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Introduction
Numerous studies report salutary effects of ω-3 

polyunsaturated fatty acids (ω-PUFAs), i.e. eicosapentaenoic 
(EPA) and docosahexaenoic acid (DHA) on cardiovascular 
diseases (CVD) risk factors. These effects include lowering of 
serum triglyceride (TG) by reducing of hepatic TG production; 
lowering of blood pressure (BP) by improving of endothelial 
cell functution; decreasing of platelet aggregation by reducing 
of prothrombotic prostanoids; decreasing inflammation via 
reduction in 4-series leukotrienes (LT) production; protection 
from arrhythmias by modulation of electrophysiological 
properties of cardiac myocytes. Systematic meta analysis 
suggests that high doses of ω-3 PUFAs (~3g/day) produce a 
small, but significant decrease in systolic blood pressure (SBP) 
in older and hypertensive subjects [1,2]. The aim of this study 
was to review the latest evidence about the ω-PUFAs, metabolic 
syndrome (MetS) and type 2 diabetes mellitus (T2DM).

Discussion
Ω-3 and ω-6 PUFAs are essential fatty acids, as they cannot 

be synthesized de novo in humans. There are limited data 
available regarding the exact amount of dietary ω-3 PUFAs 
consumed by the general population. It is reported that the total 
daily intake of dietary ω-3 PUFAs in the US is approximately 
1.6g. Of this α-linolenic acid (α-LLA) accounts for approximately 
1.4g/q.d, and only 0.1–0.2g/q.d. comes from EPA and DHA. 
The conversion rate from α-LLA to EPA and DHA is variable 
(0.2-15%). Therefore, in general, the total amount of EPA and 
DHA available to the body from current dietary patterns is well 
below the recommended amounts. EPA and DHA didn’t show a 
significant negative effect on glucose metabolism [3].

Several experimental studies have shown that long-chain 
ω-PUFAs inhibit the absorption of cholesterol in the intestine 
and its synthesis in the liver, lead to increased clearance of 

Curr Res Diabetes Obes J 5(4): CRDOJ.MS.ID.555670 (2018) 001

Abstract

Omega-3 polyunsaturated fatty acids (ω-3 PUFAs) are increasingly being used to prevent cardiovascular diseases (CVD), and cardiac societies 
recommend the intake of 1g/day of the two ω-3 PUFAs eicosapentaenoic and docosahexaenoic acid for primary and secondary prevention of 
CVD. Clinical trials clearly suggest beneficial effects of ω-PUFAs consumption on lipid metabolism profile, their anti-inflammatory actions; on 
endothelial activation, which are likely to improve vascular function; antithrombotic and antiatherosclerotic properties. Experimental studies 
demonstrate direct antiarrhythmic effects, which have been challenging to document in humans. By targeting arterial stiffness and endothelial 
dysfunction administration of ω-3 PUFAs may prevent atherosclerosis and CVD development. A synergistic interplay showed by ω-3 PUFAs 
prescription suggest the potential to beneficially impact on fundamental steps involved in the development of preclinical atherosclerosis. We 
reviewed available evidence of the benefits of ω-PUFAs administration, especially to patients with CVD, metabolic syndrome and type 2 diabetes 
mellitus, including their effects on potential molecular pathways, effects on glucose and lipids metabolism parameters, thrombocyte aggregation 
parameters and haemostasis, endothelial function, antioxidant/anti-inflammation and antiarrhythmic properties.

Keywords: Omega-3 polyunsaturated fatty acids; Coronary heart disease, atherosclerosis; Diabetes mellitus; Glucose, lipids; Inflammation; 
Platelets; Haemostasis; Endothelium; Heart rate variability; Arrhythmias; Arterial stiffness

Abbreviations: ω-3 and ω-6 PUFAs: Ω-3 and ω-6 Polyunsaturated Fatty Acids; MetS: Metabolic Syndrome; T2DM: Type 2 Diabetes Mellitus; CVD: 
Cardiovascular Diseases; DLP: Dyslipoproteinemia; OS: Oxidative Stress

http://dx.doi.org/10.19080/CRDOJ.2018.05.555670
https://juniperpublishers.com/
https://juniperpublishers.com/crdoj/


How to cite this article: Victoria S, Ludmila S, Alexandr S. Omega-3 Polyunsaturated Fatty Acids, Metabolic Syndrome and Diabetes Mellitus. Curre Res 
Diabetes & Obes J. 2018; 5(4): 555670. DOI: 10.19080/CRDOJ.2018.05.555670.002

