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Abstract
Cardiovascular disease (CVD) remains the number one cause of morbidity and mortality in the United States, with an annual cost

exceeding 300 billion USD. Optimal nutrition is the corner stone of lifestyle interventions to prevent and treat CHD. Numerous pro-

spective nutrition clinical trials have shown dramatic reductions in the incidence of CHD with proper nutrition. However, the role of

some dietary fats has remained controversial in this regard. Nutritional science and nutrigenomics research provide new insights in
strategies to prevent and treat CHD. This article will review the role of omega 3 fatty acids, monounsaturated fatty acids, saturated
fatty acids and trans fatty acids in the prevention and treatment of CVD, CHD and myocardial infarction (MI).
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Introduction
Cardiovascular disease (CVD) remains the number one cause of morbidity and mortality in the United States with an annual cost

(direct and indirect) of $320 billion USD [1,2]. There are over 2200 US citizens that die from stroke or MI daily [2-5]. Approximately
80% of CHD can be prevented by optimal nutrition, regular aerobic and resistance exercise, maintenance of ideal body weight and body
composition, mild alcohol intake and avoidance of all tobacco products [1]. However, the role of some dietary fats in the prevention and

treatment of CHD has remained controversial. This short review will examine the role of omega 3 fatty acids (OMFA), monounsaturated
fatty acids (MUFA), saturated fatty acids (SFA) and trans fatty acids (TFA) in the prevention and treatment of CVD, CHD and myocardial
infarction (MI).

Omega 3 Fatty Acids
The role of fats in CHD has been evaluated in numerous clinical trials [6-52]. A large meta-analysis of 18 RCTs (93,000 subjects) and

16 prospective cohort studies (732,000 subjects examined EPA+DHA (eicosapentaenoic acid and docosahexaenoic acid) from foods or

supplements and the relationship to CHD, MI, sudden cardiac death, coronary death and angina in primary and secondary prevention
[9]. Among RCTs, there was a non-statistically significant 6% reduction in CHD risk with EPA+DHA. Subgroup analyses of data from RCTs

indicated a statistically significant 14% to 16% CHD risk reduction with EPA+DHA among higher-risk populations including with elevated
triglyceride levels over 150 mg/dL and low-density lipoprotein cholesterol above 130 mg/dL. Meta-analysis of data from prospective

cohort studies resulted an 18% significant reduction of CHD for higher intakes of EPA+DHA over one gram per day and risk of any CHD
event. The sudden cardiac death (SCD) rate was reduced 47%. The greatest reduction in CHD (25%) occurred in those with high TG over
150 mg/dL and doses of omega 3 FA over one gram per day. These results and others indicate that EPA+DHA may be associated with a

reduction in CHD risk, with the greatest benefit observed among higher-risk populations in RCTs and those taking higher doses of EPA
and DHA. Omega 3 FA reduce ventricular arrhythmias [38] and decrease cardiovascular and total mortality [39]. Omega 3 FA are typically
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found in cold water fish such as salmon, mackerel and others as well as plant-based products like algae, flax, chia, and hemp seeds, but as
fatty fish eat algae, they serve as a supply for these essential fats. Omega 3 fatty acids decrease MI and CHD 18% more with concomitant

use of statins [42], reduce stent restenosis [40], reduce post MI mortality [43] coronary artery bypass graft (CABG occlusion) [44,45],
plaque formation [46,47], coronary artery calcification, [46,47] atherosclerosis [46,47], improve the lipid profile [48], lower glucose,
improve insulin resistance [49-51] and reduce blood pressure [2,4,52]. The dose prescribed will depend on the condition being treated as
well as age, body weight and use of concomitant medications and other nutritional supplements. It is best to use a balanced formulation

with DHA, EPA, GLA and gamma-delta tocopherols. This will prevent oxidation in the cell membranes and reduce depletions of the EPA
and DHA by GLA or vice versa [48,52].
Monounsaturated Fats

The effects of cis-monounsaturated fatty acids (cis-MUFAs) on the risk of CHD) and on CHD mortality have not been firmly established

[53]. In addition, dietary recommendations for cis-MUFA from various organizations do not agree. The effects of cis-MUFA on serum lipids, lipoproteins and endothelial vascular function are favorable [29,53,54]. There are no randomized controlled trials with CHD events
as endpoints but several large prospective cohort studies have been published on the relationship between cis-MUFA, extra virgin olive

oil (EVOO) and nuts, and CHD risk [22,27,29,31,54,55]. Partial replacement of SFA with MUFA improves the blood lipid and lipoprotein
profile and reduces the risk of CHD [29].

