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ABSTRACT

Introduction and objective

Omega-3 fatty acids possess numerous physiological characteristics, including anti-

inflammatory, lipid-lowering, antiarrhythmic, and antithrombotic effects. There has been an

ongoing discussion about their potential positive effects on human health and the extent of

their influence. In this review, we will explore the current understanding of how omega-3

fatty acids impact the development of cardiovascular diseases.

Review methods

A review of publications on the effects of omega 3 fatty acids was conducted using the

PubMed platform. The main keywords used in the search were "omega 3 fatty acids" and

"cardiovascular diseases". The search included a review of the latest scientific work on the

effects of omega 3 fatty acids on the body.

Abbreviated description of the state of knowledge

Omega-3 fatty acids exhibit diverse molecular mechanisms that are beneficial in combating

cardiovascular diseases. Reducing serum triglycerides is one of the ways in which omega 3
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fatty acids have an advantageous effect on the cardiovascular system. Dietary sources and

supplementation offer potential benefits.

Summary

Omega-3 fatty acids, including EPA and DHA, exhibit various molecular mechanisms such as

antithrombotic, anti-inflammatory, and lipid-lowering effects, which are crucial in combating

CVDs. Dietary sources of omega-3 include both animal and plant products. Supplementing

with omega-3 fatty acids, particularly in patients with elevated triglyceride levels, can

significantly reduce CVD risk factors and mortality rates. Recommendations suggest

consuming 2 servings of fish per week or supplementing with DHA + EPA to support

cardiovascular health. Despite some controversies in research findings, omega-3

supplementation remains beneficial. Ongoing research continues to explore the optimal use

and efficacy of omega-3 fatty acids in cardiovascular health.

Key words: Omega 3 fatty acids, Cardiovascular diseases, Triglycerides.

Introduction

Cardiovascular diseases is a term including extensive disorders affecting the heart and blood

vessels. Many diseases are covered under this term such as coronary heart diseases, stroke and

transient ischaemic attack, peripheral arterial disease or aortic diseases [1]. According to the

World Health Organization- about 17.9 million people died from CVDs in 2019, which is

32% of all global deaths. The majority, like 85%, were due to heart attack and stroke [2].

Numerous factors play a role in the onset of cardiovascular diseases, such as hypertension,

elevated cholesterol, smoking, diabetes, obesity, lack of physical activity, poor dietary habits,

excessive alcohol consumption, and a family history of cardiovascular conditions. Making

lifestyle changes is essential for preventing cardiovascular diseases. While omega-3 fatty

acids show promise in preventing and managing cardiovascular diseases, it's important to note

that they should be used as part of a comprehensive approach to heart health, which includes a
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balanced diet, regular exercise, maintaining a healthy weight, not smoking, and managing

other risk factors such as high blood pressure and diabetes. [3].

Omega-3 FA molecular mechanism

Omega-3 ( n-3) fatty acids are a family of polyunsaturated fatty acids (PUFAs) characterized

by a double bond at the third carbon atom from the methyl end of the acyl chain. These

include, among others: eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA) and α-

linolenic acid (ALA) [4]. The simplest n-3 fatty acid is α-linolenic acid (ALA; 18:3n-3),

which is synthesized from the n-6 fatty acid linoleic acid (LA; 18:2n-6) by the enzyme delta-

15 desaturase. While plants possess this enzyme, animals, including humans, do not. That

means that ALA is an exogenous fatty acid and needs to be obtained through diet. EPA and

DHA are formed from ALA through desaturation as like addition of a double bond between

two carbon atoms and elongation, that is, addition of two carbon atoms. The conversion of

ALA to EPA, DPA, and DHA in humans is generally inefficient, with particularly low levels

of DHA being produced. EPA, DPA, and DHA are found in significant amounts in fish, and

these fatty acids are collectively referred to as marine n-3 PUFAs [5].

