The Skinny on Fats: How Dietary Fats Influence Cardiovascular Disease Risk
Introduction
Poor diets are a key risk factor for cardiovascular disease (CVD), the leading cause of death among adults
in developed countries. While there is no doubt that poor diets contribute to cardiovascular disease,
precisely what constitutes a poor diet in terms of cardiovascular risk is still a matter of debate. Dietary
fat has long been at the center of this controversy. This paper will explore the latest research regarding
types and amounts of dietary fats in our diets, and how they influence our cardiovascular health.
The dietary fats at the center of the debate are saturated fatty acids, monounsaturated fatty acids
(MUFAs) and polyunsaturated fatty acids (PUFAs). PUFAs are further broken down into two important
groups—omega-6 and omega-3 fatty acids. Each of these types fat, depending on how much is
consumed in relation to the other types, has a different effect on blood lipids (such as LDL cholesterol)
as well as on other risk factors for cardiovascular disease. Therefore, the amounts and types of fat in the
diet influence the risk of developing and dying from cardiovascular disease.
Yet, exactly how dietary fats effect risk and what to do about it are astonishingly difficult questions to
answer. After decades of research, there are still many inconsistencies in the data. Even nutrition and
health experts have not come to complete consensus around fats in the diet. Arivale’s Translational
Science team has examined the research to identify how different types and amounts of dietary fats
influence serum lipids and risk of CVD. This paper will first summarize the evidence that connects LDL
particles with CVD. Then, after briefly reviewing the detrimental impact of saturated fat, we will discuss
the evidence for replacing saturated fat with other macronutrients and the resulting consequences for
CVD.
Evidence that cholesterol is linked to CVD risk
There is extensive evidence that LDL cholesterol and LDL particles are a fundamental determinant of
CVD risk and a causal agent in atherosclerosis—the development of plaque within arteries..1-6 Although
LDL cholesterol levels do not tell the whole story and can sometimes be misleading, evidence strongly
indicates that increased LDL cholesterol is associated with an increased risk of myocardial infarction and
CVD-related death.1 Recently, genetic research has added to the already strong evidence that LDL
cholesterol is a causal agent for the initial development as well as the progression of atherosclerotic
plaques.2 For example, genetic studies in individuals with defective LDL-receptor genes reveal an
increased CVD mortality risk. Elevated LDL levels for prolonged periods of time further increase this
risk.3 Finally, lowering LDL cholesterol is strongly associated with reduced rates of CVD events.4
While LDL cholesterol concentration is a useful tool in predicting CVD risk, conventional testing does not
tell the whole story. For example, LDL cholesterol concentrations can often overestimate or
underestimate risk.5 Aside from the cholesterol itself, the LDL particles, inflammation and oxidative
stress, are now known to be crucial factors in arterial plaque development. Today’s more advanced lipid
testing can measure the number, size, and density of cholesterol-containing LDL particles.

These advanced lipid tests are more accurate at predicting CVD risk.6 A comprehensive array of
advanced lipid measurements and other biomarkers that relate to inflammation, oxidative stress and
nutrient deficiencies allow for more personalized interventions.
Saturated Fat
Based on the media and popular culture’s fixation with the saturated fat “controversy,” one could easily
assume that reducing saturated fat is no longer important for heart health. Indeed, the “butter/bacon is
back” message is more ubiquitous than ever, and some believe that saturated fat, and the higher
cholesterol levels that accompany it, are of no consequence in terms of CVD risk.
This recent movement fueled by both media and some health professionals is compelling at first glance.
