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The adoption of the Western-style diet, with decreased fish intake and lack of exercise, has increased
the prevalence of cardiovascular disease (CVD) in Japan. Statin treatment has been established to
reduce the risk of cardiovascular events; however, 60%—70% of these events occur despite its use.
Thus, the residual risk for CVD should be identified and resolved to reduce further cardiovascular
events. The serum levels of n-3 polyunsaturated fatty acids (PUFAs), including eicosapentaenoic acid
and docosahexaenoic acid, are reportedly associated with an increased incidence of cardiovascular
events and mortality, whereas the addition of n-3 PUFA treatment to the statin treatment decreases
cardiovascular events. Similar to statins, n-3 PUFAs have pleiotropic effects in addition to lipid-mod-
ifying effects. Pre-clinical and clinical studies have shown that n-3 PUFAs prevent cardiovascular
events by ameliorating endothelial function and attenuating lipid accumulation, vascular inflamma-
tion, and macrophage recruitment, thereby causing coronary plaque development and rupture. Taken
together, n-3 PUFAs are comprehensively able to attenuate the atherogenic response. Therefore, n-3
PUFA intake is recommended to prevent cardiovascular events, particularly in patients with multiple
cardiovascular risk factors.
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sive management and education regarding diet and
exercise are essential to prevent CVD and to manage
conventional CVD risk factors such as hypertension,
diabetes, dyslipidemia, and smoking. Statin treatment

Introduction
The wide adoption of Western-style diet, with

decreased fish intake and lack of exercise, in the motor-

ized society has increased the prevalence of cardiovas-

cular disease (CVD) in Japan. Therefore, comprehen-
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of dyslipidemia has been established by a larger body
of evidence; however, the reduction of cardiovascular
events is 30%—40% in patients for the primary and
secondary prevention of cardiovascular events, indicat-
ing that statin use continues to cause 60%—70% of
cardiovascular events. Therefore, the residual risk for
CVD should be identified and resolved to reduce fur-
ther cardiovascular events in this era of statins.
Decreased serum levels of n-3 polyunsaturated
fatty acids (PUFAs), including eicosapentaenoic acid
(EPA) and docosahexaenoic acid (DHA), are report-
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edly associated with an increased incidence of cardio-
vascular events and mortality?, whereas n-3 PUFA
treatment add-on to the statin treatment decreases car-
diovascular events in Japan?. Therefore, the decreased
level of n-3 PUFAs appears to be a residual therapeu-
tic target to overcome cardiovascular events, particu-
larly in patients who do not regularly ingest fish,
which is a source of n-3 PUFAs. In this review, we
focus on the potential and mechanisms of n-3 PUFAs
as promising nutrients against the residual risk for

CVD.

Metabolism of n-3 PUFAs

n-3 PUFAs are derived from fish and fish oil.
Once consumed in the diet, n-3 PUFAs are absorbed
from the gastrointestinal tract and transported to the
liver as triglycerides via chylomicron particles. Upon
being transported to the liver, n-3 PUFAs are used as a
source of triglycerides in lipoprotein particles includ-
ing low-density lipoprotein (LDL). Triglycerides mainly
comprises oleic acids and saturated fatty acids, and
phospholipids mainly comprises PUFAs. n-3 PUFAs
are released into the blood as plasma phospholipids
from the liver and incorporated into cell membrane
phospholipids throughout the body; some are stored in

the adipose tissue as triglycerides. Therefore, increas-
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ing one’s consumption of fish oil increases n-3 PUFA
concentrations within the plasma lipids and organs.

