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Abstract: One of the most controversial areas of nutrition research relates to fats, particularly essential
fatty acids, in the context of cardiovascular disease risk. A critical feature of dietary fatty acids is
that they incorporate into the plasma membrane, modifying fluidity and key physiological functions.
Importantly, they can reshape the bioavailability of eicosanoids and other lipid mediators, which direct
cellular responses to external stimuli, such as inflammation and chronic stress conditions. This paper
provides an overview of the most recent evidence, as well as historical controversies, linking fat
consumption with human health and disease. We underscore current pitfalls in the area of fatty acid
research and critically frame fatty acid intake in the larger context of diet and behavior. We conclude
that fundamental research on fatty acids and lipids is appropriate in certain areas, but the rigor
and reproducibility are lacking in others. The pros and cons are highlighted throughout the review,
seeking to guide future research on the important area of nutrition, fat intake, and cardiovascular
disease risk.
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1. Introduction

Diet, as part of a healthy lifestyle, is one of the major determinants of human health. Even though
the nutrition field is often plagued by over-hype and puffery [1], a consequence of the difficulties
inherent to this kind of research, relevant data can be gathered from carefully performed epidemiological
studies and clinical trials [2].

One of the most controversial areas of nutrition research is that of fats (particularly essential fatty
acids), namely as related to cardiovascular disease risk. There are some major hurdles to overcome when
studying the effects of fatty acids on the cardiovascular system and, particularly, on atherosclerosis and
cardiovascular disease (CVD). One is that a large part of the available data should be interpreted under
the overarching concept of “replacement” rather than direct effect [3]. An exception is that of omega
3 fatty acids when given in pharma-nutritional settings (see below) [4]. Another, and the probably
more relevant, issue is that fatty acids are part of more complex food matrices, and, therefore, it is
very difficult to single out the contribution of individual classes of these compounds to human health.
In other words, the same fatty acid ingested as part of a plant-based diet versus an animal-based often
appears to exert different effects [5–7], even it is difficult to explain such differences considering their
obvious chemical identity.

One of the most important features of dietary fatty acids is that they become part of the
plasma membrane, modifying its fluidity and, probably most important, reshape the availability
of lipid mediators, such as the eicosanoids, in turn re-directing the cellular response to stimuli,
such as inflammation.
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It is important to underscore that most circulating and stored fatty acids are derived from the
diet [8]. Hence, the extent and true nature of dietary fatty acids’ contribution to health and disease
deserves in-depth analysis.

In this paper, we narratively review the most recent evidence linking fat consumption with health,
we underscore current pitfalls of fatty acid research, and we critically frame fatty acid intake in the
larger context of diet and behavior.

2. Dietary Fats: Why We Need Them?

Among the three macronutrients, i.e., carbohydrates, proteins, and fats, the latter, mainly composed
of fatty acids part of triacylglycerols and, to a lesser extent, phospholipids, are relevant determinants
of the health status [9]. Humans also ingest glycolipids, other complex lipids, and cholesterol. In many
developing countries, fat intake is increasing, while in developed countries, fat intake has tended to
decline over the past 30 years or so. Fats are quantitatively relevant in the diet because of at least two
reasons: (1) easy availability due to massive cultivation of plants for oil production and (2) current low
cost of energy-rich, fatty foods. We also need to eat fat for (a) energy provision; (b) essential fatty acid
intake; (c) liposoluble vitamins’ intake; (d) augment food palatability (most flavors are liposoluble) [10].
In addition to the total amount of fat, it is important to note that the type of fat has also changed over
time; the result is that the fatty acid composition of the human diet has changed. Data available from
the UK indicate that the ratio of polyunsaturated to saturated fatty acids in the diet increased from
0.17 in 1959 to 0.22 in 1979 and to 0.40 in 1990 [11]. Much of this change has been brought about by a
change in consumption habits, facilitated by public health bodies and scientific societies. Consumers
moved from butter and animal fats to vegetable oils. In Europe, total fat intake ranges from 28.5 to
46.2% of total energy [12], of which polyunsaturated fatty acids represent 2.8 to 11.3%E [13].

In addition to providing the most quantitatively dense amount of energy, fatty acids play very
relevant physiological roles [10,14]. Notably, selected types of fatty acids, such as the long-chain,
highly unsaturated fatty acids of the omega 6 and omega 3 series, are important modulators of cell
function and precursors of lipid mediators. In other words, dietary fat is indispensable for energy,
delivery of lipid-soluble vitamins, and physiology. Even though the lay public (and physicians as well)
often think that diets should be as low in fat as possible, the results of the largest ever randomized
intervention trial, i.e., the Women Health Initiative (WHI) [15], have shown that limiting the intake of
total fat does not significantly improve the cardiovascular risk profile, the incidence of type 2 diabetes
and, probably, does not induce remarkable weight loss. Indeed, no significant protective effect of
low-fat diets on cardiovascular end-points was observed in this trial, which comprised women who
reduced their total fat intake from 35/37% to 25/27% for an average of 7 years, as compared to women
who did not change their diet [15]. Recent epidemiological studies fully support this concept [16–18].
In the observational follow-up of the PREDIMED initiative [18], persons consuming about 50% of
calories from fat had a large, i.e., almost 50%, reduction of the risk of all-cause mortality as compared to
persons who derive about 30% of calories from fat, as most of the international guidelines suggest [19].

In summary, in Western countries, more emphasis should be placed on the relative proportion of
individual fatty acids rather than on the overall reduction of fat intake.

2.1. Saturated Fat

The dietary intake of saturated fatty acids is an important determinant of plasma LDL cholesterol
levels. Hence, this class of fatty acids has long been considered as positively associated with
cardiovascular risk (the similar effect on plasma HDL cholesterol levels being usually overlooked).
The debate is still going on, but the consensus that saturated fat consumption must be limited [20] is
losing momentum [21]. At least two meta-analyses, in fact, reported no association between saturated
fat intake and overall mortality [22,23]. The critical issue is that an unrestricted reduction of saturated
fats leads to the ban of otherwise healthful food, such as dairy foods [22]. Additionally, the recent
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paper from the Global Burden of Disease 2019 group does not include saturated fats among the first 15
most important dietary determinants of death [24].

As discussed below, milk and derivatives are rich in saturated fatty acids (they account for about
41% of the total saturated fatty acids intake in the Holland EPIC cohort) [25] and contain ruminant trans
fatty acids, whose consumption, in light of the data available to date, should not be discouraged [21,26].
Indeed, in addition to saturated fatty acids, milk also contains calcium and/or tripeptides with a
mild ACE-inhibitory action, which might, in fact, induce a reduction of blood pressure [27] and,
therefore, of the risk of cerebrovascular events, with varied effects on the risk of coronary events [26,28].
Further, milk consumption is being associated with lower coronary artery calcification progression [29],
possibly because of its specific short-chain saturated fatty acids pattern [25]. In summary, milk is a
complex food item [30], and those who eliminate it and its derivatives from their diet (generally due
to real or presumed intolerance) might statistically experience a significant increase in the risk of
developing diabetes or hypertension (one new case for every 15 subjects who stop using milk) [31].
Cheese intake, in a number of observational studies, is associated with a reduction of CVD events and
stroke [26]. It is also of interest that the circulating or adipose tissue concentrations of the odd-chain fatty
acids 15:0 and 17:0, which can be considered as a specific marker of intake of milk and dairy products
(these fatty acids are not contained in significant amounts in other foods and cannot be synthesized by
humans), are often associated, in observational studies, with a decrease of CVD events [32,33].

In the context of a varied and balanced diet, the consumption of saturated fat via milk (and probably
of dairy products) does not, therefore, significantly influence cardiovascular risk [26]. Some comparisons
between reduced fat and full fat dairy, moreover, suggest that the latter may be more effective in
maintaining human health, namely cardiovascular health [34,35].

Another meaningful source of saturated fat is meat, namely that of ruminant origin. Because of
this, its consumption is often associated with increased cardiovascular disease risk [36]. This chiefly
applies to processed meat [37], and the consumption levels of 0.5 servings per day or less are not
associated with increased cardiovascular risk [38]. For unexplored reasons, these associations are
much less pronounced in European studies [39]. The increasing evidence that compounds other than
saturated fatty acids (namely, carnitine and choline), which can be converted in TMAO by microbiota
and liver FMO enzymes, may be responsible for the atherogenic effects of meat [40] also indirectly
supports the idea that the role of saturated fatty acids, in this context, may actually be quite limited.

Interestingly, in the MESA study, saturated fatty acids from meat were associated with an
increased incidence of cardiovascular disease, while saturated fatty acids from dairy showed an
opposite association with the same risk [41]. This suggests that the food matrix may play a larger role
than saturated fatty acids on these clinical endpoints.

The substitution of saturated fatty acids in the diet with other nutrients, according to available
evidence, may yield different results: the substitution of polyunsaturated and monounsaturated fats
(but not that of total carbohydrates, refined complex carbohydrates, or sugars) for saturated fats
was associated, in two large US cohorts, with a reduction of CHD risk [42]. It should be considered
that such observation could be attributed to the possible beneficial effect of polyunsaturated and
monounsaturated fatty acids and not necessarily to an adverse effect of saturated fatty acids (SFAs) [36].

In summary, the uncritical advice to reduce intake of SFAs without considering specific fatty
acids and food sources is not aligned with the current evidence base [36]. The view that saturated fat
(a highly heterogeneous class of fatty acids) per se increases cardiovascular mortality is over-simplistic
and distracts from the “food matrix” concept. Various saturated fatty acids have distinct metabolic
roles [43], and much additional research is needed to untangle their relative roles in cardiovascular
physiopathology [44].

2.2. Monounsaturated Fatty Acids (MUFAs)

International guidelines now promote the substitution of MUFA or polyunsaturated fatty acids
(PUFA) for SFA. In view of the fading view of SFA as being deleterious (vide infra), such advice should
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be based on sound evidence of direct protective human effects of these fatty acids. As far as MUFAs
are concerned, some evidence supporting this notion can actually be found in the published literature.
Data from Crete (a region where longevity is amongst the highest in the world) show that calorie intake
from fat approximates 40% of total calories, about half of which has been from olive oil, i.e., high intake
of the MUFA oleic acid (18:1ω9) [45]. Similar effects have been observed in the PREDIMED trial [18].

Mostly based on the indisputable association between olive oil use and lower CHD incidence
(as well as that of neurodegeneration and cancer [46]), many researchers and public health bodies
attribute MUFAs direct healthful properties. However, a close look at the published literature casts
some doubt on this assumption, and the effects of extra virgin olive oil in relation to coronary risk are to
be attributed to its (poly)phenols and not to its lipid components such as oleic acid [46]. To begin with,
several studies, summarized in highly-cited equations [47–50], calculated that the effects of MUFAs on
cholesterol—when they isocalorically replace carbohydrates—are rather small or negligible. Further,
a recent review by Tomé-Carneiro et al. [51] highlighted the potentially harmful effects of olive oil and
oleic acid when used in excess.

Examples of the noxious effects of excessive MUFAs use include observational studies. In a
cross-sectional study, relations between fatty acids intake and metabolic syndrome (MetS) status among
overweight and obese women were addressed. Overweight women with MetS consumed higher
amounts of monounsaturated fatty acids, polyunsaturated fatty acids, and linoleic acid compared
to overweight women without MetS [52]. Further, in a large sample of Swedish middle-aged men
(total 2322), a follow-up of 32 years showed that raised amounts of palmitic, palmitoleic, and oleic
acid were related to a higher risk for stroke/transient ischemic attack, whereas a higher proportion of
linoleic acid was protective [53].

Several case-control studies that analyzed fatty acids profiles in the circulation actually reported
higher rather than lower CHD risk as associated with higher proportions of MUFAs. Examples include
Block et al. [54], who reported higher oleic acid in the blood cell membranes of 768 acute coronary
syndrome cases as compared with the same number of controls. These conclusions were reinforced by
Marangoni et al. [55], who compared 119 patients with a recent diagnosis of myocardial infarction
with 103 controls. Whole blood oleic acid concentrations were higher in the former than in the latter.
Finally, a metabolomic study by Würtz et al. [56] classified circulating monounsaturated fatty acids as
predictors of cardiovascular risk in 14,629 participants to three population-based studies carried out in
Finland and the UK. Of note, recent research indicates that the effects of plant-derived monounsaturates
are different than those found in meat [57]. These interesting data, which need to be confirmed in
larger settings, point to a larger relevance of the food matrix than the fatty acid composition.

