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Key Points

e Fatty acids (FAs) differ by the structure of their hydrocarbon chain containing no double bonds
(saturated, SFA), one double bond (monounsaturated, MUFA), or multiple double bonds (polyun-
saturated, PUFA).

* Essential fatty acids (EFA) cannot be synthesized by human beings. These are PUFA (omega-6 and
omega-3 fatty acids) and must be consumed in the diet or taken as a supplement. These fatty acids
decrease risk of heart disease and other chronic conditions.

* Some foods contain trans-fatty acids (TFA), naturally occurring and industrially produced. The process of
partial hydrogenation of unsaturated fatty acids (PHOs) creates TFA. TFA increases risk of heart disease.

* Most SFA increase low-density lipoprotein-cholesterol (LDL-C), a causal factor for atheroscle-
rotic cardiovascular disease.

* When MUFA and PUFA replace SFA in the diet, lipids/lipoproteins are improved, which reduces
the risk of CVD.

* Recommended healthy eating patterns are low in SFA and higher in unsaturated fat and/or carbo-
hydrate from whole grains, although will vary in total fat based on the macronutrient substituted
for SFA. Importantly, a healthy eating pattern can be individualized to accommodate dietary pref-
erences as a strategy to promote adherence.

Introduction

The Internet is littered with misinformation about macronutrients, foods, and diets. This has created
many misconceptions about dietary fat and how it impacts health. In addition, there is much confusion
about including foods containing fat in healthy diets. Many patients obtain their health information from
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non-evidence-based sources and are misinformed about dietary recommendations, in general, and
guidelines for fat intake. Typical questions healthcare professionals ask about dietary fats are as follows:

*  What are the bad fats?

*  What are the good fats?

e Can a very low-fat diet be healthy?
e Can a high-fat diet be healthy?

Types of Fat
General Characteristics

Fatty acids (FAs) are organic molecules composed of a carboxyl group, methyl group, and a hydro-
carbon chain of varying lengths. FAs can be saturated (-CH,-CH,-), monounsaturated (-CH,-
CH=CH-CH,-), and polyunsaturated containing more than one double bond. The carbon-to-carbon
bonds are in the cis-formation (almost always), but food processing can create carbon-to-carbon
bonds in the frans-formation. Saturated (SFA), monounsaturated (MUFA), and polyunsaturated
(PUFA) fatty acids are present in foods primarily as triglycerides.

Saturated Fatty Acids

Dietary sources of SFA include red meat, full-fat dairy products, fish, poultry, and all fats and oils,
with tropical oils (coconut and palm and palm kernel) being the highest. SFA are solid at room tem-
perature. The structural features of SFA are important for maintaining the structure/function of plasma
membranes and lipid bilayers. Common SFA found in foods are stearic (18:0), palmitic (16:0), myris-
tic (14:0), and lauric (12:0) acid, with palmitic acid being the major SFA in the Western diet.

Unsaturated Fatty Acids

Dietary sources of MUFA and PUFA are mainly plant-based, although they are also present in animal
sources. MUFA are found in many plant foods such as nuts, seeds, and liquid oils, as well as animal
foods, such as meats, dairy products, and eggs. The most common MUFA is oleic acid (18:1, n-9). Foods
rich in PUFA are safflower, corn, and soybean oils as well as nuts and fish/seafood. The most common
PUFA are linoleic acid (18:2, n-6) and alpha-linolenic acid (18:3, n-3). Longer-chain PUFA, i.e., eicosa-
pentaenoic acid (EPA [20:5, n-3]) and docosahexaenoic acid (DHA [22:6, n-3]), are present in lesser
amounts in the diet. Unlike SFA, MUFA and PUFA are liquid at room temperature. Essential fatty acids
are linoleic acid (an omega-6, or n-6, fatty acid) and alpha-linolenic acid (an omega-3, or n-3, fatty acid).

N-6 and N-3 Fatty Acids

The classification of either n-3 or n-6 is based on the first double bond being on the 3rd (n-3) or 6th
(n-6) carbon from the methyl terminus. The common long-chain n-3 FAs are EPA and DHA. The most
abundant n-6 FA is linoleic acid (LA) and the most prevalent n-3 fatty acid is alpha-linolenic
acid (ALA).

