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The return of triglycerides and revival of omega-3 fatty acids!
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Background

More than 50 years after the first epidemiological observations, the role of triglycerides in atherosclerosis and the place of omega-3 fatty acids have just reached a major milestone.

Pathophysiology of atherosclerosis and the role of lipoproteins

Although the set of classic risk factors for atherosclerosis is well described, the mechanisms influencing the progression of plaques are still rather poorly understood. Recent studies show that vascular calcifications were already present in antiquity, as many mummies have carotid or coronary calcifications. In addition, atherosclerotic plaque calcifications involve cytokines and growth factors involved in bone remodelling; these are proinflammatory cytokines, such as interleukin 6, tumour necrosis factor alpha, osteoprotegerin, sclerostin and fibroblast growth factor 23. Two main types of mechanisms are involved in the atherosclerotic plaque calcification [START_REF] Panh | Coronary artery calcification: From crystal to plaque rupture[END_REF][START_REF] Panh | Association between serum alkaline phosphatase and coronary artery calcification in a sample of primary cardiovascular prevention patients[END_REF]. On the one hand, active calcification involves the differentiation of progenitor cells into osteoblasts; on the other hand, passive calcification corresponds to the conversion of inorganic pyrophosphate to inorganic phosphate through the action of alkaline phosphatase. Computed tomography assessment of coronary calcifications has become a central element in the screening of subclinical atherosclerosis, and is now part of the recommendations by learned societies.

The real question is whether calcifications are an indication of the progression or the healing of atherosclerotic plaque. In fact, at the start of its natural history, arterial inflammation can cause microcalcifications, while advanced atherosclerosis usually shows macrocalcifications. It is now accepted that microcalcifications are more likely the source of unstable plaques, while macrocalcifications are more often found during the coronary atheromatous plaque stabilization phases.

Among the treatments used in cardiology, statins in particular have been tested regarding progression of vascular calcifications. Most trials suggest that statins decrease total calcium volume in atherosclerotic plaques. However, the effect of statins appears to be more subtle, corresponding to a transformation of microcalcifications into denser calcifications. This would also explain the stabilizing role of statins in atherosclerotic plaques, by promoting macrocalcifications associated with chronic coronary disease.

The calcium problem in cardiology remains central and unresolved, many years after the observation of ossification of the arterial intima. Currently, it is thought that calcifications are involved in the first inflammatory phase of atherosclerosis and that, in a second phase, the confluence of these calcifications allows plaque stabilization.

In purely metabolic terms, the role of low-density lipoprotein (LDL) cholesterol is no longer questioned in the genesis of atherosclerotic plaque. However, the role of triglycerides continues to be a matter of debate. In a recent Mendelian randomization [START_REF] Ference | Association of Triglyceride-Lowering LPL Variants and LDL-C-Lowering LDLR Variants With Risk of Coronary Heart Disease[END_REF], the authors used genetic scores to analyse the impact of variants of the genes for lipoprotein lipase and the LDL receptor to calculate the impact of decreased apolipoprotein B on the risk of cardiovascular disease. A 10 mg/dL decrease in apolipoprotein B, related to the genetic score of the gene for lipoprotein lipase, induced a 69.9 mg/dL decrease in triglycerides and a 0.7 mg/dL increase in LDL cholesterol. The same decrease in apolipoprotein B with regard to the genetic score of the LDL receptor gene was associated with a decrease in LDL cholesterol of 14.2 mg/dL and a decrease in triglycerides of 1.9 mg/dL. For an equivalent decrease of 10 mg/dL in apolipoprotein B, the lipoprotein lipase and LDL receptor genetic scores were associated with a significant decrease in the risk of coronary events (coronary death, myocardial infarction, coronary revascularization) (odds ratios of 0.771 and 0.773, respectively). In other words, this Mendelian randomization shows that LDL cholesterol and triglycerides both have a significant impact on the risk of coronary atherosclerosis.