While the near totality of dietary MUFAs is oleic acid, it is worth devoting a brief discussion to
the role of palmitoleic acid (16:1ω 7): its dietary intake is quite low (main sources are macadamia and
sea buckthorn oils, neither of which is consumed in quantities worth noting worldwide), and this fatty
acid is considered as a marker of lipogenesis, particularly important in cardiometabolism, namely in
the etiology of non-alcoholic fatty liver disease (NAFLD). Among the proposed activities of omega
3 fatty acids (see below), their inhibition of hepatic lipogenesis via inhibition of the LXR-SREBP-1c
system [58] might be an often-overlooked healthful one [59–62].

2.3. Polyunsaturated Fatty Acids (PUFA)

The main PUFA in the diet is linoleic acid (18:2ω6, LA), followed by alpha-linolenic acid (18:3ω3, ALA).
Their intakes among adults in the Western world are approximately 13.5 g and 1.7 g per day, respectively.
Longer-chain PUFAs are consumed in lower amounts than LA and ALA. Arachidonic acid (20:4ω6, ARA)
intake in Western populations fluctuates between 50 and 300 mg/day. It is important to underscore that,
although several fatty acids can be synthesized in the human body, mammals are able to insert double
bonds in fatty acids’ position 9 but are unable to do so in positions 3 and 6, which is indispensable
to synthesize PUFAs [43]. Consequently, linoleic and alpha-linolenic acids need to be ingested with
the diet and are, therefore, termed “essential”. Conversely, longer chain ω6 and ω3 can be obtained,
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even if with different efficiency, from the aforementioned 18 carbon PUFAs, through the intervention
of specific desaturases (∆5 and ∆6) and elongases.

On the other hand, fatty acid essentiality might also refer to the several indispensable roles they
play in cellular physiology.

It is common wisdom that the Western diet, if often too rich in fat, mainly as saturated,
monounsaturated, and polyunsaturated fatty acids of the omega 6 series (such as LA), present in high
concentrations in most seed oils [63]. It has been suggested that this theoretical unbalance leads to
a “dilution” of omega 3 fatty acids, usually scant in most common foods [64]. However, this notion
is being disproven by accumulated evidence. At least in Europe, consumption of omega 6 PUFAs
is actually below the levels recommended by several scientific bodies, such as the American Heart
Association (see below).

2.4. Omega 6 Fatty Acids

As mentioned, the most abundant omega 6 PUFA in the diet is LA (18:2ω6), whose intakes are,
on average, 50-fold higher than those of ARA [65–67]. Research on LA gained traction approximately
50 years ago [68] when this fatty acid was shown to decrease blood cholesterol concentrations.
Consequently, dietary advice to increase its consumption was issued by public health authorities.
Indeed, polyunsaturated fat (again, primarily LA) in the US increased from approximately 3% of
energy in the 1950s to about 6–7% of energy [69,70]. The increase in LA consumption was associated
with a marked (50%) reduction of cardiovascular disease in the US [69]. This profound dietary change
was confirmed by large increases in the LA acid content of adipose samples. The effects of omega
6 PUFAs (and of other fatty acids) on blood lipids have been calculated by equations that yielded
almost identical results: consumption of saturated fat is positively related, and polyunsaturated fat is
inversely related to serum cholesterol concentrations [47,49]. These findings were corroborated by
Mensink et al. [50], who also addressed the effects of dietary fats on not only total blood cholesterol but
also LDL and HDL cholesterol and triglyceride levels [50]. In summary, compared to carbohydrates,
polyunsaturated fat (the vast majority of which is, as mentioned above, omega 6 PUFA) reduces LDL
cholesterol, with little effect on HDL cholesterol and triglycerides. Hence, dietary intake of omega 6
fatty acids, e.g., the substitution of 5% of calories from saturates with linoleic acid, was associated with
a significant reduction in cardiovascular risk (−9%) in a US meta-analysis [71]. The association between
increasing LA intake and reduction in CHD events holds, in this meta-analysis, up to at least 8% of
total calories from LA. Two recent meta-analyses have shown a negative association of LA plasma or
tissue levels (which reflect the intake of this essential fatty acid) with CHD and CVD incidence and
mortality [72] and type 2 diabetes incidence [73].

Mechanistically, it has been suggested that LA may partially inhibit the enzyme PCSK9, which
regulates the hepatic LDL receptor’s degradation, in a manner similar to (albeit much less effective
than) that of currently available drugs, i.e., alirocumab and evolocumab. This hypothesis, however,
requires further confirmation. Further, plasma levels of linoleic acid positively correlate with insulin
sensitivity [71]. The net result of using recommended amounts of omega 6 fatty acids is that of
cardiovascular risk reduction. Aside from epidemiological studies, one arm of the clinical trial
PREDIMED, i.e., the one where patients were given linoleic acid-rich dried fruit and nuts, confirmed
cardiovascular protection [74].

Theoretically, omega 6 fatty acids, namely arachidonic acid, could be pro-inflammatory, being the
precursors of eicosanoids. From a nutritional viewpoint, some theories posit the competitive relationship
with omega 3 fatty acids, with which omega 6 should compete for some enzymatic activities,
i.e., elongation and desaturation [75]. However, the majority of human studies do not confirm this
biochemical hypothesis [69], and a systematic review of the literature did not actually conclude on
any increase in inflammatory markers associated with the consumption of omega 6 in humans [76].
Of note, a case-control study of Italian-infarcted subjects reported that high plasma levels of both
omega 3 and omega 6 were associated with a clear risk reduction, while the now dismissed [77] omega
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6/omega 3 ratio did not correlate significantly with the risk itself [55]. Additionally, the omega 6/omega
3 ratio was negatively associated with the overall death rate, i.e., increasing ratios were associated with
decreasing the risk of death for any cause in a recent and very large prospective cohort [78].

Even though it is difficult to study the direct effects of ARA in humans, via RCTs, a review
of dietary surveys of ARA intake indicates that the amount of ARA intake is 100–250 mg/day in
advanced counties. ARA supplementation (82 or 120 mg/day for 3–4 weeks) at a dose equal to or less
than the dietary ARA intake increases plasma ARA composition; plasma ARA composition is ARA
dose-dependently increased in the range of 82–3600 mg/day; and ARA supplementation decreases
plasma LA composition but not docosahexaenoic/eicosapentaenoic acids composition [67]. To date,
nine RCTs of ARA have been performed, and none of them reported increases in inflammation
markers [67]. Conceivably, there is a large array of lipid mediators that originate from ARA, not
limited to inflammatory eicosanoids, and the sum of their biological activities lead to null effects
on inflammation [79]. In conclusion, neither LA nor ARA intakes are associated with increased
inflammation [76]. On the contrary, there is evidence of synergistic anti-inflammatory actions of LA
and omega 3 fatty acids (see below) [80], leading to a 54% lower risk of total mortality (HR, 0.46;
95% CI, 0.30–0.69) relative to those with lowest levels of both [80].

Finally, contrary to popular belief, the intake of omega 6 fatty acids is quite low in Europe and in
the USA [12,13]. According to an INRAN-SCAI survey, in which omega 6s were unfortunately reported
together with omega 3 polyunsaturates, the cumulative PUFAs intake in Italy covers only 4–5% of
total calories [81]. In conclusion, an increase in omega 6 dietary intake from seed oils, vegetables,
and nuts could help to further reduce coronary risk, especially in countries where consumption is
sub-optimal [70].

2.5. Omega 3 Fatty Acids

In physiological terms, omega 3 PUFAs, especially those which are most relevant in biological
terms, i.e., the long-chain PUFAs eicosapentaenoic (EPA) and docosahexaenoic (DHA), have become
analogous to micronutrients (intakes of few hundreds mg/day in most populations out of approximately
100 g/day of total fat). Irrefutable evidence shows that an adequate dietary intake of omega 3 from
plant foods (linseed, canola, and soybean oils and walnuts), namely alpha-linolenic acid (ALA;
18:3ω3), and from fish (EPA and DHA, respectively) is associated with a significant reduction of
coronary risk and sudden death [82,83], especially in the elderly [84]. Dimensionally, data from 17
prospective cohort studies examining the association of dietary EPA and DHA with the risk of various
coronary outcomes indicate an 18% risk reduction for any CVD event for those with higher dietary
intake of EPA + DHA compared to those with lower intake [85]. Significant reductions of 23%, 19%,
and 47% in the risk for fatal coronary events, coronary death, and sudden cardiac death, respectively,
were also computed [85]. These protective actions, which come from observational studies and are
mostly associated with fish consumption rather than supplement use, are mechanistically explained
by the favorable effects of EPA and DHA on triglyceridemia, on platelet function, blood pressure,
and on the lower production of adhesion and proinflammatory proteins by the arterial wall [82],
in addition to direct antiarrhythmic and antioxidant effects [82,86,87]. The first RCT that investigated
the pharmacological use of omega 3 was the GISSI-Prevenzione, in which capsules of omega 3 ethyl
esters concentrates (at a dose of 850 mg/day) vs. placebo were administered to subjects with a clinical
history of a coronary event. This trial clinically confirmed the cardioprotective effects of EPA and
DHA [88,89]. The subsequent JELIS RCT studied the use of EPA (1.8 g/d as an ethylester) alone in
Japanese patients treated with statins and reported a 19% lower incidence of reinfarction compared
with the statin alone group. After these studies, however, no further significant evidence emerged,
from controlled trials, in favor of treatment with omega 3 in secondary prevention, with the exception
of the REDUCE-IT trial, where 4 g/d of icosapent ethyl significantly reduced cardiovascular events in
hypertriglyceridemic, statin-treated patients. In terms of lipid profile, there was a significant reduction
in triglycerides (a decrease of 0.5 mmol/L; p < 0.001) and LDL-cholesterol (a decrease of 0.13 mmol/L;
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p < 0.001). Of note, the numbers needed to treat computed from the Bhatt et al. study is 70 [90].
Consequently, on November 14, 2019, the USA Food and Drug Administration approved the use
of icosapent ethyl (registered trademark: Vascepa®) as an adjunct to statin therapy in patients with
elevated triglyceride levels.

Other trials have been performed with high (higher than the previous ones) doses of pure EPA.
In this respect, the small, i.e., 193 patients, and non-blinded Japanese CHERRY (combination therapy of
eicosapentaenoic acid and pitavastatin (PTV) for coronary plaque regression evaluated by integrated
backscatter intravascular ultrasonography) study, which used intravascular ultrasound, reported that
combination EPA (1.800 gr/d)/PTV therapy significantly reduced coronary plaque volume compared to
PTV therapy alone [91].

Very recently, Lazáro et al. [92] investigated whether serum-PC EPA (proxy for marine omega
3 consumption) levels at the time of ST-segment elevation myocardial infarction (STEMI) were associated
with a lower incidence of major adverse cardiovascular events, all-cause mortality, and readmission
for cardiovascular (CV) causes at 3 years’ follow-up. Elevated serum-PC EPA and ALA levels at
the time of STEMI were associated with a lower risk of clinical adverse events, which the authors
attribute to diets rich in those two fatty acids [92]. A recent sub-analysis of the ANCHOR study [93]
reported that icosapent ethyl 4 g/day significantly and safely reduced triacyclglycerols (TG) and other
atherogenic and inflammatory parameters without increasing LDL-C in statin-treated patients with
hsCRP ≥ 2.0 mg/L and TG 200 to 499 mg/dL at baseline, versus placebo [93].

The rationale for using pure EPA instead of the more habitual fish oil mix of EPA and DHA is
that the latter purportedly increases LDL-cholesterol concentrations more than the former [94–96],
at least in hypertriglyceridemic patients [97]. This effect is more pronounced in ApoE4 carriers and
may, in part, negate the cardioprotective action of DHA in this population subgroup [98].

Even though the VITAL trial performed by Manson et al. recently concluded that “supplementation
with n-3 fatty acids did not result in a lower incidence of major cardiovascular events or cancer than
placebo” in 25,871 participants who underwent randomization in a two-by-two factorial design trial of
vitamin D3 (at a dose of 2000 IU per day) and marine n-3 fatty acids (at a dose of 1 g per day) in the
primary prevention of cardiovascular disease, a close inspection of the tables shows that the hazard
ratios for total myocardial infarction were 0.72 (95% CI, 0.59 to 0.90), those for death from myocardial
infarction were 0.50 (0.26–0.57), and those for percutaneous coronary intervention were 0.78 (0.73–0.95),
i.e., statistically significant [99]. A more updated meta-analysis by the same senior author concluded
that marine omega 3 supplementation lowers the risk for myocardial infarction, CHD death, total CHD,
CVD death, and total CVD, even after exclusion of REDUCE-IT [100]. Risk reductions appeared to be
linearly related to marine omega 3 dose [100].

The ongoing EVAPORATE trial [101], where 4 g/d of pure EPA was administered to cardiovascular
patients with triglyceride concentrations 200 to 499 mg/dL, just reported significant regression of
low-attenuation plaque volume measured by serial multidetector computed tomography [90,102] and
helped shed some light on the dose issue [103].