A few recently published studies conclude that there is no association between intake of saturated fat
and CVD risk.7, 8 One of these studies was a meta-analysis of observational studies reporting
associations of saturated fat with all-cause mortality, CVD mortality, incidence of coronary heart disease
(CHD), and stroke.7 The researchers concluded that saturated fats are not associated with any of these
outcomes. Another popular study was The Minnesota Coronary Experiment (MCE), a randomized
control trial conducted in in 1968 with 9,423 men and women. Researchers recovered lost data from
the MCE study, and findings were published in 2016 concluding that replacing saturated fat in the diet
with PUFAs had no impact on CVD mortality, even though it did reduce cholesterol.8 Without taking the
entire body of research into account, some popular health experts cite these and other similar studies to
promote the idea that reducing saturated fat does not lower CVD risk.
While these studies and arguments may seem compelling, they are not representative of the vast
majority of research linking saturated fat intake with increased CVD risk. They have also been criticized
for containing major flaws.9 Critiques of the meta-analysis cited above show that the researchers base
their conclusions on selected data rather than the entire set of data.9 Some of the ignored data showed
a statistically significant relationship between saturated fat intake and all-cause mortality, as well as
with all of the CVD-related outcomes. The ignored data also showed that replacing dietary saturated fat
with high quality carbohydrates such as fruits, vegetables, and whole grains reduced the risk of CVD.
When referring to the MCE trial, many experts have cited major flaws including a significant drop in
subjects (75%) due to early discharge, and fake foods created for the trial that were artificially high in
omega 6’s, low in omega 3’s, and likely containing trans fats.10
While it is true that some saturated fat can certainly be a part of a healthy diet and that cholesterol is
needed by the body for a number of critical biological functions, the fact remains that the vast majority
of scientific evidence supports reducing saturated fat.11-16 The largest, most detailed, and powerful
study yet to examine the associations of specific dietary fats with total and cause specific mortality, just
published in JAMA Internal Medicine, found that when compared with the same number of calories
from carbohydrate, every 5% increase in saturated fat intake was associated with an 8% higher risk of
overall mortality.17 Wang et al. also found that replacing 5% of energy from saturated fats with
equivalent energy from PUFA and MUFA was associated with estimated reductions in total mortality of
27% and 13%, respectively. Lastly, a meta-analysis that reviewed 15 randomized control trails (RCTs) of
over 59,000 participants concluded that reducing dietary saturated fat reduced the risk of cardiovascular
events by 17%.11 Clearly, the specific nutrients that replace saturated fat are important. The next

sections of this paper will explore the research around replacing dietary saturated fats with other
nutrients and the associated cardiovascular outcomes.
Replacing saturated fat with carbohydrates
Replacing saturated fat with carbohydrates can be beneficial for reducing CVD risk, but this largely
depends on the type and quality of carbohydrate. As mentioned above, Wang et al. found that when
compared with overall carbohydrates, every 5% increase of total calories from saturated fat was
associated with an 8% higher risk of overall mortality.17 However, intake of saturated fat, when
substituted for total carbohydrates, was not significantly associated with CVD mortality. The researchers
expected this lack of association with CVD because the major sources of carbohydrates in a typical
Western diet are highly processed foods with large amounts of refined starch and sugar, providing a
high glycemic load that can increase CVD risk independent of saturated fat.17
Overall, the body of research indicates that when saturated fats are replaced with refined
carbohydrates, such as added sugars, CVD risk is unchanged, and some CVD risk factors, such as
triglycerides and the number of small, dense LDL particles, actually increase. However, the consumption
of fiber-rich, low glycemic index carbohydrates lowers LDL cholesterol, has no detrimental effects on
triglycerides, and is associated with a decreased risk of heart disease.13, 18-20
Harvard researchers followed 84,628 women 42,908 men for 24 to 30 years and found that higher
intake of carbohydrates from whole grains was significantly associated with a 10% lower risk of coronary
heart disease, whereas carbohydrates from refined carbohydrates/added sugars were significantly
associated with a 10% increased risk.13 They showed that replacing 5% of energy (calorie) intake from
saturated fats with equivalent energy intake from carbohydrates from whole grains was associated with
a 9% lower risk of coronary heart disease.