N-3 and n-6 FAs have many health benefits (see Dietary fat and health). Fish and shellfish, particu-
larly fatty cold-water species, are rich in EPA and DHA (salmon, albacore tuna, mackerel, and oys-
ters). Fish oil supplements are a source of EPA and DHA. Non-animal sources of DHA and EPA are
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seaweed and algae. ALA is found primarily in plant-based foods like walnuts, flaxseeds, and chia
seeds as well as canola oil and soybean oil. Sources of LA are nuts, seeds, and most vegetable/lig-
uid oils.

Sterols, Stanols, and Cholesterol

Sterols, also referred to as steroid alcohols, are comprised of a four-ring steroid structure, a double
bond, and one or more hydroxyl groups [1]. Stanols are nearly identical, but the four-ring steroid
structure is saturated. The majority of cholesterol in the body is synthesized in the liver and is an
integral component of plasma membranes as well as steroid hormones (i.e., testosterone and estrogen)
and cholecalciferol (vitamin D) synthesis. Cholesterol is found in animal foods like eggs, shrimp and
other shellfish, and organ meats. Phytosterols (both sterols and stanols) are found in plant cell mem-
branes. Structurally similar to cholesterol, they block the absorption of dietary cholesterol in the
Intestine.

Trans-Fatty Acids

Most unsaturated fatty acids (UFA) occur naturally in the cis configuration, but some trans-fatty acids
(TFA) are formed by biohydrogenation in ruminant animals. TFA are also produced by partial hydro-
genation of vegetable oils. This creates a frans isomer that solidifies the vegetable oil at room tem-
perature. This process prevents PUFA oxidation that increases the shelf life of processed foods. In
response to the many adverse health effects of TFA, the FDA banned adding partially hydrogenated
oils (PHOs) (that contain TFA) to any processed foods after June 2018 (see Dietary fat and health).

Triacylglycerols

Triacylglycerols (TAGs) or triglycerides are comprised of a glycerol backbone with three FAs (SFA,
MUFA, or PUFA) attached via ester bonds [1]. TAGs make up approximately 95% of dietary fat [1].
During fat digestion lingual, gastric, and pancreatic lipases cleave the FA into diacylglycerols or
monoacylglycerols for absorption into the enterocyte. These can be repackaged into TAGs and assem-
bled into chylomicrons for transport in the plasma to target tissues such as the muscle and adipose
tissue where they can be metabolized or stored.

Circulating Lipoproteins

Lipoproteins transport the bulk of dietary lipids through the circulation to target tissues. The hydro-
phobic core of lipoproteins contains triglycerides and cholesteryl esters, and the outer bilayer mem-
brane is made up of phospholipids, free cholesterol, and protein molecules (apolipoproteins), with the
different lipoprotein classes having one or more apolipoproteins. Lipoprotein classes are defined by
their density, size, and characteristic constituent apolipoprotein(s). The key lipid constituents that
affect CVD risk are TAG and cholesterol, which are transported in the plasma principally in chylomi-
crons and very low-density lipoproteins (specifically TAG), and LDL and HDL (specifically choles-
terol). An elevated TAG level increases risk for CVD, and elevated cholesterol carried in LDL
increases CVD risk whereas a high HDL-C decreases risk.

Chylomicrons are produced postprandially in the intestine as a vehicle for dietary fat absorption
and transport. The peripheral tissues (cardiac, skeletal, adipose, etc.) remove TAGs from chylomi-
crons resulting in chylomicron remnants (CR), which are taken up by the liver [2]. Hepatocytes
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produce TAG-rich very-low-density lipoproteins (VLDL), which contain Apo B-100 as their main
structural apolipoprotein. VLDL transports TAGs to target tissues for storage and energy utilization.
VLDL are converted to cholesteryl ester-rich intermediate-density lipoproteins (IDL) and low-density
lipoproteins (i.e., LDL-C) via hydrolysis of triglycerides by lipoprotein lipase and hepatic lipase. IDL
and LDL are smaller than VLDL and have a greater proportion of cholesterol and protein because
TAGs have been removed by peripheral tissues.