On the other hand, the recent STRENGTH (Statin Residual Risk Reduction with Epanova in High
CV Risk Patients with Hypertriglyceridemia) trial, evaluating the effect of Epanova® 4 g daily compared
to placebo (corn oil) on reducing the risk of major adverse cardiovascular events in 13,086 patients on
optimal statin therapy with mixed dyslipidemia and at high risk for CV disease, was stopped early due
to its low likelihood of demonstrating a benefit [104]. Finally, an RCT of krill oil, i.e., omega 3 mostly
as phospholipids, carried out in 242 patients with severe hypertriglyceridemia, was also stopped
after 12 of the programmed 46 weeks because of a strong placebo effect and the very recent Bischoff

et al. publication reported no significant differences in improvement in systolic and diastolic blood
pressure of older adults given 1 g/d of algal oil (330 mg of EPA and 660 mg DHA) [105]. Finally, a very
recent trial of 930 mg/d EPA and 660 mg/d DHA vs. corn oil given to elderly patients failed to prove
benefits [106]. In synthesis, the current clinical evidence of cardioprotective effects of EPA and DHA
therapy is quite sparse [107] and not strong enough for public health bodies to incorporate them in the
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therapeutic toolbox of myocardial infarction patients. However, some data are suggestive of salutary
actions, which should be further investigated (see below).

It is important to underline that the largely negative outcomes of the most recent, i.e., since 2007,
trials should not undermine the recommendation to regularly consume fish or plant sources of
ALA [108,109]. Several reasons may, in fact, explain the lack of effect reported by the most recent
trials of supplementary fish oil [110,111], notably: (a) as opposed to the early trials, such as the
GISSI-Prevenzione, cardiopathic patients currently receive highly effective multi-drug pharmacological
treatments; the effect of adding omega 3 fatty acids “on top” of these treatments is likely very small;
(b) the fatty acid profiles of RCT patients have been almost never evaluated: some subjects could
benefit more than others from treatment with omega 3 (for example, those with low basal blood
levels of these fatty acids) [103]. From a mere pharmacological viewpoint, this is surprising because,
for instance, the Omega 3 Index (%EPA and DHA in erythrocytes, measured with a standardized
methodology) is a risk predictor for cardiovascular mortality (CVD). Namely, CVD is 30% lower
with an omega 3 index >8% as compared with an omega 3 index of <4% [112]. As recently reported
by Bittner et al. [113], a low Omega 3 Index is associated with early-onset coronary atherosclerosis.
Ten cohort studies identified a 15% reduction in risk of fatal CHD for each one standard deviation
increase in omega 3 index [112]. In many trials, omega 3 capsules might have been given to people
who did not necessarily need them, and too low of a dose might have administered to people with
a very low Omega 3 Index. This resembles running hypertension trials without measuring blood
pressure or hyperlipidemia trials without measuring LDL [114]; (3) the bioavailability of omega 3 fatty
acids administered as ethylesters, as opposed to, e.g., triacylglycerols and phospholipids from fish,
is questionable. As reviewed by Schuchardt and Hahn [115], bioavailability heavily depends on the
concomitant intake of fat and/or adequate volume of foods, has high inter-individual variability, and so
forth. Examples of good bioavailability include omega 3 fatty acids formulated into milk products [116],
when eaten with salmon vs. capsules [117,118], or when administered as krill oil [119]—none used in
the trials meta-analyzed. Another often overlooked and controversial [120] issue is that fish oil is, by its
own nature and be it from diet [121] or supplements [122,123], prone to oxidation [124]. Physicians
should advise patients to store their medications/supplements in the dark and even freeze fish oil
capsules to avoid the formation of noxious [125] peroxides.

In summary, bi-weekly consumption of fish (especially fatty fish) remains a cornerstone of
cardiovascular prevention and should provide an average of 500 mg/d of EPA and DHA [126,127].
The use of EPA and DHA in secondary prevention does not currently rest on solid ground because of
the aforementioned reasons; yet, given the scantiness of side effects, some patients could benefit from
additional fish oil intake, and physicians should discuss its use with them [128].

Interest in ALA gained momentum at an International workshop, whose conclusions were
published in the year 2000 by Crawford et al. [129]. Due to its inefficient conversion to EPA and
DHA [130], ALA has been often neglected as bioactive omega 3 fatty acid. The only secondary
prevention trial in which ALA has been employed (as an ingredient of margarine) was the Lyon
Heart Study [131], which was interrupted early because of statistically significant results, had a small
number of events, and has never been replicated. Its follow-up, however, confirmed the positive
effects of ALA on reinfarction rates [132]. Another small crossover Japanese trial recently reported
enhanced fat oxidation in healthy subjects, administered with 2.5 g/d of ALA-enriched diacylglycerol
vs. placebo [133], suggesting its use in visceral obesity prevention. Other evidence indicative of the
cardioprotective effects of ALA come from epidemiological data linking high consumption of ALA-rich
foods, such as walnuts [134,135], flaxseed [136], and some seed oils [137]. Currently, large-scale primary
or secondary prevention trials are missing, and, in summary, the cardiovascular actions of ALA have
been poorly explored and remain to be fully elucidated [109].
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2.6. Trans Fatty Acids

Trans fatty acids are unsaturated fatty acids with at least one double bond in the trans configuration,
which results in a straighter molecular shape than with a double bond in a cis configuration. Trans fatty
acids are not essential, and they do not serve any vital functions [138]. Conversely, the consumption
of trans fatty acids (usually identified on food labels as “partially hydrogenated vegetable fats”) has
untoward effects on lipid and lipoprotein metabolism, i.e., increase in LDL cholesterol, reduction of
HDL cholesterol, and deterioration of endothelial function, perhaps due to their pro-inflammatory
actions. There is a clear direct association between consumption of trans fatty acids with food and
coronary risk [23]. Indeed, even though correlation does not mean causation, US counties where the
intake of trans fatty acids has been banned are witnessing a decrease in cardiovascular events [139].

Recent analyses of erythrocytes from European subjects indicate that levels of industrial trans fatty
acids appear to be decreasing, as are those of ruminant-derived C16:1n-7t, a marker for dairy and
meat intake [140]. Altogether, the average intakes in European countries of ~1 energy percent [141]
and less than that in the United Kingdom, with a major proportion coming from dairy products and
meat [142]. In France, for example, trans fatty acids’ intake is now exclusively from ruminant meat
and dairy products [143]. The USA is also witnessing a slow reduction in industrial trans fatty acids
use. In Europe and the USA, the average intake of trans fatty acids from ruminant sources is around
0.5 energy percent [138].

One matter worth discussing is the conventional classification of trans fatty acids in two groups:
artificial trans fatty acids (of industrial origin) and natural trans fatty acids (produced by ruminants) [138].
This leads to a discussion of whether the latter have cardiovascular actions different than the former.
Indeed, milk fat naturally contains ~5% trans fatty acids, resulting in very low intakes. Few observational
studies have investigated separate effects of dietary ruminant trans fatty acids, which ranges from
2.8–10 g/day [144]. No adverse effects of ruminant trans fatty acid intake were noted [144], in line with
previous conclusions [23]. On the contrary, some authors propose putative effects of ruminant trans
fatty acids [145–147]. Of course, those fatty acids are part of more complex food items, and it is difficult
or even impossible to single out their true contribution to human health and pathology.

In summary, the ban on the consumption of trans unsaturated fatty acids, typical of old margarine
used in dough and some low-quality baked goods, should be implemented. The roles played by
ruminant trans fatty acids in human health remain to be carefully studied via appropriate trials.

3. Conclusions

The fatty acids and cardiovascular disease field (in addition to other ones, such as cognitive
decline [148,149]) is a rapidly evolving one, mainly due to the difficulty of performing appropriate
clinical trials where fatty acids replace carbohydrates rather than one another. However, some firm
conclusions can be drawn. The first one concerns SFAs that are highly heterogeneous in nature and
whose effects most likely depend on the food matrix and on the other classes of fatty acids they
substitute for in the diet. International scientific societies recommend keeping their intake below 10%E,
but more attention should be probably paid to their source rather than their absolute amount.

MUFAs, apparently, play minor roles in the CHD and CVD scenario but, when ingested via extra
virgin olive oil, convey (poly)phenols with interesting cardioprotective properties.

Omega 6 PUFAs became very popular in the late 70s when Dr. Ancel Keys and coworkers
undertook the Seven Countries study [150], whose results prematurely [151] advocated the use of
seed oils rather than butter. Then, the theory that predicts that the essential omega 6 fatty acids,
namely linoleic acid, increase inflammation because they are precursors of eicosanoids led some
investigators to classify them as harmful. As reviewed above, this theory proved unsound in humans,
and consumption data actually indicate that linoleic acid use is often below recommended levels.
Hence, there is—at present—no sound evidence to suggest that they should be looked upon as harmful,
and there is no reason to worry about the proportion of calories they provide within a healthy diet.
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Concerning omega 3 fatty acids and cardiovascular disease, the state-of-the-art is as follows:
enhanced intakes of omega 3 fatty acids are cardioprotective via modulation of various parameters.
The effects are obtained with relatively low amounts of omega 3, in the order of ~500 mg–1 g/day,
which is a tiny fraction of total fat ingested daily (around 100 g in most countries [12,13]). One interesting
trait of omega 3 fatty acids is, indeed, that their accrual in plasma and cell lipids is relevant, even at such
relatively low levels of intake. Further, EPA and DHA mainly accumulate in rather stable lipid pools
where they are retained even after long washout periods [152]. When employed in cardiovascular
therapy, the effects of DHA and, particularly, EPA appear at much higher doses than the dietary ones.
The current impasse of fish oil use in cardiovascular secondary prevention requires a redirection of our
approach to the pharmacology of these molecules, which should chiefly implicate reflections on doses
and formulations. The advice to consume omega 3-rich oily fish, nuts, and leafy vegetables rests on
solid evidence. Current research on transgenic plants that provide EPA and DHA [153] might evolve
into the formulation and marketing of novel food items.

In conclusion, some evidence on the effects of fatty acids and lipids solidified over the years,
thanks to proper research (Figure 1) [154]. Other issues need to be elucidated and will be the subject of
future investigation.

Nutrients 2020, 12, x FOR PEER REVIEW 10 of 19 

 

a redirection of our approach to the pharmacology of these molecules, which should chiefly implicate 
reflections on doses and formulations. The advice to consume omega 3-rich oily fish, nuts, and leafy 
vegetables rests on solid evidence. Current research on transgenic plants that provide EPA and DHA 
[153] might evolve into the formulation and marketing of novel food items. 

In conclusion, some evidence on the effects of fatty acids and lipids solidified over the years, 
thanks to proper research (Figure 1) [154]. Other issues need to be elucidated and will be the subject 
of future investigation. 

 
Figure 1. Schematic view of fatty acids’ effects on the cardiovascular system. Photo by Sharon 
Pittaway on Unsplash. 

Author Contributions: F.V. and A.P. conceived the paper and wrote it. All authors have read and agreed to the 
published version of the manuscript. 

Funding: This research received no external funding. 

Acknowledgments: Rod H. Dashwood edited the abstract. John P. Doucet suggested the title. 

Conflicts of Interest: AP is the Chairman of NFI-Nutrition Foundation of Italy, a non-profit organization 
partially supported by Italian and non-Italian Food Companies. FV declares no conflict of interest associated 
with this publication. 

References 

1. Ioannidis, J.P.A. Neglecting Major Health Problems and Broadcasting Minor, Uncertain Issues in Lifestyle 
Science. JAMA 2019, 322, 2069–2070, doi:10.1001/jama.2019.17576. 

2. Trepanowski, J.F.; Ioannidis, J.P.A. Perspective: Limiting Dependence on Nonrandomized Studies and 
Improving Randomized Trials in Human Nutrition Research: Why and How. Adv. Nutr. 2018, 9, 367–377, 
doi:10.1093/advances/nmy014. 

3. Nettleton, J.A.; Koletzko, B.; Hornstra, G. ISSFAL 2010 dinner debate: Healthy fats for healthy hearts—
Annotated report of a scientific discussion. Ann. Nutr. Metab. 2011, 58, 59–65, doi:10.1159/000324749. 

4. Punia, S.; Singh Sandhu, K.; Siroha, A.K.; Dhull, S.B. Omega 3-metabolism, absorption, bioavailability and 
health benefits—A review. PharmaNutrition 2019, 10, 100162, doi:10.1016/j.phanu.2019.100162. 

Figure 1. Schematic view of fatty acids’ effects on the cardiovascular system. Photo by Sharon Pittaway
on Unsplash.

Author Contributions: F.V. and A.P. conceived the paper and wrote it. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: Rod H. Dashwood edited the abstract. John P. Doucet suggested the title.

