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Abstract

Considerable research supports cardiovascular benefits of consuming omega-3 PUFA, also known as (n-3) PUFA, from fish
or fish oil. Whether individual long-chain (n-3) PUFA have shared or complementary effects is not well established. We
reviewed evidence for dietary and endogenous sources and cardiovascular effects on biologic pathways, physiologic risk
factors, and clinical endpoints of EPA [20:5(n-3)], docosapentaenoic acid [DPA, 22:5(n-3)], and DHA [22:6(n-3)]. DHA requires
direct dietary consumption, with little synthesis from or retroconversion to DPA or EPA. Whereas EPA is also largely derived
from direct consumption, EPA can also be synthesized in small amounts from plant (n-3) precursors, especially stearidonic
acid. In contrast, DPA appears principally derived from endogenous elongation from EPA, and DPA can also undergo
retroconversion back to EPA. In experimental and animal models, both EPA and DHA modulate several relevant biologic
pathways, with evidence for some differential benefits. In humans, both fatty acids lower TG levels and, based on more
limited studies, favorably affect cardiac diastolic filling, arterial compliance, and some metrics of inflammation and oxidative
stress. All three (n-3) PUFA reduce ex vivo platelet aggregation and DHA also modestly increases LDL and HDL particle size;
the clinical relevance of such findings is uncertain. Combined EPA+DHA or DPA+DHA levels are associated with lower risk
of fatal cardiac events and DHA with lower risk of atrial fibrillation, suggesting direct or indirect benefits of DHA for cardiac
arrhythmias (although not excluding similar benefits of EPA or DPA). Conversely, EPA and DPA, but not DHA, are associated
with lower risk of nonfatal cardiovascular endpoints in some studies, and purified EPA reduced risk of nonfatal coronary
syndromes in one large clinical trial. Overall, for many cardiovascular pathways and outcomes, identified studies of individual
(n-3) PUFA were relatively limited, especially for DPA. Nonetheless, the present evidence suggests that EPA and DHA have
both shared and complementary benefits. Based on current evidence, increasing consumption of either would be
advantageous compared to little or no consumption. Focusing on their combined consumption remains most prudent given
the potential for complementary effects and the existing more robust literature on cardiovascular benefits of their combined
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Introduction

Evidence from multiple research paradigms, including in vitro
studies, animal experiments, observational studies, and clinical
trials, supports the cardiovascular benefits of long-chain (n-3)
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PUFA, especially for fatal CHD events (1). The major long-
chain (n-3) PUFA are EPA [20:5(n-3)] and DHA [22:6(n-3)],
principally derived from seafood consumption (Fig. 1). Circu-
lating levels of DPA [22:5(n-3)], another long-chain (n-3) PUFA,
are unrelated to dietary consumption but correlate with circu-
lating EPA levels (2,3), suggesting endogenous synthesis from
EPA. Whereas consumption of EPA and DHA from fish or fish
oil has cardiovascular benefits in observational studies and
experimental trials, these two fatty acids are nearly always
consumed, and their health effects investigated, as a combina-
tion or sum. Thus, relatively little is known about the potentially
distinct health effects of EPA compared to DHA and even less is
known about DPA.

In addition to scientific interest, whether or not these
individual long-chain (n-3) PUFA have shared or complemen-
tary cardiovascular effects is of public health relevance. For
example, after infancy, DHA cannot be synthesized from EPA
or DPA to any appreciable extent (4-6). Thus, if DHA has
particular or unique cardiovascular benefits, then its direct
consumption would be essential. On the other hand, EPA can
be synthesized in small amounts from the plant-derived (n-3)
PUFA, ALA [18:3(n-3)] (4,5). Whereas only a few types of
seeds, nuts, and their oils contain appreciable amounts of ALA,
e.g., flaxseed, canola, walnuts, butternuts, soybeans, and
mustard, these plant sources are still more plentiful on a global
scale than is seafood. Consequently, even the limited conver-
sion of ALA to EPA could be quite important in certain
populations, such as those with low seafood consumption, if
EPA (and/or its metabolite DPA) possessed specific cardiovas-
cular benefits independently of DHA. Scientists are also
developing purified (e.g., algal-derived) preparations of EPA
and DHA as well as modified plant seeds enriched with
stearidonic acid [18:4(n-3)], a plant-derived (n-3) PUFA that is
much more readily converted to EPA after consumption. Given
the lower cost, greater availability, and potentially lower
environmental impact of many plant seeds and oils compared
to seafood, such sources of long-chain (n-3) PUFA could
become quite important. Understanding whether cardiovascu-
lar effects of different long-chain (n-3) PUFA are shared or
complementary is therefore of importance to inform guidance
for both their individual and combined consumption.
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Alpha-linolenic acid
ALA (18:3(n-3))

Eicosapentaenoic acid

EPA (20:5(n-3)) DPA (22:5(n-3))

Docosapentaenoic acid Docosahexaenoic acid

We reviewed the evidence for shared or distinct cardiovascular
effects of individual long-chain (n-3) PUFA, including EPA, its
metabolite DPA, and DHA, including their dietary and endoge-
nous sources and their effects on biologic pathways, physiologic
risk factors, and clinical endpoints. We focused on evidence from
controlled trials in humans wherever possible. We did not review
in detail the cardiovascular effects of combined EPA+DHA
consumption or the potential cardiovascular effects of ALA
consumption, which were previously summarized (1,7,8).

