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Dietary modification has been the cornerstone of cardiovascular disease (CVD) prevention since the middle of the last century when the American
Heart Association (AHA) first issued recommendations. For the vast majority of that time the focus has been on saturated fat, with or without
concomitant guidance for total or unsaturated fat. Over the past few years there has been a renewed debate about the relation between dietary
saturated fat and CVD risk, prompted by a series of systematic reviews that have come to what appears to be different conclusions. This triggered a
robust discourse about this controversy in the media that in turn has led to confusion in the general public. The genesis of the different conclusions
among the systematic reviews has been identified in several studies on the basis of isocaloric substitution analyses. When the data were analyzed
on the basis of polyunsaturated fat replacing saturated fat, there was a positive relation between dietary saturated fat and CVD. When the data
were analyzed on the basis of carbohydrate replacing saturated fat, there was a null relation between dietary saturated fat and CVD. When the
substitution macronutrient was not taken into consideration, the differential effects of the macronutrient substitution went unrecognized and the
relations judged as null. The lack of distinction among substituted macronutrients accounted for much of what appeared to be discrepancies.
Dietary guidance consistent with replacing foods high in saturated fat with foods high in unsaturated fat, first recommended more than 50 y ago,
remains appropriate to this day. Adv Nutr 2019;10:5332-5339.
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Introduction

Cardiovascular disease (CVD) is the leading cause of death
globally, estimated to account for 32% of total mortality (1).
In the United States this translates to 1 of every 3 deaths
(2). The direct and indirect costs per year are estimated at
approximately $320 billion. Although this number includes
healthcare expenditures and lost productivity, it does not
account for such factors as diminished quality of life. As with
most chronic diseases, prevention is preferable to treatment.
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Dietary modification has been the cornerstone of CVD
prevention since the middle of the last century when the
AHA first issued recommendations (3). For the vast majority
of that time the focus has been on saturated fat, with or
without concomitant guidance for total or unsaturated fat.
Over the past few years there has been a renewed debate
about the relation between dietary saturated fat and CVD
risk, prompted by a series of systematic reviews that have
come to what appears to be different conclusions (4-11). This
triggered a robust discourse about this controversy in the
media that in turn has led to confusion in the general public.
Also triggered appears to be a shift in the perception of the
CVD and saturated fat relation that, in turn, has impacted
dietary patterns.

Consistent with decades of recommendations to limit
dietary saturated fat there was a decline in intake (12).
However, prospective observational studies and disappear-
ance data suggest this decline abated, entered a period of
relative stability, and is now increasing (13, 14). The trend
is of concern because of all dietary factors associated with
CVD risk, dietary fat type is considered to be the strongest
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modifiable factor (1). This guiding principle is reflected in
the current recommendation to replace saturated fat with
unsaturated fat, primarily polyunsaturated fat, from a range
of entities (1, 15-17).

Evolution of Dietary Fat Guidance

Dietary guidelines for Americans

In 1977, the predecessor to the Dietary Guidelines for Amer-
icans, the US Dietary Goals, recommended that Americans
“Reduce overall fat consumption from approximately 40 to
30% energy intake. Reduce saturated fat consumption to
account for about 10% of total energy intake; and balance
that with polyunsaturated and monounsaturated fat, which
should account for about 10% of energy intake each” (18).
Three years later, in 1980, the US Dietary Goals were replaced
with the first edition of the Dietary Guidelines for Americans
(19). The recommendation was to “Avoid too much fat,
saturated fat, and cholesterol.” The second edition of the
guidelines, issued in 1985, remained unmodified. The third
edition of the guidelines, issued in 1990, shifted the tone
but not the substance of the guideline, from negative to
positive. The guideline wording was changed to “Choose a
diet low in fat, saturated fat, and cholesterol.” In 1992, The
US Food Guide Pyramid was released (Figure 1). Dietary
fats and oils, grouped with sweets, were placed at the top,
the narrowest part of the pyramid, accompanied by the
words “Use Sparingly.” It was further specified that this
advice included both naturally occurring and added fats and

KEY
B Fat (naturally occurring and added)
K4 Sugars (added)

These symbols show fats and added sugars i foods.