Conflicts of Interest: AP is the Chairman of NFI-Nutrition Foundation of Italy, a non-profit organization partially
supported by Italian and non-Italian Food Companies. FV declares no conflict of interest associated with
this publication.



Nutrients 2020, 12, 3782 11 of 19

References

1. Ioannidis, J.P.A. Neglecting Major Health Problems and Broadcasting Minor, Uncertain Issues in Lifestyle
Science. JAMA 2019, 322, 2069–2070. [CrossRef] [PubMed]

2. Trepanowski, J.F.; Ioannidis, J.P.A. Perspective: Limiting Dependence on Nonrandomized Studies and
Improving Randomized Trials in Human Nutrition Research: Why and How. Adv. Nutr. 2018, 9, 367–377.
[CrossRef] [PubMed]

3. Nettleton, J.A.; Koletzko, B.; Hornstra, G. ISSFAL 2010 dinner debate: Healthy fats for healthy
hearts—Annotated report of a scientific discussion. Ann. Nutr. Metab. 2011, 58, 59–65. [CrossRef]
[PubMed]

4. Punia, S.; Singh Sandhu, K.; Siroha, A.K.; Dhull, S.B. Omega 3-metabolism, absorption, bioavailability and
health benefits—A review. PharmaNutrition 2019, 10, 100162. [CrossRef]

5. Zong, G.; Li, Y.; Sampson, L.; Dougherty, L.W.; Willett, W.C.; Wanders, A.J.; Alssema, M.; Zock, P.L.; Hu, F.B.;
Sun, Q. Monounsaturated fats from plant and animal sources in relation to risk of coronary heart disease
among US men and women. Am. J. Clin. Nutr. 2018, 107, 445–453. [CrossRef]

6. Trautwein, E.A.; McKay, S. The Role of Specific Components of a Plant-Based Diet in Management of
Dyslipidemia and the Impact on Cardiovascular Risk. Nutrients 2020, 12, 2671. [CrossRef]

7. Hemler, E.C.; Hu, F.B. Plant-Based Diets for Personal, Population, and Planetary Health. Adv. Nutr. 2019, 10,
S275–S283. [CrossRef]

8. Visioli, F.; Crawford, M.A.; Cunnane, S.; Rise, P.; Galli, C. Lipid transport, dietary fats, and endogenous lipid
synthesis: Hypotheses on saturation and competition processes. Nutr. Health 2006, 18, 127–132. [CrossRef]

9. Castro-Gomez, P.; Garcia-Serrano, A.; Visioli, F.; Fontecha, J. Relevance of dietary glycerophospholipids and
sphingolipids to human health. Prostaglandins Leukot. Essent. Fatty Acids 2015, 101, 41–51. [CrossRef]

10. Richard, D.; Bausero, P.; Schneider, C.; Visioli, F. Polyunsaturated fatty acids and cardiovascular disease.
Cell. Mol. Life Sci. 2009, 66, 3277–3288. [CrossRef]

11. The British Nutrition Foudnation Taskforce. In Unsaturated Fatty Acids; Springer Science: Berlin, Germany, 1992.
12. Eilander, A.; Harika, R.K.; Zock, P.L. Intake and sources of dietary fatty acids in Europe: Are current

population intakes of fats aligned with dietary recommendations? Eur. J. Lipid Sci. Technol. 2015, 117,
1370–1377. [CrossRef]

13. Harika, R.K.; Eilander, A.; Alssema, M.; Osendarp, S.J.; Zock, P.L. Intake of fatty acids in general populations
worldwide does not meet dietary recommendations to prevent coronary heart disease: A systematic review
of data from 40 countries. Ann. Nutr. Metab. 2013, 63, 229–238. [CrossRef]

14. Calder, P.C.; Burdge, G.C. Chapter 1—Fatty Acids. In Bioactive Lipids; Nicolaoua, A., Kokotos, G., Eds.;
Woodehead Publishing: London, UK, 2012; pp. 1–36.

15. Howard, B.V.; Van Horn, L.; Hsia, J.; Manson, J.E.; Stefanick, M.L.; Wassertheil-Smoller, S.; Kuller, L.H.;
LaCroix, A.Z.; Langer, R.D.; Lasser, N.L.; et al. Low-fat dietary pattern and risk of cardiovascular disease:
The Women’s Health Initiative Randomized Controlled Dietary Modification Trial. JAMA 2006, 295, 655–666.
[CrossRef]

16. Dehghan, M.; Mente, A.; Zhang, X.; Swaminathan, S.; Li, W.; Mohan, V.; Iqbal, R.; Kumar, R.;
Wentzel-Viljoen, E.; Rosengren, A.; et al. Associations of fats and carbohydrate intake with cardiovascular
disease and mortality in 18 countries from five continents (PURE): A prospective cohort study. Lancet 2017,
390, 2050–2062. [CrossRef]

17. Hansel, B.; Roussel, R.; Giral, P. Associations of fats and carbohydrates with cardiovascular disease and
mortality-PURE and simple? Lancet 2018, 391, 1680. [CrossRef]

18. Guasch-Ferre, M.; Babio, N.; Martinez-Gonzalez, M.A.; Corella, D.; Ros, E.; Martin-Pelaez, S.; Estruch, R.;
Aros, F.; Gomez-Gracia, E.; Fiol, M.; et al. Dietary fat intake and risk of cardiovascular disease and all-cause
mortality in a population at high risk of cardiovascular disease. Am. J. Clin. Nutr. 2015, 102, 1563–1573.
[CrossRef] [PubMed]

19. Mach, F.; Baigent, C.; Catapano, A.L.; Koskinas, K.C.; Casula, M.; Badimon, L.; Chapman, M.J.; De Backer, G.G.;
Delgado, V.; Ference, B.A.; et al. 2019 ESC/EAS Guidelines for the management of dyslipidaemias: Lipid
modification to reduce cardiovascular risk. Eur. Heart J. 2020, 41, 111–188. [CrossRef]

20. Krauss, R.M.; Kris-Etherton, P.M. Public health guidelines should recommend reducing saturated fat
consumption as much as possible: Debate Consensus. Am. J. Clin. Nutr. 2020, 112, 25–26. [CrossRef]

http://dx.doi.org/10.1001/jama.2019.17576
http://www.ncbi.nlm.nih.gov/pubmed/31626274
http://dx.doi.org/10.1093/advances/nmy014
http://www.ncbi.nlm.nih.gov/pubmed/30032218
http://dx.doi.org/10.1159/000324749
http://www.ncbi.nlm.nih.gov/pubmed/21430375
http://dx.doi.org/10.1016/j.phanu.2019.100162
http://dx.doi.org/10.1093/ajcn/nqx004
http://dx.doi.org/10.3390/nu12092671
http://dx.doi.org/10.1093/advances/nmy117
http://dx.doi.org/10.1177/026010600601800204
http://dx.doi.org/10.1016/j.plefa.2015.07.004
http://dx.doi.org/10.1007/s00018-009-0085-4
http://dx.doi.org/10.1002/ejlt.201400513
http://dx.doi.org/10.1159/000355437
http://dx.doi.org/10.1001/jama.295.6.655
http://dx.doi.org/10.1016/S0140-6736(17)32252-3
http://dx.doi.org/10.1016/S0140-6736(18)30752-9
http://dx.doi.org/10.3945/ajcn.115.116046
http://www.ncbi.nlm.nih.gov/pubmed/26561617
http://dx.doi.org/10.1093/eurheartj/ehz455
http://dx.doi.org/10.1093/ajcn/nqaa134


Nutrients 2020, 12, 3782 12 of 19

21. Astrup, A.; Bertram, H.C.; Bonjour, J.P.; de Groot, L.C.; de Oliveira Otto, M.C.; Feeney, E.L.; Garg, M.L.;
Givens, I.; Kok, F.J.; Krauss, R.M.; et al. WHO draft guidelines on dietary saturated and trans fatty acids:
Time for a new approach? BMJ 2019, 366, l4137. [CrossRef]

22. Siri-Tarino, P.W.; Sun, Q.; Hu, F.B.; Krauss, R.M. Meta-analysis of prospective cohort studies evaluating the
association of saturated fat with cardiovascular disease. Am. J. Clin. Nutr. 2010, 91, 535–546. [CrossRef]

23. De Souza, R.J.; Mente, A.; Maroleanu, A.; Cozma, A.I.; Ha, V.; Kishibe, T.; Uleryk, E.; Budylowski, P.;
Schunemann, H.; Beyene, J.; et al. Intake of saturated and trans unsaturated fatty acids and risk of all cause
mortality, cardiovascular disease, and type 2 diabetes: Systematic review and meta-analysis of observational
studies. BMJ 2015, 351, h3978. [CrossRef] [PubMed]

24. GBD 2019 Risk Factors Collaborators. Global burden of 87 risk factors in 204 countries and territories,
1990–2019: A systematic analysis for the Global Burden of Disease Study 2019. Lancet 2020, 396, 1223–1249.
[CrossRef]

25. Praagman, J.; Beulens, J.W.; Alssema, M.; Zock, P.L.; Wanders, A.J.; Sluijs, I.; van der Schouw, Y.T. The
association between dietary saturated fatty acids and ischemic heart disease depends on the type and source
of fatty acid in the European Prospective Investigation into Cancer and Nutrition-Netherlands cohort. Am. J.
Clin. Nutr. 2016, 103, 356–365. [CrossRef]

26. Visioli, F.; Strata, A. Milk, dairy products, and their functional effects in humans: A narrative review of
recent evidence. Adv. Nutr. 2014, 5, 131–143. [CrossRef] [PubMed]

27. Turpeinen, A.M.; Jarvenpaa, S.; Kautiainen, H.; Korpela, R.; Vapaatalo, H. Antihypertensive effects of
bioactive tripeptides—A random effects meta-analysis. Ann. Med. 2013, 45, 51–56. [CrossRef]

28. Soedamah-Muthu, S.S.; Ding, E.L.; Al-Delaimy, W.K.; Hu, F.B.; Engberink, M.F.; Willett, W.C.; Geleijnse, J.M.
Milk and dairy consumption and incidence of cardiovascular diseases and all-cause mortality: Dose-response
meta-analysis of prospective cohort studies. Am. J. Clin. Nutr. 2011, 93, 158–171. [CrossRef]

29. Ghosh, S.; He, W.; Gao, J.; Luo, D.; Wang, J.; Chen, J.; Huang, H. Whole milk consumption is associated
with lower risk of coronary artery calcification progression: Evidences from the Multi-Ethnic Study of
Atherosclerosis. Eur. J. Nutr. 2020. [CrossRef]

30. Astrup, A.; Geiker, N.R.W.; Magkos, F. Effects of Full-Fat and Fermented Dairy Products on Cardiometabolic
Disease: Food Is More than the Sum of Its Parts. Adv. Nutr. 2019, 10, 924S–930S. [CrossRef]

31. Nicklas, T.A.; Qu, H.; Hughes, S.O.; He, M.; Wagner, S.E.; Foushee, H.R.; Shewchuk, R.M. Self-perceived
lactose intolerance results in lower intakes of calcium and dairy foods and is associated with hypertension
and diabetes in adults. Am. J. Clin. Nutr. 2011, 94, 191–198. [CrossRef]

32. Imamura, F.; Fretts, A.; Marklund, M.; Ardisson Korat, A.V.; Yang, W.S.; Lankinen, M.; Qureshi, W.; Helmer, C.;
Chen, T.A.; Wong, K.; et al. Fatty acid biomarkers of dairy fat consumption and incidence of type 2 diabetes:
A pooled analysis of prospective cohort studies. PLoS Med. 2018, 15, e1002670. [CrossRef]

33. De Oliveira Otto, M.C.; Lemaitre, R.N.; Sun, Q.; King, I.B.; Wu, J.H.Y.; Manichaikul, A.; Rich, S.S.; Tsai, M.Y.;
Chen, Y.D.; Fornage, M.; et al. Genome-wide association meta-analysis of circulating odd-numbered chain
saturated fatty acids: Results from the CHARGE Consortium. PLoS ONE 2018, 13, e0196951. [CrossRef]
[PubMed]

34. Pala, V.; Sieri, S.; Chiodini, P.; Masala, G.; Palli, D.; Mattiello, A.; Panico, S.; Tumino, R.; Frasca, G.; Fasanelli, F.;
et al. Associations of dairy product consumption with mortality in the European Prospective Investigation
into Cancer and Nutrition (EPIC)-Italy cohort. Am. J. Clin. Nutr. 2019, 110, 1220–1230. [CrossRef] [PubMed]

35. Dehghan, M.; Mente, A.; Rangarajan, S.; Sheridan, P.; Mohan, V.; Iqbal, R.; Gupta, R.; Lear, S.;
Wentzel-Viljoen, E.; Avezum, A.; et al. Association of dairy intake with cardiovascular disease and
mortality in 21 countries from five continents (PURE): A prospective cohort study. Lancet 2018, 392,
2288–2297. [CrossRef]