Dietary and Endogenous Sources

The major dietary sources of EPA, DPA, and DHA are
summarized in Table 1 (1,9). Enzyme pathways also exist in
humans to endogenously synthesize each of these fatty acids
from their (n-3) PUFA precursors, i.e., from ALA to stearidonic
acid to EPA to DPA to DHA.

In considering dietary compared to endogenous sources,
several points are relevant. First, the endogenous synthesis of
DHA from its (n-3) precursors is extremely low (4,5), so its
levels appear largely determined by direct dietary consumption.
In contrast, circulating DPA levels do not correlate with fish
consumption but do correlate with EPA levels (2,3), implying
that DPA levels in humans are principally derived from
endogenous elongation from EPA. Consistent with this, in 3
randomized controlled trials, supplementation with 4 g/d of
purified EPA, but not DHA, significantly raised (more than
doubled) serum phospholipid DPA levels (10-12). DPA can also
be retroconverted to EPA; in contrast, retroconversion of DHA
to DPA appears quite limited (6). Interestingly, DHA supple-
mentation modestly lowers DPA and correspondingly raises EPA
levels, suggesting possible inhibition by DHA of the conversion
of EPA to DPA (or stimulation of the retroconversion of DPA to
EPA) (10-12).

Similar to DHA, levels of EPA are primarily determined by
dietary sources. However, some limited synthesis of EPA from
ALA also does occur in adults (4,5). The rate-limiting step
appears to be the conversion of ALA to stearidonic acid,
because direct stearidonic acid consumption results in much
more substantial conversion to EPA (13,14). Thus, in addition
to direct dietary consumption, EPA (and consequently DPA)

FIGURE 1 Major (n-3) PUFA. Major (n-
3) PUFA include ALA, EPA, DPA, and
docosahexaenoic acid (DHA). ALA is the
plant-derived (n-3) PUFA, found in certain
seeds, nuts, and their oils. Evidence for
its independent cardiovascular effects is
still relatively limited. EPA and DHA are
the major long-chain (n-3) PUFA derived
from seafood consumption. DPA is an-
other long-chain (n-3) PUFA that is con-
tained in smaller amounts in seafood and
also synthesized endogenously from
EPA. The long hydrocarbon backbones,
multiple double bonds, and location of the
first double bond in the (n-3) position
result in complex and unique 3-dimen-
sional configurations that contribute to
the singular biologic properties of these
fatty acids. Figure reproduced with per-
mission from (1). ALA, a-linolenic acid;

DHA (22:6(n-3)) DPA, docosapentaenoic acid.
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TABLE 1 Major dietary sources of long-chain (n-3) PUFA'

EPA DPA? DHA Combined EPA+DHA

mg/100 g
Anchovy 763 41 1292 2055
Herring, Atlantic 909 n 1105 2014
Salmon, farmed 862 393 1104 1966
Salmon, wild 411 368 1429 1840
Mackerel, Atlantic 504 106 699 1203
Bluefish 323 79 665 988
Sardines, Atlantic 473 0 509 982
Trout 259 235 677 936
Golden bass (tilefish) 172 143 733 905
Swordfish 127 168 772 899
Tuna, white (albacore) 233 18 629 862
Mussels 276 44 506 782
Striped bass 169 0 585 754
Shark 258 89 431 689
Pollock, Atlantic 91 28 451 542
Oysters, wild 274 16 210 484
King mackerel 174 22 227 401
Tuna, light (skipjack) 91 17 237 328
Snapper 48 22 273 321
Flounder and sole 168 34 132 300
Clams 138 104 146 284
Grouper 35 17 213 248
Halibut 80 20 155 235
Lobster 117 6 78 195
Scallops 72 5 104 176
Blue crab 101 9 67 168
Cod, Pacific 42 5 118 160
Shrimp 50 5 52 102
Catfish, farmed 20 18 69 89
Eggs 0 7 58 58
Chicken breast 10 10 20 30
Beef 2 4 1 3
Pork 0 10 2 2

' Adapted with permission from (1). Data are from the USDA National Nutrition
Database for Standard Reference Release 23, 2010 (9).

2 Compared to EPA and DHA, the DPA contents in food sources are less available in
the USDA database, which limits the ability to assess dietary intake of this (n-3)
PUFA.

can also be gained in small amounts from relatively high
consumption of certain ALA-containing plant seeds and oils, or
in more substantial amounts from consumption of modified
seeds or seed oils enriched with the (n-3) PUFA stearidonic
acid.

