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Therapeutic implications of marine omega-3 highly unsaturated fatty acids (HUFA) in cardiovascular disease are
still discussed controversially. Several clinical trials report divergent findings and thus leave ambiguity on the
meaning of oral omega-3 therapy. Potential prognostic indications of HUFA treatment have been predominantly
studied in coronary artery disease, sudden cardiac death, ventricular arrhythmias, atrial fibrillation and heart fail-
ure of various origin. It is suspected that increased ventricular wall stress is crucially involved in the prognosis of
heart failure. Increasedwall stress and anunfavorablemyocardial remodeling is associatedwith an increased risk
of arrhythmias by stretch-activated membrane ion channels. Integration of HUFA into the microenvironment of
cardiomyocyte ion channels lead to allosteric changes and increase the electrical stability. Increased ventricular
wall stress appears to be involved in the local myocardial as well as in the hepatic fatty acid metabolism, i.e. a
cardio-hepatic syndrome. Influences of an altered endogenous HUFA metabolism and an inverse shift of the
fatty acid profile was underrated in the past. A better understanding of these interacting endogenous mecha-
nisms appears to be required for interpreting thefindings of recent experimental and clinical studies. The present
article critically reviews major studies on basic pathophysiological mechanisms and treatment effects in clinical
trials.

© 2016 Elsevier Inc. All rights reserved.
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1. Introduction

Early optimistic expectations on beneficial effects of marine omega-
3 fatty acid therapy in cardiac disease gradually declined during the last
years. Due to ambiguous findings of several studies, recommendations
regarding the therapeutic use of oral omega-3 therapy in heart disease
are very reluctant. Nevertheless, there is a variety of promising data
from basic research on omega-3 fatty acid actions. Potential inconsis-
tencies and limitations of clinical trials need to be addressed before
interpreting their findings. The present article will focus on basic mech-
anisms and clinical data as derived from contemporary large clinical
trials.

1.1. A brief biochemical overview

Since in 1956 Sinclair described a relationship between a high fat
diet rich in marine omega-3 fatty acids of a Greenland Eskimo popula-
tion and low incidence of coronary artery disease, there is an increasing
interest in polyunsaturated fatty acids (PUFA) [1–3]. Consecutively, nu-
merous studies on basic research revealed manifold mechanisms and
molecular actions of these long chain carbons with their characteristic
double bonds. In mammals, there are only unbranched fatty acids
with an even number of carbons. The medical nomenclature is not syn-
onymous with the chemical name. Therefore, the position of the first
double bond, counted from the “omega”-called methyl end, is crucial
for classification and constitute for the popular name of omega-3
(n−3) fatty acids (Fig. 1).

The endogenousmetabolisms comprisemitochondrial and cytoplas-
mic elongases (Elovl) catalyzing the carbon chain extension and endo-
plasmic desaturases inserting double bonds in cis configuration. Since
mammals cannot insert double bonds beyond the ninth carbon, Linoleic
acid (18:2n−6) and α-Linolenic acid (18:3n−3) are essential for
humans and thus have to be incorporated by the diet. In the presence
of required precursors, e.g. after consuming a fatty fish meal, omega-6
and omega-3 polyunsaturated fatty acids (PUFA) undergo a metaboliz-
ing pathway as shown in Fig. 2. Because of their outstanding physiolog-
ical role, in the following text the PUFA beyond arachidonic acid
(20:4n−6, AA) and eicosapentaenoic acid (20:5n−3, EPA) are referred
as highly unsaturated fatty acids (HUFA) [4].

The metabolism of elongation and desaturation (Fig. 2) is
well described [5–7]. However, the last step of the synthesis of
docosahexaenoic acid (22:6n−3, DHA) (Fig. 1) and docosapentaenoic
acid (22:5n−6) remains challenging. In the endoplasmic reticulum,
the direct precursors 24:6n−3 and 24:5n−6 are known to be pro-
duced and transported via carnitine octanoyltransferase, a familymem-
ber of carnitine acetyltransferases, into the peroxisomes for removal of
two carbon atoms [8]. Ambiguity exists on the role of the beta-
oxidation as source of energy provider on the one hand and a key-step
of 22:6n−3metabolism on the other [9]. Therefore it remains challeng-
ing how synthesis and degradation of DHA in the same cell compart-
ment is regulated.