36. Astrup, A.; Magkos, F.; Bier, D.M.; Brenna, J.T.; de Oliveira Otto, M.C.; Hill, J.O.; King, J.C.; Mente, A.;
Ordovas, J.M.; Volek, J.S.; et al. Saturated Fats and Health: A Reassessment and Proposal for Food-Based
Recommendations: JACC State-of-the-Art Review. J. Am. Coll. Cardiol. 2020, 76, 844–857. [CrossRef]

37. Micha, R.; Wallace, S.K.; Mozaffarian, D. Red and processed meat consumption and risk of incident coronary
heart disease, stroke, and diabetes mellitus: A systematic review and meta-analysis. Circulation 2010, 121,
2271–2283. [CrossRef]

http://dx.doi.org/10.1136/bmj.l4137
http://dx.doi.org/10.3945/ajcn.2009.27725
http://dx.doi.org/10.1136/bmj.h3978
http://www.ncbi.nlm.nih.gov/pubmed/26268692
http://dx.doi.org/10.1016/S0140-6736(20)30752-2
http://dx.doi.org/10.3945/ajcn.115.122671
http://dx.doi.org/10.3945/an.113.005025
http://www.ncbi.nlm.nih.gov/pubmed/24618755
http://dx.doi.org/10.3109/07853890.2012.663926
http://dx.doi.org/10.3945/ajcn.2010.29866
http://dx.doi.org/10.1007/s00394-020-02301-5
http://dx.doi.org/10.1093/advances/nmz069
http://dx.doi.org/10.3945/ajcn.110.009860
http://dx.doi.org/10.1371/journal.pmed.1002670
http://dx.doi.org/10.1371/journal.pone.0196951
http://www.ncbi.nlm.nih.gov/pubmed/29738550
http://dx.doi.org/10.1093/ajcn/nqz183
http://www.ncbi.nlm.nih.gov/pubmed/31435641
http://dx.doi.org/10.1016/S0140-6736(18)31812-9
http://dx.doi.org/10.1016/j.jacc.2020.05.077
http://dx.doi.org/10.1161/CIRCULATIONAHA.109.924977


Nutrients 2020, 12, 3782 13 of 19

38. O’Connor, L.E.; Kim, J.E.; Campbell, W.W. Total red meat intake of ≥0.5 servings/d does not negatively
influence cardiovascular disease risk factors: A systemically searched meta-analysis of randomized controlled
trials. Am. J. Clin. Nutr. 2017, 105, 57–69. [CrossRef]

39. Rohrmann, S.; Overvad, K.; Bueno-de-Mesquita, H.B.; Jakobsen, M.U.; Egeberg, R.; Tjonneland, A.; Nailler, L.;
Boutron-Ruault, M.C.; Clavel-Chapelon, F.; Krogh, V.; et al. Meat consumption and mortality—Results from
the European Prospective Investigation into Cancer and Nutrition. BMC Med. 2013, 11, 63. [CrossRef]

40. Koeth, R.A.; Wang, Z.; Levison, B.S.; Buffa, J.A.; Org, E.; Sheehy, B.T.; Britt, E.B.; Fu, X.; Wu, Y.; Li, L.; et al.
Intestinal microbiota metabolism of L-carnitine, a nutrient in red meat, promotes atherosclerosis. Nat. Med.
2013, 19, 576–585. [CrossRef]

41. De Oliveira Otto, M.C.; Mozaffarian, D.; Kromhout, D.; Bertoni, A.G.; Sibley, C.T.; Jacobs, D.R., Jr.;
Nettleton, J.A. Dietary intake of saturated fat by food source and incident cardiovascular disease:
The Multi-Ethnic Study of Atherosclerosis. Am. J. Clin. Nutr. 2012, 96, 397–404. [CrossRef]

42. Li, Y.; Hruby, A.; Bernstein, A.M.; Ley, S.H.; Wang, D.D.; Chiuve, S.E.; Sampson, L.; Rexrode, K.M.; Rimm, E.B.;
Willett, W.C.; et al. Saturated Fats Compared with Unsaturated Fats and Sources of Carbohydrates in Relation
to Risk of Coronary Heart Disease: A Prospective Cohort Study. J. Am. Coll. Cardiol. 2015, 66, 1538–1548.
[CrossRef]

43. Ratnayake, W.M.; Galli, C. Fat and fatty acid terminology, methods of analysis and fat digestion and
metabolism: A background review paper. Ann. Nutr. Metab. 2009, 55, 8–43. [CrossRef] [PubMed]

44. Teicholz, N. The scientific report guiding the US dietary guidelines: Is it scientific? BMJ 2015, 351, h4962.
[CrossRef] [PubMed]

45. Moschandreas, J.; Kafatos, A. Food and nutrient intakes of Greek (Cretan) adults. Recent data for food-based
dietary guidelines in Greece. Br. J. Nutr. 1999, 81 (Suppl. S2), S71–S76. [CrossRef]

46. Visioli, F.; Franco, M.; Toledo, E.; Luchsinger, J.; Willett, W.C.; Hu, F.B.; Martinez-Gonzalez, M.A. Olive oil
and prevention of chronic diseases: Summary of an International conference. Nutr. Metab. Cardiovasc. Dis.
2018, 28, 649–656. [CrossRef]

47. Hegsted, D.M. Serum-cholesterol response to dietary cholesterol: A re-evaluation. Am. J. Clin. Nutr. 1986,
44, 299–305. [CrossRef]

48. Clarke, R.; Frost, C.; Collins, R.; Appleby, P.; Peto, R. Dietary lipids and blood cholesterol: Quantitative
meta-analysis of metabolic ward studies. BMJ 1997, 314, 112–117. [CrossRef]

49. Mensink, R.P.; Katan, M.B. Effect of dietary fatty acids on serum lipids and lipoproteins. A meta-analysis of
27 trials. Arterioscler. Thromb. 1992, 12, 911–919. [CrossRef]

50. Mensink, R.P.; Zock, P.L.; Kester, A.D.; Katan, M.B. Effects of dietary fatty acids and carbohydrates on the
ratio of serum total to HDL cholesterol and on serum lipids and apolipoproteins: A meta-analysis of 60
controlled trials. Am. J. Clin. Nutr. 2003, 77, 1146–1155. [CrossRef]

51. Tome-Carneiro, J.; Crespo, M.C.; Lopez de Las Hazas, M.C.; Visioli, F.; Davalos, A. Olive oil consumption
and its repercussions on lipid metabolism. Nutr. Rev. 2020, 78, 952–968. [CrossRef]

52. Maximino, P.; Horta, P.M.; dos Santos, L.C.; de Oliveira, C.L.; Fisberg, M. Fatty acid intake and metabolic
syndrome among overweight and obese women. Rev. Bras. Epidemiol. 2015, 18, 930–942. [CrossRef]

53. Wiberg, B.; Sundstrom, J.; Arnlov, J.; Terent, A.; Vessby, B.; Zethelius, B.; Lind, L. Metabolic risk factors
for stroke and transient ischemic attacks in middle-aged men: A community-based study with long-term
follow-up. Stroke 2006, 37, 2898–2903. [CrossRef] [PubMed]

54. Block, R.C.; Harris, W.S.; Reid, K.J.; Spertus, J.A. Omega-6 and trans fatty acids in blood cell membranes:
A risk factor for acute coronary syndromes? Am. Heart J. 2008, 156, 1117–1123. [CrossRef] [PubMed]

55. Marangoni, F.; Novo, G.; Perna, G.; Perrone Filardi, P.; Pirelli, S.; Ceroti, M.; Querci, A.; Poli, A. Omega-6
and omega-3 polyunsaturated fatty acid levels are reduced in whole blood of Italian patients with a recent
myocardial infarction: The AGE-IM study. Atherosclerosis 2014, 232, 334–338. [CrossRef] [PubMed]

56. Wurtz, P.; Havulinna, A.S.; Soininen, P.; Tynkkynen, T.; Prieto-Merino, D.; Tillin, T.; Ghorbani, A.; Artati, A.;
Wang, Q.; Tiainen, M.; et al. Metabolite profiling and cardiovascular event risk: A prospective study of
3 population-based cohorts. Circulation 2015, 131, 774–785. [CrossRef] [PubMed]

57. Guasch-Ferre, M.; Zong, G.; Willett, W.C.; Zock, P.; Wanders, A.J.; Hu, F.B.; Sun, Q. Associations of
Monounsaturated Fatty Acids from Plant and Animal Sources with Total and Cause-Specific Mortality in
Two US Prospective Cohort Studies. Circ. Res. 2019, 124, 1266–1275. [CrossRef] [PubMed]

http://dx.doi.org/10.3945/ajcn.116.142521
http://dx.doi.org/10.1186/1741-7015-11-63
http://dx.doi.org/10.1038/nm.3145
http://dx.doi.org/10.3945/ajcn.112.037770
http://dx.doi.org/10.1016/j.jacc.2015.07.055
http://dx.doi.org/10.1159/000228994
http://www.ncbi.nlm.nih.gov/pubmed/19752534
http://dx.doi.org/10.1136/bmj.h4962
http://www.ncbi.nlm.nih.gov/pubmed/26400973
http://dx.doi.org/10.1017/S0007114599000926
http://dx.doi.org/10.1016/j.numecd.2018.04.004
http://dx.doi.org/10.1093/ajcn/44.2.299
http://dx.doi.org/10.1136/bmj.314.7074.112
http://dx.doi.org/10.1161/01.ATV.12.8.911
http://dx.doi.org/10.1093/ajcn/77.5.1146
http://dx.doi.org/10.1093/nutrit/nuaa014
http://dx.doi.org/10.1590/1980-5497201500040020
http://dx.doi.org/10.1161/01.STR.0000249056.24657.8b
http://www.ncbi.nlm.nih.gov/pubmed/17053177
http://dx.doi.org/10.1016/j.ahj.2008.07.014
http://www.ncbi.nlm.nih.gov/pubmed/19033007
http://dx.doi.org/10.1016/j.atherosclerosis.2013.11.048
http://www.ncbi.nlm.nih.gov/pubmed/24468146
http://dx.doi.org/10.1161/CIRCULATIONAHA.114.013116
http://www.ncbi.nlm.nih.gov/pubmed/25573147
http://dx.doi.org/10.1161/CIRCRESAHA.118.313996
http://www.ncbi.nlm.nih.gov/pubmed/30689516


Nutrients 2020, 12, 3782 14 of 19

58. Xu, J.; Nakamura, M.T.; Cho, H.P.; Clarke, S.D. Sterol regulatory element binding protein-1 expression is
suppressed by dietary polyunsaturated fatty acids. A mechanism for the coordinate suppression of lipogenic
genes by polyunsaturated fats. J. Biol. Chem. 1999, 274, 23577–23583. [CrossRef]

59. Lamaziere, A.; Wolf, C.; Barbe, U.; Bausero, P.; Visioli, F. Lipidomics of hepatic lipogenesis inhibition by
omega 3 fatty acids. Prostaglandins Leukot. Essent. Fatty Acids 2013, 88, 149–154. [CrossRef]

60. Starcevic, K.; Filipovic, N.; Galan, A.; Micek, V.; Gudan Kurilj, A.; Masek, T. Hepatic Lipogenesis and
Brain Fatty Acid Profile in Response to Different Dietary n6/n3 Ratios and DHA/EPA Supplementation in
Streptozotocin Treated Rats. Mol. Nutr. Food Res. 2018, 62, e1701007. [CrossRef]

61. Bargut, T.C.; Frantz, E.D.; Mandarim-de-Lacerda, C.A.; Aguila, M.B. Effects of a diet rich in n-3
polyunsaturated fatty acids on hepatic lipogenesis and beta-oxidation in mice. Lipids 2014, 49, 431–444.
[CrossRef]

62. Balogun, K.A.; Albert, C.J.; Ford, D.A.; Brown, R.J.; Cheema, S.K. Dietary omega-3 polyunsaturated fatty
acids alter the fatty acid composition of hepatic and plasma bioactive lipids in C57BL/6 mice: A lipidomic
approach. PLoS ONE 2013, 8, e82399. [CrossRef]

63. Marangoni, F.; Agostoni, C.; Borghi, C.; Catapano, A.L.; Cena, H.; Ghiselli, A.; La Vecchia, C.; Lercker, G.;
Manzato, E.; Pirillo, A.; et al. Dietary linoleic acid and human health: Focus on cardiovascular and
cardiometabolic effects. Atherosclerosis 2020, 292, 90–98. [CrossRef] [PubMed]

64. Simopoulos, A.P.; DiNicolantonio, J.J. The importance of a balanced omega-6 to omega-3 ratio in the
prevention and management of obesity. Open Heart 2016, 3, e000385. [CrossRef] [PubMed]

65. Trumbo, P.; Schlicker, S.; Yates, A.A.; Poos, M.; The Food and Nutrition Board of the Institute of Medicine,
The National Academies. Dietary reference intakes for energy, carbohydrate, fiber, fat, fatty acids, cholesterol,
protein and amino acids. J. Am. Diet. Assoc. 2002, 102, 1621–1630. [CrossRef]

66. Whelan, J.; Fritsche, K. Linoleic acid. Adv. Nutr. 2013, 4, 311–312. [CrossRef]
67. Kawashima, H. Intake of arachidonic acid-containing lipids in adult humans: Dietary surveys and clinical

trials. Lipids Health Dis. 2019, 18, 101. [CrossRef]
68. Grundy, S.M.; Ahrens, E.H., Jr. The effects of unsaturated dietary fats on absorption, excretion, synthesis,

and distribution of cholesterol in man. J. Clin. Investig. 1970, 49, 1135–1152. [CrossRef]
69. Willett, W.C. The role of dietary n-6 fatty acids in the prevention of cardiovascular disease. J. Cardiovasc. Med.

