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ABSTRACT 
The role of fish oil and omega-3 fatty acids in prevention of cardiovascular diseases. In this review we will focus on the uses of omega-3 fatty acids and their effects in CVD events.
Omega-3 Fatty Acids are Eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA), Docosapentaenoic acid (DPA), and Alpha-linolenic acid (ALA), these are essential long-chain and very-long-chain polyunsaturated fatty acids. EPA, DHA, and DPA are found in fish as well as other seafood as dietary marine oils, and also supplements prepared from these foods as marine oil supplements. ALA is present in oils such as canola, soy, flaxseed, walnuts and leafy green vegetables.
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INTRODUCTION
Cardiovascular disease (CVD) is a general term used for conditions affecting the heart or blood vessels. It is the leading cause of death worldwide. It is frequently linked to fatty deposits in the arteries (atherosclerosis) and an elevation in the risk of blood clots. The dietary factors play an important role in determining CVD risk as well as pathogenesis of CVD. The dietary variables are modified to reduce the risk of CVD. [1]One specific type of fatty acid that has received great attention for its effects in the cardiovascular system is the omega-3 fatty acids (also called n-3 or ω-3 fatty acids).[1]. Humans are unable to synthesize the long chain polyunsaturated fatty acids. Due to which, the ω-3 fatty acids synthesized in plants and in marine microalgae are essential components of the human diet.[2]

The human body can make most of the types of fats it needs from other fats or raw materials, but isn’t the case for omega-3 fatty acids (also called omega-3 fats and n-3 fats). These are the essential fats—the body can’t make them from scratch but must get them from food. Sources of Omega-3 fatty acids include fish, vegetable oils, nuts (especially walnuts), flax seeds, flaxseed oil, and leafy vegetables.In the body, omega-3 fatty acids are primarily available as EPA and DHA but less abundantly available as docosapentaenoic acids (DPA) [3]

The evidence of benefits of the ω-3 PUFA are obtained for Eicosapentaenoic acid (EPA) as well as docosahexaenoic acid (DHA),which are  the long-chain fatty acids in this family as well as there is,evidence for  benefits from alpha-linolenic acid (ALA), the plant-based precursor of EPA. [4]
Omega 3 fatty acids are found in many foods, such as fish and flaxseed, and in dietary supplements, such as fish oil.

Fish oil is obtained in the human diet through the consumption of oily fish such as herring, mackerel, salmon, albacore tuna, and sardines, as well as through the use of fish oil supplements or cod liver oil. However, fish do not produce these oils naturally, but rather obtain them from the marine microorganisms that are the original source of the omega-3 polyunsaturated fatty acids (-3 PUFA) found in fish oils via the ocean food chain.
Consuming a lot of fish has been linked to better cardiovascular health. As a result, a fish diet should be encouraged, particularly in subjects with cardiovascular problems.
PUFA has been obtained for eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), the long-chain fatty acids in this family.However, there is some epidemiological support for benefit from alpha-linolenic acid (ALA),the plant-based precursor of EPA. The American HeartAssociation (AHA) has currently endorsed the use of omega -3 .PUFA at a dose of approximately 1 g/day of combinedDHA and EPA, either in the form of fatty fish or fish oilsupplements (in capsules or liquid form) in patients with documented CHD .
[5]	
 In patients coronary heart disease, omega-3 fatty acids have been proven to reduce the risk of sudden death due to cardiac arrhythmias and all-cause mortality. Omega-3 fatty acids also treats hyperlipidemia and hypertension. The health benefits of these long-chain fatty acids are numerous and remain an active area of research[6]
Fish and fish oils dietary supplementation are the rich sources of ω-3 fatty acids showed the beneficial effects to patients with dyslipidemia, atherosclerosis, hypertension, obesity and inflammatory diseases. [7]
A healthy lifestyle is promoted for CVD prevention. The lifestyle changes include smoking cessation, increased physical activity level, and adopting a healthier diet. Dietary guidelines emphasize the importance of n-3 fatty acids, especially eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). [8]
Moderate fish oil consumption lowers the risk of major CV events such as myocardial infarction (MI), sudden cardiac death (SCD), coronary heart disease (CHD), atrial fibrillation (AF), and, most recently, death in heart failure patients (HF). A healthy lifestyle is promoted for CVD prevention.Fish consumption is the major source of EPA–DHA in the diet. [9]
Dietary guidelines emphasize the importance of n-3 fatty acids, especially eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA).Studies and trials showed that 250 mg/day of EPA–DHA reduced fatal CHD by 36% compared with no EPA–DHA.6 Fish consumption, the major source of EPA–DHA in the diet, was inversely related to incident stroke in a meta-analysis of cohort studies. [10]
REVIEW

STUDIES OF OMEGA-3 FATTY ACIDS IN CVD IN HUMANS:
CVD is the cause of 38% of mostly all the deaths of which many of which are preventable. Therefore, different studies were carried out on the effects of omega-3 fatty acids in CVD.(14,15)  The studies were conducted on effect of EPA (Eicosapentanoic) acid and DHA (Docosahexaenoic acid). 