Meat, Poultry, Fish, Dry Beans,
Eggs & Nuts Group

2.3 SERVINGS

Fruit Group
2.4 SERVINGS

Bread, Cereal,
Rice & Pasta
Group

Food Guide Pyramid (1992) https://www.choosemyplate.gov/brief-history-usda-food-guides.

oils. Guidance for dietary fat, in the fourth edition of the
guidelines, issued in 1995, remained the same.

A substantial change in Dietary Guidelines for Americans
with regard to dietary fat came in the fifth edition of the
guidelines in 2000. The guidance was shifted from limiting
total fat to “Choose a diet that is low in saturated fat
and cholesterol and moderate in total fat.” This change
occurred in response to the growing evidence that limiting
dietary total fat promoted dyslipidemia, characterized by
high triglyceride and low HDL cholesterol concentrations
(20, 21). Nevertheless, consumers drove a demand for low-
fat foods and the industry met the demands. This fueled
the proliferation of items high in refined carbohydrate
such as fat-free salad dressings and reduced-fat peanut
butter that had the unanticipated consequence of decreasing
unsaturated fat intake (20, 21). In the 2005 sixth edition of the
Dietary Guidelines for Americans, the dietary fat guidance
was worded somewhat differently and more expansively but
was little changed in message. The recommendations were
to “Consume less than 10% of calories from saturated fatty
acids and less than 300 mg/d of cholesterol, and keep trans
fatty acid consumption as low as possible”; “Keep total fat
intake between 20 and 35% of calories, with most fats coming
from sources of polyunsaturated and monounsaturated fatty
acids, such as fish, nuts, and vegetable oils”; “When selecting
and preparing meat, poultry, dry beans, and milk or milk
products, make choices that are lean, low-fat, or fat-free”;
and “Limit intake of fats and oils high in saturated and/or
trans fatty acids, and choose products low in such fats
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and oils.” Around that time, a redesigned version of the
Food Guide Pyramid was introduced, termed MyPyramid
(Figure 2). It reflected the evolution in dietary fat guideline
from low fat to moderate fat by including a separate sector for
liquid vegetable oils while specifying preference to choosing
lean meat, and non-fat and low-fat dairy products.

Further refining the dietary fat guidance in 2010, the
seventh edition of the Dietary Guidelines for Americans
advised individuals to “Consume less than 10% of calories
from saturated fatty acids by replacing them with monoun-
saturated and polyunsaturated fatty acids”; “Consume less
than 300 mg/d of dietary cholesterol”; “Keep trans fatty acid
consumption as low as possible by limiting foods that contain
synthetic sources of trans fats, such as partially hydrogenated
oils, and by limiting other solid fats”; and “Reduce intake of
calories from solid fats and added sugars.” The term “solid
fats,” referring to animal fat (diary and meat) and partially
hydrogenated fat (shortening and margarine), was only used
in the 2010 edition of the Dietary Guidelines for Americans.
A year after the 2010 Dietary Guidelines for Americans were
issued, the USDA replaced MyPyramid with MyPlate. My
Plate initially contained 5 food groups: fruits, vegetables,
grains, protein, and dairy (Figure 3).

The most recent 2015-2020 edition of the Dietary Guide-
lines for Americans departed from previous approaches
with respect to dietary guidance by focusing on dietary
patterns rather than individual components or nutrients
of the diet. With respect to the major food sources of
dietary fat, the guidelines recommended choosing “Fat-
free or low-fat dairy, including milk, yogurt, cheese, and/or
fortified soy beverages”; “A variety of protein foods, including
seafood, lean meats and poultry, eggs, legumes (beans and
peas), and nuts, seeds, and soy products”; and “Oils” and
limiting “Saturated fats and trans fats, added sugars, and
sodium.” However, still retained was the recommendation
to limit saturated fat to 10% of energy in the absence of
a recommendation for unsaturated fat. Consistent with the
2015-2020 Dietary Guidelines for Americans, the MyPlate
website now has added a sixth group to the original 5
(fruits, vegetables, grains, protein, and dairy) - oils, further
reinforcing the beneficial effects of liquid vegetable oils in
the diet and to discourage the appearance of recommending
low-fat diets. The evolution of the Dietary Guidelines for
Americans has recently been summarized (22).