2007, 8 (Suppl. S1), S42–S45. [CrossRef]
70. Harris, W.S.; Mozaffarian, D.; Rimm, E.; Kris-Etherton, P.; Rudel, L.L.; Appel, L.J.; Engler, M.M.; Engler, M.B.;

Sacks, F. Omega-6 fatty acids and risk for cardiovascular disease: A science advisory from the American
Heart Association Nutrition Subcommittee of the Council on Nutrition, Physical Activity, and Metabolism;
Council on Cardiovascular Nursing; and Council on Epidemiology and Prevention. Circulation 2009, 119,
902–907. [CrossRef]

71. Farvid, M.S.; Ding, M.; Pan, A.; Sun, Q.; Chiuve, S.E.; Steffen, L.M.; Willett, W.C.; Hu, F.B. Dietary linoleic
acid and risk of coronary heart disease: A systematic review and meta-analysis of prospective cohort studies.
Circulation 2014, 130, 1568–1578. [CrossRef]

72. Marklund, M.; Wu, J.H.Y.; Imamura, F.; Del Gobbo, L.C.; Fretts, A.; de Goede, J.; Shi, P.; Tintle, N.;
Wennberg, M.; Aslibekyan, S.; et al. Biomarkers of Dietary Omega-6 Fatty Acids and Incident Cardiovascular
Disease and Mortality. Circulation 2019, 139, 2422–2436. [CrossRef]

73. Wu, J.H.Y.; Marklund, M.; Imamura, F.; Tintle, N.; Ardisson Korat, A.V.; de Goede, J.; Zhou, X.; Yang, W.S.;
de Oliveira Otto, M.C.; Kroger, J.; et al. Omega-6 fatty acid biomarkers and incident type 2 diabetes: Pooled
analysis of individual-level data for 39 740 adults from 20 prospective cohort studies. Lancet Diabetes Endocrinol.
2017, 5, 965–974. [CrossRef]

74. Estruch, R.; Ros, E.; Salas-Salvado, J.; Covas, M.I.; Corella, D.; Aros, F.; Gomez-Gracia, E.; Ruiz-Gutierrez, V.;
Fiol, M.; Lapetra, J.; et al. Primary Prevention of Cardiovascular Disease with a Mediterranean Diet
Supplemented with Extra-Virgin Olive Oil or Nuts. N. Engl. J. Med. 2018, 378, e34. [CrossRef] [PubMed]

75. Simopoulos, A.P. The importance of the omega-6/omega-3 fatty acid ratio in cardiovascular disease and other
chronic diseases. Exp. Biol. Med. 2008, 233, 674–688. [CrossRef] [PubMed]

76. Johnson, G.H.; Fritsche, K. Effect of dietary linoleic acid on markers of inflammation in healthy persons:
A systematic review of randomized controlled trials. J. Acad. Nutr. Diet. 2012, 112, 1029–1041.e15. [CrossRef]

http://dx.doi.org/10.1074/jbc.274.33.23577
http://dx.doi.org/10.1016/j.plefa.2012.12.001
http://dx.doi.org/10.1002/mnfr.201701007
http://dx.doi.org/10.1007/s11745-014-3892-9
http://dx.doi.org/10.1371/journal.pone.0082399
http://dx.doi.org/10.1016/j.atherosclerosis.2019.11.018
http://www.ncbi.nlm.nih.gov/pubmed/31785494
http://dx.doi.org/10.1136/openhrt-2015-000385
http://www.ncbi.nlm.nih.gov/pubmed/27843563
http://dx.doi.org/10.1016/S0002-8223(02)90346-9
http://dx.doi.org/10.3945/an.113.003772
http://dx.doi.org/10.1186/s12944-019-1039-y
http://dx.doi.org/10.1172/JCI106329
http://dx.doi.org/10.2459/01.JCM.0000289275.72556.13
http://dx.doi.org/10.1161/CIRCULATIONAHA.108.191627
http://dx.doi.org/10.1161/CIRCULATIONAHA.114.010236
http://dx.doi.org/10.1161/CIRCULATIONAHA.118.038908
http://dx.doi.org/10.1016/S2213-8587(17)30307-8
http://dx.doi.org/10.1056/NEJMoa1800389
http://www.ncbi.nlm.nih.gov/pubmed/29897866
http://dx.doi.org/10.3181/0711-MR-311
http://www.ncbi.nlm.nih.gov/pubmed/18408140
http://dx.doi.org/10.1016/j.jand.2012.03.029


Nutrients 2020, 12, 3782 15 of 19

77. Stanley, J.C.; Elsom, R.L.; Calder, P.C.; Griffin, B.A.; Harris, W.S.; Jebb, S.A.; Lovegrove, J.A.; Moore, C.S.;
Riemersma, R.A.; Sanders, T.A. UK Food Standards Agency Workshop Report: The effects of the dietary
n-6:n-3 fatty acid ratio on cardiovascular health. Br. J. Nutr. 2007, 98, 1305–1310. [CrossRef]

78. Zhuang, P.; Zhang, Y.; He, W.; Chen, X.; Chen, J.; He, L.; Mao, L.; Wu, F.; Jiao, J. Dietary Fats in Relation to
Total and Cause-Specific Mortality in a Prospective Cohort of 521 120 Individuals with 16 Years of Follow-Up.
Circ. Res. 2019, 124, 757–768. [CrossRef]

79. Harris, W.S.; Shearer, G.C. Omega-6 fatty acids and cardiovascular disease: Friend, not foe? Circulation 2014,
130, 1562–1564. [CrossRef]

80. Wu, J.H.; Lemaitre, R.N.; King, I.B.; Song, X.; Psaty, B.M.; Siscovick, D.S.; Mozaffarian, D. Circulating
omega-6 polyunsaturated fatty acids and total and cause-specific mortality: The Cardiovascular Health
Study. Circulation 2014, 130, 1245–1253. [CrossRef]

81. Sette, S.; Le Donne, C.; Piccinelli, R.; Mistura, L.; Ferrari, M.; Leclercq, C. The third National Food Consumption
Survey, INRAN-SCAI 2005–06: Major dietary sources of nutrients in Italy. Int. J. Food Sci. Nutr. 2013, 64,
1014–1021. [CrossRef]

82. Innes, J.K.; Calder, P.C. Marine Omega-3 (N-3) Fatty Acids for Cardiovascular Health: An Update for 2020.
Int. J. Mol. Sci. 2020, 21, 1362. [CrossRef]

83. Mozaffarian, D.; Rimm, E.B. Fish intake, contaminants, and human health: Evaluating the risks and the
benefits. JAMA 2006, 296, 1885–1899. [CrossRef] [PubMed]

84. Visioli, F.; Hagen, T.M. Nutritional strategies for healthy cardiovascular aging: Focus on micronutrients.
Pharmacol. Res. 2007, 55, 199–206. [CrossRef] [PubMed]

85. Alexander, D.D.; Miller, P.E.; Van Elswyk, M.E.; Kuratko, C.N.; Bylsma, L.C. A Meta-Analysis of Randomized
Controlled Trials and Prospective Cohort Studies of Eicosapentaenoic and Docosahexaenoic Long-Chain
Omega-3 Fatty Acids and Coronary Heart Disease Risk. Mayo Clin. Proc. 2017, 92, 15–29. [CrossRef]
[PubMed]

86. Giordano, E.; Visioli, F. Long-chain omega 3 fatty acids: Molecular bases of potential antioxidant actions.
Prostaglandins Leukot. Essent. Fatty Acids 2014, 90, 1–4. [CrossRef]

87. Heshmati, J.; Morvaridzadeh, M.; Maroufizadeh, S.; Akbari, A.; Yavari, M.; Amirinejad, A.; Maleki-Hajiagha, A.;
Sepidarkish, M. Omega-3 fatty acids supplementation and oxidative stress parameters: A systematic review
and meta-analysis of clinical trials. Pharmacol. Res. 2019, 149, 104462. [CrossRef]

88. 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. Lancet 1999, 354, 447–455. [CrossRef]

89. Marchioli, R.; Barzi, F.; Bomba, E.; Chieffo, C.; Di Gregorio, D.; Di Mascio, R.; Franzosi, M.G.; Geraci, E.;
Levantesi, G.; Maggioni, A.P.; et al. Early protection against sudden death by n-3 polyunsaturated fatty acids
after myocardial infarction: Time-course analysis of the results of the Gruppo Italiano per lo Studio della
Sopravvivenza nell’Infarto Miocardico (GISSI)-Prevenzione. Circulation 2002, 105, 1897–1903. [CrossRef]

90. Budoff, M.J.; Bhatt, D.L.; Kinninger, A.; Lakshmanan, S.; Muhlestein, J.B.; Le, V.T.; May, H.T.; Shaikh, K.;
Shekar, C.; Roy, S.K.; et al. Effect of icosapent ethyl on progression of coronary atherosclerosis in patients
with elevated triglycerides on statin therapy: Final results of the EVAPORATE trial. Eur. Heart J. 2020, 41,
3925–3932. [CrossRef]

91. Watanabe, T.; Ando, K.; Daidoji, H.; Otaki, Y.; Sugawara, S.; Matsui, M.; Ikeno, E.; Hirono, O.; Miyawaki, H.;
Yashiro, Y.; et al. A randomized controlled trial of eicosapentaenoic acid in patients with coronary heart
disease on statins. J. Cardiol. 2017, 70, 537–544. [CrossRef]

92. Lazaro, I.; Rueda, F.; Cediel, G.; Ortega, E.; Garcia-Garcia, C.; Sala-Vila, A.; Bayes-Genis, A. Circulating
Omega-3 Fatty Acids and Incident Adverse Events in Patients with Acute Myocardial Infarction. J. Am.
Coll. Cardiol. 2020, 76, 2089–2097. [CrossRef]

93. Miller, M.; Ballantyne, C.M.; Bays, H.E.; Granowitz, C.; Doyle, R.T., Jr.; Juliano, R.A.; Philip, S. Effects of
Icosapent Ethyl (Eicosapentaenoic Acid Ethyl Ester) on Atherogenic Lipid/Lipoprotein, Apolipoprotein,
and Inflammatory Parameters in Patients with Elevated High-Sensitivity C-Reactive Protein (from the
ANCHOR Study). Am. J. Cardiol. 2019, 124, 696–701. [CrossRef] [PubMed]

http://dx.doi.org/10.1017/S000711450784284X
http://dx.doi.org/10.1161/CIRCRESAHA.118.314038
http://dx.doi.org/10.1161/CIRCULATIONAHA.114.012534
http://dx.doi.org/10.1161/CIRCULATIONAHA.114.011590
http://dx.doi.org/10.3109/09637486.2013.816937
http://dx.doi.org/10.3390/ijms21041362
http://dx.doi.org/10.1001/jama.296.15.1885
http://www.ncbi.nlm.nih.gov/pubmed/17047219
http://dx.doi.org/10.1016/j.phrs.2007.01.008
http://www.ncbi.nlm.nih.gov/pubmed/17317208
http://dx.doi.org/10.1016/j.mayocp.2016.10.018
http://www.ncbi.nlm.nih.gov/pubmed/28062061
http://dx.doi.org/10.1016/j.plefa.2013.11.002
http://dx.doi.org/10.1016/j.phrs.2019.104462
http://dx.doi.org/10.1016/S0140-6736(99)07072-5
http://dx.doi.org/10.1161/01.CIR.0000014682.14181.F2
http://dx.doi.org/10.1093/eurheartj/ehaa652
http://dx.doi.org/10.1016/j.jjcc.2017.07.007
http://dx.doi.org/10.1016/j.jacc.2020.08.073
http://dx.doi.org/10.1016/j.amjcard.2019.05.057
http://www.ncbi.nlm.nih.gov/pubmed/31277790