The Nurses’ Health Study and the Health Professionals Follow-up Study followed over 84,000 patients for 24 to 30 years [31]. Replac-

ing 5% of energy from SFA with equivalent energy intake from MUFA was associated with a 15% lower risk of CHD, HR: 0.85, 95% CI: 0.74
to 0.97; p = 0.02) [31]. Isocaloric replacement of 1% energy from 12:0-18:0 SFA combined showed a HR of CHD for MUFA of 0.94 (0.91 to
0.97; P<0.001) and for 16:0 the HR was .90 (0.83 to 0.97; P= 0.01) [22]. A recent review of the literature of randomized controlled clinical

trials that used a 4-step cost-of-illness analysis estimated the success rate, disease biomarker reduction, disease incidence reduction and
cost savings of incorporating MUFA into the diet [54]. Improvements were seen in CHD biomarkers incidence of CHD and T2 DM, in addition to annualized healthcare and societal cost savings for the daily MUFA intake [54].

In a prospective study of Dutch patients with cardiac disease (Alpha Omega Cohort) [55], the risk of CVD and CHD mortality was evalu-

ated over 7 years and the sum of SFAs and TFAs was theoretically replaced by PUFAs or cis MUFAs in a group of drug-treated patients with

a history of myocardial infarction. In continuous analyses, replacement of SFAs and TFAs with MUFAs (per 5% of energy) was associated
with significantly lower risks of CVD mortality (HR 0.75) and CHD mortality (HR 0.70) [55]. Nutrition guidelines for dietary fats are now
shifting to recommend higher intakes of MUFA such as EVOO and nuts [27,29,53-55].
Saturated Fatty Acids

Clinical trials offer conflicting conclusions regarding the role of SFA in the risk of CHD. This has led to confusion in the lay public that

is exacerbated by recently published national best sellers and conflicting nutrition recommendations by national and international committees [6,10-37]. The source of the confusion lies within the complexity, accuracy and the coordination of the results and conclusions in

basic science, clinical epidemiology and prospective clinical trials. Some of the misconceptions and improper interpretations are related
to the source of the SFA, carbon length absorption, the replacement nutrient(s), the genotypic expression to dietary SFAs, metabolism and
the composition and chemical expressions within the microbiome [10-14].

SFA also have variable effects on serum lipids and lipid subfractions, hepatic LDL receptor activity, nonalcoholic liver disease (NAFLD),

thrombosis, release of tissue plasminogen activator, macrophage foam cell formation and growth, toll- like receptors (TLR 2 and TLR
4) interactions, nuclear factor (NF-kB) cytokine gene expression, NADPH oxidase, detoxification of radical oxygen species (ROS), activ-

ity of catalase, glutathione peroxidase (GPx), superoxide dismutase (SOD 1), thioredoxin reductase (TxNRD1) and the genetic ability to

desaturate SFA to monounsaturated fatty acids. (MUFA) [10-20] Stearate (C-18) has minimal effect on CHD risk or serum lipids due to

its rapid desaturation to MUFA by stearoyl-CoA Δ-9-desaturase (SCD), which is genetically determined [10-12]. The dietary SFA intake
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may not correlate with the measured SFA content in serum cholesterol esters and erythrocytes, resulting in a discrepancy in the ability

to accurately predict CHD risk based on the “real” SFA status of an individual [10,15-17]. High SFA content in serum cholesterol esters

and erythrocytes, not high SFA intake, more accurately predicts CHD risk [15]. Endogenous SFA synthesis, especially that of palmitic acid
(16:0) from carbohydrates, contributes to the SFA status. Increased dietary intake of refined carbohydrates with low dietary consumption

of SFA spares SFA due to the de novo synthesis of SFA from refined carbohydrate. A diet with reduced carbohydrate intake allows SFA to
be utilized directly for energy production. Long chain fatty acids (LCFA) enhance gastrointestinal growth of gram negative bacteria (GNB)

and lipopolysaccharide (LPS) uptake, inflammation and immune activation of T-cells which will increase gastrointestinal permeability, the
risk of endotoxemia and infection from a variety of pathobionts at a dysfunctional microbial-epithelial interface [10,15-19].