n-3 PUFAs are derived from a-linolenic acid
(ALA), whereas n-6 PUFAs are derived from linolenic
acid. Both PUFAs are metabolized by desaturase and
elongase (Fig.1). Linolenic acid is metabolized to ara-
chidonic acid (AA), which is a precursor of prostaglan-
dins, thromboxanes, and leukotrienes?. ALA is metab-
olized to EPA and DHA, which are precursors of pros-
taglandins and leukotrienes. Goyons ez al. showed that
nearly 7% of dietary ALA was incorporated into EPA,
and only 0.013% of ALA was converted to DHA
through hepatic conversion with the tracer model,
which was developed based on the averaged “C data
of healthy subjects®. Hussein e a/. showed that 0.3%
and <0.01% of ALA is converted to EPA and DHA,
respectively, in patients with hyperlipidemia®. The
biochemical and clinical significance of the retro con-
version of DHA to EPA is unknown?. Although n-3
PUFAs are essential for a healthy life, particularly for
normal growth and development”, only small amounts
of ALA can be converted to EPA or DHA. Thus, n-3
PUFAs are called “essential fatty acids” and must be
ingested as a part of the diet?.
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Statins Prevent CVD by Attenuating
Atherogenic Steps

The concept that atherosclerosis results from vas-
cular inflammation is widely recognized. The accumu-
lation of CVD risk factors provokes vascular inflam-
mation and increases the atherosclerotic burden in the
coronary and other arteries, resulting in cardiovascular
events such as acute coronary syndrome (ACS). Ath-
erogenic vascular inflammation comprises the follow-
ing: 1) endothelial dysfunction; 2) lipid accumulation;
3) vascular inflammation and recruitment of macro-
phages; 4) plaque development through the prolifera-
tion and migration of smooth muscle cells (SMCs);
and 5) plaque vulnerability leading to plaque rupture?.

3-Hydroxy-3-methylglutaryl coenzyme A reduc-
tase inhibitors, called statins, inhibit the key enzyme
in cholesterol biosynthesis and have been established
to reduce cardiovascular events and all-cause mortality
rates. Statins reduce the intracellular cholesterol syn-
thesis and upregulate the LDL receptors in the liver,
leading to reductions in the circulating levels of LDL
cholesterol by 20%—60%"" 'V. Furthermore, statins
have both cholesterol-lowering and pleiotropic effects
on the cardiovascular system, including anti-inflam-
matory, antioxidant, and improved nitric oxide bio-
availability'>'%. Statins can attenuate all the above fea-
tures of atherogenesis. However, the ability of statins
to reduce cardiovascular events has room for improve-

ment, and the residual risk for CVD should be identi-
fied.

Statins Decrease n-3 PUFA Levels

Statin and diet therapy reportedly modulates n-3
PUFA composition. Jula ez al. reported that, com-
pared with placebo, simvastatin treatment significantly
reduced DHA, but not EPA levels, in patients with
hyperlipidemia'”. Nozue et al. reported that pitavas-
tatin decreased the serum DHA/AA ratio, but not the
EPA/AA ratio, in patients with CVD'", Kuris et al.
showed that strong statins, including atorvastatin, rosu-
vastatin, and pitavastatin, reduced the serum levels of
EPA and DHA in proportion to decreases in LDL
cholesterol in patients with CVD'’. Harris et al.
reported that simvastatin increased the AA/EPA and
AA/DHA ratios'®. Nakamura et al. reported that
pravastatin and simvastatin increased serum AA levels
but did not affect serum EPA levels, which resulted in
a decreased EPA/AA ratio'?.

The mechanisms by which statin treatment
reduces EPA/AA or DHA/AA ratio or EPA and DHA
levels have not been completely elucidated, but it is
speculated that statin and diet therapy modulates the

enzyme activity of PUFA synthesis, including desatu-
rase and elongase (Fig.1). Thus, patients who take
statins may be recommended to take greater amounts
of n-3 PUFAs to prevent cardiovascular events.