Nutrients 2020, 12, 3782 16 of 19

94. Bays, H.E.; Ballantyne, C.M.; Kastelein, J.J.; Isaacsohn, J.L.; Braeckman, R.A.; Soni, P.N. Eicosapentaenoic
acid ethyl ester (AMR101) therapy in patients with very high triglyceride levels (from the
Multi-center, plAcebo-controlled, Randomized, double-blINd, 12-week study with an open-label Extension
[MARINE] trial). Am. J. Cardiol. 2011, 108, 682–690. [CrossRef] [PubMed]

95. Klingel, S.L.; Metherel, A.H.; Irfan, M.; Rajna, A.; Chabowski, A.; Bazinet, R.P.; Mutch, D.M. EPA and DHA
have divergent effects on serum triglycerides and lipogenesis, but similar effects on lipoprotein lipase activity:
A randomized controlled trial. Am. J. Clin. Nutr. 2019, 110, 1502–1509. [CrossRef] [PubMed]

96. Asztalos, I.B.; Gleason, J.A.; Sever, S.; Gedik, R.; Asztalos, B.F.; Horvath, K.V.; Dansinger, M.L.; Lamon-Fava, S.;
Schaefer, E.J. Effects of eicosapentaenoic acid and docosahexaenoic acid on cardiovascular disease risk factors:
A randomized clinical trial. Metabolism 2016, 65, 1636–1645. [CrossRef]

97. Allaire, J.; Vors, C.; Harris, W.S.; Jackson, K.H.; Tchernof, A.; Couture, P.; Lamarche, B. Comparing the
serum TAG response to high-dose supplementation of either DHA or EPA among individuals with increased
cardiovascular risk: The ComparED study. Br. J. Nutr. 2019, 121, 1223–1234. [CrossRef]

98. Olano-Martin, E.; Anil, E.; Caslake, M.J.; Packard, C.J.; Bedford, D.; Stewart, G.; Peiris, D.; Williams, C.M.;
Minihane, A.M. Contribution of apolipoprotein E genotype and docosahexaenoic acid to the LDL-cholesterol
response to fish oil. Atherosclerosis 2010, 209, 104–110. [CrossRef]

99. Manson, J.E.; Cook, N.R.; Lee, I.M.; Christen, W.; Bassuk, S.S.; Mora, S.; Gibson, H.; Albert, C.M.; Gordon, D.;
Copeland, T.; et al. Marine n-3 Fatty Acids and Prevention of Cardiovascular Disease and Cancer. N. Engl.
J. Med. 2019, 380, 23–32. [CrossRef]

100. Hu, Y.; Hu, F.B.; Manson, J.E. Marine Omega-3 Supplementation and Cardiovascular Disease: An Updated
Meta-Analysis of 13 Randomized Controlled Trials Involving 127 477 Participants. J. Am. Heart Assoc. 2019,
8, e013543. [CrossRef]

101. Budoff, M.; Brent Muhlestein, J.; Le, V.T.; May, H.T.; Roy, S.; Nelson, J.R. Effect of Vascepa (icosapent ethyl)
on progression of coronary atherosclerosis in patients with elevated triglycerides (200–499 mg/dL) on statin
therapy: Rationale and design of the EVAPORATE study. Clin. Cardiol. 2018, 41, 13–19. [CrossRef]

102. Budoff, M.J.; Muhlestein, J.B.; Bhatt, D.L.; Le Pa, V.T.; May, H.T.; Shaikh, K.; Shekar, C.; Kinninger, A.;
Lakshmanan, S.; Roy, S.; et al. Effect of Icosapent Ethyl on Progression of Coronary Atherosclerosis in
Patients with Elevated Triglycerides on Statin Therapy: A prospective, placebo-controlled randomized trial
(EVAPORATE): Interim Results. Cardiovasc. Res. 2020. [CrossRef]

103. Bhatt, D.L.; Budoff, M.J.; Mason, R.P. A Revolution in Omega-3 Fatty Acid Research. J. Am. Coll. Cardiol.
2020, 76, 2098–2101. [CrossRef]

104. Nicholls, S.J.; Lincoff, A.M.; Garcia, M.; Bash, D.; Ballantyne, C.M.; Barter, P.J.; Davidson, M.H.; Kastelein, J.J.P.;
Koenig, W.; McGuire, D.K.; et al. Effect of High-Dose Omega-3 Fatty Acids vs Corn Oil on Major Adverse
Cardiovascular Events in Patients at High Cardiovascular Risk: The STRENGTH Randomized Clinical Trial.
JAMA 2020. [CrossRef] [PubMed]

105. Bischoff-Ferrari, H.A.; Vellas, B.; Rizzoli, R.; Kressig, R.W.; da Silva, J.A.P.; Blauth, M.; Felson, D.T.;
McCloskey, E.V.; Watzl, B.; Hofbauer, L.C.; et al. Effect of Vitamin D Supplementation, Omega-3 Fatty
Acid Supplementation, or a Strength-Training Exercise Program on Clinical Outcomes in Older Adults:
The DO-HEALTH Randomized Clinical Trial. JAMA 2020, 324, 1855–1868. [CrossRef] [PubMed]

106. Kalstad, A.A.; Myhre, P.L.; Laake, K.; Tveit, S.H.; Schmidt, E.B.; Smith, P.; Nilsen, D.W.T.; Tveit, A.;
Fagerland, M.W.; Solheim, S.; et al. Effects of n-3 Fatty Acid Supplements in Elderly Patients after Myocardial
Infarction: A Randomized Controlled Trial. Circulation 2020. [CrossRef] [PubMed]

107. Abdelhamid, A.S.; Brown, T.J.; Brainard, J.S.; Biswas, P.; Thorpe, G.C.; Moore, H.J.; Deane, K.H.;
Summerbell, C.D.; Worthington, H.V.; Song, F.; et al. Omega-3 fatty acids for the primary and secondary
prevention of cardiovascular disease. Cochrane Database Syst. Rev. 2020, 3, CD003177. [CrossRef]

108. Jayedi, A.; Shab-Bidar, S. Fish Consumption and the Risk of Chronic Disease: An Umbrella Review of
Meta-Analyses of Prospective Cohort Studies. Adv. Nutr. 2020, 11, 1123–1133. [CrossRef]

109. Cavina, M.; Battino, M.; Gaddi, A.V.; Savo, M.T.; Visioli, F. Supplementation with alpha-linolenic acid and
inflammation: A feasibility trial. Int. J. Food Sci. Nutr. 2020. [CrossRef]

110. Von Schacky, C. Omega-3 fatty acids in cardiovascular disease–an uphill battle. Prostaglandins Leukot. Essent.
Fatty Acids 2015, 92, 41–47. [CrossRef]

111. Sharma, G.; Martin, S.S.; Blumenthal, R.S. Effects of Omega-3 Fatty Acids on Major Adverse Cardiovascular
Events: What Matters Most: The Drug, the Dose, or the Placebo? JAMA 2020. [CrossRef]

http://dx.doi.org/10.1016/j.amjcard.2011.04.015
http://www.ncbi.nlm.nih.gov/pubmed/21683321
http://dx.doi.org/10.1093/ajcn/nqz234
http://www.ncbi.nlm.nih.gov/pubmed/31535138
http://dx.doi.org/10.1016/j.metabol.2016.07.010
http://dx.doi.org/10.1017/S0007114519000552
http://dx.doi.org/10.1016/j.atherosclerosis.2009.08.024
http://dx.doi.org/10.1056/NEJMoa1811403
http://dx.doi.org/10.1161/JAHA.119.013543
http://dx.doi.org/10.1002/clc.22856
http://dx.doi.org/10.1093/cvr/cvaa184
http://dx.doi.org/10.1016/j.jacc.2020.09.005
http://dx.doi.org/10.1001/jama.2020.22258
http://www.ncbi.nlm.nih.gov/pubmed/33190147
http://dx.doi.org/10.1001/jama.2020.16909
http://www.ncbi.nlm.nih.gov/pubmed/33170239
http://dx.doi.org/10.1161/CIRCULATIONAHA.120.052209
http://www.ncbi.nlm.nih.gov/pubmed/33191772
http://dx.doi.org/10.1002/14651858.CD003177.pub5
http://dx.doi.org/10.1093/advances/nmaa029
http://dx.doi.org/10.1080/09637486.2020.1802581
http://dx.doi.org/10.1016/j.plefa.2014.05.004
http://dx.doi.org/10.1001/jama.2020.22387


Nutrients 2020, 12, 3782 17 of 19

112. Harris, W.S.; Del Gobbo, L.; Tintle, N.L. The Omega-3 Index and relative risk for coronary heart disease
mortality: Estimation from 10 cohort studies. Atherosclerosis 2017, 262, 51–54. [CrossRef]

113. Bittner, D.O.; Goeller, M.; Zopf, Y.; Achenbach, S.; Marwan, M. Early-onset coronary atherosclerosis in
patients with low levels of omega-3 fatty acids. Eur. J. Clin. Nutr. 2020, 74, 651–656. [CrossRef] [PubMed]

114. De Groot, R.H.M.; Meyer, B.J. ISSFAL Official Statement Number 6: The importance of measuring blood
omega-3 long chain polyunsaturated fatty acid levels in research. Prostaglandins Leukot. Essent. Fatty Acids
2020, 157, 102029. [CrossRef] [PubMed]

115. Schuchardt, J.P.; Hahn, A. Bioavailability of long-chain omega-3 fatty acids. Prostaglandins Leukot. Essent.
Fatty Acids 2013, 89, 1–8. [CrossRef] [PubMed]

116. Visioli, F.; Rise, P.; Plasmati, E.; Pazzucconi, F.; Sirtori, C.R.; Galli, C. Very low intakes of N-3 fatty acids
incorporated into bovine milk reduce plasma triacylglycerol and increase HDL-cholesterol concentrations in
healthy subjects. Pharmacol. Res. 2000, 41, 571–576. [CrossRef]

117. Visioli, F.; Risé, P.; Barassi, M.C.; Marangoni, F.; Galli, C. Dietary intake of fish vs. formulations leads to
higher plasma concentrations of n-3 fatty acids. Lipids 2003, 38, 415–418. [CrossRef]

118. Müllertz, A.; Mu, H. Marine lipids and the bioavailability of omega-3 fatty acids. Curr. Nutr. Food Sci. 2015,
11, 177–187.

119. Kohler, A.; Sarkkinen, E.; Tapola, N.; Niskanen, T.; Bruheim, I. Bioavailability of fatty acids from krill oil, krill
meal and fish oil in healthy subjects–a randomized, single-dose, cross-over trial. Lipids Health Dis 2015, 14, 19.
[CrossRef]

120. Phung, A.S.; Bannenberg, G.; Vigor, C.; Reversat, G.; Oger, C.; Roumain, M.; Galano, J.M.; Durand, T.;
Muccioli, G.G.; Ismail, A.; et al. Chemical Compositional Changes in Over-Oxidized Fish Oils. Foods 2020, 9, 1501.
[CrossRef]

121. Fritsche, K.L.; Johnston, P.V. Rapid autoxidation of fish oil in diets without added antioxidants. J. Nutr. 1988,
118, 425–426. [CrossRef]

122. Albert, B.B.; Derraik, J.G.; Cameron-Smith, D.; Hofman, P.L.; Tumanov, S.; Villas-Boas, S.G.; Garg, M.L.;
Cutfield, W.S. Fish oil supplements in New Zealand are highly oxidised and do not meet label content of n-3
PUFA. Sci. Rep. 2015, 5, 7928. [CrossRef]

123. Kleiner, A.C.; Cladis, D.P.; Santerre, C.R. A comparison of actual versus stated label amounts of EPA and
DHA in commercial omega-3 dietary supplements in the United States. J. Sci. Food Agric. 2015, 95, 1260–1267.
[CrossRef] [PubMed]

124. Sherratt, S.C.R.; Lero, M.; Mason, R.P. Are dietary fish oil supplements appropriate for dyslipidemia
management? A review of the evidence. Curr. Opin. Lipidol. 2020, 31, 94–100. [CrossRef] [PubMed]

125. Rundblad, A.; Holven, K.B.; Ottestad, I.; Myhrstad, M.C.; Ulven, S.M. High-quality fish oil has a more
favourable effect than oxidised fish oil on intermediate-density lipoprotein and LDL subclasses: A randomised
controlled trial. Br. J. Nutr. 2017, 117, 1291–1298. [CrossRef] [PubMed]