Omega-3 fatty acids have a number of properties. The antithrombotic effect is a result of

inhibition of the synthesis of thromboxane A2, which is a prostaglandin produced by activated

platelets that causes platelet activation and aggregation [6]. The anti-inflammatory effect is

caused by various mechanisms such as inhibition of chemotaxis that is the movement of the

leukocytes towards the place of inflammation, adhesion molecule expression and

leucocyte‐endothelial adhesive interactions, production of eicosanoids [7]. One of the main

mechanisms of anti-inflammatory action is the influence on the metabolism of arachidonic

acid. An uncontrolled inflammatory reaction underlies the development of atherosclerosis,

which plays a role in the pathogenesis of cardiovascular diseases[8]. The lipid-lowering effect

is commonly used in treatment of hypertriglyceridemia[9]. It is known that a high

concentration of triglycerides is a risk factor of cardiovascular diseases [10]. It seems that the

mechanism is based on inhibiting triglycerides resynthesis in the intestinal wall and liver and

increasing their degradation in the process of β-oxidation in mitochondria [6,11]. Omega-3

fatty acids are inhibiting the diacylglycerol acetyltransferase in the liver, which is an enzyme

that catalyzes the formation of triglycerides from diacylglycerol and acyl-CoA [18]. The

recently published EpanoVa for Lowering Very High triglyceridEs II (EVOLVE II) study
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confirmed that omega-3 fatty acids are reducing serum TG concentration [12]. Fish oil has a

significant effect on lowering blood pressure, most likely by reducing vascular resistance, but

it does not reduce cardiac output. The increased production of nitric oxide from omega-3

PUFA intake may boost the expression of endothelial nitric oxide synthase. Various

randomized studies have found that omega-3 PUFAs enhance serum markers of endothelial

dysfunction, such as E-selectin, VCAM-1, and ICAM-1[32]. Moreover, omega-3 PUFA

stabilizes the fluidity of the cell membrane. They become incorporated into cell membranes,

where they impact processes like the arachidonic acid cascade, which controls inflammation.

Additionally, they help stabilize cell membrane fluidity and can influence the activity of

receptors and ion channels. Fish oil, abundant in omega-3 PUFA, exhibits antiarrhythmic

properties, potentially preventing sudden death from heart rhythm abnormalities, especially

following a heart attack. This protective effect is thought to stem from omega-3 PUFA,

particularly docosahexaenoic acid (DHA), inhibiting sodium channels in heart cells [33].

Dietary findings and supplementation

Sources of fatty acids may be products of animal and vegetable origin. Fats in the diet should

be supplied primarily from products rich in monounsaturated fatty acids, including PUFA,

both from the omega-6 and omega-3 groups[13]. In Western countries, the ratio of omega-6 to

omega-3 is, according to various sources, from 10:1 to 25:1 and is unfavorable for health.

According to some scientists, the optimal ratio is 4:1 or even 2:1, which is practically

unattainable because the diet nowadays is often low in fish and rich in sunflower and rapeseed

oil, which are products rich in omega-6 [22,23]. There is insufficient data to indicate the

optimal ratio of omega-3 fatty acids to omega-6 fatty acids in the diet. An elevated ratio of

omega-6 to omega-3 is linked to a higher risk of chronic diseases such as cardiovascular

diseases, cancer, and inflammatory and autoimmune disorders. Adjusting this ratio by

boosting omega-3 consumption and lowering omega-6 intake can help reduce these risks and

enhance overall health [19].

ALA is found in various plant products (Table 1). Linseed and the oil obtained from it have a

very high alpha-linolenic acid content which is the precursor of DHA and EPA[20]. It consists

of over 50% ALA and is widely considered to be one of the products rich in this ingredient. It

is not recommended to supply the human body only with plant sources of omega-3 FA,

because only a portion of ALA is converted to EPA and DHA [14,15]. Animal products

contain EPA and DHA in the form of fish oil. The foods richest in these compounds are fish,
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especially salmon, herring, mackerel, anchovies, and sardine[16]. Fish themselves do not

produce omega-3 fatty acids. The content of this compound in their body comes from the food

they eat, i.e. plankton and algae. They are produced in chloroplasts, so their content in meat

depends on the individual's diet [17].

Bioavailability is a concept that determines the amount of a substance absorbed and may

determine the time in which the substance is absorbed. This is a process that depends on many

factors, so the final value of the absorbed product may vary and should be taken into account

during supplementation. It has been proven that omega 3 in the form of free fatty acid is more

absorbable than that of ethyl esters. This is due to the fact that the absorption of omega 3 ethyl

esters is dependent on pancreatic lipase, which carries out hydrolysis. This process depends

on the fat in the meal[30]. This is an important advantage for people with

hypertriglyceridemia because one of the elements of the treatment of this disease is limiting

fats in the diet and high-fat meals are not recommended [31]. In order to maintain health, it is

recommended to eat 1 to 2 portions of sea fish a week (according to ECS guidelines 2021). If

such a situation is not possible, it is recommended to supplement with DHA + EPA 250

mg/day, which corresponds to the above-mentioned portion of fish [24].