Unfortunately, the researchers did not examine other healthy carbohydrate sources besides whole
grains, like fruits, vegetables or legumes, which may very well be as beneficial as whole grains at
reducing heart disease risk. However, other studies have shown that carbohydrates with a low glycemic
index and/or glycemic load are associated with reduced total and LDL cholesterol as well as lower risks
of myocardial infarction and coronary heart disease.21-23 This indicates that in addition to replacing
saturated fat with whole grain carbohydrates, other low glycemic carbohydrates, including many
vegetables, fruits, and legumes, may also be good replacements.
Replacing saturated fat with omega-6 polyunsaturated fatty acids
The predominant unsaturated fats in the Western diet are the omega-6 polyunsaturated fatty acids
(PUFA). Linoleic acid, obtained primarily from vegetable oils, nuts, and seeds, is the most abundant
omega-6 PUFA. Current US dietary guidelines and the American Heart Association recommend higher
intake of omega-6 PUFA to reduce the risk of coronary heart disease.24, 25 These recommendations are
based on the preponderance of evidence showing that the omega-6 PUFAs, particularly when they
replace saturated fat, reduce the risk of cardiac events and deaths due coronary heart disease and
improve a number of CVD risk factors, such as blood pressure and LDL cholesterol.14, 17, 26-28 Wang et al
found that among specific PUFAs, intake of linoleic acid was most strongly related to a lower risk of CVD
mortality.17 Compared to those in the lowest quintile of linoleic acid intake, those in the highest quintile

had a 22% reduced risk of CVD mortality. Similar results were found in the Cardiovascular Health Study,
in which researchers followed 4707 participants for 18 years. Study participants with higher blood levels
of linoleic acid had a decreased risk of death from coronary heart disease or any other cause.27
However, the recommendation to replace saturated fat with omega-6 PUFA remains contentious. Not
all observational studies and randomized trials have shown benefits, and concerns have been raised
about higher omega-6 fatty acid consumption being harmful for heart health because of potential proinflammatory effects.8 Biochemically, linoleic acid can be elongated to arachidonic acid and
subsequently synthesized to a variety of pro-inflammatory compounds, which could theoretically
increase CVD risk. However, this speculation is not supported by randomized controlled studies, in
which dietary intake of linoleic was not found to increase inflammatory markers including C-reactive
protein or tumor necrosis factor-α..29, 30 Another concern has to do with the fact that the omega-6’s and
omega-3’s share metabolic pathways and can potentially compete with each other, causing the omega6’s to interfere with potential cardiovascular benefits of the omega-3’s. However, this has not been
shown to occur; rather, studies have found that the combination of both types of fatty acids is
associated with the lowest levels of inflammation and the lowest risk of CVD. 27, 31
Overall, despite the concerns, the vast majority of the research clearly points to the benefits of omega-6
fatty acids for cardiovascular health. Arivale therefore supports current dietary recommendations that
emphasize replacing some saturated fat with omega-6 polyunsaturated fat. Continue on for a discussion
of omega-3 PUFAs.
Omega-3 Fatty Polyunsaturated Fatty Acids
The omega-3 PUFAs, α-linoleic acid (ALA), eicosapentaenoic acid (EPA), and docosahexaenoic acid
(DHA), are heart-healthy and should be consumed regularly for optimal cardiovascular health. EPA and
DHA are primarily found in fatty fish, such as salmon, mackerel, herring, and albacore tuna, whereas ALA
is primarily found in plant-based foods such as olive, canola, walnut, and flaxseed oils, as well as in
walnuts, flaxseeds, and chia seeds.