Low-density lipoprotein cholesterol (LDL-C) is the primary transporter of cholesterol in the body,
and its major structural apolipoprotein is Apo B-100, the ligand for hepatic LDL receptor-mediated
LDL clearance. LDL particles range in size and density, which affect their function. All LDL-C are
atherogenic; however, the LDL particle size affects the susceptibility and likelihood of the particle
becoming trapped in the arterial wall [3]. Compared to larger LDL particles, small-dense LDL parti-
cles bind more avidly to glycosaminoglycans in the artery wall where they are taken up into the sub-
intimal space and are more likely to be trapped. All LDL particles that are trapped in the artery wall
release cholesterol and promote atherogenesis. Despite more small, dense LDL being trapped, more
cholesterol is released by each larger LDL particle (despite fewer being trapped). Thus, large and
small LDL particles cause similar vessel wall injury because large LDL particles release more choles-
terol per particle, while small LDL particles contain less cholesterol and more particles are trapped so
the net atherogenic effects are equal. Small-dense LDL particles are potentially more susceptible to
oxidation, and oxidized LDL-C may bind to scavenger receptors on macrophages thereby promoting
atherosclerosis [2, 4]. Therefore, all LDL-C (i.e., all LDL regardless of particle size) are considered
to be an independent causal risk factor for coronary artery disease [5].

High-density lipoprotein-cholesterol (HDL-C) is also comprised of cholesterol and phospholipids
and the main structural protein is Apo A-1. HDL particles have several anti-atherogenic properties.
Most notably, HDL particles remove cholesterol from cells and tissues and deliver it to the liver for
excretion by two different pathways. First, through a process of reverse cholesterol transport, HDL
removes cholesterol from macrophages thereby preventing foam cell formation and atherogenesis.
Another pathway of cholesterol transport to the liver by HDL is via its cholesteryl ester exchange for
TAG from VLDL and LDL by cholesteryl ester transfer protein (CETP) followed by receptor-mediated
hepatic LDL (and cholesteryl ester) uptake. Other anti-atherogenic properties of HDL include reduc-
ing inflammation, LDL oxidation, and thrombosis formation (by inhibiting coagulation factors), as
well as inducing endothelium-dependent vasodilation [6].

There is a robust evidence base from epidemiological studies, clinical trials, animal studies, and
in vitro experiments that HDL-C is cardioprotective and is inversely associated with cardiovascular
morbidity and mortality [5, 7]. However, there is some evidence that not all HDL particles confer
protection against CVD. HDL is a heterogeneous particle; subspecies contain apolipoprotein E and or
apolipoprotein CIII. Interestingly, HDL particles that contain apolipoprotein E promote reverse cho-
lesterol transport, whereas the presence of apolipoprotein C III abolishes these effects [8]. Further
research is needed to understand which HDL particles confer the greatest benefits against CVD and
how these can be increased with lifestyle and pharmacologic interventions. To date, the CETP inhibi-
tor drugs that have increased HDL-C markedly have not demonstrated cardiovascular benefits without
side effects. Therefore, despite considerable initial promise, CETP inhibition provides insufficient
cardiovascular benefit for routine use [9].

Non-high-density lipoprotein-cholesterol (non-HDL-C) is calculated by subtracting serum HDL-C
from total cholesterol and is an estimate of all cholesterol and triglycerides present in chylomicrons,
CR, VLDL, IDL, and LDL-C [10]. Thus, non-HDL-C includes all atherogenic cholesterol in contrast
to LDL-C measurement, which only accounts for the cholesterol contained in the LDL particles
(roughly 75% of cholesterol carried by non-HDL-C). Moreover, LDL-C is usually calculated, not
directly measured, and therefore may not provide the most accurate measure of atherogenic choles-
terol. Finally, non-HDL-C is more strongly associated with ASCVD risk compared to LDL-C [11].
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Dietary Fat and Health

Dietary fat, one of the three macronutrients, is necessary for survival. The composition of our dietary
fat has specific effects on circulating lipoproteins. Different FAs can be associated with both health
benefits and adverse health outcomes. Specific FAs elicit changes in circulating lipids/lipoproteins,
and long-term consumption of certain FAs increases risk of developing cardiometabolic diseases.
Diets containing a greater percentage of SFA are associated with increased risk of CVD, diabetes,
obesity, metabolic syndrome, and non-alcoholic fatty liver disease [12—14]; unsaturated fatty acids, in
contrast, confer many health benefits.