Many research studies of fish or fish oil consumption have
been performed. The majority evaluated combinations of EPA
and DHA and will not be reviewed herein, because these studies
do not allow inference about potentially different health effects
of each individual (n-3) PUFA. It should be emphasized that fish
and other seafood also contain specific amino acids, vitamin D,
selenium, and other minerals and elements (15-17) that could
contribute to cardiovascular benefits. Nevertheless, a multitude
of experimental and clinical studies with fish oil alone, or even
with purified EPA or DHA, demonstrate the clear bioactivity
and potency of these fatty acids (1), and thus it is appropriate to
conclude that a substantial part of the cardiovascular benefits of
fish consumption relate to the (n-3) PUFA content. The evidence
for potential cardiovascular effects of each individual long-chain
(n-3) PUFA is reviewed below.
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Biologic Pathways

(n-3) PUFA play diverse roles in membrane structure and
function, tissue metabolism, and genetic regulation. Experimen-
tally demonstrated effects include modulation of cell and
organelle membrane structure and function; modulation of ion
channels and cellular electrophysiology; regulation of nuclear
receptors and transcription factors; modulation of arachidonic
acid-derived eicosanoids; and production of recently identified
(n-3) PUFA-derived metabolites (1). Many such studies have
evaluated EPA and DHA separately and some also evaluated
DPA; the relevance of such cell culture and animal experimental
effects to clinical effects of these fatty acids remains unclear. We
review illustrative examples of such studies.

Membrane physiochemistry

With long hydrocarbon chains and multiple double bonds, both
EPA and DHA alter lipid membrane properties. Due to its longer
hydrocarbon chain length and higher degree of unsaturation,
DHA may be especially effective in altering lipid membrane
structure and function (18). For example, in rat aortic endothe-
lial cells, DHA incorporation increased membrane fluidity more
so than EPA (19). In cultured mouse lymphocytes, DHA but not
EPA modified the distribution and size of lipid rafts, specialized
lipid domains in cellular membranes with major regulatory roles
on protein function and signaling events (20). In contrast, in
cultured human T-cells, EPA also affected lipid raft composition
and function; these latter studies did not evaluate possible
differences in activity between EPA and DHA (21,22).

We did not identify studies investigating the effects of DPA on
membrane properties. Some studies have evaluated (n-6) DPA, a
similar fatty acid but with the first double bond in the (n-6)
position, and found it to have smaller effects on membrane
fluidity and protein function compared with DHA (23,24). Such
findings, however, may have little relevance to the effects of (n-3)
DPA.

lon channel effects

In both cell culture and animal experiments, (n-3) PUFA alter the
function of membrane ion channels, including Na*, L-type Ca**,
and Na*-Ca®* exchangers (25-32). In human myocardial
membranes, DHA is present at 5- to 10-fold higher concentra-
tions than EPA and 2- to 3-fold higher concentrations than DPA
(33,34). This has led researchers to focus on DHA’s effects for
protection against cardiac arrhythmias. On the other hand,
relative concentrations of myocardial EPA are most responsive
to dietary changes; in a human feeding study, combined
consumption of 0.6 g/d EPA and 0.4 g/d DHA for 6 mo
produced a >300% increase in myocardial EPA but only a 50%
increase in myocardial DHA, whereas myocardial DPA levels
were unaffected (33). Similar findings were seen using higher
dietary doses (34). Animal experiments of dietary (n-3) PUFA
and ion channel activities have not separately evaluated effects
of EPA, DPA, or DHA (35-39).

In various cellular models, both EPA and DHA in their
nonesterified (free) form alter membrane ion channel function
(28,32,40,41). We did not identify any ion channel studies
evaluating effects of DPA. In these experiments, EPA and DHA
possessed different potency of effects depending upon the target
ion channel. For example, in isolated human atrial myocytes,
DHA more strongly inhibited the ultra-rapid, delayed-rectifier
K* current (ICs50 = 17.5 umol/L for EPA; 4.3 umol/L for DHA),
but EPA more strongly inhibited the voltage-gated Na* current
than did DHA (ICs5¢ = 10.8 wmol/L for EPA; 41.2 umol/L for
DHA) (28). Such effects might be most relevant to circulating



levels of nonesterified (n-3) PUFA in humans, for which limited
information exists. In one study among healthy individuals,
plasma nonesterified EPA, DPA, and DHA levels were 0.4, 0.8,
and 1.5 wmol/L, respectively (42,43). Following 6 wk of
supplementation with 20 g/d seal oil (containing 1.3 g EPA,
0.8 g DPA, and 1.7 g DHA), these levels increased to 1.7, 1.4,
and 4.7 wmol/L, respectively (43).

As described above, both EPA and DHA alter membrane and
lipid raft composition and function. Many ion channels localize
in lipid rafts, and physical properties of membranes and lipid
rafts modulate ion channel activities (44). Molecular interac-
tions between (n-3) PUFA and ion channels may be delicate. In
human cardiac cells, a single amino acid point mutation in the
Na* channel a-subunit significantly reduced the inhibitory effect
of both EPA and DHA, although similar findings for oleic and
stearic acids raise concerns for specificity of this experimental
system (29). Amino acid substitutions in subunits of the kainate
receptor, a neuronal ion channel, induced susceptibility to
inhibition by DHA (45,46); these studies did not investigate
EPA.

DHA may also alter membrane protein function via close-
range interactions (47,48), potentially related to the property of
DHA to efficiently pack adjacent to membrane proteins (49). In
molecular simulation studies, DHA formed tight associations
with rhodopsin (a prototypical G-protein-coupled membrane
receptor, the primary visual light receptor) in a limited number
of specific locations, which may facilitate the transition of the
protein into its active form (48). Potential close-range interac-
tion effects of EPA or DPA were not reported in these studies.