Current Research in Diabetes & Obesity Journal

lipoproteins in the blood, prevent the development of insulin 
resistance (IR) in experimental diabetes, increase the level of 
glucose transporter 4 in skeletal muscles, have a positive effect 
on age related decrease of blood flow in the brain and improve 
glucose utilization under stress; there isn’t any influence on the 
development of hypertension (HT) and MetS. Ω-3 PUFAs decrease 
level of BP, dose-dependent prevent the development of T2DM, IR, 
contribute to positive changes of blood coagulation parameters; 
enhance endothelial cell migration and inhibits the proliferation 
of smooth muscle cells [4]. A meta-analysis of 18 studies found 
a significant effect of fish oil to lower TG concentrations and 
increase high-density lipoprotein cholesterol (HDL-C) in the 
blood; while there were no statistically significant changes in 
preprandial glucose, glycated hemoglobin A1c, total cholesterol, 
low density-lipoprotein cholesterol levels. Ω-3 PUFAs may affect 
the IR and glucose homeostasis by inhibition of IR in the muscle 
tissue >adipose tissue >>liver, inhibition of insulin secretion, 
which defer the development of T2DM; and on the state of lipid 
metabolism (in particular, reduce the concentration of TG, very 
low density-lipoprotein cholesterol (VLDL-C), increase of HDL-C, 
improve lipid profile by mixed hyperlipidaemia (HLP), slightly 
decrease BP, improve endothelial function, have an positive 
impact on the antioxidant status and inflammatory reactions [5].  
Ω-3 PUFAs decrease VLDL assembly and secretion, resulting in 
diminished TG production, through a decreased sterol receptor 
element binding protein-1c activity [6,5].

The highly concentrated pharmaceutical preparation 
Omacor™ (Pronova Biocare, Lysaker, Norway), known as 
Lovaza™ (Glaxo Smith Kline, St Petersberg, FL, US) in North 
America is approved by the FDA as an adjunct to diet to reduce 
very high TG levels (≥500 mg•dL-1) in adults. Each 1-g capsule 
of ω-3-acid ethyl esters contains ethyl esters of EPA (0.465 g) 
and DHA (0.375g). Patients take a q.d. dose of 4-g or two 2-g 
doses (two capsules b.i.d.) [7]. Clinical trials have shown that 
administration of 4 g•day-1 of Lovaza™ results in a decrease in TG 
levels of 30-50%; does not affect the efficacy of statins [8,5]. In 
patients with combined HLP, co-administration of Lovaza™ with 
statins was a safe and effective means of lowering serum TG, 
despite the persistent high TG levels when the patients received 
statins alone [9,5].

The anti-inflammatory actions of marine ω-3 PUFAs are 
[10]: reduced leucocyte chemotaxis (via decreased production 
of some chemoattractants (e.g. leukotriene B4 down-regulated 
expression of receptors for chemoatttactants); reduced adhesion 
molecule expression and decreased leucocyte-endothelium 
interaction (via down-regulated expression of adhesion molecule 
genes [via the nuclear factor kappa B (NF-kB) (i.e. peroxisome 
proliferator-activated receptor-ɣ (PPAR-ɣ) etc.); decreased 
production of eicosanoids from arachidonic acid (AA) (via 
lowered membrane content of AA; inhibition of AA metabolism); 
decreased production of AA containing endocannabinoids (via 
lowered membrane content of AA); increased production of 
‘weak’ eicosanoids from EPA (via increased membrane content 

of EPA); increased production of anti-inflammatory EPA and 
DHA containing endocannabinoids (via increased membrane 
content of EPA and DHA); increased production of pro-resolution 
resolvins and protectins (via increased membrane content of 
EPA and DHA); decreased production of inflammatory cytokines 
(via down-regulated expression of inflammatory cytokine genes 
(via NF-kB, i.e. PPAR-ɣ etc.); decreased T cell reactivity (via 
disruption of membrane rafts (via increased content of EPA and 
DHA in specific membrane regions).