 A meta-analysis of both prospective cohort studies and trials showed that 250 mg/day of EPA–DHA reduced fatal CHD by 36% compared with no EPA–DHA. [11]. Less evidence exists for a protective effect of α-linolenic acid (ALA), the plant-derived n-3 fatty acid, against CVD. [12 ,13]

Chronic inflammation is thought to be as the cause of many chronic diseases which also includes cardiovascular disease. EPA (Eicosapentanoic) acid and DHA (Docosahexaenoic acid) have anti-inflammatory effects and a have a role in oxidative stress As well as improve cellular function through changes in the gene expression. A study was conducted on the EPA+DHA intake in humans. A study was conducted on 89 patients by treating them  with EPA+DHA (16,17,18,19).

In other studies, Omega-3 fatty acids were found to play a role in atherosclerosis and peripheral arterial disease (PAD). Another study was carried out on the consumption of omega-3 fatty acid sources (20,21,22).
A study was carried also out which compared patients with impaired glucose metabolism with normoglycemic patients by supplementing the patient with Eicosapentanoic acid supplementation. 
Several studies about EPA and DHA and their use with respect to major coronary events and their use after myocardial infarction).

 A study was also conducted using EPA (Eicosapentanoic) supplementation in combination with a statin, compared with statin therapy alone. Another study was conducted with EPA+DHA supplementation group and a control group in those patients treated after myocardial infarction.

In other studies, Omega-3 fatty acids increased platelet responsiveness to subtherapeutic anticoagulation therapies, including aspirin. In patients with stable coronary artery disease taking low-dose aspirin, EPA+DHA supplementation is proven to be as effective as aspirin dose escalation to 325 mg/d for anticoagulation benefits (23). 

In a study, patients receiving standard dual antiplatelet therapy (aspirin 75 mg/d and clopidogrel 600-mg loading dose followed by 75 mg/d) were assigned either EPA+DHA supplementation or placebo. After 1 month of treatment, the P2Y12 receptor reactivity index (an indicator of clopidogrel resistance) was significantly lower, by 22%, for patients taking EPA+DHA compared with patients taking placebo (P = 0.020) (24).

In the recent study of Cardiovascular Events in Diabetes (ASCEND) Trial, a mixture of DHA and EPA, used as a primary preventive measure in patients with diabetes without prevalent cardiovascular disease, & did not reduce the incidence of serious vascular events (25)

Intake of ω-3 polyunsaturated fatty acids (PUFA) reduces overall mortality, mortality due to myocardial infarction and sudden death in patients with CHD. The meta-analysis of randomized control trial (RCT) included 7951 patients in the intervention and 7855 patients in the control group, observed that risk ratio of non-fatal myocardial infarction (MI) in patients who were on Omega-3  PUFA rich diet compared with the control was 0.8 and the risk of fatal myocardial infarction was 0.7, sudden death was associated with a risk ratio of 0.7 and overall mortality was 0.8. [32]

EPA+DHA supplementation have shown to improve endothelial function in patients with PAD by decreasing the plasma levels of soluble thrombomodulin and improve brachial artery flow–mediated dilation .

FISH:

Depending on the population studied, the dose of fish oil supplementation, the type of omega-3 PUFA preparation, the study period, and the endpoints to estimate clinical effects for primary or secondary CVD prevention differ. In a study, a meta-analysis of large-scale prospective cohort studies and randomized studies reported that fish and fish oil consumption reduced coronary heart disease (CHD)-related mortality and sudden cardiac death. (26). 

Another subsequent meta-analysis of 13 randomized controlled trials found a significant reduction in cardiac death after fish oil supplementation (27). In the Japanese general population, omega-3 PUFA intake was inversely and independently associated with the long-term risk of total Cardiovascular disease mortality (28).

 It was observed that the dietary and circulating EPA and DHA, but not ALA or omega-6 PUFA, are inversely associated with CVD incidence. These findings indicate that fish oil may reduce fatal Myocardial infraction or sudden cardiac death.Although the secondary prevention analysis of trail did show a benefit for omega-3 PUFA (29).