Low Serum n-3 PUFA Level is a
Risk Factor for CVD

A reduced serum n-3 PUFA level is associated
with an increased risk of cardiovascular events. Epide-
miologic studies conducted on Greenland Inuit have
shown a connection between a high seafood intake
containing high n-3 PUFA levels and a low cardiovas-
cular morbidity?”. In Japan, atherosclerotic lesions,
evaluated by pulse wave velocity of the aorta and
intima-media thickness of the carotid artery evaluated
by ultrasonography are lower in both men and women
in fishing villages than in farming villages?”. The
Japan Public Health Center-based study showed that,
compared with a modest fish intake, a higher fish
intake was associated with a substantially reduced risk
of coronary heart disease, primarily nonfatal cardiac
events, among middle-aged individuals*?. In the Neth-
erlands, mortality rates from CVD were >50% lower
in patients who consumed at least 30 g/day of fish
than in those who did not consume fish, suggesting
that the consumption of one or two fish dishes per
week prevents CVD?). A meta-analysis performed by
Wang et al. showed that an increased consumption of
n-3 PUFAs from fish or fish oil supplements, but not
of ALA, reduces all-cause mortality, cardiac death, and
sudden death rates?”. He et al. showed an inverse
association between n-3 PUFA intake and the preva-
lence of CVD?). These epidemiologic population stud-
ies showed that a reduced n-3 PUFA intake is a risk
factor for cardiovascular events.

Randomized Controlled Trials Show that n-3
PUFAs Prevent Cardiovascular Events

For the primary prevention of CVD, the Japan
EPA Lipid Intervention Study (JELIS), a randomized
trial of 18,645 patients with hypercholesterolemia
showed a 19% reduction in major cardiovascular events
in patients randomized to a statin+highly purified
EPA 1800 mg/day compared with those randomized
to a statin alone®. For the secondary prevention of
CVD, the DART study, a randomized controlled trial
performed in the United Kingdom, showed that
patients who recovered from myocardial infarction
and advised to eat fatty fish had a 29% reduction in
the 2-year all-cause mortality compared with those
who were advised to reduce their fat intake and
increase their cereal fiber intake?®. GISSI-Prevenzi-
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Fig.2. The effects of n-3 PUFAs on the progression of atherosclerosis in Apoe ™~ mice. En face Sudan IV
staining of the aorta. The high-dose EPA+DHA group, which received an additional dose of
DHA to the same dose of EPA as that in the EPA group, demonstrated a greater reduction in ath-
erogenesis compared with the EPA group. The low-dose EPA+DHA group, in which half the
amount of EPA in the EPA group was replaced with a similar amount of DHA, demonstrated

similar suppression of atherogenesis as that in the EPA group

one, a randomized controlled trial performed in Italy,
showed that an intake of n-3 PUFAs (1 g daily), but
not of vitamin E (300 mg daily), showed a significant
reduction in the total and cardiovascular mortality as
well as in the sudden cardiac death in patients with
post-myocardial infarction””. A meta-analysis of ran-
domized controlled trials of a lipid-lowering interven-
tion with placebo or a usual diet concerning mortality
showed that statins and n-3 PUFAs are the most
favorable lipid-lowering interventions with reduced
risks of the total and cardiovascular mortality®®. Thus,
these clinical trials indicated that n-3 PUFA intake
could decrease cardiovascular events.

Differential Effects of DHA and EPA

Clinical studies have shown the effects of fish oil
and n-3 PUFAs on cardiovascular events; however, the
differential effects of DHA and EPA have been less
well established. It has been reported that a low level
of DHA is associated with all-cause death, which was
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not observed in patients with a low level of EPA after
acute myocardial infarction?, and that higher plasma
DHA, but not EPA, is associated with the reduced
progression of coronary atherosclerosis in women with
coronary artery disease (CAD)?”. These results suggest
that DHA exerts a protective effect on CAD and indi-
cates the possibility that the administration of DHA
can reduce cardiovascular events.

We showed that the combination of EPA and
DHA has additional anti-inflammatory and anti-ath-
erosclerotic effects with Western-type diet-fed Apoe™~
mice (Fig.2)?. In this study, high-dose EPA+DHA
more effectively reduced atherogenesis than did EPA
alone, in which the amount of EPA in these two treat-
ments was similar. In addition, low-dose EPA + DHA,
in which half the amount of EPA in the EPA group
was replaced with a similar amount of DHA, reduced
atherogenesis to the same level as that in the EPA
group. The results indicated that DHA had additional
anti-atherosclerotic effects when combined with EPA.
DHA has a nature of better tissue distribution than
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EPA3Y. The bioavailability of DHA may explain the
preferable effects of DHA on anti-atherosclerogenesis.
Large clinical trials have shown the evidence of the
effects of EPA or fish oil on the decrease in cardiovas-
cular events; however, there has been no large clinical
trial to show the preferable effects of DHA on cardio-
vascular events. Thus, large, clinical cohort studies are
needed to clarify the differential effects of EPA and

DHA on preventing cardiovascular events.