Therapeutic strategy for triglycerides, based on fibrates

In the face of an increase in plasma triglycerides, it was logical to offer a first-line fibrate-based treatment. In the VA-HIT study [START_REF] Rubins | Gemfibrozil for the secondary prevention of coronary heart disease in men with low levels of high-density lipoprotein cholesterol. Veterans Affairs High-Density Lipoprotein Cholesterol Intervention Trial Study Group[END_REF], the authors tested gemfibrozil at a dosage of 1200 mg/day versus placebo in 2531 men. After a median follow-up of 5.1 years, there was a significant 22% reduction in coronary deaths and non-fatal myocardial infarction, as well as a 24% reduction in cardiovascular deaths, non-fatal myocardial infarction and non-fatal stroke. In the FIELD study [START_REF] Scott | Effects of fenofibrate treatment on cardiovascular disease risk in 9,795 individuals with type 2 diabetes and various components of the metabolic syndrome: the Fenofibrate Intervention and Event Lowering in Diabetes (FIELD) study[END_REF], 9795 patients with type 2 diabetes received either fenofibrate at 200 mg/day or placebo. There was no reduction in coronary events, although, in a secondary analysis, a benefit was seen in the subgroup with high triglycerides and low high-density lipoprotein (HDL) cholesterol. In the ACCORD study [START_REF] Ginsberg | Effects of combination lipid therapy in type 2 diabetes mellitus[END_REF], 5518 patients with type 2 diabetes received 160 mg of fenofibrate and 40 mg of simvastatin or simvastatin alone. The study involved patients with a high risk of cardiovascular disease, who were routinely prescribed statins; approximately 37% had cardiovascular disease. Whereas there was a cardiovascular benefit in the subgroup with high triglycerides and low HDL cholesterol, the overall result was not significant. In another publication [START_REF] Elam | Association of Fenofibrate Therapy With Long-term Cardiovascular Risk in Statin-Treated Patients With Type 2 Diabetes[END_REF], the authors analysed the long-term follow-up of patients in the ACCORD study [START_REF] Ginsberg | Effects of combination lipid therapy in type 2 diabetes mellitus[END_REF], with results confirming the initial results published in 2010 [START_REF] Ginsberg | Effects of combination lipid therapy in type 2 diabetes mellitus[END_REF]: the statin-fibrate combination was generally of no benefit in patients with type 2 diabetes, but this same combination modified cardiovascular prognosis in patients who concurrently presented an increase in triglycerides with a reduction in HDL cholesterol. In particular, there was a significant 27% reduction in cardiovascular events in the subgroup with triglycerides > 204 mg/dL and HDL cholesterol < 34 mg/dL. This long-term follow-up in the ACCORD study appears to confirm that triglycerides play an important role in atherosclerosis.

Therapeutic strategy for triglycerides, based on omega-3 acids

This strategy is based on old epidemiological databases dating back to the 1970s. At that time, Bang et al. [START_REF] Bang | Plasma lipid and lipoprotein pattern in Greenlandic Westcoast Eskimos[END_REF] observed the Greenland Inuit and Danish controls. The Greenland Inuit are characterized by a low incidence of coronary artery disease and high levels of eicosapentaenoic acid in the vessel wall instead of arachidonic acid. In the GISSI study [START_REF]Gruppo Italiano per lo Studio della Sopravvivenza nell'Infarto miocardico. Dietary supplementation with n-3 polyunsaturated fatty acids and vitamin E after myocardial infarction: results of the GISSI-Prevenzione trial[END_REF], 11,324 patients with myocardial infarction, 5% of whom were on statins, received 0.9 g/day of a combination of eicosapentaenoic acid and docosahexaenoic acid in a 1.2:1 ratio. After a 3.5-year follow-up, there was a significant 10% decline in a combined endpoint of death, non-fatal myocardial infarction and non-fatal stroke; there was also a significant 45% decline in sudden death. In the JELIS study [START_REF] Yokoyama | Effects of eicosapentaenoic acid on major coronary events in hypercholesterolaemic patients (JELIS): a randomised open-label, blinded endpoint analysis[END_REF], 18,645 Japanese patients with LDL cholesterol > 4.4 mmol/L received either eicosapentaenoic acid at a dose of 1.8 g/day or placebo for 4.6 years; there was a significant 19% decrease in major coronary events. In the OMEGA study [START_REF] Rauch | a randomized, placebo-controlled trial to test the effect of highly purified omega-3 fatty acids on top of modern guideline-adjusted therapy after myocardial infarction[END_REF], in patients with a recent myocardial infarction, the combination of eicosapentaenoic acid and docosahexaenoic acid at a dose of 0.8 g/day had no significant impact on the cardiovascular risk. In the Alpha OMEGA study [START_REF] Kromhout | n-3 fatty acids and cardiovascular events after myocardial infarction[END_REF], patients who had had a myocardial infarction received a combination of eicosapentaenoic acid and docosahexaenoic acid at a dose of 0.4 g/day, but, again, the prescription of omega-3 had no impact on cardiovascular risk. In the SU.FOL.OM3 study [START_REF] Blacher | Cardiovascular effects of B-vitamins and/or N-3 fatty acids: the SU.FOL.OM3 trial[END_REF], in patients with a history of myocardial infarction or stroke, the combination of eicosapentaenoic acid and docosahexaenoic acid at a dose of 0.6 g/day had a neutral effect on the prognosis. Finally, in the ORIGIN study [START_REF] Bosch | n-3 fatty acids and cardiovascular outcomes in patients with dysglycemia[END_REF], the combination of eicosapentaenoic acid and docosahexaenoic acid at a dose of 0.9 g/day had no impact on cardiovascular risk, just as in the Risk and Prevention study [START_REF] Roncaglioni | n-3 fatty acids in patients with multiple cardiovascular risk factors[END_REF] (i.e. in two studies conducted in high-risk subjects).