In other studies, participants were treated with aspirin, beta-adrenergic antagonists, angiotensin-converting enzyme inhibitors,  and statins during the studies. Another large-scale Risk and Prevention Study showed that omega-3 PUFA did not clearly reduce CHD-related mortality in patients having multiple CVD risk factors. A possible reason for the failure of these secondary prevention studies to demonstrate significant benefits of fish oil as omega-3 fatty acid supplementation is that the patients or participants of the study had received aggressive pharmacotherapy, which may reduce the effectiveness of omega-3 PUFA against cardiac death. 

In primary prevention of CVD, the intake of tuna and dark fish, ALA, and marine omega-3 PUFA is not associated with the risk of major CVD in a cohort of women without a history of Cardiovascular diseases.

FISH OIL:

Under a study, a meta-analysis of randomized studies has reported that fish oil supplementation lowers blood pressure caused by reduced systemic vascular resistance, but does not lower cardiac output.Another meta-analysis reveals that the intake of omega-3 PUFA improves flow-mediated vasodilation, among other parameters of endothelial function. Omega-3 PUFA improves endothelial function with a parallel anti-inflammatory effect in adults with metabolic syndrome. It was seen that omega-3 PUFA consumption improves the small peripheral artery function in patients with intermediate to high CVD risk, as evaluated by small artery reactive hyperemia index. It was studied that omega-3 PUFA supplementation improves the arterial elasticity measured by pulse contour analysis of the radial artery in patients on statin therapy for familial hypercholesterolemia.

CARDIOVASCULAR EFFECTS OF OMEGA-3 FATTY ACIDS:

Under a study, 25 trials were carried out that evaluated the risk of CHD events as a function of in vivo levels of ω-3 PUFA and it showed that there is a reduction in major CV events which are  related inversely with the tissue levels of EPA, and with DHA. 
EPA and DHA obtained by consuming different types of fish were more beneficial in CHD as well as SCD. [30] 
In other studies, the intake of  ω-3  polyunsaturated  fatty  acids  (PUFA) reduces  overall  mortality,  mortality  due  to  myocardial infarction and  sudden death  in patients  with CHD.The meta-analysis of randomized control trial (RCT) included 7951 patients in the intervention and 7855 patients in the control group. [32]. It was seen that higher doses of ω-3 fatty acids lowered the elevated serum triglycerides level. [33]

ω-3 Supplements whether from dietary source or fish oil,
A study on elderly adults also showed that consumption of tuna or other broiled or baked  fish sources of omega-3 fatty acids are associated  with lower incidence of  atrial fibrillation (AF) and also the intake influences the risk of common cardiac  arrhythmias. [40]

Fish oil  supplementation  was recommended in the  patients with  risk factors  for SCD such  as  prior  cardiac  infarction  or  high-grade ventricular  dysrhythmias, left ventricular  dysfunction,  left  ventricular hypertrophy. [31]
The dangerous  consequences  after  MI  and  ischemic arrhythmia  in  ischemic  cardiac  disease  (ICD)  patients were  reduced  by  the  ω-3  fatty  acid  therapy.  ω-3 fatty  acids derived  from fish and fish oil  showed  great  role  in  secondary  prevention  of CVD through their anti-arrhythmic  action  and  ability  to  promote  plaque stabilization. [34]

The majority of effect of ω-3 fatty acids are seen in anti-arrhythmic than anti-thrombotic and little effect observed on blood coagulability and fibrinolysis.  [35] .The study  reported  that  fish  oil supplements were associated with a significant reduction in death from cardiac causes but did not show any effect on arrhythmia.[36]A study compared the QTc interval of resting electrocardiogram in non-fish consumers and those consuming fish, showed that those consumed  fish  >300g/week  had  13.6%  lower  QTc interval and long-term consumption of fish provides anti-arrhythmic  protection  at  the  population  level. [37]

Dietary  fish  oil  prevents  arrhythmia  by modulating  its  pacemaker  activity  and  reduces  the cellular  CA overload  which  is  responsible  for  the arrhythmia. 
[38].In high-risk individuals of fatal  arrhythmias, regular  daily intake  of  fish oil  fatty  acids significantly reduced  potentially reduced it. [39].

