whether tissue arachi-
onic acid levels are linked to risk of coronary disease,
ecause arachidonic acid is the parent molecule for many
nflammatory cytokines. However, a recent study con-
ucted by Harris and colleagues (46) that evaluated tis-
ue levels of arachidonic acid and risk for coronary heart
isease events reported that there was no consistent re-
ationship between risk and arachidonic acid levels.

While vegan diets do not differ from omnivorous and
egetarian diets with respect to quantity of linoleic acid
nd ALA, they are essentially devoid of EPA and DHA
47). Thus, long-chain n-3 fatty acid (EPA and DHA)
evels are reduced in plasma phospholipids and erythro-
ytes from vegans compared to vegetarians and omni-
ores (48,49). This has significant implications for preg-
ant women and nursing mothers who must deliver these
atty acids to their developing fetus or child. Algal sup-
lements that are rich in DHA also will provide some
PA via retroconversion of DHA to EPA. However, this
etabolic pathway is highly inefficient; �10% to 11% of
HA is retroconverted to EPA (47). Therefore, in addition

o a DHA source, registered dietitians should encourage
ndividuals following a vegan diet to consume foods that
re rich in ALA. However, for vegans who do not consume
ny preformed sources of EPA and DHA, further research
s needed before specific recommendations can be made
pecifically for DHA (ie, that would be delivered as an
lgal supplement). In particular, it will be important to
stablish the health benefits associated with DHA sup-
lementation in this population.

UMMARY
n summary, for all fatty acids, a food-based approach is
ecommended. For individuals who do not eat fish, other

ptions can be pursued, such as “designer” foods high in
hese long-chain n-3 fatty acids, foods fortified with these
atty acids, or even supplements (29,50). DHA-rich algal
upplements are an alternative source of DHA vs fish or
sh oil, especially for vegans, and as Hoffman and col-

eagues (34) have shown, are equivalent with respect to
ioavailability. This is one criterion that should be as-
essed for supplements per guidance given in the ADA
osition paper on fortification and nutritional supple-
ents (1). Although it would seem that because bioavail-

bility is similar between DHA supplements and food
ources of DHA, functionality also would be comparable,
ut this needs to be evaluated. Another important con-
ideration relates to nutrient (ie, fatty acid) balance. Spe-
ifically, high doses of DHA have been shown to inhibit
longases and desaturases, which in turn affect the me-
abolism of other n-3 and n-6 fatty acids. Important ques-
ions remain about the optimal amount of DHA that
hould be recommended and, notably, how DHA affects
he metabolism of C18 and longer n-6 and n-3 fatty acids,
nd whether this might result in any adverse health
utcomes. Based on the available evidence, a DHA sup-
lement provided in the appropriate dose (for which there
urrently are no recommendations) would be expected to
onfer health benefits, especially in individuals who do
ot eat fish. The expertise of registered dietitians is
eeded to communicate sound nutrition information
bout fatty acid recommendations, and to help people
chieve these through a food-based approach or via sup-
lements, if warranted. However, in the absence of spe-
ific recommendations for EPA and DHA individually at
he present time, this is challenging. Thus, in the mean-
ime, registered dietitians should play a key role in as-
uring that individuals do not overconsume DHA from
lgal supplements.
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