The omega-3 fatty acids play an important role in preventing and treating CVD. In terms of prevention,
studies show that consumption of omega-3 fatty acids in the form of fish or fish oil is associated with a
decreased risk for development of coronary heart disease and death due to CVD (cardiac mortality).32, 33
Higher levels of these fats circulating in the bloodstream are linked to a lower risk of dying from CVD or
any other cause.34 Although there are some inconsistencies, studies show that omega-3 fatty acids have
beneficial effects on many CVD-related outcomes, including heart attacks and sudden cardiac death.34-38
Omega-3 fatty acids also improve important CVD-related measurements such as fasting triglyceride
levels, blood pressure, heart rate, inflammation, and blood vessel (endothelial) function.39, 40
Despite the many reported benefits, however, more recent trials have raised questions about the role of
omega-3 fatty acids, and in particular of fish oil (EPA/DHA) supplementation, in the prevention and
treatment of CVD, and there is renewed debate among experts around recommending omega-3’s.40-42
The conflicting evidence is exemplified in two recent meta-analyses which reviewed many of the same
studies but come to opposite conclusions regarding the effects of EPA and DHA on CVD.40, 43 Some of
the more recent data showing limited effects may be attributed to the fact that an increasing number of
study participants are on more aggressive pharmaceutical treatment, or to the fact that a number of the

studies are statistically underpowered, differ widely in EPA/DHA dosage, participants’ disease states,
and time of follow-up.41, 42
While this has undoubtedly contributed to confusion among medical professionals and the public, the
current scientific literature provides strong concordant evidence that omega-3 fatty acids reduce risk of
death from CVD. The strength of the data has compelled national and international guidelines to
collectively recommend that healthy adults consume at least 250 mg per day of long-chain omega-3
fatty acids or at least 2 servings of oily fish per week to maintain cardiovascular health, with many
organizations recommending higher amounts for those at greater risk of CVD.44-46
Finally, a fascinating and rapidly emerging area of research is now focused on the complex interaction
between different nutrients, including omega-3 fatty acids, with relatively common mutations in genes
involved in omega-3 fatty acid modulation. Results from research into these gene-nutrient interactions
strongly suggests that the beneficial effects of omega-3 fatty acids are not dependent only on the intake
of these essential fats, but on their interactions with genes.47
Replacing saturated fat with monounsaturated fat (MUFA)
Replacing saturated fats in the diet with monounsaturated fats (MUFAs), such as those found in olive oil,
is associated with improvements in many cardiovascular disease-related risk factors, such as cholesterol
and blood pressure, and a reduced risk of cardiovascular disease. Studies show that MUFAs are
comparable to PUFAs (both linoleic and α-linolenic fatty acids) in terms of having a favorable effect on
cholesterol as compared to saturated fat.48, 49 Replacing saturated fat with MUFAs decreases total
cholesterol, LDL-cholesterol, total-to-HDL cholesterol ratio, and LDL particle number.48 Individuals who
fall into the top versus bottom third of MUFA and olive oil intake have a 12% reduction in death from
cardiovascular disease, a 9% reduction in cardiovascular events, such as heart attack, a 17% reduction in
risk of stroke, and an 11% overall risk reduction in death from all causes.49 Replacing just 5% of energy
from saturated fat with equivalent energy from MUFAs is associated with a 13% estimated reduction in
total mortality.17
Extra virgin olive oil, especially when consumed as part of a Mediterranean diet low in saturated fat, is
associated with significantly reduced risks of cardiovascular disease and resulting deaths in individuals at
high cardiovascular risk.50 Part of what makes extra virgin olive oil such a particularly healthy source of
MUFAs is the fact that it contains certain heart-healthy phytonutrients (“polyphenols”) in addition to the
MUFAs themselves. These polyphenols help lower total and small LDL particle numbers, lower LDL
oxidation and decrease l oxidative stress, and enhance HDL function.51-53
Besides extra virgin olive oil, other healthy dietary sources of MUFAs include avocados and nuts such as
pistachios. Replacing saturated fats with these MUFA-rich foods is a scientifically validated way to