A  systematic  review  showed  that  fish  oil  reduces  the triglyceride  levels  particularly  in  people  with  elevated triglycerides  and also  improves  HDL  cholesterol,  increases LDL cholesterol and no effect on total cholesterol. ω-3  Fatty  acid  in the diet  increases  the proteins  present  in  the HDL and modifies the protein part of HDL particles.





RESULT:
In a study, EPA+DHA intake in humans changed the expression of 1040 genes which resulted in a decreased expression of genes which were involved in inflammatory and atherogenesis-related pathways.Circulating markers of inflammation, such as C-reactive protein (CRP), TNF etc., correlate with an increased probability of experiencing a cardiovascular event. Inflammatory markers alsosuch as IL-6 trigger CRP, and elevated levels of CRP are associated with an increased risk of the development of cardiovascular diseases. 

Patients having PAD (peripheral arterial disease) and were supplemented with EPA experienced a significantly lower major coronary event HR than those who did not consume EPA (HR: 0.44; 95% CI: 0.19–0.97; P = 0.041) (9,10,11).

EPA+DHA and cardiovascular events after myocardial infarction, of 4837 patients, a major cardiovascular event occurred in 671 patients (13.9%). A post analysis of the data from these patients showed that rates of fatal coronary heart disease and arrhythmia-related events were lower among patients in the EPA+DHA group than among the placebo group [11,12]
 
The study of 89 patients resulted that those treated with EPA+DHA had a reduction in high-sensitivity CRP which is a marker of inflammation associated with increased risk of CVD. (66.7%, P < 0.01) . The study also showed a significant reduction in heat shock protein 27 antibody titers (57.69%, P < 0.05), which are overexpressed in heart muscle cells after a return of blood flow after a period of ischemia and may  have a cardioprotective effect.[14,15,16,17]
 
The study in which patients receiving standard dual antiplatelet therapy were assigned either EPA+DHA supplementation or placebo resulted that After 1 month of treatment, the P2Y12 receptor reactivity index (an indicator of clopidogrel resistance) was significantly lower, by 22%, for patients taking EPA+DHA compared with patients taking placebo (P = 0.020) 
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Another study resulted that EPA+DHA is associated with a reduced risk of recurrent coronary artery events and sudden cardiac death after an acute myocardial infarction (RR, 0.47; 95% CI: 0.219–0.995) and a reduction in heart failure events (adjusted HR: 0.92; 99% CI: 0.849–0.999) [22,23,24]

[image: ]In a study, patients receiving standard dual antiplatelet therapy (aspirin 75 mg/d and clopidogrel 600-mg loading dose followed by 75 mg/d) were assigned either EPA+DHA supplementation or placebo. After 1 month of treatment, the P2Y12 receptor reactivity index (an indicator of clopidogrel resistance) was significantly lower, by 22%, for patients taking EPA+DHA compared with patients taking placebo (P = 0.020) [25]. Another recent experimental study from laboratory showed that the treatment of hyperlipidemic mice induced a beneficial lipid profile and reduced atherosclerosis , these results hence pointed possible activation of proresolving pathways as a result of pure EPA (eicosapentanoic acid) supplementation. [25,34].
 
Another study was conducted which found that there was no significant difference in sudden cardiac death or total mortality between an EPA+DHA supplementation group and a control group in those patients treated after myocardial infarction. These studies appear to be negative in their results. (29).
 
The EPA reduces the pro-atherogenic factor, remnant lipoprotein (RLP) which is produced from triacylglycerol-rich chylomicrons and VLDL in hyperlipidemic patients. [41,42,43]. In middle aged people high consumption of fish was associated with decreased risk of CHD more specifically myocardial infarction and nonfatal CHD compared to moderate intake. [44]
 
Another study resulted that EPA and DHA, decrease endothelial activation, improve plaque stability and improve vascular permeability, thereby decrease the chance of experiencing a cardiovascular event events including myocardial infarction, sudden cardiac death, etc. It was seen that EPA supplementation is associated with significantly higher amounts of EPA, which may lead to decreased plaque inflammation and increased stability and decreased incidence of CVD.
In another study, biochemical markers of inflammation were affected by increased intake of n-3 Fatty acids. Plasma levels of the cytokines IL-6 and TNFα, were decreased with increased n-3 intake in both healthy people and in patients with CVD.


The study which compared patients with impaired glucose metabolism with normoglycemic patients resulted that impaired glucose metabolism patients had a significantly higher rate of coronary artery disease HR (1.71 in the non-EPA group and 1.63 in  EPA group).