Nuclear receptors and transcription factors

Long-chain (n-3) PUFA are natural ligands of several nuclear
receptors that regulate gene expression, including PPAR, hepatic
nuclear factor, liver X receptors, and retinoid X receptors, and
also alter expression of transcription factors such as sterol
regulatory element binding-protein and carbohydrate response
element binding-protein (50). Resulting effects on gene expres-
sion contribute to the physiologic effects of (n-3) PUFA, e.g., on
lipid metabolism and inflammation.

Experimental evidence suggests both some shared and other
differential effects of individual (n-3) PUFA on these pathways.
For example, both EPA and DHA induced PPAR« activity in rat
primary hepatocytes but with stronger effects of EPA; DPA was
largely ineffective (51). Based on conformational analyses, EPA
also appeared to be a stronger activator than DHA of PPARS
(52). In contrast, acyl-CoA forms of EPA and DHA had similar
binding affinity for hepatic nuclear factor-4a (53). Similarly,
both EPA and DHA inhibited sterol regulatory element binding-
protein 1-c gene expression (54). However, only DHA, not EPA,
also reduced nuclear abundance of the protein product by
increasing its targeting for degradation via a 26S proteasome-
dependent pathway (54). Although the relative effect of DPA
was not evaluated in most of these studies, a limited number of
animal models demonstrate that, similar to EPA and DHA, DPA
reduces the expression of lipogenic genes (6).

Arachidonic acid metabolites

The (n-6) PUFA arachidonic acid gives rise to several classes of
eicosanoids, including 2-series PG, thromboxanes, 4-series
leukotrienes, epoxyeicosatrienoic acids, and lipoxins, that pos-
sess a diverse array of both proinflammatory and cardiopro-
tective functions (55,56). In human studies, (n-3) PUFA
consumption decreased ex vivo leukocyte synthesis of several
of these eicosanoids (e.g., PG-E,, leukotriene-B,, thromboxane-

B,) (57) as well as circulating concentrations of epoxyeicosa-
trienoic acids (58). Such effects potentially arise from long-chain
(n-3) PUFA, replacing membrane arachidonic acid, modulating
genes responsible for eicosanoid synthesis, and competing with
arachidonic acid as substrates for metabolic enzymes (59-61).

The various (n-3) PUFA appear to share at least some of these
effects but with evidence for differential specificity depending on
the particular enzymatic pathway. For instance, both EPA and
DHA are metabolized by cytochrome P450 2J2, the major
enzyme in the heart for generation of epoxyeicosatrienoic acids
from arachidonic acid, to analogous (n-3) fatty acid metabolites
with conversion rates that are 9-fold and 2-fold higher, respec-
tively, than for arachidonic acid (62). EPA, but not DHA, can
also act as a substrate for cyclooxygenase-1 and 5-lipoxygenase
to generate 3-series PG and 5-series leukotrienes that in some
models have attenuated proinflammatory properties compared
to their arachidonate-derived counterparts (55).

DPA is also metabolized by lipoxygenases (63,64), and, in
human platelets, DPA reduced the synthesis of thromboxane-B,
from arachidonic acid (64). In animal and experimental models,
DPA inhibited ex vivo collagen-stimulated platelet aggregation,
thromboxane production, and cyclooxygenase-1 activity, with
more potent dose-response effects than either EPA or DHA (6).

Evidence of effects of individual (n-3) PUFA on production of
potentially cardioprotective arachidonate-derived eicosanoids,
such as epoxyeicosatrienoic acids and lipoxins, is at a very early
stage. One recent study in ovariectomized rats reported that
after receiving EPA or DHA ethyl ester supplementation for 4
mo, EPA completely blocked, whereas DHA only reduced, bone
marrow levels of lipoxins (635).

Newly identified (n-3) PUFA metabolites

In addition to PG and leukotrienes, (n-3) PUFA are precursors to
SPM, a recently identified class of lipid molecules that are not
only antiinflammatory but also promote active resolution of
inflammatory events (66). Both EPA and DHA give rise to
resolvins, one class of SPM that protects against prolonged
inflammation and tissue injury in several animal models,
including peritonitis and ischemia-reperfusion (66). However,
only DHA is metabolized to other classes of SPM, such as
neuroprotectin-D1 and maresins, that could confer unique
inflammation-resolving properties of DHA (67,68). In animal
models, neuroprotectin-D1 promotes neuronal cell survival and
may contribute to protective effects of DHA against ischemic
stroke (67,69). Effects of neuroprotectin-D1 and maresins in
cardiac models of injury have not yet been reported. Novel
cyclooxygenase-2 and dehydrogenase-synthesized electrophilic
oxo-derivatives of DHA and DPA were also recently identified
that exhibited genetic modulatory and antiinflammatory effects
in cultured murine macrophages (70).

EPA and DHA are also metabolized by cytochrome-P450
enzymes to generate MEFA, which have potent beneficial
properties in experimental and animal studies (71). For instance,
in rat ventricular myocytes, MEFA derived from either EPA or
DHA possessed nearly 1000-fold greater potency than the
parent (n-3) PUFA for reducing the spontaneous beating rate
induced by Ca®* overload (71). In human bronchi, an EPA-
derived MEFA displayed potent antiinflammatory activity, an
effect related to PPARy activation (72). MEFA derived from EPA
and DHA also robustly activated calcium-activated K* channels,
mediating porcine coronary and mesenteric microvessel dilation
(73,74). MEFA derived from either EPA or DHA were similarly
potent, with <10 pmol/L concentration achieving 50% dilation
of the microvessels (73,74).