When MUFA/PUFA are substituted for SFA, improvements in lipids/lipoproteins and vascular
health are observed [14]. A diet containing a greater proportion, or ratio, of MUFA/PUFA:SFA is
associated with reduced risk of CHD, metabolic syndrome, and hyperglycemia [15]. Additionally, n-3
PUFA, notably, marine-derived n-3 PUFA, have unique cardioprotective benefits, which has led to
extensive research and the development of pharmaceuticals to treat specific diseases.

Trans-Fatty Acids

Although there were concerns about the negative health consequences of TFA in the 1980s, it was not
until 1990 that Mensink and Katan reported that TFA increased LDL-C and decreased HDL-C in
healthy subjects [16]. A subsequent meta-analysis of 12 controlled trials confirmed these findings
reporting adverse effects of TFA on both LDL-C and HDL-C, thereby increasing risk of CHD [17].

The pooled relative risk from two observational studies showed a 2% increase in calories from TFA
was associated with a 23% increased incidence of CHD [17]. A more recent dose-response meta-
analysis of cohort studies estimated that the risk of CVD was increased 16% for each 2% increase in
daily energy from TFA [18]. Collectively, the epidemiological and clinical research showing that TFA
increased CHD risk led first to food labeling guidelines by the Food and Drug Administration, then
removal of the Generally Recognized as Safe (GRAS) status for partially hydrogenated oils, and
finally a ban on their addition to foods [19]. In the United States, consumption of TFA significantly
decreased from 2.6% of total energy in the 1990s to 1.1% of total energy in the late 2000s, and serum
TFA 1levels declined more than 50% from 2000 to 2009 [20, 21].

SFA/MUFA/PUFA

Current guidelines recommend consuming <10% of calories from SFA due to their adverse effects on
lipoproteins (from clinical trial evidence) and associations with CVD (from epidemiological studies)
[22,23]. The 2020 Dietary Guidelines Advisory Committee concluded that there is strong evidence to
support the replacement of SFA with PUFA based on consistent findings demonstrating risk reduction
for both CHD events and CVD mortality [24]. Clinical trials assessing the effects of SFA on serum
lipoproteins consistently show increases in LDL-C and HDL-C [25, 26]. Over the last few decades,
epidemiological studies evaluating the relationship between dietary SFA and cardiometabolic health
have reported inconsistent findings, which are largely explained by the statistical methods used and
whether the replacement macronutrient was considered [27].

An epidemiological study beginning in the late 1950s showed a positive relationship between
dietary SFA and heart disease leading to the hypothesis that SFA causes cardiovascular disease [28].
Zhu and colleagues conducted a dose-response meta-analysis on dietary FA and CVD in cohort stud-
ies and determined SFA intake was not associated with CVD [18]. However, this analysis only exam-
ined the relationship between SFA and CVD without assessing the replacement nutrient for SFA,
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which was likely refined carbohydrates (CHO) based on data about usual American consumption
patterns. In a prospective cohort analysis, of over 126,000 US adults followed for up to 32 years,
isocaloric replacement of 5% of energy from SFA with either PUFA (predominate dietary source is
n-6) or MUFA was associated with a reduction in risk of total mortality by 27% and 13%, respec-
tively. Similarly, replacing 5% of energy with unsaturated fatty acids (both PUFA and MUFA) reduced
CVD mortality by 20% [29]. In addition, replacement of 5% of energy from SFA with whole grain
CHO, MUFA, or PUFA was associated with a 9, 15, and 25% reduced risk of CHD, respectively [30].