improve heart health.54, 55
Mediterranean Diet
The Mediterranean Diet, with its focus on fish, monounsaturated fats from olive oil, fruits, vegetables,
whole grains, legumes, and nuts is arguably the best-studied and most evidence-based diet to prevent
CVD. This diet is known to reduce primary cardiovascular disease outcomes such as death and events

such as stroke and myocardial infarction, as well as to improve many important biomarkers related to
cardiovascular disease, including lipids and markers of inflammation.56
In terms of preventing cardiovascular events, results from the Prevención con Dieta Mediterránea
(PREDIMED) study, published in the New England Journal of Medicine in 2013, showed that adhering to
an energy-unrestricted Mediterranean diet supplemented with extra-virgin olive oil or mixed nuts for
4.8 years reduces the incidence of myocardial infarction, stroke and cardiovascular death by 30%
compared with a control diet.57 A follow up study that classified participants to their level of adherence
to the Mediterranean diet indicated that those who had the highest adherence to a Mediterranean-type
diet, had a 48% lower risk of CVD compared to those who did not follow this type of dietary pattern.58
Numerous meta-analysis conducted over the last decade have shown that adherence to the
Mediterranean diet has reduced overall mortality and reduced CVD incidence and mortality.59, 60 Not
only does the Mediterranean diet reduce the risk of CVD by lowering LDL cholesterol concentrations, it
also lowers LDL particle number61, oxidized LDL concentrations62, and increases LDL size.63 In the
PREDIMED study participants who supplemented their diet with nuts showed significant reductions from
baseline small LDL as well as decreased LDL particle number, both of which are known to reduce CVD
risk.63
Trans fats
Industrially produced trans fats, produced through the hydrogenation of vegetable oils, are generally
found in processed baked goods and snack foods such as muffins, pies, and cakes. These can show up as
"partially or fully hydrogenated vegetable oils" on ingredient labels. A 2% increase in trans-fat
consumption is associated with a 23% increase in the incidence of cardiovascular disease, and a 16%
increase of premature death.17, 64 Consuming industrial trans fats has been found to increase the risk of
coronary heart disease events, such as heart attacks, by 30%, and to increase the risk of death from
coronary heart disease by 18%.7 One way trans fats increase cardiovascular disease risk is by adversely
affecting serum lipids, including not only traditional lipid measurements such as LDL and total
cholesterol, but also more advanced lipid measurements such as LDL particle number.65 LDL particles are
directly involved in the formation of atherosclerotic plaques and, as discussed previously, LDL particle
number is superior to traditional lipid markers in terms of predicting adverse events related to coronary
heart disease.
Arivale recommends removing industrial trans fats from the diet completely. This recommendation is in
agreement with current dietary guidelines which recommend that trans fats should be limited to less
than 1% of energy or as low as possible.

Arivale’s Dietary Fat Recommendations 24, 66
Total Fat:
Saturated Fat:
MUFA/PUFA:
Trans Fats:

20-35% (Min-Max)
<10% Total Kcal
20-30% of total Kcal
Avoid whenever possible

Conclusion
Dietary fat— what types and how much—is an important consideration for cardiovascular health. While
controversies surrounding dietary fat will continue as the research advances, it is currently possible to
come to some evidence-based conclusions. Given the overall evidence, it is now apparent that the total
amount of fat in the diet is not nearly as important as the types of fat. Lowering the amount of saturated
fat consumed in the diet is beneficial for cardiovascular health. However, what replaces the saturated
fat is crucial. Replacing saturated fat with PUFAs (both omega-6 and omega-3) and MUFAs reduce the
risk of cardiovascular disease. Of these, the omega-3 fatty acids are the most heart-healthy, and a strong
emphasis should be placed on increasing dietary omega-3 intake to optimize cardiovascular health.
Replacing saturated fat with whole, unrefined carbohydrates, including whole grains, is also beneficial
for reducing heart disease risk, whereas replacing saturated fat with added sugars and refined
carbohydrates is deleterious and these carbohydrates should be avoided.
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