Disease prevention

In patients with elevated triglyceride levels, the recommended dose of omega-3 is 2-3g/day.

This intake of fatty acids can reduce triglyceride levels by up to 30%[21,25]. This fact is often

used to support therapy with fibrates and statins.

Dyslipidemia is an important factor in atherosclerosis, which directly affects the development

of cardiovascular diseases. The risk of cardiovascular diseases increases with triglyceride

levels above 150 mg/dl. It is recommended to consider adding an omega-3 PUFA (icosapent

ethyl 2 × 2 g/d) to the treatment of triglyceridemia (135–499 mg/dl) in patients at high or very

high risk in combination with statins [10,24].

A study was conducted to compare the relationship between the amount of fish consumed and

mortality from coronary heart disease. The results show that people eating fish 2-4

servings/week had a much stronger protective effect than people eating fish once a week.

Larger amounts of fish, i.e. >5 servings/week, had no protective effect, most likely due to the

mercury content in fish, which has a negative impact on human health [26,27]. Furthermore, a

linear dose-response analysis showed that each 15 g/day increase in fish consumption reduced

coronary heart disease mortality by 6% [26].
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In the REDUCE-IT study, patients received highly purified EPA at a dose of 4 g/day. Patients

who received the preparation were at risk of cardiovascular diseases, were also under statin

therapy and had triglyceridemia. It has been proven that these patients reduced their

cardiovascular risk by 25%. We can conclude that the use of omega-3 acids in such people is

one of the ways to reduce the risk of cardiovascular diseases [28].

A recent Cochrane review found little or no effect of omega-3 fatty acid preparations on

cardiovascular mortality. It has been proven that omega-3 preparations can slightly reduce

mortality related to ischemic heart disease. Increased intake of ALA may slightly reduce risk

of cardiovascular disease events with little or no difference to mortality. This study concluded

that the most beneficial effect in the prevention of cardiovascular risk is through reducing

triglycerides by 15% in a dose‐dependent way [29].

Research on the efficacy of omega-3 PUFA in patients with implanted defibrillators or atrial

fibrillation (AF) has produced inconsistent findings. Omega-3 fatty acids can have beneficial

effects on arrhythmias, particularly ventricular arrhythmias, and may reduce the risk of

sudden cardiac death. Extensive randomized trials have demonstrated an elevated risk of atrial

fibrillation during supplementation with high-dose omega-3 fatty acids. It is crucial to

carefully consider the dosage and closely monitor patients, particularly those with existing

cardiovascular conditions, to balance the benefits and risks of omega-3 supplementation [34].

Meta-analyses of large prospective cohort studies have indicated that fish oil intake is not

associated with an increased risk of hemorrhagic stroke and is inversely associated with the

incidence of ischemic stroke when consumed in moderate doses [35]. However, results from

prospective intervention studies have been inconsistent. A subanalysis of the JELIS trial using

highly purified EPA found no benefit for primary stroke prevention but some benefits for

secondary prevention. Consequently, the impact of fish oil and omega-3 PUFA supplements

on cardiovascular disease varies widely depending on the study endpoint, which may be

influenced by differences in dosage, duration of use, and patient characteristics, including

disease severity and concurrent medication use [36].

Conclusions

Omega-3 fatty acids, including EPA and DHA, have multifaceted molecular mechanisms such

as antithrombotic, anti-inflammatory, and lipid-lowering effects, all of which are crucial in

combating cardiovascular diseases (CVDs). These compounds, sourced from both animal and

plant products, have been extensively studied for their potential in preventing and managing
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various cardiovascular conditions. It is recommended to consume 2 servings of fish per week.

The primary dietary fat sources should be rich in monounsaturated fatty acids, including

polyunsaturated fatty acids (PUFAs) from both the omega-6 and omega-3 groups. An increase

in the consumption of n-3 fatty acids is associated with a slight decrease, and in some studies

even no significant impact, on the incidence of cardiovascular diseases and mortality. Omega-

3 preparations appear to provide the greatest benefits in reducing cardiovascular risk by

lowering triglyceride levels. In summary, omega-3 fatty acids hold promise as valuable

dietary supplements for the prevention and management of cardiovascular diseases, though

ongoing research is needed to fully understand their role in specific patient populations and

optimize their therapeutic potential.
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