The REDUCE-IT study [START_REF] Bhatt | Cardiovascular Risk Reduction with Icosapent Ethyl for Hypertriglyceridemia[END_REF] was based on giving 4 g/day of eicosapentaenoic acid (or, more specifically, icosapent ethyl) or placebo to patients aged > 45 years if they had cardiovascular disease or aged > 50 years if they had diabetes with at least one associated risk factor. Patients were required to have baseline triglyceride concentrations of 150-500 mg/dL and an LDL cholesterol concentration of 41-100 mg/dL on a stable dose of statins for at least 4 weeks. The primary efficacy variable was cardiovascular death, myocardial infarction, stroke, coronary revascularization and unstable angina.

The secondary endpoint included cardiovascular death, myocardial infarction and stroke. Other clinical events were also recorded throughout the study. A total of 8179 patients participated in this study, which lasted an average of 4.9 years. Of these patients, 70% had cardiovascular disease and 30% had diabetes with at least one other cardiovascular risk factor. The median age of the patients was 64 years, and 29% of the patients were women. At baseline, the median value for LDL cholesterol was 75 mg/dL, the median value for HDL cholesterol was 40 mg/dL and the median value for triglycerides was 216 mg/dL. The decrease in triglycerides in the omega-3 group was 20% compared with in the placebo group. There was less increase in LDL cholesterol in the omega-3 group compared with in the placebo group (3.1% versus 10.2%). The primary evaluation endpoint was observed in 17.2% of the omega-3 group versus 22.0% of the placebo group (i.e. a very significant relative risk of 0.75); the absolute risk difference was 4.8%, meaning the number of subjects to be treated to avoid an event was 21 over a median follow-up of 4.9 years. The secondary efficacy endpoint was observed in 11.2% of patients in the omega-3 group compared with 14.8% of patients in the placebo group (i.e. a very significant relative risk of 0.74). The absolute risk difference was 3.6%, meaning the number of subjects to be treated to avoid an event was 28 over a 4.9-year follow-up. The authors analysed the impact of omega-3s across different subgroups and, in particular, according to baseline triglyceride values. For both the primary and secondary endpoints, the efficacy of omega-3s was similar across these subgroups. In the subgroup of patients with triglycerides > 200 mg/dL and HDL cholesterol < 35 mg/dL, the risk in the placebo group was 27%, whereas the same risk was 20.9% in the subgroup that did not have this lipid abnormality. Although omega-3 efficacy was superior in the high triglyceride and low HDL cholesterol subgroup, the difference was not significant for the primary and secondary endpoints. It was particularly interesting to analyse the impact of omega-3s on the components of the primary and secondary criteria -particularly mortality. The cardiovascular mortality rate was 4.3% in the omega-3 group compared with 5.2% in the placebo group -a 20% reduction, which was significant. While all-cause mortality was not different in the two groups, sudden cardiac death was 1.5% in the omega-3 group compared with 2.1% in the placebo group -a significant difference -and the rate of cardiac arrest was also significantly reduced by the prescription of omega-3s. In contrast, hospitalizations for supraventricular rhythm disorders (5.3%) were more common in the omega-3 group than in the placebo group (3.9%). There was also more bleeding in the omega-3 group compared with placebo, but the difference was not significant, especially for haemorrhagic strokes.