National Cholesterol Education Program (NCEP)

In 1988 the NCEP, under the auspices of the National
Health, Lung and Blood Institute, introduced the Adult
Treatment Panel (ATP) I Step 1 and Step 2 diets (23). Step
1 diet recommendations included limiting fat to <30% of
energy, saturated fat to <10% of energy, and cholesterol to
<300 mg/d. Step 2 diet recommendations included limiting
fat to <30% of energy, saturated fat to <7% of energy, and
cholesterol to <200 mg/d. Five years later, in 1993, the ATP
I recommendations were updated but the diets remained
essentially unchanged (24). In 2001, NCEP issued ATP III
recommendations and retired the Step 1 and Step 2 diets.

S334  Supplement

The Therapeutic Lifestyle Change diet was introduced in
this version (25). The major change from prior ATP dietary
recommendations was a shift from low-fat to moderate-
fat intake (25-35% of energy). The recommendations for
saturated fat and cholesterol were the same as the prior Step
2 diet; <7% of energy and <200 mg cholesterol/d. No update
of the NCEP dietary recommendations has been issued since
that time.

AHA

As previously noted, the AHA first issued dietary guidance in
1961, recommending a moderate-fat diet (25-35% of energy
as fat), and replacing saturated fat with polyunsaturated
fat (3). By the mid-1990s, consistent with the Dietary
Guidelines for Americans and ATP I and ATP II diets,
the AHA shifted their recommendations to limit total fat,
with specific emphasis on saturated fat (26). Four years later
there was a further shift in emphasis back to the original
recommendation, focusing on replacing saturated fat with
unsaturated fat (27). This recommendation was reinforced in
2006 (28). The dietary guidance included recommendations
to balance calorie intake and physical activity to achieve
or maintain a healthy body weight; consume a diet rich in
vegetables and fruits; choose whole-grain, high-fiber foods;
consume fish, especially oily fish, at least twice a week; and
limit intake of saturated fat to <7% of energy, trans fatto <1%
of energy, and cholesterol to <300 mg/d. This guidance was
accompanied by recommendations to choose lean meats and
vegetable alternatives; select fat-free (skim), 1%-fat, and low-
fat dairy products; minimize intake of partially hydrogenated
fats; minimize intake of beverages and foods with added
sugars; choose and prepare foods with little or no salt; if
consuming alcohol, to do so in moderation; and when eating
food that is prepared outside of the home, to follow the AHA
recommendations.

In 2013, the AHA and American College of Cardiology
issued updated dietary pattern recommendations (15). These
recommendations replaced those previously issued by NCEP.
The recommendations include consume “a dietary pattern
that emphasizes vegetables, fruits, and whole-grains; includes
low-fat dairy products, poultry, fish, legumes, non-tropical
vegetable oils, and nuts; and limits intake of sweets, sugar-
sweetened beverages, and red meats.” It was further advised
that individuals adapt this dietary pattern to appropriate
calorie requirements, personal and cultural food prefer-
ences, and nutrition therapy for other medical conditions
(including diabetes). For individuals with elevated low
density lipoprotein cholesterol concentrations they further
recommend “Aim for a dietary pattern that achieves 5% to
6% of calories from saturated fat.”

Major Sources of Fats and Oils in the US Diet

Dietary fats and oils come from both animal and plant
sources. The fatty acid profile of dietary fats commonly
consumed varies considerably. In general, fats of animal
origin tend to be relatively high in saturated fatty acids and
are solid at room temperature. Oils of plant origin tend to be
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relatively high in unsaturated fatty acids (MUFA and PUFA)
and are liquid at room temperature. Notable exceptions
include plant oils termed tropical oils (e.g., palm, palm
kernel, coconut oils), and partially hydrogenated fat. Tropical
oils are high in saturated fatty acids but remain liquid at room
temperature because they contain a high proportion of SCFA.
Partially hydrogenated vegetable oils are relatively high in
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FIGURE 3 MyPlate (2011) https://www.choosemyplate.gov/.