In alignment with epidemiological findings, a recent Cochrane systematic review of 15 clinical
studies, including over 59,000 participants, found that lowering SFA intake, regardless of the replace-
ment macronutrient (PUFA, MUFA, or CHO), reduced combined cardiovascular events (cardiovascu-
lar death, cardiovascular morbidity, and unplanned cardiovascular interventions) risk by 21% [31].
However, there was not a significantly lower risk of all-cause mortality, cardiovascular mortality, or
any of the secondary outcomes; findings are likely explained by the lack of statistical power due to the
insufficient number of events and relatively short duration of follow-up.

Clinical trial evidence demonstrates that replacing SFA with MUFA, PUFA, or CHO significantly
reduces LDL-C. Replacing 1% of dietary energy from SFA with the same percentage of energy from
PUFA, MUFA, and CHO is estimated to lower LDL-C by 2.1, 1.6, and 1.3 mg/dL, respectively [32].
Whole grain CHO sources lower LDL-C more than refined grains [33]. A meta-analysis of random-
ized controlled trials showed that replacing SFA with whole grains, compared to refined grains, led to
a greater reduction (3.5 mg/dL) in LDL-C [34].

Full-fat dairy products are a rich source of SFA with dairy fat being comprised of nearly 60% SFA
(an 8-ounce glass of whole milk contains 8 g fat and 5 g is SFA). Dairy fat-derived SFA may not have
the same effect on circulating lipoproteins as other animal-based SFA. Observational data suggest that
dairy fat containing SFA is not associated with increased risk of CVD [35]. However, macronutrient
replacement analyses show that CVD risk is reduced when MUFA, PUFA, and whole grains are con-
sumed in place of dairy fat-derived SFA. Interestingly, a meta-analysis of three cohorts estimated that
the replacement of 5% energy from dairy fat with equal energy from other animal fat increased CVD
risk by 6% [35]. Dairy fat-derived SFA increased LDL-C less than other animal fats containing SFA;
however, dairy fat-derived SFA are more atherogenic than UFA [35, 36]. The findings described here
indicate that dairy fats pose some risk of CVD, but this is less than that associated with other animal
fats containing SFA. For that reason, it is recommended that intake of dairy foods should be fat-free,
low-fat dairy products.

N-3 Fatty Acids (ALA, EPA, and DHA)

Large, randomized controlled trials of prescription EPA + DHA and/or EPA (840-4000 mg/day) show
reduced risk of CVD in healthy individuals and those with diabetes or elevated triglycerides
(135-499 mg/dL) [37]. Two trials, VITAL and ASCEND, evaluated EPA + DHA for primary preven-
tion of CVD and did not find a significant reduction in the primary endpoints (combination of coro-
nary and ischemic outcomes). It is important to note, however, that in the VITAL trial, 460 mg of
EPA + 380 mg DHA significantly reduced fatal (50%) and nonfatal heart attacks (28%) and in the
ASCEND trial, 465 mg of EPA + 375 mg DHA resulted in a 19% reduction in CVD death, each of
these being secondary endpoints [38, 39]. In VITAL, individuals consuming 1 Y2 servings of fish per
week at baseline had a 19% reduction in major cardiovascular events, while those with a baseline fish
consumption greater than 1 %2 servings/week did not have a significant reduction in cardiovascular
events [38]. The REDUCE-IT trial evaluated 4 g/day (2 g two times/day) of a purified form of EPA
(icosapent ethyl) for secondary prevention of CVD in statin-treated individuals with elevated triglyc-
erides. There was a 25% reduction in the primary endpoint, a composite of unstable angina, nonfatal



29 Dietary Fat: The Good, the Bad, and What Is Best? 315

stroke, nonfatal heart attack, and CV death, compared to the placebo group [40]. A recent meta-
analysis of 13 trials (including VITAL, ASCEND, and REDUCE-IT) found a dose-response effect of
marine-based n-3 on reducing risk of total CVD, CVD death, myocardial infarction, and total CHD
[41]. Collectively, these studies demonstrate the importance of the n-3 fatty acids, EPA + DHA, for
primary prevention of CHD and underscore the need to increase intake of these fatty acids in the
population. There are also important benefits of a prescription dose of icosapent ethyl for secondary
prevention of CVD, excluding stroke.