Are effects of EPA and DHA shared or complementary? 617S



Physiologic Risk Factors

The combined consumption of EPA+DHA is known to favorably
affect a wide range of risk factors, including lowering TG levels,
improving vascular and cardiac hemodynamics and function,
and possibly improving endothelial function (1). Long-chain (n-
3) PUFA also have antiinflammatory and antithrombotic effects,
although it remains unclear whether such effects are clinically
meaningful at usual dietary or low-dose supplement doses (e.g.,
<2 g/d) (1).

The individual effects of EPA and DHA on cardiovascular
risk factors were previously reviewed by Mori and Woodman
(75), largely based on research published before 2000. We took
advantage of the studies in that report as a starting point and
reviewed that evidence together with additional research
published since 2000 for individual effects of EPA and DHA
(and DPA, when possible) on several key physiologic risk
factors.

Lipids

Five randomized controlled trials published before 2003 (75)
and several more recent trials (76-81) evaluated the effects of
EPA and/or DHA alone on blood lipids. Doses ranged from
~1.5to 5 g/d (typically 3-4 g/d) and durations of treatment from
4 to 20 wk (typically 6-8 wk). These trials were generally small;
the largest two comprised 234 and 93 subjects and all others
were fewer than 75 subjects each. Both EPA and DHA reduced
TG levels in these trials, with larger effects of DHA. For
example, in three trials among 224 healthy men, 74 healthy men
and women, and 56 overweight hyperlipidemic men, DHA
reduced TG levels by 18, 31, and 33%, respectively, and EPA
reduced TG levels by 12, 16, and 21%, respectively, compared
with baseline (P < 0.05 each) (10,11,79). Effects on other lipid
fractions and apolipoproteins in these trials were less consistent
and generally small. For instance, in two trials, DHA slightly
raised HDL-cholesterol and/or apoA-1 levels compared with
EPA; neither (n-3) PUFA significantly affected LDL-cholesterol
and/or ApoB (10,79). Conversely, in others trials, DHA raised
LDL-cholesterol concentrations, primarily driven by an increase
in particle size rather than number (11,77,78,81). Additionally,
although total HDL-cholesterol concentrations were not appre-
ciably altered in most trials, subfractions were affected when
evaluated in some trials, with DHA raising HDL,-cholesterol
and DHA and/or EPA lowering HDL;-cholesterol (11,78,81).
Interestingly, in multivariable-adjusted cross-sectional analyses
evaluating habitual dietary consumption among nearly 3000
older adults, only plasma phospholipid EPA levels were
positively associated with HDL-cholesterol; DPA levels were
inversely associated and DHA levels were unassociated (2).

Only one large, long-term trial of an individual (n-3) PUFA
has been reported. In this trial, 16,397 Japanese patients with
hypercholesterolemia were randomized to receive statin therapy
alone vs. statin therapy plus EPA 1.8 g/d (open-label; i.e., no EPA
placebo), for an average of 4.6 y (82). TG levels decreased by 9%
in the statin+EPA group compared with 4% in the statin-only
group (between-group P < 0.0001). Changes in total choles-
terol, LDL-cholesterol, and HDL-cholesterol were similar
between the two groups.

Overall, the evidence demonstrate that both EPA and DHA
lower TG, with larger effects seen with DHA. Based on a limited
number of trials, DHA also increases LDL particle size and
concentrations of large HDL,-cholesterol. The clinical relevance
of such modest and not always consistent differential effects of
EPA compared to DHA on LDL and/or HDL is unclear. At the
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least, such differences indicate at least partly differing mecha-
nistic pathways of these fatty acids on lipid metabolism.

Vascular and cardiac hemodynamics

The combined consumption of EPA+DHA is known to lower
resting heart rate and BP (1). In multivariable-adjusted cross-
sectional analyses among nearly 3000 older adults, plasma
phospholipid EPA was not significantly associated with resting
heart rate or BP, DPA was associated with a nonsignificant trend
toward lower resting heart rate, and DHA was inversely
associated with resting heart rate and a trend toward lower BP
(2). Controlled trials are consistent with these observational
findings of habitual dietary intake. In several trials, DHA
lowered resting heart rate and/or BP (78,83-86). In contrast, in
five short-term controlled trials, EPA did not significantly alter
resting BP levels (75) nor, in one trial, 24-h ambulatory BP or
heart rate (83). In contrast, DHA reduced 24-h ambulatory BP
and heart rate (83). In another small trial (z = 59), mean 24-h
ambulatory heart rate was not significantly affected by either
EPA or DHA (4 g/d each), but statistical power may have been
limited (87). In a larger trial among 224 healthy men, supple-
mentation with either DHA or EPA (4 g/d each) produced
similar reductions (~2 bpm) in resting heart rate (85). However,
when achieved circulating (n-3) PUFA levels were assessed in this
trial, only changes in plasma phospholipid DHA, but not EPA,
were inversely associated with changes in heart rate (85). In a
meta-analysis regression model based on 31 controlled trials,
both DHA and EPA were estimated to reduce BP (e.g., per 1 g/d,
1.5- and 0.9-mm Hg reductions in systolic BP, respectively) (88).
However, all these trials used combined EPA and DHA, so the
regression model would be unlikely to adequately separate their
individual effects. Overall, it is clear that DHA lowers both BP
and heart rate. EPA appears unlikely to have significant BP-
lowering effects, and evidence for effects of EPA on heart rate are
equivocal and based on few trials.