Ω-3 PUFAs may decrease the risk of atherothrombosis 
by affecting platelet aggregation and haemostasis. The 
antithrombotic properties of EPA and DHA have been attributed 
to the incorporation into platelet phospholipids at the expense 
of the ω-6 PUFAs, such as AA. An important set of pathways 
clearly influenced by changes in the ω-3/ω-6 ratio are those 
for synthesis of eicosanoids. These include the cyclooxygenase 
(COX), lipoxygenase and cytochrome P450 epoxygenase 
pathways, for which EPA and DHA compete with AA as a substrate, 
inhibiting the production of the proaggregatory thromboxane 
A2 (TXA2) originating from AA. Indeed, the production of TXA2 
from platelets stimulated by a variety of agonists decreased by 
between 60% and 80% after fatty acid supplementation both 
in vitro and in vivo [11,5]. The mechanism by which ω-3 PUFAs 
influence endothelial function is mediated by their incorporation 
into biological membrane phospholipids; this allows modulation 
of membrane composition and fluidity. The reason lies in the fact 
that endothelial cell membrane houses caveolae and lipid rafts 
where several receptors and signaling molecules crucial for cell 
function are concentrated [12]. Caveolae-associated receptor-
mediated cellular signal transduction includes important 
pathways such as the, the nitric oxide (NO)/cyclic guanosine 
monophosphate signaling pathway, the nicotinamide adenine 
dinucleotide phosphate oxidase and tumor necrosis factor-α/
NF-kB induced COX-2 and prostaglandin E2 activation pathway. 
By modulating the composition of caveolae, as described for 
other classes of lipids ω-3 PUFAs may exert their beneficial 
effects, which include increased NO production and reduced 
production of proinflammatory mediators [13,12]. In addition to 
increasing NO production, ω-3 PUFAs decrease oxidative stress.

The incorporation of ω-3 PUFAs in synaptic membranes could 
potentially influence the autonomic control of the heart. Both 
nervous tissue and heart tissue have a high content of ω-3 PUFAs 
(especially DHA) and this may be consistent with the finding 
that this marine ω-3 PUFAs may modulate cardiac autonomic 
function as assessed by heart rate variability (HRV) [14]. Thus, 
ω-3 PUFAs may modulate HRV both at the level of the autonomic 
nervous system and the heart. Most of the data support that 
ω-3 PUFAs beneficially modulates cardiac autonomic control 
thereby possibly reducing the risk of arrhythmias. Accumulating 
evidence from in vivo and in vitro experiments has demonstrated 
that ω-3 PUFAs exert antiarrhythmic effects through modulation 
of myocyte electrophysiology. Ω-3 PUFAs reduce the activity of 
membrane Na+ channels in cardiomyocytes, thus increasing the 
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threshold for membrane potential depolarization. EPA and DHA 
also modulate the activity of L-type Ca2+ channels, leading to a 
reduction in free cytosolic Ca2+ ion, which stabilizes myocyte 
electrical excitability to prevent fatal arrhythmia. EPA blocks the 
Na+/Ca2+ channel; however, a single amino-acid point mutation 
in this channel attenuated the inhibitory effect of EPA. These 
findings suggested that the cardioprotective effect of ω-3 PUFAs 
is mediated by direct interaction with membrane ion channels 
[15]. 

Ω-3 PUFAs intake has shown to reduce BP especially in 
HT by interacting with several mechanisms of BP regulation: 
reduction of stroke volume and heart rate; improvement of 
left ventricular (LV) diastolic filling; reduction of peripheral 
vascular resistances; improvement of endothelial-dependent 
and endothelial-independent vasodilation (stimulation of NO 
production; reduction of the asymmetric di-methyl-arginine; 
reduction of endothelin-1; relaxation of vascular smooth muscle 
cells; metabolic effects on perivascular adipocytes; endothelial 
regeneration. Mechanisms of HT-related organ damage 
protection: anti-inflammatory, antioxidant, and antithrombotic 
effects; reduction of arterial stiffness; experimental effects 
on LV hypertrophy and abnormal gene expression; effects on 
atherosclerotic plaque progression and stability [7]. Ω-3 PUFAs 
offer a scientifically supported means of reducing arterial 
stiffness and this may account for some of the purported 
cardioprotective effects of ω-3 PUFAs [16,17].

Conclusion
The antiarrhythmic effects of ω-3 PUFAs, which occur by 

blocking various ion channels, are encouraging. So, cardiovascular 
benefits of ω-3 PUFAs [7,18] are: antidysrhythmic effects 
(reduced sudden death; possible prevention of atrial fibrillation; 
possible protection against pathologic ventricular arrhythmias; 
improvement in HRV; antiatherogenic effects (reduction in non-
HDL-C levels; reduction in TG and VLDL-C levels; reduction in 
chylomicrons; reduction in VLDL and chylomicron remnants; 
increase in HDL-C levels; plaque stabilization; antithrombotic 
effects (decreased platelet aggregation; improved blood 
rheologic flow); anti-inflammatory and endothelial protective 
effects (reduced endothelial adhesion molecules and decreased 
leukocyte adhesion receptor expression; reduction in 
proinflammatory eicosanoids and LT’s; vasodilation); decreased 
SBP and diastolic BP. Thus, further research to understand the 
mechanism of action and confirm the beneficially effect of ω-3 
PUFAs on BP profile, artery stiffness and HRV parameters in 
patiens with MetS, T2DM is needed.
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