Besides the endogenous metabolism, which basically takes place in
the liver as central metabolic organ, the distribution and incorporation
of HUFA in the human organism is of interest. In focus of HUFA action
is the brain (neurological disorders), the adipose tissue and themyocar-
dium. It has been suggested to assess the red blood cell content as
surrogate marker of cardiac omega-3 fatty acids [10]. Harris and von
Schacky described the EPA and DHA concentration as percentage of

total fatty acids using the term “omega-3 index” [11]. A bundle of die-
tary studies with supplementation of EPA and DHA shows that predom-
inantly DHA (more than other HUFA) is incorporated in myocardial
phospholipids [12]. Accordingly, the question of a potential selective
uptakemechanismarose, and endogenousmetabolism and clinical con-
sequences were envisaged as target of further studies. [9]. There is an
emerging evidence that adipose tissue, the substrate of obesity and
succeeding comorbidities including themetabolic syndrome, is mediat-
ing beneficial effects of n−3 HUFA [13]. Among others, it was shown
that EPA and DHA influence the adipose tissue metabolism including
adipocyte glucose utilization and insulin sensitivity. In particular,
adipokines, which are crucially involved in glucose and lipid metabo-
lism,were shown to interactwithHUFA. In experimental obese animals,
we recently demonstrated a decreased EPA and DHA concentration in
adipose tissue, which was paralleled by an increase of n−6/n−3
ratio of total fatty acids [9]. A review of current literature is provided
by Martínez-Fernández et al. [13].

2. Basic mechanisms and clinical implications

2.1. Antiarrhythmic actions

Several beneficial antiarrhythmic effects of omega-3 highly unsatu-
rated fatty acids have been shown in animal studies on monkeys and
rats after induction of ventricular fibrillation, which is in contrast to
less or no effects of omega-6 HUFA [14–16]. Numerous studies explored
electrophysiologicalmechanisms of omega-3 fatty acids, predominantly
focused on DHA. A detailed overview provides the review byMcLennan
[17].

HUFA are commonly bonded into the inner position (sn−2) of phos-
pholipids. However, the esterified storage state appears not to protect
cardiomyocytes fromarrhythmias [18]. Triggered by an increased sympa-
thetic activity, e.g. due to myocardial ischemia, HUFA were released by
phospholipase A2 [19] and incorporated into the cell membrane with in-
fluences on their fluidity [20]. Ion channels undergo allosteric changes
when HUFA are integrated into their microenvironment. Leaf and Xiao
et al. described an increasing electrical stability of the cardiomyocyte,
which predominantly results from fast voltage dependent sodium chan-
nels and inhibition of L-type calcium channels [21–24].

In an interesting experimental study, Beig et al. described an im-
proved electrical stability of the myocardium following physical exer-
cise training as indicated by higher doses of the pro-arrhythmic drug
aconitin required to induce ventricular arrhythmias in running rats
[25]. The authors particularly discussed vagal and sympathetic influ-
ences. Also, an enhanced electrical stability by modulated ion channels
due to increased HUFA could provide a further explanation. Recently,
we found a 24.6% increase of DHA in LV myocardium of voluntary
wheel running rats, most probably due to an increased energy produc-
tion of the myocardium associated with an enhanced beta-oxidation
required for the running exercise [9].

Another aspect of antiarrhythmic actions is an impaired autonomic
tone, in particular a decreased heart rate variability, which is associated
with an increased risk of arrhythmias in patients with congestive heart
failure [26] and increased cardiac mortality after myocardial infarction
(MI) [27]. Depression of heart rate variability was shown to be associat-
ed with increased ventricular wall stress [28,29]. Supplementation of
n−3 HUFA potentially exhibits favorable prognostic effects by an in-
crease of the heart rate variability [30–32]. For further information on

Fig. 1. Constitutional formula of docosahexaenoic acid (DHA, 22:6n−3). The number of carbons from the methyl end to the first double bond (omega-3, n−3) is eponymous.
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