Mechanisms by which n-3 PUFAs Prevent
CVD: Attenuating All Atherogenic Features

1) Endothelial Dysfunction

Endothelial dysfunction caused by a loss of endo-
thelium-derived nitric oxide initiates atherosclerotic
formation®”. The accumulation of lifestyle-related dis-
eases triggers endothelial damage at the sites of dis-
turbed laminar flow, such as branches, bifurcations,
and curvatures, which lead to the breakdown of endo-
thelial continuity”.

A meta-analysis of 16 randomized placebo-con-
trolled trials including 901 participants showed that n-3
PUFA intake increased the flow-mediated vasodilation,
which is a noninvasive measure of nitric oxide depen-
dent on endothelial function, by 2.30% (2=0.001) at
a dose of 0.45—4.5 g/day over a median 56 days com-
pared with placebo®”. Our observational study showed
that serum DHA levels, but not EPA levels, in patients
with CAD is associated with endothelial function when
evaluated by flow-mediated vasodilatation, suggesting
that a low serum DHA level is a risk factor for endo-
thelial dysfunction, leading to CVD?*¥. A double-blind
placebo-controlled trial showed that DHA, but not
EPA, enhances vasodilation in response to acetylcholine,
which induces endogenous nitric oxide release® 3.

It was reported that n-3 PUFAs enhance endo-
thelial nitric oxide synthase (eNOS) expression and acti-
vation, leading to vasodilation®”%¥. n-3 PUFAs induce
the translocation of eNOS from caveolin in the cell
membrane to the cytosol, leading to eNOS system
enhancement and activation, which may be a reason
for n-3 PUFA-induced vasodilation®”. Another study
showed that vascular endothelial dysfunction induced
by palmitic acid, which is a saturated fatty acid, is
attenuated by EPA treatment by the inhibition of long-
chain acyl-CoA synthase expression“”. Thus, endothe-
lial dysfunction may be ameliorated by n-3 PUFAs via
eNOS-dependent or eNOS-independent mechanisms.

2) Lipid Accumulation

Endothelial damage evokes the subendothelial
retention of cholesterol-containing plasma lipoproteins
in coronary arteries. LDL and triglyceride-rich lipo-

proteins (remnant cholesterol) enter the subendothe-
lial space via the damaged endothelial layer. LDL
receives oxidative modifications to oxidized LDL, and
small-dense LDL is more easily oxidized. Subse-
quently, oxidized LDL and triglyceride-rich lipopro-
teins could be taken up by macrophages for clearance,
leading to vascular inflammation*".

n-3 PUFAs reduce plasma triglycerides by approx-
imately 20% —30% but have minimal effects on total,
high-density lipoprotein, and LDL cholesterols*?. A
meta-analysis of 17 large population-based studies
showed that a high triglyceride level is an independent
risk factor for CVD*). However, compared with decr-
eases in LDL cholesterol, insufficient data are available
to document CVD benefits from decreases in plasma
triglyceride in randomized placebo-controlled trials*.

EPA reportedly reduces serum small-dense LDL
and remnant lipoprotein particles in metabolic syn-
drome®. The reduction of small-dense LDL by EPA
treatment is due to the suppression of triglyceride pro-
duction in the liver by EPA*). Thus, n-3 PUFA treat-
ment reduces the substrate of oxidative LDL or rem-
nant cholesterol taken up by macrophages.