Combined EPA and DHA consumption improves cardiac
diastolic filling (1). In a 7-wk controlled trial, supplementation
with either DHA or EPA (4 g/d each) led to similar improvements
in metrics of early left ventricular filling (P = 0.06 and 0.08) (85).
In a trial of 38 older overweight adults, both EPA and DHA (3 g/d
each for 7 wk) similarly improved systemic arterial compliance, as
assessed by aortic flow and peripheral pressures (89).

Endothelial function

In a recent systematic review, 33 trials were identified that tested
the effects of (n-3) PUFA on fasting or postprandial endothelial
function (90). In some trials, fish or fish oil consumption
improved various functional measures of endothelial function or
NO-related metrics (e.g., endothelial nitric oxide synthase gene
expression) and in some trials, especially those among older
individuals, circulating biomarkers of endothelial dysfunction
were also reduced. However, the overall evidence for effects of
(n-3) PUFA on endothelial function was inconsistent, with
evidence limited by mixed doses, durations, populations treated,
and outcomes evaluated. Only 4 of these studies (80,84,91,92)
as well as two additional relevant trials we identified (93,94)
separately tested the effects of EPA and/or DHA.

Four of these studies evaluated circulating biomarkers of
endothelial dysfunction; none showed effects of either EPA or
DHA alone. Among 93 generally healthy men, different doses of
EPA (1.35, 2.7, and 4.05 g/d for 12 wk each) had no effects on
soluble E-selectiny VCAM-1, or ICAM-1; in subgroup analyses,
the highest EPA dose actually increased soluble E-selectin in
younger men (80). Among 34 patients with hyperlipidemia,



DHA (3 g/d for 13 wk) did not affect levels of soluble E-Selectin,
VCAM-1, or ICAM-1 (93). Similarly, neither EPA nor DHA (3 g/d
for 3 wk each) altered concentrations of endothelin-1 or soluble
E-selectiny, VCAM-1, or ICAM-1 among 48 generally healthy
young adults (91). In a trial among 46 healthy older participants,
DHA (0.7 g/d for 12 wk) did not affect levels of soluble
E-selectiny, VCAM-1, or ICAM-1; interestingly, fish oil (com-
bined 0.7 g/d EPA + 0.3 g/d DHA) did reduce both soluble
E-selectin and VCAM-1 (92). In a cross-sectional observational
analysis among ~280 women, total plasma EPA, DPA, and
DHA were each associated with lower levels of soluble
E-selectin, but not ICAM-1 or VCAM-1 (3).

Two trials evaluated functional metrics of endothelial func-
tion. Among patients with variant angina, EPA 1.8 g/d for 4 mo
reduced acetylcholine-stimulated coronary vasospasm in normal
but not spastic coronary segments; DHA was not evaluated (94).
Several limitations make it difficult to interpret these findings,
including the open-label design (no blinding or placebo), small
size (n = 22), and observed benefits only in certain subtypes of
arteries. Among 40 men with hyperlipidemia, DHA but not EPA
(~4 g/d for 6 wk each) improved acetylcholine-stimulated
forearm blood flow, enhanced arterial vasodilatory responses to
sodium nitroprusside, and attenuated norepinephrine-stimulated
vasoconstriction (84).

Overall, the limited and mixed evidence precludes strong
conclusions about the effects of EPA or DHA on endothelial
function. Fish or fish oil consumption may have some benefits,
but further investigation is needed to confirm such effects.

Inflammation and oxidative stress

Biologic effects of (n-3) PUFA could alter several inflammatory and
oxidative stress pathways (see above). In multivariable-adjusted
cross-sectional analyses among nearly 3000 older adults, plasma
phospholipid EPA and DPA, but not DHA, were each inversely
associated with C-reactive protein and fibrinogen levels (2).
In multivariable-adjusted cross-sectional analyses among ~280
women, total plasma DPA, but not EPA or DHA, was robustly
associated with lower levels of IL-6; neither EPA, DPA, nor
DHA were associated with C-reactive protein levels (3).

Among 34 patients with hyperlipidemia, DHA (3 g/d for 13
wk) reduced levels of IL-6 (—23%) and C-reactive protein
(—15%) and increased matrix metalloproteinase-2 levels (+7%)
(93). No effects were seen on plasma levels of other cytokines,
including IL-1b, IL-2, IL-8, IL-10, or TNFa (93). Among 51
patients with type 2 diabetes, EPA and DHA (4 g/d for 6 wk
each) each produced no significant changes in IL-6 or C-reactive
protein, nonsignificant trends toward reduction of TNFa, and
significant 20% reductions in urinary F2-isoprostanes, a bio-
marker of oxidative stress (12). Similarly, in another trial
performed by these researchers among 56 participants with
hyperlipidemia, EPA and DHA (4 g/d for 6 wk each) each
produced ~27% reductions in urinary F2-isoprostanes (95). In
contrast, an uncontrolled intervention among 12 healthy adults
demonstrated increased urinary F2-isoprostanes with DHA
supplementation (1.6 g/d) (96).