126. Kris-Etherton, P.M.; Grieger, J.A.; Etherton, T.D. Dietary reference intakes for DHA and EPA. Prostaglandins Leukot.
Essent. Fatty Acids 2009, 81, 99–104. [CrossRef]

127. The ISSFAL Board of Directors. Available online: https://www.issfal.org/statement-3 (accessed on 9 November 2020).
128. Casula, M.; Olmastroni, E.; Gazzotti, M.; Galimberti, F.; Zambon, A.; Catapano, A.L. Omega-3 polyunsaturated

fatty acids supplementation and cardiovascular outcomes: Do formulation, dosage, and baseline
cardiovascular risk matter? An updated meta-analysis of randomized controlled trials. Pharmacol. Res. 2020,
160, 105060. [CrossRef]

129. Crawford, M.; Galli, C.; Visioli, F.; Renaud, S.; Simopoulos, A.P.; Spector, A.A. Role of plant-derived omega-3
fatty acids in human nutrition. Ann. Nutr. Metab. 2000, 44, 263–265. [CrossRef]

130. Brenna, J.T.; Salem, N., Jr.; Sinclair, A.J.; Cunnane, S.C.; For the International Society for the Study of
Fatty Acids and Lipids, ISSFAL. alpha-Linolenic acid supplementation and conversion to n-3 long-chain
polyunsaturated fatty acids in humans. Prostaglandins Leukot Essent Fatty Acids 2009, 80, 85–91. [CrossRef]

131. De Lorgeril, M.; Renaud, S.; Mamelle, N.; Salen, P.; Martin, J.L.; Monjaud, I.; Guidollet, J.; Touboul, P.;
Delaye, J. Mediterranean alpha-linolenic acid-rich diet in secondary prevention of coronary heart disease.
Lancet 1994, 343, 1454–1459. [CrossRef]

132. De Lorgeril, M.; Salen, P. The Mediterranean diet in secondary prevention of coronary heart disease.
Clin. Investig. Med. 2006, 29, 154–158.

http://dx.doi.org/10.1016/j.atherosclerosis.2017.05.007
http://dx.doi.org/10.1038/s41430-019-0551-5
http://www.ncbi.nlm.nih.gov/pubmed/31896827
http://dx.doi.org/10.1016/j.plefa.2019.102029
http://www.ncbi.nlm.nih.gov/pubmed/31740196
http://dx.doi.org/10.1016/j.plefa.2013.03.010
http://www.ncbi.nlm.nih.gov/pubmed/23676322
http://dx.doi.org/10.1006/phrs.1999.0650
http://dx.doi.org/10.1007/s11745-003-1077-x
http://dx.doi.org/10.1186/s12944-015-0015-4
http://dx.doi.org/10.3390/foods9101501
http://dx.doi.org/10.1093/jn/118.4.425
http://dx.doi.org/10.1038/srep07928
http://dx.doi.org/10.1002/jsfa.6816
http://www.ncbi.nlm.nih.gov/pubmed/25044306
http://dx.doi.org/10.1097/MOL.0000000000000665
http://www.ncbi.nlm.nih.gov/pubmed/32022752
http://dx.doi.org/10.1017/S0007114517001167
http://www.ncbi.nlm.nih.gov/pubmed/28558855
http://dx.doi.org/10.1016/j.plefa.2009.05.011
https://www.issfal.org/statement-3
http://dx.doi.org/10.1016/j.phrs.2020.105060
http://dx.doi.org/10.1159/000046694
http://dx.doi.org/10.1016/j.plefa.2009.01.004
http://dx.doi.org/10.1016/S0140-6736(94)92580-1


Nutrients 2020, 12, 3782 18 of 19

133. Ando, Y.; Saito, S.; Yamanaka, N.; Suzuki, C.; Ono, T.; Osaki, N.; Katsuragi, Y. Alpha Linolenic Acid-enriched
Diacylglycerol Consumption Enhances Dietary Fat Oxidation in Healthy Subjects: A Randomized
Double-blind Controlled Trial. J. Oleo Sci. 2017, 66, 181–185. [CrossRef]

134. Kris-Etherton, P.M. Walnuts decrease risk of cardiovascular disease: A summary of efficacy and biologic
mechanisms. J. Nutr. 2014, 144, 547S–554S. [CrossRef] [PubMed]

135. Zhao, G.; Etherton, T.D.; Martin, K.R.; Gillies, P.J.; West, S.G.; Kris-Etherton, P.M. Dietary alpha-linolenic acid
inhibits proinflammatory cytokine production by peripheral blood mononuclear cells in hypercholesterolemic
subjects. Am. J. Clin. Nutr. 2007, 85, 385–391. [CrossRef] [PubMed]

136. Rahimlou, M.; Jahromi, N.B.; Hasanyani, N.; Ahmadi, A.R. Effects of Flaxseed Interventions on Circulating
Inflammatory Biomarkers: A Systematic Review and Meta-Analysis of Randomized Controlled Trials.
Adv. Nutr. 2019, 10, 1108–1119. [CrossRef] [PubMed]

137. Santos, H.O.; Price, J.C.; Bueno, A.A. Beyond Fish Oil Supplementation: The Effects of Alternative Plant
Sources of Omega-3 Polyunsaturated Fatty Acids upon Lipid Indexes and Cardiometabolic Biomarkers-An
Overview. Nutrients 2020, 12, 3159. [CrossRef] [PubMed]

138. Brouwer, I.A.; Wanders, A.J.; Katan, M.B. Trans fatty acids and cardiovascular health: Research completed?
Eur. J. Clin. Nutr. 2013, 67, 541–547. [CrossRef] [PubMed]

139. Wright, M.; McKelvey, W.; Curtis, C.J.; Thorpe, L.E.; Vesper, H.W.; Kuiper, H.C.; Angell, S.Y. Impact of a
Municipal Policy Restricting Trans Fatty Acid Use in New York City Restaurants on Serum Trans Fatty Acid
Levels in Adults. Am. J. Public Health 2019, 109, 634–636. [CrossRef]

140. Von Schacky, C.; Passow, A.; Kiefl, R. Trans-fatty acid levels in erythrocytes in Europe. Eur. J. Nutr. 2017, 56,
1719–1723. [CrossRef]

141. Craig-Schmidt, M.C. World-wide consumption of trans fatty acids. Atheroscler. Suppl. 2006, 7, 1–4. [CrossRef]
142. Pot, G.K.; Prynne, C.J.; Roberts, C.; Olson, A.; Nicholson, S.K.; Whitton, C.; Teucher, B.; Bates, B.; Henderson, H.;

Pigott, S.; et al. National Diet and Nutrition Survey: Fat and fatty acid intake from the first year of the rolling
programme and comparison with previous surveys. Br. J. Nutr. 2012, 107, 405–415. [CrossRef]

143. Guillocheau, E.; Penhoat, C.; Drouin, G.; Godet, A.; Catheline, D.; Legrand, P.; Rioux, V. Current intakes
of trans-palmitoleic (trans-C16:1 n-7) and trans-vaccenic (trans-C18:1 n-7) acids in France are exclusively
ensured by ruminant milk and ruminant meat: A market basket investigation. Food Chem. X 2020, 5, 100081.
[CrossRef]

144. Bendsen, N.T.; Christensen, R.; Bartels, E.M.; Astrup, A. Consumption of industrial and ruminant trans fatty
acids and risk of coronary heart disease: A systematic review and meta-analysis of cohort studies. Eur. J.
Clin. Nutr. 2011, 65, 773–783. [CrossRef] [PubMed]

145. Guillocheau, E.; Legrand, P.; Rioux, V. Trans-palmitoleic acid (trans-9-C16:1, or trans-C16:1 n-7): Nutritional
impacts, metabolism, origin, compositional data, analytical methods and chemical synthesis. A review.
Biochimie 2020, 169, 144–160. [CrossRef] [PubMed]

146. Santurino, C.; Calvo, M.C.; Gomez-Candela, C.; Fontecha, J. Characterization of naturally goat cheese
enriched in conjugated linoleic acid and omega-3 fatty acids for human clinical trial in overweight and obese
subjects. PharmaNutrition 2017, 5, 8–17. [CrossRef]

147. Pintus, S.; Murru, E.; Carta, G.; Cordeddu, L.; Batetta, B.; Accossu, S.; Pistis, D.; Uda, S.; Elena Ghiani, M.;
Mele, M.; et al. Sheep cheese naturally enriched in alpha-linolenic, conjugated linoleic and vaccenic
acids improves the lipid profile and reduces anandamide in the plasma of hypercholesterolaemic subjects.
Br. J. Nutr. 2013, 109, 1453–1462. [CrossRef] [PubMed]

148. Perez-Galvez, A.; Jaren-Galan, M.; Garrido-Fernandez, J.; Calvo, M.V.; Visioli, F.; Fontecha, J. Activities,
bioavailability, and metabolism of lipids from structural membranes and oils: Promising research on mild
cognitive impairment. Pharmacol. Res. 2018, 134, 299–304. [CrossRef] [PubMed]

149. Toyama, K.; Spin, J.M.; Mogi, M.; Tsao, P.S. Therapeutic perspective on vascular cognitive impairment.
Pharmacol. Res. 2019, 146, 104266. [CrossRef]

150. Coronary heart disease in seven countries. I. The study program and objectives. Circulation 1970, 41, I1–I8.
151. Harcombe, Z. Dietary fat guidelines have no evidence base: Where next for public health nutritional advice?

Br. J. Sports Med. 2017, 51, 769–774. [CrossRef]
152. Marangoni, F.; Angeli, M.T.; Colli, S.; Eligini, S.; Tremoli, E.; Sirtori, C.R.; Galli, C. Changes of n-3 and n-6

fatty acids in plasma and circulating cells of normal subjects, after prolonged administration of 20:5 (EPA)
and 22:6 (DHA) ethyl esters and prolonged washout. Biochim. Biophys. Acta 1993, 1210, 55–62. [CrossRef]

http://dx.doi.org/10.5650/jos.ess16183
http://dx.doi.org/10.3945/jn.113.182907
http://www.ncbi.nlm.nih.gov/pubmed/24500935
http://dx.doi.org/10.1093/ajcn/85.2.385
http://www.ncbi.nlm.nih.gov/pubmed/17284733
http://dx.doi.org/10.1093/advances/nmz048
http://www.ncbi.nlm.nih.gov/pubmed/31115436
http://dx.doi.org/10.3390/nu12103159
http://www.ncbi.nlm.nih.gov/pubmed/33081119
http://dx.doi.org/10.1038/ejcn.2013.43
http://www.ncbi.nlm.nih.gov/pubmed/23531781
http://dx.doi.org/10.2105/AJPH.2018.304930
http://dx.doi.org/10.1007/s00394-016-1218-9
http://dx.doi.org/10.1016/j.atherosclerosissup.2006.04.001
http://dx.doi.org/10.1017/S0007114511002911
http://dx.doi.org/10.1016/j.fochx.2020.100081
http://dx.doi.org/10.1038/ejcn.2011.34
http://www.ncbi.nlm.nih.gov/pubmed/21427742
http://dx.doi.org/10.1016/j.biochi.2019.12.004
http://www.ncbi.nlm.nih.gov/pubmed/31837411
http://dx.doi.org/10.1016/j.phanu.2016.12.001
http://dx.doi.org/10.1017/S0007114512003224
http://www.ncbi.nlm.nih.gov/pubmed/22917075
http://dx.doi.org/10.1016/j.phrs.2018.07.013
http://www.ncbi.nlm.nih.gov/pubmed/30016644
http://dx.doi.org/10.1016/j.phrs.2019.104266
http://dx.doi.org/10.1136/bjsports-2016-096734
http://dx.doi.org/10.1016/0005-2760(93)90049-F


Nutrients 2020, 12, 3782 19 of 19

153. West, A.L.; Miles, E.A.; Lillycrop, K.A.; Han, L.; Napier, J.A.; Calder, P.C.; Burdge, G.C. Dietary
supplementation with seed oil from transgenic Camelina sativa induces similar increments in plasma
and erythrocyte DHA and EPA to fish oil in healthy humans. Br. J. Nutr. 2020, 124, 922–930. [CrossRef]

154. Visioli, F.; Poli, A. Dietary advice to cardiovascular patients. A brief update for physicians. Monaldi Arch.
Chest Dis. 2019, 89, 1071. [CrossRef] [PubMed]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1017/S0007114520002044
http://dx.doi.org/10.4081/monaldi.2019.1071
http://www.ncbi.nlm.nih.gov/pubmed/30985095
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Dietary Fats: Why We Need Them? 
	Saturated Fat 
	Monounsaturated Fatty Acids (MUFAs) 
	Polyunsaturated Fatty Acids (PUFA) 
	Omega 6 Fatty Acids 
	Omega 3 Fatty Acids 
	Trans Fatty Acids 

	Conclusions 
	References