3) Vascular Inflammation and Macrophage Recruit-
ment

Endothelial damage that occurs after lipid accu-
mulation increases the adhesion of leukocytes to the
endothelium by upregulating the expression of adhesion
molecules, such as intercellular adhesion molecule 1
(ICAM-1), vascular cell adhesion molecule-1 (VCAM-
1), E-selectin, or P-selectin, and enhances their leuko-
cyte permeability to sub-endothelium. Thus, adhesion
molecules are critical to the initiation of vascular
inflammation. The injured endothelium releases cyto-
kines and growth factors, such as monocyte chemoat-
tractant protein 1 (MCP-1) that act as chemotactic
factors attracting monocytes and T cells to the vessel
wall, resulting in vascular inflammation*®. Inflamma-
tory conditions recruit circulating monocytes and
develop them into macrophages in the sub-endothe-
lium.

Several randomized clinical trials have shown that
n-3 PUFAs decrease the expression of cell adhesion
molecules (e.g. VCAM-1, ICAM-1, and E-selectin) 47),
in vitro studies have shown that DHA, but not EPA,
decreased the expression of cell adhesion molecules and
monocyte adhesion to endothelial cells*®. n-3 PUFAs
attenuated the expression of adhesion molecules on
the surface of cultured human endothelial cells, mono-
cytes, and lymphocytes®®. The n-3 PUFA-induced
attenuation of the expression of adhesion molecules
was accompanied by a decreased binding of human
lymphocytes and monocytes to cytokine-stimulated
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endothelial cells*®. It has been shown that resolvins
and G protein-coupled receptor 120, which are metab-
olites of EPA and DHA, play crucial roles in the active
resolution of inflammation and are involved in the
mechanisms of n-3 PUFA-induced anti-inflammatory
effects. An ex vivo and animal study showed that n-3
PUFAs reduce the production of pro-inflammatory
cytokines, including tumor necrosis factor (TNF)-a,
interleukin (IL)-1, and IL-6, following the lipopoly-
saccharide (LPS) stimulation of monocytes/lympho-
cytes“® #. Clinical studies have shown that fish oil
supplementation may inhibit the production of cyto-
kines, including IL-18 and TNF-a°.

The molecular mechanism of the anti-inflamma-
tory effects of n-3 PUFAs has not been fully eluci-
dated. The plasma membrane comprises a lipid raft,
phospholipid bilayer with cholesterol microdomains,
sphingolipids, and lipid-anchored proteins, and plays
a crucial role in signal transduction as a signaling plat-
form. Cell membranes with n-3 PUFA-rich phospho-
lipids have an increased fluidity than those with n-6
PUFA-rich phospholipids.

Toll-like receptor (TLR) 4 is the receptor for LPS,
which plays a critical role in the inflammatory signal-
ing pathway, including the nuclear factor-kappa B
pathway. TLR4 stimulation induces the expression of
pro-inflammatory cytokines and chemokines in vari-
ous cell types, leading to the activation of NLR family
pyrin domain containing (NLRP) 3 inflaimmasome

1004

NS

IR R
OV BT

Inflammatory
Signal

acids TLR4R Ligand

N

effect of n-3 PUFAs. A: Unsaturated fatty acids-poor

when combined with the uptake or intracellular for-
mation of cholesterol crystals®5?. The most crucial
TLR ligands are thought to be modified forms of LDL
in atherosclerosis in addition to LPS. The initial step
in signal transduction by TLR4 is the dimerization of
two receptor chains induced by the binding of myeloid
differentiation factor (MD)-2 to the lipid A moiety of
LPS. Enhancing the dimerization of the cell mem-
brane fluidity of the two receptor chains is important.
We showed that n-3 PUFA treatment to the Western-
type diet-fed Apoe™” mice significantly decreased the
progression of atherosclerotic lesions and TLR4 expres-
sion in lipid rafts on macrophages®”. These results sug-
gested that n-3 PUFAs modify TLR4 localization by
attenuating TLR4 dimerization on the cell membrane,

resulting in inhibited TLR4 expression (Fig.3)?.