In sum, both EPA and DHA appear to have at least some
beneficial effects on inflaimmation and oxidative stress, but few
well-designed studies in humans have assessed their potentially
separate effects.

Thrombosis and coagulation

In a prior review, several uncontrolled studies were identified in
which EPA supplementation reduced ex-vivo platelet aggrega-
tion in response to collagen (75). Similar effects were seen with

DHA in an uncontrolled intervention among 12 healthy adults,
with dose-dependent effects up to 1.6 g/d (96). In another
uncontrolled study using blood drawn from healthy adults, EPA,
DPA, and DHA (1.0 mmol/L each) were each equally effective in
reducing in vitro platelet aggregation in women, but DPA and
DHA were less effective in men (97).

Few controlled trials have been performed. One trial (7 = 30)
found that a single consumed dose of either EPA or DHA
influenced ex vivo platelet aggregation over 24 h but with
potential interaction by both time and gender (98). In contrast,
among 51 diabetic participants, DHA, but not EPA (4 g/d for 6
wk each), reduced ex vivo collagen-stimulated platelet aggrega-
tion and, consistent with this, platelet-derived thromboxane-B2
levels (99). Neither EPA nor DHA produced significant changes
in platelet aggregation in response to platelet activating factor
(which is only partly thromboxane dependent) nor changes in
several fibrinolytic markers (e.g., plasminogen activator inhib-
itor-1 antigen, tissue plasminogen activator antigen, etc.) (99).
Several other controlled trials demonstrated a similar lack of
effects of either EPA or DHA on various markers of fibrinolytic
function (735).

Clinical Endpoints

In observational studies and randomized trials of clinical
endpoints, benefits of fish or fish oil consumption are most
consistent and robust for fatal CHD events (1), suggesting
pathways of benefits related to risk of fatal cardiac arrhythmias.
Nearly all of these studies have evaluated the combination of
EPA and DHA (plus, implicitly, the small amounts of DPA found
in fish or fish oil or synthesized from EPA). Several observational
biomarker studies have shown combined EPA+DHA or DPA
+DHA levels to be inversely associated with risk of sudden death
or fatal CHD (100-103). Although these studies did not
separately evaluate individual (n-3) PUFA, the concentrations
of circulating DHA are typically several fold higher than EPA or
DPA, suggesting that such summed associations were driven by
DHA levels. Given that DHA is also present in much higher
concentrations in myocardial membranes compared with EPA or
DPA (33,34), such findings could represent a specific cardiac
benefit of DHA for cardiac arrhythmias. Consistent with this, in
a prospective evaluation of atrial arrhythmias that evaluated
individual (n-3) PUFA, plasma DHA, but not EPA or DPA, levels
were significantly associated with lower risk of incident atrial
fibrillation (104). Together, these findings suggest that DHA may
be more closely linked to lower risk of cardiac arrhythmias than
EPA or DPA. On the other hand, both dietary sources and
circulating and tissue levels of EPA and DHA are positively
correlated, so apparent specificity for DHA could simply be an
artifact of its higher biomarker levels, and similar effects of EPA
or DPA on clinical arrhythmias cannot be excluded.

A limited number of biomarker studies have evaluated how
individual (n-3) PUFA levels relate to nonfatal clinical endpoints.
In small, retrospective, case-control studies of nonfatal MI,
biomarker levels of EPA, DPA, and DHA were each lower in
cases than in controls (105,106). In another small, retrospective,
case-control study, only higher serum EPA and DPA, but not
DHA, were associated with lower risk of nonfatal MI (107). In a
large retrospective case-control study, adipose DHA was not
associated with nonfatal MI; EPA was not evaluated (108). These
retrospective studies were often limited by only modest control for
potential confounding covariates and, more importantly, by
possible control selection bias given their large retrospective
designs.

Are effects of EPA and DHA shared or complementary? 619S
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In a small prospective study of incident CHD, both serum
DPA and DHA were associated with lower risk; serum EPA was
associated with a nonsignificant trend toward lower risk (109).
However, there were few total events (z = 94 cases), fatal
compared to nonfatal events were not separately evaluated, and
minimal adjustments were made for potential confounding
factors. In two larger prospective observational studies, higher
circulating concentrations of both EPA and DPA were associated
with lower multivariable-adjusted risk of nonfatal cardiovascu-
lar events, including MI (3) and incident congestive heart failure
(2), after adjustment for other risk factors. Circulating DHA
levels were not significantly associated with these nonfatal
outcomes in these large prospective studies (2,3).

In a large, open-label, randomized controlled trial among
Japanese patients with elevated cholesterol levels, purified EPA
at a dose of 1.8 g/d for ~5 y reduced the risk of nonfatal
coronary syndromes [RR = 0.81 (95% CI = 0.68-0.96)],
including similar lower risk or trends toward lower risk of
unstable angina, nonfatal MI, and coronary revascularization
(82). Effects were not seen on fatal CHD, but background rates
of CHD mortality were extremely low in this trial, likely
resulting from high population consumption in Japan of dietary
(n-3) PUFA from seafood (110). The open-label design (neither
patients nor their doctors were blinded) could have biased the
results, leading to overestimation of benefits for nonfatal
coronary events. Nonetheless, the findings from this large,
long-term trial support the results of observational studies
evaluating biomarker EPA levels and nonfatal coronary events.