Published clinical trials and reviews have provided more accurate insights into the relationship of SFA and CHD [6,21-28]. A meta-

analysis of 32 trials with over 600,000 subjects which included 17 observational studies of fatty acid (FA) biomarkers, 32 observational

studies of FA intake and 27 randomized controlled clinical trials (RCCT) of FA supplementation [6]. The results of this meta-analysis is at
variance with other studies perhaps due to the heterogenicity of the populations, selection bias, quality of studies selected, self -reporting of diet and other confounders due to unmeasured dietary factors and other lifestyle factors. Despite the size of this meta-analysis, the
results and conclusions drawn need to be interpreted with caution.

The largest meta-analysis of three large cohort studies [ Health Professionals Follow-Up Study (HPFS), the Nurses’ Health Study (NHS

1) and the NHS-2] utilizing a 5% isocaloric (ISC) energy replacement of SFA with polyunsaturated fatty acids(PUFA) or vegetable fat, was
associated with a 24% and 10% reduction in CHD risk, respectively [22]. The reduction in CHD with ISC energy replacement of SFA with

PUFA, monounsaturated (MUFA), trans fatty acids (TFA), omega- 6 FA, whole grains, vegetable or plant proteins, refined carbohydrates,
high fructose corn syrup or starches depends on the percent of energy that is substituted [22,23]. Replacement of 1% of energy from SFAs
with PUFAs lowers LDL cholesterol which predicts a 2 - 8% reduction in CHD [22].

SFA intake and CHD were positively associated in the prospective, longitudinal cohort studies of over 115,000 men and women in the

HPFS and the NHS over a 34 to 38- year follow-up [23]. SFAs were mostly lauric acid (12:0), myristic acid (14:0), palmitic acid (16:0),

and stearic acid (18:0) at 9.0-11.3% of energy intake. Comparing the highest versus the lowest groups of individual SFA intakes, CHD
increased 7% for 12:0, 13% for 14:0, 18% for 16:0, 18% for 18:0, and 18% for all four SFAs combined (p = 0.05 to 0.001]. The reduction
in CHD after 1% energy ISC replacement of SFA 12:0-18:0 was 8% for PUFA, 5% for MUFA, 6% for whole grains and 7% for plant proteins
[24].

The PREvención con DIeta MEDiterránea (PREDIMED) was a six -year prospective study of 7038 subjects with a high CVD risk that

included MI, CVA or death from CV causes [27]. The dietary consumption of SFA and TFA from the highest to the lowest quintiles increased

overall CVD by 81% and 67% respectively. The intake of PUFAs and MUFAs reduced the risk of CVD and death. The ISC replacement of
SFAs or TFA with MUFAs and PUFAs reduced CVD [27]. SFA from processed foods increased CVD [27].
Conclusions and Summary on SFA [10-37]

SFA are diverse compounds cannot be “lumped” into a single category and have variable effects on CHD. It is prudent to replace long

chain fatty acids (LCFA) with PUFA, MUFA, short chain fatty acids (SCFA), whole grains, plant proteins and perhaps medium chain fatty acids (MCFA). The daily recommended grams per day or percent of SFA relative to total fat or total calories cannot be accurately determined

at this time. Some studies suggest that the SFA dietary intake should be well below 9% of the total caloric intake. The overall relationship
of the human diet to CHD should include the totality of our nutrition and avoid reductionist evaluations of single macronutrients. New nutritional guidelines should promote dietary patterns that improve CHD based on validated science. Refined carbohydrates, high fructose
corn syrup, starches and TFA increase the risk of CHD. Omega 6- FA appear to be neutral or improve CHD risk, whereas omega 3 FA(PUFA),
MUFA, fermented foods, fiber, fruits and vegetables and the PREDIMED diet reduce CHD and CVD.
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1.

Dietary SFA intake is associated with an increased CHD risk and reducing dietary SFA in isocaloric (ISC) replacement with PUFA,
MUFA, omega 6 FA, whole grains and plant proteins decrease CHD risk.