4) Plaque Development through the Proliferation
and Migration of SMCs

The resulting increase in chemotactic factors stim-
ulates the proliferation and migration of SMCs and
further accumulation of inflammatory cells, leading to
neointima formation’. These inflammatory cells and
SMCs are thought to migrate from the bloodstream
and proliferate within the lesion. Atherosclerosis is
thought to progress “inside-out” from the endothelium
to the adventitia. A recent study has elucidated that
atherosclerotic plaque growth is accompanied by a
network of microvessels, called the vasa vasorum, extend-
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ing from the adventitia into the base of the plaque.
The vasa vasorum supplies oxygen and nutrients to
the outer layers of the arterial wall®>%. It is believed
that inflammatory cytokines and chemotactic factors
stimulate SMC migration via the vasa vasorum. Thus,
the concept that the atherosclerotic process extends
not only inside-out but also “outside-in” is widely
believed. SMC migration contributes to plaque build-
up.

It has been shown that n-3 PUFAs block SMC
proliferation and migration®”. We demonstrated that
EPA treatment reduced SMC proliferation and ath-
erosclerotic lesion development in Apoe™™ mice fed a
Western-type diet’®. An abundant development of the
vasa vasorum around the coronary artery of a hyper-
cholesterolemic pig showed an enhanced expression of
the vascular endothelial growth factor (VEGF). Statins
reportedly attenuate the neovascularization of the vasa
vasorum via VEGF inhibition®” ®’. EPA attenuates
the tube formation of endothelial cells via its inhibi-
tory effect on cellular proliferationw. Thus, n-3 PUFAs
could inhibit the neovascularization of the vasa vaso-
rum and reduce the migration of SMCs and inflam-
matory cells, leading to the suppression of plaque
development®".

5) Plaque Vulnerability Leading to Plaque Rupture

Ultimately, inflammatory mediators can inhibit
collagen synthesis and evoke collagenase expression by
foam cells within the intimal lesion. Macrophages inter-
nalize cholesterol through their scavenger receptors
and produce inflammatory cytokines and collagenases,
including matrix metalloproteinases (MMPs)®?. MMPs
cause thinning of the fibrous cap and render it weak
and susceptible to rupture at the plaque shoulder,
leading to plaque rupture. The subendothelial tissue
factor is then uncovered, and the tissue factor induced
by the inflammatory signaling triggers thrombus for-
mation, resulting in ACS®.

Nozue et al. have shown that decrease in serum
n-3 to n-6 polyunsaturated fatty acid ratio is associ-
ated with the progression of coronary atherosclerosis,
which was evaluated using virtual histology intravas-
cular ultrasound in statin-treated patients with CAD %Y.
We showed that EPA treatment in addition to statin
treatment reduced lipid volume in coronary plaques,
which was evaluated by integrated backscatter intra-
vascular ultrasound, and decreased inflammatory cyto-
kines including pentraxin 3 and MCP-1.

A histological study showed that carotid athero-
sclerotic plaques from patients treated with fish oil
were less heavily infiltrated with macrophages than in
those in the placebo group. Moreover, plaques from
patients treated with fish oil were more likely to be

fibrous-cap atheromas and display fewer signs of inflam-
mation than those treated with placebo, indicating
that fish oil increases plaque stability®®.

Decreased EPA/AA ratios were identified in young
Japanese subjects®”. Decreased EPA/AA and DHA/
AA ratios are known risk factors for early-onset ACS,
suggesting that reduced EPA/AA and DHA/AA ratios
may represent targets for preventing ACS in young
Japanese people®. There is a high prevalence of coro-
nary atherosclerosis in asymptomatic young people,
suggesting that n-3 PUFA intake from a young age
might be needed to prevent future ACS®7%.

Taken together, n-3 PUFAs attenuate all the above

features of atherogenesis similar to statins (Fig. 4).

Other Preferable Effects of n-3 PUFAs
for Preventing CVD

1) n-3 PUFAs Prevent Cardiac Remodeling and
Heart Failure

CVD events eventually lead to heart failure. The
OMEGA-REMODEL randomized clinical trial has
shown that high-dose n-3 PUFA treatment in patients
with acute myocardial infarction was associated with
reduced adverse left ventricular remodeling, non-infarct
myocardial fibrosis, evaluated by cardiac magnetic res-
onance and serum biomarkers of systemic inflamma-
tion beyond the current guideline-based standard of
care’V. GISSI HF investigated whether n-3 PUFA
could improve morbidity and mortality rates in a large
population of patients with symptomatic heart failure
of any cause’”. The findings of this study indicated
that n-3 PUFAs have preferable effects on cardiac
remodeling and heart failure.