In sum, these findings suggest that EPA (and its metabolite
DPA) reduce the risk of nonfatal cardiovascular outcomes. In
biomarker studies, DHA levels appear less strongly related to
such nonfatal endpoints. Randomized controlled trials of
purified DPA or DHA and clinical cardiovascular events have
not been reported.

Dietary Guidelines

A variety of governmental, scientific, and international organi-
zations have established target or minimum consumption levels
of fish and (n-3) PUFA (Table 2) (111-125). For long-chain (n-3)
PUFA, most guidelines are for combined EPA+DHA and are
based on primary prevention of cardiovascular disease, in
particular CHD mortality, in the general population. Generally,
these guidelines converge on a recommended minimum con-
sumption of 250-500 mg/d of combined EPA+DHA. Average
intakes in most countries, including in the US (126), are much
lower. Most guidelines do not make separate specific recom-
mendations about EPA compared to DHA consumption in the
general population, and none make recommendations about
DPA consumption.

Conclusion

In conclusion, whereas the types and numbers of studies for
many outcomes are limited, the current evidence indicates that
EPA and DHA have some collective but other potentially
complementary cardiovascular benefits (Table 3). In experimen-
tal studies and animal models, both fatty acids modulate a
variety of relevant biologic pathways, with several lines of
evidence suggesting at least some differential benefits. In human
studies, both fatty acids lower TG levels and collagen-stimulated
platelet aggregation and, based on limited numbers of studies,
favorably affect cardiac diastolic filling, arterial compliance, and
at least some metrics of inflammation and oxidative stress. DHA
also modestly increases the proportions of larger LDL and HDL
cholesterol particles, although clinical relevance of these findings
is unclear. Less is known about the effects of DPA on biologic
pathways or physiologic risk factors; a few observational studies
suggest potential benefits for inflammation.

TABLE 3 Evidence for cardiovascular effects of individual long-chain (n-3) PUFA in human studies’

EPA

DHA DPA

Physiologic risk factors
Lipids 1 TG levels
| HDL; cholesterol?

Minimal BP effects
? Heart rate effects
1 Cardiac diastolic filling?
1 Arterial compliance?
No clear effects?
| Inflammation, mixed results?
| Oxidative stress, mixed results®
| Collagen-stimulated
platelet aggregation’
Otherwise minimal effects on

Vascular and cardiac hemodynamics

Endothelial function
Inflammation and oxidative stress

Thrombosis and coagulation

thrombosis or coagulation
Clinical endpoints
Fatal CHD and sudden death —

Atrial fibrillation No clear effects?®

1 TG levels —
1 LDL particle size

1 HDL, cholesterol

| BP _
| Heart rate

1 Cardiac diastolic filling?

1 Arterial compliance?

No clear effects? —

| Inflammation, mixed results®*

| Inflammation, mixed results?
| Oxidative stress, mixed results?
| Collagen-stimulated

platelet aggregation’
Otherwise minimal effects on

| Collagen-stimulated
platelet aggregation’

thrombasis or coagulation

| Risk* —
| Risk®® —

Nonfatal coronary syndromes | Risk No clear effects®* | Risk?3
Congestive heart failure | Risk?® No clear effects?® 1 Risk?®
" BP, blood pressure; CHD, coronary heart disease; DPA, docosapentaenoic; —, minimal data available for direct assessment.

2 Based on a single study or few studies.
° Observational studies only.

4 Nearly all clinical trials and observational studies evaluated fish or fish oil, i.e., the combination of all three long-chain (n-3) PUFA. Four observational biomarker studies evaluated
combined EPA+DHA or DPA+DHA concentrations. Because circulating DHA concentrations are typically several fold higher than EPA or DPA concentrations, the latter studies
suggest that such lower risk might be driven by DHA levels. However, similar effects of EPA or DPA cannot be excluded.
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Combined EPA+DHA or DPA+DHA biomarker levels are
consistently associated with lower risk of fatal cardiac events,
and DHA biomarker levels with lower risk of atrial fibrillation in
one report, suggesting direct or indirect benefits of DHA for
cardiac arrhythmias (while not excluding similar benefits of EPA
or DPA). In contrast, EPA and DPA but not DHA are linked to
lower risk of nonfatal cardiovascular endpoints in limited
numbers of observational studies, and purified EPA lowered
risk of nonfatal coronary syndromes in one large clinical trial.

Clearly, additional experimental, observational, and clinical
studies are needed to elucidate the shared and complementary
effects of these individual long-chain (n-3) PUFA. Available data
are insufficient to make specific quantitative recommendations
about their individual intakes or any ratio of their intakes for
preventing cardiovascular disease. Nonetheless, the evidence
suggests that EPA and DHA each independently provide at least
some cardiovascular benefits. DPA may also have some positive
effects, but its circulating levels appear to depend on endogenous
conversion from EPA, and effects of direct DPA consumption are
unknown. Based on these findings, increasing the consumption
of either EPA or DHA would be advantageous compared to little
or no consumption of either. Focusing on their combined
consumption would be most prudent, given the evidence for at
least some complementary rather than shared effects and, more
importantly, given the much larger body of literature demon-
strating experimental, physiologic, and clinical benefits of their
combined consumption as fish or fish oil.
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