trans fatty acids because of chemical changes induced during
processing and tend to be solid at room temperature.
According to the 2013-2014 NHANES 24-h dietary recall
data (29), the 10 major dietary sources of saturated fatty acids
in US diets are regular cheese (7.73%), pizza (6.18%), burritos
and tacos (4.51%), ice cream and frozen dairy desserts
(4.35%), eggs and omelets (3.47%), cookies and brownies
(3.19%), cakes and pies (2.98%), reduced 2% fat milk
(2.96%), doughnuts, sweet rolls, and pastries (2.72%), and
candy containing chocolate (2.61%). The 10 major dietary
sources of monounsaturated fatty acids in US diets are nuts
and seeds (7.96%), pizza (4.49%), eggs and omelets (3.97%),
cheese (3.50%), cakes and pies (3.48%), burritos and tacos
(3.36%), chicken (whole pieces 3.32%), cookies and brownies
(3.03%), French fries and other fried white potatoes (2.97%),
and potato chips (2.47%). The 10 major dietary sources of n—
6 PUFA in US diets are nuts and seeds (7.08%), regular salad
dressing and vegetable oils (6.87%), tortilla, corn, and other
chips (4.14%), pizza (3.97%), eggs and omelets (3.49%),
cookies and brownies (3.12%), cakes and pies (3.10%),
chicken (whole pieces 2.95%), and mayonnaise (2.80%).
The major sources of «-linolenic acid (18:3n-3) are salad
dressing and vegetable oils (9.50%), pizza (4.43%), nuts and
seeds (3.88%), mayonnaise (3.69%), French fries and other
fried white potatoes (3.60%), cakes and pies (3.38%), cookies
and brownies (3.24%), burritos and tacos (2.90%), eggs and
omelets (2.70%), and pasta mixes dishes except macaroni
and cheese (2.56%). The major sources of the n-3 fatty acid
EPA are marine fish (45.02%) and shellfish (10.51%), and of
DHA are fish (47.48%), and eggs and omelets (16.37%).
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Dietary Change (each 5% energy) RR (95% CI)
PUFA Replacing SFA
Predicted Effect from TC:HDL Change + 0.91 (0.87, 0.95)
The Present Meta-Analysis of 8 RCTs + 0.90 (0.83, 0.97)
Pooled Analysis of 11 Observational Cohorts + 0.87 (0.77, 0.97)
Carbohydrate Replacing SFA
Predicted Effect from TC:HDL Change 1.01 (0.98, 1.04)
Results from WHI RCT _L 0.98 (0.88, 1.09)
Pooled Analysis of 11 Observational Cohorts + 1.07 (1.01, 1.14)
MUFA Replacing SFA
Predicted Effect from TC:HDL Change + 0.93 (0.89, 0.96)
RCTs - None -
Pooled Analysis of 11 Observational Cohorts <& 1.19 (1.00, 1.42)
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Relative Risk of Coronary Heart Disease for Each 5% Energy Intake

FIGURE 4 Effects on coronary heart disease risk of consuming PUFA, carbohydrate, or MUFA in place of saturated fatty acids. RCT,
randomized controlled trials; TC, total cholesterol. Reproduced from (8).

Dietary Fat and Cardiovascular Disease:
Controversy

A range of headlines in the news media has elevated the
topic of dietary fat and CVD risk, from “Butter is Back”
(30) to “Once a Villain, Coconut Oil Charms the Health
Food World” (31). These headlines were spawned by a
number of relatively recent systematic reviews and meta-
analyses that have questioned the relation between saturated
fat intake and CVD events and mortality rates (4-7, 9,
10). In contrast, other systematic reviews and meta-analyses
published during a similar period concluded that there
was a positive association between saturated fat and CVD
(1, 5, 8, 11). The difference between these 2 groups of
systematic reviews on the topic of dietary fat and CVD
risk can be attributed to whether a distinction was made
in the data analysis plan between those studies in which
the isocaloric replacement nutrient for SFA was PUFA or
carbohydrate. This point is best demonstrated in the work
based on isocaloric substitution analyses (5, 8, 32, 33). When
the data were analyzed on the basis of PUFA replacing
SFA, there was a positive relation between dietary SFA and
CVD (Figure 4) (1, 8, 11). When the data were analyzed
on the basis of carbohydrate replacing saturated fat, there
was a null relation between dietary SFA and CVD (4, 6,
7, 9). When the substitution approach was not taken into
consideration, the differential effects of the macronutrient
substitution went unrecognized and the relations were
judged as null. The lack of distinction among substituted
macronutrients accounted for much of what appeared to be
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discrepancies among systemic reviews. Although humans
can desaturate some stearic acid (18:0) to form oleic acid
(18:1) (34), because the data for dietary fat and CVD are
from studies in which foods, rather than purified fatty
acids, were consumed, the differential effects of individ-
ual SFAs cannot be addressed with the current available
data set.