The 2020-2025 Dietary Guidelines for Americans recommend consuming 8 ounces of seafood per
week, which provides approximately 250 mg EPA+DHA/day [23, 42]. The AHA recommends 1 to 2
servings (3.5 oz/sv) of fish per week, with emphasis on fatty fish [42]. If recommendations for n-3
intake cannot be achieved from food sources, an over-the-counter supplement may be considered in
consultation with a healthcare provider. Over-the-counter supplements are not regulated by the Food
and Drug Administration but are typically safe although sometimes the quantity of EPA/DHA in the
product falls short of what is listed on the label.

Observational studies demonstrate a moderately lower risk for CVD with increased alpha-linolenic
acid (ALA) consumption, but the relationship is not as consistent or strong as for EPA and DHA [43].
However, a meta-analysis of five cohort studies estimated that a 1 g/day increase in ALA was associ-
ated with a 10% reduction in CHD death, and a systematic review of RCTs reported that a higher
intake of ALA was associated with a 5-9% reduction in CVD, although this was nonsignificant
[43, 44].

Dietary Patterns

The focus of this chapter is on the effects of individual FAs and FA classes on circulating lipoproteins
as well as overall health. However, foods contain a mixture of different fatty acids in varying propor-
tions and generally have a predominant fatty acid class. As such, the focus of current dietary recom-
mendations is on food-based healthy eating patterns. The 2020-2025 Dietary Guidelines for Americans
recommend a healthy US style, a healthy Mediterranean style, and a healthy vegetarian/vegan style
eating pattern [23]. In addition, the Dietary Approaches to Stop Hypertension (DASH) eating pattern
also is recommended by many health organizations [45]. These dietary patterns are all low in SFA
(<10% kcal), sodium, and added sugars and emphasize fruits, vegetables, nuts, seeds, legumes, whole
grains, plant protein or lean/low-fat unprocessed animal protein, and liquid oils. In addition, these
dietary patterns limit SFA by including MUFA/PUFA or fiber-rich whole grain CHO foods in place of
food sources of SFA thereby affecting the total fat content of the diet. Although the total fat content of
these dietary patterns can vary depending on the replacement macronutrient, they nonetheless align
with the current dietary reference intake (DRI) for total fat (20-35% of total calories).

The fat content of many commonly consumed dietary patterns exists on a spectrum ranging from
very-low fat (Ornish diet: <10% of total calories), low fat (10-20% of total calories), moderate fat
(20-35% of total calories), and high/higher-fat (35—70% of total calories) to very-high fat (keto diet:
>70% of calories from fat) diets. The topic of how low-carbohydrate diets influence plasma lipid
profiles is discussed in further detail in Chap. 18. Clinical trials of these dietary patterns show that the
effects on lipids/lipoproteins generally reflect their fatty acid profile (see Dietary fat and health). The
effects of fatty acids on lipids and lipoproteins are due to their quantitative contribution on an energy
basis in the diet. The key is for SFA to be low, and as total fat increases in the diet, the emphasis should
be on unsaturated fat. As a result, all healthy dietary patterns, defined as meeting nutrient and food-
based recommendations, provide <10% of calories from SFA, regardless of total fat content. Therefore,
healthy lower-fat diets are higher in fiber-rich whole grain CHO, while healthy higher-fat diets are
higher in MUFA and PUFA.
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Summary

Healthy eating patterns meet food-based dietary guidelines, achieve nutrient adequacy, and meet rec-
ommendations for SFA (<10% of calories), sodium, and added sugars. A healthy eating pattern can
vary in total fat, which depends largely on the differences in the amounts of unsaturated fatty acids
and CHO that are substituted for SFA. The evidence that supports recommendations for SFA is based
on the well-documented adverse effects of SFA on LDL-C and CVD risk and beneficial effects of
unsaturated fats and CHO from whole grains. The core precept of contemporary dietary guidance
specific to fatty acids is to replace SFA with PUFA, MUFA, or CHO (from whole grains) to decrease
CVD risk.
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