3.

LCFA are the most likely SFA associated with CHD risk. SCFA are not associated with CHD risk but additional studies are needed
to confirm this.

2.

4.
5.
6.
7.

The source of the SFA is associated with the risk for CHD. Dietary intake of meat and animal fat have the greatest risk with a range
of 6-48%.
Replacement of SFA with PUFA reduces CHD risk.

Replacement of SFA with MUFA reduces CHD risk

Replacement of SFA with omega 6 FA decreases CHD risk.

Replacement of SFA with refined CHO increases CHD risk.

Trans Fatty Acids

A study of 126,233 participants from the NHS and the HPFS analyzed the relationship between choices of dietary fats and overall mor-

tality [56]. During the follow-up, 33,304 deaths were documented. Dietary TFA had the most significant adverse impact on health. Every
2% higher intake of TFA was associated with a 16% higher chance of premature death and a 25% increase in CHD death and nonfatal

MI during the study period [56]. A panel of experts in cardiovascular nutrition recently reported on trending controversies and provided
some recommendations regarding fat intake [57,58]. The overall recommendations were to reduce omega 6 fatty acids, increase omega 3

fatty acids and the ratio of omega 3 to omega 6 fatty acids and reduce SFA in addition to the elimination of TFA. The cardiovascular adverse
effects of industrialized produced TFAs are shown below:
1.

Dyslipidemia
a.

Increase TC: 8%

c.

Increase TG and VLDL: 9%

b.
d.
e.
f.

g.

Increase LDL-C: 9%

Lower HDL-C: 2 - 3%

Increase TC/HDL ratio: 11%

Increase apolipoprotein B: 8%

Increase lipoprotein (a) [Lp(a)]: 4%

2.

Increase in adipose tissue TFA levels

4.

Increase insulin resistance, glucose and T2DM risk

3.
5.
6.
7.
8.
9.

Increase in TG and phospholipid TFA levels

Increase thrombogenic risk and plaque vulnerability
Increase risk of CHD and MI

Increase risk of primary cardiac arrhythmias and sudden death

Increase in all -cause mortality by 25% from lowest to highest quintile

Increase of 2% in energy in total TFA intake results in 25% increase in CHD (CHD death and nonfatal MI)

10. Hypertension

11. Endothelial Dysfunction
12. Obesity

13. Increased inflammation
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Coconut oil has been inappropriately promoted for a reduction in CHD and other CV events with no evidence to support it in human

clinical trials. In a meta-analysis of 21 studies with 8 clinical trials and 13 observational studies, coconut oil increased TC and LDL more
than PUFA, but less than butter, increased HDL and increased TG with no change in TC/HDL ratio. There was no change in CV events
[59,60]. Coconut oil is 92% SFA, mostly lauric acid C12:0 (MCFA) and myrisitc acid (C14:0) which acts mostly like a LCFA. MCFA have rapid

absorption, hepatic uptake and immediate oxidation for energy production. Both lauric and myristic acid increase LDL-C similar to other
MCFA and LCFA,, but increase HDL-C more [61]. MCT (medium chain triglycerides) which are C-10 or less have direct portal vein absorp-

tion and are more water soluble. Only 4% of coconut oil is MCT of C-10 or less fatty acids. Coconut oil should not be recommended at this

time for prevention or treatment of CHD or CVD due to the lack of prospective studies on CV outcomes, the mixed effects on serum lipids,
the content of LCFA and the fact that replacement of coconut oil with PUFA and MUFA reduces CHD risk.

Conclusions

Omega 3 fatty acids reduce the risk of CHD, especially in higher risk patients and those taking higher doses of EPA and DHA. Monoun-

saturated fatty acids probably reduce CHD but more robust studies are needed to confirm this association as well as the patient subtypes

which would benefit the most. Some LCFA increase the risk of CHD, but the SCFA do not increase the risk of CHD. All trans fatty acids
increase the risk of CHD. Coconut oil has no proven benefit for CHD, but the primary constituents are LCFA which may increase CHD risk.

It is recommended that dietary and supplement intake of omega 3 FA and MUFA be increased and the intake of LCFA be limited and trans
fatty acids should be completely avoided.
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