Isocaloric substitution of SFA by equivalent energy from

Trans fat (2%)
MUFA (5%)
PUFA (5%)

Carbohydrates from refined starches/sugars (5%) 1

=

-1 -10 -5 0 5 10 15 20
Changes in Risk (%)

Carbohydrates from whole grains (5%)
-35 -30 -25 -20
FIGURE 5 Replacement of saturated fat with other types of fat or

carbohydrate. Reused from Sacks et al. (1) with permission from the
AHA, Inc.
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0.71 (0.55, 0.92) 27.95

B 0.82 (0.62, 1.07) 24.46
0.59 (0.46, 0.75) 31.66
0.71 (0.62, 0.81) 100.00

1.5
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FIGURE 6 Meta-analysis of core trials on replacing saturated with polyunsaturated fat. MRC, Medical Research Council. Reproduced from

Sacks et al. (1) with permission from the AHA, Inc.

Dietary Fat and Cardiovascular Disease: Present
At the end of 2017, the AHA issued a Presidential Ad-
visory entitled “Dietary Fats and Cardiovascular Disease”
(1). A thorough review of the literature was conducted
and summarized. “Core” studies were identified that meet
pre-established criteria. These criteria specified that the
trials “compared high saturated with high PUFA; did not
include trans unsaturated fat as a major component; con-
trolled the dietary intake of the intervention and control
groups; had at least a 2 y sustained dietary intervention
period; determined adherence using objective biomarkers
(e.g., serum cholesterol or blood or tissue concentration
of PUFA); and collected and validated information on
cardiovascular or coronary disease events” (1). Four “core”
studies met these criteria (35-38). A fixed-effects meta-
analysis of the “core” studies demonstrated that replacing
saturated fat with vegetable oil (primarily soybean oil)
lowered coronary heart disease (CHD) by 29% (Figure 5).
Because dietary cholesterol frequently occurs in foods high
in saturated fat, it was noted that in many cases when
replacing foods high in saturated fat with liquid vegetable
oils, dietary cholesterol was reduced. The advisory concluded
that the benefits of modifying dietary fat type were likely
augmented by the consequent reduction in dietary choles-
terol. Six additional “noncore” studies were identified (39—
44). These studies were categorized as “noncore” because
either SFA was replaced with a combination of PUFA and
carbohydrate and/or they had insufficient duration, low
adherence, few events, or other serious study design flaws.
When these trials are included in meta-analyses, the effect
of the “core” trials was somewhat diluted. For example,
2 systematic reviews that included noncore studies reported
an overall pooled risk reduction of 19% by replacing SFA with
PUFA (8,9).

Prospective observational studies were also assessed
by the AHA committee (1). A statistical framework for

multivariable regression analysis that isolates effects of
specific macronutrient exchanges was used to analyze the
data (45). Comparisons were made between high SFA intake
and high PUFA, MUFA, trans unsaturated fat, or carbo-
hydrate, each independently. Replacement of 5% of energy
from SFA with PUFA, MUFA, or unrefined carbohydrate
was associated with a significantly lower CHD risk (25%,
15%, and 9%, respectively) (Figure 6) (33). In contrast,
replacing saturated fats with refined carbohydrate or sugar
was not significantly associated with CHD risk (1% higher
incidence).

Conclusions

Recommendations for dietary fat have ebbed and flowed
over the last half century, particularly with respect to
CVD prevention and risk reduction. The majority of the
data indicate that replacing food sources of saturated with
unsaturated fat, particularly polyunsaturated fat, is associated
with lower risk. Replacing food sources of saturated fat
with refined carbohydrate has a null effect. Dietary guidance
consistent with these conclusions, first formulated more than
50 y ago, remains appropriate to this day.
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