The REDUCE-IT study [START_REF] Bhatt | Cardiovascular Risk Reduction with Icosapent Ethyl for Hypertriglyceridemia[END_REF] relaunches the debate on omega-3s in cardiology on two levels. On the one hand, omega-3s have their own cardiac effects, which have been studied at fundamental and clinical levels for many years. On the other hand, omega-3s have well-known lipid effects, and are effective hypotriglyceridaemic agents. It is difficult to summarize the clinical usefulness of omega-3s, because the prescription context is probably highly significant. In two recent studies with omega-3s [START_REF] Bowman | Effects of n-3 Fatty Acid Supplements in Diabetes Mellitus[END_REF][START_REF] Manson | Marine n-3 Fatty Acids and Prevention of Cardiovascular Disease and Cancer[END_REF] conducted in primary prevention, the results were negative. In the ASCEND study [START_REF] Bowman | Effects of n-3 Fatty Acid Supplements in Diabetes Mellitus[END_REF], omega-3s were prescribed for primary prevention in 15,480 subjects with diabetes without cardiovascular disease; a low dose of omega-3 of 1 g/day failed to alter the cardiovascular prognosis, despite a prolonged prescription of 7.4 years. In the VITAL study [START_REF] Manson | Marine n-3 Fatty Acids and Prevention of Cardiovascular Disease and Cancer[END_REF], prescribing 1 g/day of omega-3 to 25,871 primary prevention subjects with a mean age of 67 years did not alter the prognosis after a median follow-up of 5.3 years. These two recent studies seem to restrict the prescription of omega-3s to secondary prevention.

Mechanisms of action of omega-3 fatty acids

Omega-3 fatty acids have long been known to decrease triglycerides by about 22% when triglycerides are > 200 mg/dL; the impact on LDL cholesterol varies depending on the type of omega-3, ranging from a 4% increase for omega-3 acid ethyl ester types to a 6% decrease for icosapent ethyl in the same high triglyceride situation. Omega-3 fatty acids reduce all markers of chronic inflammation related to atherosclerosis, and thus decrease high-sensitivity C-reactive protein, oxidized LDLs and lipoprotein-associated phospholipase A2. Omega-3 fatty acids thus contribute to the stability of atherosclerotic plaque. This effect is likely to be mediated by the impact on apolipoprotein B, which is reduced; indeed, lipoproteins that contain apolipoprotein B, and are < 70 nm in size, enter the artery

International recommendations

In the 2019 European lipid guidelines [START_REF] Mach | ESC/EAS Guidelines for the management of dyslipidaemias: lipid modification to reduce cardiovascular risk[END_REF], statins are the first-line treatment for patients with a triglyceride concentration > 200 mg/dL, with a class I, level B recommendation. In patients with a triglyceride concentration between 135 and 499 mg/dL, despite the prescription of statins, the prescription of icosapent ethyl has a class IIa, level B recommendation. In primary prevention, in patients whose LDL cholesterol is on target with statins, and whose triglyceride concentrations are > 200 mg/dL, fenofibrate or bezafibrate have a class IIb, level B recommendation.

Conclusions

Triglycerides cannot yet be discounted in cardiology. Recent studies place omega-3 fatty acids in the lead after statins when triglycerides are elevated. This is indeed a revival of omega-3s in cardiology.