2) n-3 PUFAs Attenuates Ventricular Arrhythmia
The onset of CVD and/or heart failure induces
fatal ventricular arrhythmia’. Epidemiological stud-
ies have shown that n-3 PUFA intake reduced sudden
cardiac death and ventricular arrhythmias and showed
an inverse relationship between n-3 PUFA concentra-
tion and the prevalence of sudden cardiac death™.
n-3 PUFAs may have profound effects on the traffick-
ing of ion channels through subcellular compartments
and within lipid rafts. In addition, n-3 PUFAs can
inhibit the Na™ current and several different K* cur-
rents in a dose-dependent manner and can modulate or
attenuate Ca* influx into cardiomyocytes and sodium—
calcium exchanger system. These mechanisms may
contribute to the anti-arrthythmic effects of n-3 PUFAs
that lead to the prevention of sudden cardiac death.
We reported that low serum EPA and DHA lev-
els are risk factors for cardiogenic syncope in patients

with Brugada syndrome”. Although the etiology of
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Fig.4. n-3 PUFAs attenuate all components of atherosclerosis.

Brugada syndrome is multifactorial and involves
genetic, environmental, and hormonal components,
n-3 PUFAs can modulate cardiac ion channels, result-
ing in the prevention of ventricular arrhythmia.

3) n-3 PUFAs Improve Cognitive Function

Cognitive function or a depressed mood are known
risk factors for cardiovascular events”® 77, n-3 PUFAs
play important roles in cardiovascular protection and
neuroprotection. We showed that serum EPA level is
associated with cognitive function in patients with
CAD, independent of cardiac function”®. A double-
blind, randomized controlled trial has demonstrated
that n-3 PUFA supplementation is associated with
improved cognitive function compared with control
group with placebo in patients with mild cognitive
impairment’”. In addition, several studies have reported
that the negligible effect of n-3 PUFAs in patients with
Alzheimer’s disease may be through an increasing clear-
ance of amyloid-f peptide, neurotrophic and neuro-
protective factors, and anti-inflammatory effects®”.
Thus, a reduced level of n-3 PUFA is a risk factor for
cognitive dysfunction, and n-3 PUFAs intake could
improve cognitive function, decreasing the risk of car-
diovascular events”® 8V

4) n-3 PUFAs Improve Exercise Capacity

Reduced exercise capacity is also a known risk
factor for cardiovascular events®”. n-3 PUFAs could
improve exercise capacity in patients with CVD® 8%,

1006

Although the mechanisms by which n-3 PUFAs improve
exercise capacity has not been fully elucidated, it is
known that the incorporation of n-3 PUFAs into
myocardial and skeletal muscle membranes leads to
the modification of skeletal muscle function and incr-
eases insulin sensitivity and that of n-3 PUFAs into
erythrocytes leads to the modification of erythrocyte
rheology, which might be involved in n-3 PUFA-

induced increases in exercise capacity®®.

Who Should Take n-3 PUFAs ?
Patients with CVD and Heart Failure

The effects of n-3 PUFAs on CVD prevention
seems modest compared with those of statins, and the
best candidates to receive the benefits of n-3 PUFAs
on CVD prevention are yet to be identified. A recent
recommendation from the American Heart Associa-
tion suggests that n-3 PUFA supplementation in pati-
ents with CVD for secondary prevention and those
with heart failure is reasonable from randomized con-
trol trials®. However, further large-scale clinical trials
are needed to identify the best candidates for n-3
PUFA supplementation to prevent CVD because of a
lack of evidence.

Conclusions

A growing body of evidence suggests that n-3
PUFAs have beneficial effects for preventing CVD in
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this era of statins. n-3 PUFAs suppress atherosclerosis
via pleiotropic effects in addition to modifying lipid
profiles. Thus, n-3 PUFA intake is recommended to
prevent CVD, particularly in patients with multiple
cardiovascular risk factors.
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