 The primary endpoint of the study was any major coronary event  including myocardial infarction, sudden cardiac death, and other nonfatal events. The treatment of impaired glucose metabolism patients with EPA showed a significantly lower major coronary event HR of 0.78 compared with the non–EPA-treated impaired glucose metabolism patients (95% CI: 0.60–0.998; P = 0.048), which results that EPA significantly suppresses major coronary events including myocardial infarction, sudden cardiac death, etc. 

The evidences from the studies indicated that dietary intake of marine oils (including from fish) may be associated with lower risk of CVD death and total stroke (mainly ischemic stroke) .

Based on the articles reviewed:
·  DHA: Evidence was sufficient to permit conclusions about the effects of or associations between DHA and any clinical outcome for CVD.
·   EPA or DPA: Evidence was low or insufficient to permit conclusions about the benefit of EPA or DPA, individually, on any clinical or intermediate outcome for CVD. 
·  ALA: Evidence was low or insufficient to permit conclusions about the effects of or associations between ALA and any clinical outcome of CVD.

CONCLUSION:
The convincing evidences from extensive research over the past year points out the potential beneficial effects of ω-3 PUFA in primary prevention of CHD and post-MI, SCD, HF, atherosclerosis, and AF.
On the whole,, a number of studies offer evidence to support the hypothesis that fish, fish oil, or ALA supplement consumption reduces all‐cause mortality and various CVD outcomes, although there is strongest evidence for fish or fish oil.
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ABSTRACT 

 

The role of fish oil and omega

-

3 fatty acids 

in prevention of cardiovascular diseases. 

In 

this 

review

 

we

 

will focus on the uses of 

omega

-

3 fatty acids and their effects in CVD 

events

.

 

Omega

-

3 F

atty Acids

 

are Eicosapentaenoic 

acid (EPA), docosahexaenoic acid (DHA), 

Docosapentaenoic acid (DPA), and

 

Alpha

-

linolenic acid (ALA), t

hese are essential 

long

-

chain and very

-

long

-

chain 

polyunsaturated fatty acids. EPA, DHA, and 

DPA are found in fish as well as other 

seafood

 

as

 

dietary marine oils, and 

also

 

supplements prepared from these foods 

as 

marine oil supplements. ALA is present in

 

oils such as canola, soy, flaxseed,

 

walnuts

 

and 

leafy green vegetables

.
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: 

 

Omega 3 fatty acids, 

Fish 

oils

,

 

Cardiovascular disease

 

(CVD), 

Eicosapentaenoic Acid (EPA), 

Docosahexaenoic Acid (DHA), 

Alpha

-

linolenic acid (ALA).

 

 

ABBREVIATIONS

: 

 

Cardiovascular disease

 

(CVD), 

Eicosapentaenoic Acid (EPA), 

Docosahexaenoic Acid (DHA), 

Alpha

-

linolenic acid (ALA), 

Ischemic  Cardiac  

Disease  (ICD) 

, 

PAD (

Peripheral Arterial 

Disease)

 

 

 

 

 

 

INTRODUCTION

 

Cardiovascular disease (CVD)

 

is a general 

term

 

used

 

for conditions affecting the heart 

or blood vessels. 

It 

is the leading cause of 

death 

worldwide

. 

It is frequently linked to 

fatty deposits in the arteries (atherosclerosis) 

and an elevation in the risk of blood clots. 

The dietary factors play an important

 

role in 

determin

ing

 

CVD risk a

s well as

 

pathogenesis of CVD.

 

The d

ietary variables 

are modified to reduce the risk of CVD. 

[1]

One specific type of fatty acid that has 

received great attention for its effects in the 

cardiovascular system is the omega

-

3 fat

ty 

acids (also called n

-

3 or ω

-

3 fatty acids).[1]. 

Humans are unable to synthesize

 

the

 

long 

chain polyunsaturated fatty acids. Due to 

which

, the ω

-

3 fatty acids synthesized in 

plants and in marine microalgae are essential 

components of the human diet

.

[2]

 

 

The human body can make most of the types 

of fats it needs from other fats or raw 

materials

, b

ut isn’t the case for omega

-

3 

fatty acids (also called omega

-

3 fats and n

-

3 

fats). These are the essential fats

—

the body 

can’t make them from scratch but must get

 

them from food. 

So

u

rces of

 

Omega

-

3 fatty 

acids include fish, vegetable oils, nuts 

(especially walnuts), flax seeds, flaxseed oil, 

and leafy vegetables.

In the body, omega

-

3 

fatty acids are primarily available as EPA 

and DHA but less abundantly available as

 

docosapentaenoic acids (DPA) 

[3]
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