Omega-3s have lipid effects on the triglycerides/HDL pair and a stabilizing effect on atherosclerotic plaques. Although the predominant mechanisms explaining the cardiovascular benefit of omega-3s are unknown, high doses of omega-3s do appear to be useful in reducing the residual risk in patients with cardiovascular disease. This residual risk is all the more marked when triglycerides are high and HDL cholesterol is low. The recent interest in omega-3s in cardiology is simply a reminder for our practice: LDL cholesterol is definitely the number one risk factor in coronary disease, but triglycerides must be examined scrupulously in any lipid assessment in patients at risk. In subjects with associated high concentrations of triglycerides on statins, prescribing omega-3 fatty acids (i.e. icosapent ethyl, to date) is now recommended.

wall without obstruction and can thus deposit their cholesterol content and promote LDL oxidation within plaque, as well as chronic inflammation and progression of atherosclerotic plaque [START_REF] Boren | The central role of arterial retention of cholesterol-rich apolipoprotein-Bcontaining lipoproteins in the pathogenesis of atherosclerosis: a triumph of simplicity[END_REF].

What is the specific role of the triglyceride concentration on atherosclerosis on the one hand, and on arrhythmias on the other hand? In the REDUCE-IT study [START_REF] Bhatt | Cardiovascular Risk Reduction with Icosapent Ethyl for Hypertriglyceridemia[END_REF], the clinical benefit of icosapent ethyl was seen in the three tertiles of the baseline triglyceride concentration [START_REF] Bhatt | Reduction in First and Total Ischemic Events With Icosapent Ethyl Across Baseline Triglyceride Tertiles[END_REF]. It would thus appear that part of the benefit is explained by a mechanism independent of the decrease in triglycerides. The proarrhythmogenic effect of omega-3 fatty acids on supraventricular arrhythmias (atrial fibrillation or flutter) in the REDUCE-IT study [START_REF] Bhatt | Cardiovascular Risk Reduction with Icosapent Ethyl for Hypertriglyceridemia[END_REF] may be observed only at high doses of omega-3 fatty acids [START_REF] Parish | Effects of Omega-3 Fatty Acid Supplements on Arrhythmias[END_REF].

There is strong evidence to suggest a stabilizing effect in coronary atherosclerosis plaques as a result of consumption of eicosapentaenoic acid. In the EVAPORATE study [START_REF] Budoff | Effect of Icosapent Ethyl on Progression of Coronary Atherosclerosis in Patients With Elevated Triglycerides (200-499 mg/dl) on Statin Therapy (EVAPORATE Study)[END_REF], 80 patients were examined using a coronary computed tomography scan, and were included if they had at least one stenosis of ≥ 20%. These were patients with coronary heart disease or diabetes, on stable statin therapy, with LDL cholesterol between 40 and 115 mg/dL and triglycerides between 135 and 499 mg/dL. Among the 80 patients, 67 completed the 9-month follow-up; there was no change in the soft plaques on icosapent ethyl, but a significant decrease occurred in all mixed and/or calcified plaques.

Future studies

Two main studies are expected: one with a fibrate and the other with omega-3 fatty acids. In the PROMINENT study [START_REF] Pradhan | Rationale and design of the Pemafibrate to Reduce Cardiovascular Outcomes by Reducing Triglycerides in Patients with Diabetes (PROMINENT) study[END_REF], the authors included 10,000 patients with type 2 diabetes with triglyceride concentrations between 200 and 499 mg/dL and low HDL cholesterol. The authors are testing the efficacy of pemafibrate at a dose of 0.4 mg/day versus placebo. In the STRENGTH study [START_REF] Nicholls | Assessment of omega-3 carboxylic acids in statintreated patients with high levels of triglycerides and low levels of high-density lipoprotein cholesterol: Rationale and design of the STRENGTH trial[END_REF], the authors tested the efficacy of a combination of eicosapentaenoic acid and docosahexaenoic acid at a dose of 4 g/day in 13,086 patients in primary and secondary prevention on statins, with LDL > 100 mg/dL and triglycerides between 180 and 499 mg/dL. The study was stopped on 13 January 2020 because of a lack of clinical efficacy. With the failure of this mixed docosahexaenoic acid/eicosapentaenoic acid product, it is worthwhile mentioning that in a recent analysis of the REDUCE-IT study [START_REF] Bhatt | Eicosapentaenoic Acid Levels in REDUCE-IT and Cardiovascular Outcomes[END_REF], on-treatment eicosapentaenoic acid levels in the icosapent ethyl group were strongly correlated with reduced primary and key secondary endpoints, each component of these endpoints, such as cardiovascular death, as well as new heart failure and all-cause mortality.
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