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WHAT DOES THE SCIENCE SAY
ABOUT SEED OILS?

By Kristina S. Petersen, PhD, FAHA

Edible plant oils are commonly referred to as vegetable oils and include oils derived

from vegetables, nuts, seeds, fruits, and cereal grains. The term “seed oil” has recently
gained popularity and refers to oils derived from plant seeds. Seed oils, which are high in
unsaturated fatty acids, include canola, corn, cottonseed, soybean, sunflower, safflower,
grapeseed, and rice bran oil. Social media misinformation about seed oils includes claims
that they cause inflammation, type 2 diabetes, and other chronic diseases, and has led to
the “anti-seed oil movement”. As a result, some consumers have decided to avoid seed oils.

This movement has risen in prominence despite the preponderance of evidence showing no
adverse health effects of seed oils or their constituents, and strong evidence demonstrating
cardiometabolic health benefits of consuming unsaturated fatty acids.1-6 This article

will review the evidence on the association between fatty acid and seed oil intake on risk
factors for major diet-related chronic diseases with a focus on cardiometabolic disease.”

Seed oils differ widely in their fatty acid composition (Table 1); however, all are

higher in unsaturated fatty acids, including monounsaturated fatty acids (MUFA) and
polyunsaturated fatty acids (PUFA), than in saturated fatty acids (SFA). While humans
can endogenously synthesize adequate amounts of SFA and MUFA, humans are unable to
synthesize the essential omega-6 PUFA linoleic acid (LA) and the essential omega-3 PUFA
alpha-linolenic acid (ALA). Therefore, LA and ALA must be consumed to ensure nutrient
adequacy. The U.S. recommendations for LA and ALA intake are presented in Table

2. These adequate intake recommendations are based on the U.S. median intake where
deficiency is non-existent among healthy individuals.®

Table 1: Fatty acid composition of commonly consumed seed oils, animal fats, and tropical
oils ordered by saturated fat content.

Fatty Acid Composition (g/100 g)
Category Fat/0il Saturated | Monounsaturated Polyunsaturated Fat

Fat Fat Total LA ALA

Canola Oil 6.6 62.6 25.3 17.8 7.5

Safflower 0Oil 7.7 71.6 13.8 13.6 0.2

Sunflower 0il 9.0 63.4 20.7 20.6 0.2

. Grapeseed 0il 9.6 16.1 69.9 69.6 0.1

Seed Oils cpom oil 13.4 27.7 52.9 51.9 1.0
Soybean 0Oil 14.9 221 57.6 50.9 6.6

Rice Bran 0il 19.7 39.3 35 334 1.6

Cottonseed 0il 259 17.8 51.9 51.5 0.2

Lard 39.2 451 11.2 10.2 1.0

Animal Tallow 49.8 41.8 4 31 0.6
Fats Butter 50.5 23.4 3.0 1.8 12
Ghee 61.9 28.7 3.7 2.2 14

Tropical Palm Oil 49.3 37 9.3 9.1 0.2
Oils Coconut 0il 825 6.3 1.7 1.7 0.0

Data are from USDA FoodData Central (https://fdc.nal.usda.gov/).
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Table 2: Adequate intake recommendations for linoleic and alpha-linolenic acid by life stage
group.?

. LA ALA
Life Stage Group Males | Female Males | Females
0-6 months 44 0.5
7-12 months 4.6 0.5
1-3 years 7 0.7
4-8 years 10 0.9
9-13y 12 10 12 10
14-18y 16 11 1.6 11
19-30y 17 12 16 11
31-50y 17 12 16 11
51-70y 14 11 1.6 11
>70y 14 11 16 11
All Ages
Pregnancy 13 14
Lactation 13 13

Epidemiological Evidence

Meta-analyses of epidemiological studies show higher intake of omega-6 PUFA,
predominately LA, is associated with lower risk of cardiovascular disease (CVD) and type
2 diabetes.®!° In addition, higher intake of LA is associated with lower total mortality risk
as well as lower risk of mortality from CVD and cancer.! In alignment, pooled analyses
of observational studies examining biomarkers of omega-6 PUFA intake show higher
proportions of LA biomarkers are associated with lower risk of CVD, cardiovascular
mortality, ischemic stroke, and type 2 diabetes.!?13

Epidemiological evidence relevant to the association between MUFA intake and CVD is less
consistent. Studies generally show no association between total MUFA intake and risk of
CVD14 or mortality from CVD or cancer.’® However, higher MUFA intake from plant sources
is associated with lower risk of CVD.*

Consistent epidemiological evidence also demonstrates that the replacement of SFA with
PUFA, predominately LA, is associated with lower risk of CVD events and CVD mortality.>!
In addition, replacement of SFA with PUFA is associated with lower risk of mortality from
cancer, neurodegenerative diseases, and respiratory diseases.®

Clinical Trials

Evidence demonstrates that increased consumption of essential fatty acids is associated
with lower risk of cardiovascular disease and type 2 diabetes.

Evidence from clinical trials demonstrates that intake of unsaturated fatty acids as

a replacement for SFA reduces the risk of cardiovascular events and improves major

risk factors for CVD. The most recent Cochrane Collaboration review, which included 15
randomized controlled trials, examining the effect of SFA replacement, concluded that
replacing SFA with PUFA is associated with lower risk of CVD.!” A similar finding was
reported in an American Heart Association Presidential Advisory on dietary fats.’ A meta-
analysis of the core randomized controlled trials showed that replacing SFA with PUFA
reduced CVD risk by 29%.

Strong and consistent evidence from clinical trials shows that consuming unsaturated
fatty acids instead of SFA improves atherogenic lipoproteins. A systematic review and
meta-regression that included 84 randomized controlled trials showed that isocalorically
replacing SFA with PUFA or MUFA reduced total cholesterol, LDL-cholesterol, and
apolipoprotein B to a clinically relevant extent.!® In alignment, clinical trial evidence shows
that intake of canola,’*? corn,??® cottonseed,?*?® soybean,? sunflower,?"?¢ safflower,?3°

and rice bran oil®! improves atherogenic lipoproteins. Finally, a network meta-analysis of
randomized controlled trials examining direct and indirect evidence on the effects of 13
oils and solid fats (safflower, sunflower, canola, hempseed, flaxseed, corn, olive, soybean,
palm, and coconut oils as well as beef fat, lard, and butter), showed that replacement

of 10% of energy from butter with an equivalent amount of safflower, sunflower, canola,
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olive, flaxseed, corn, or soybean oil lowered LDL-cholesterol by 10-16 mg/dl.*2 In summary,
replacement of dietary sources of SFA with oils rich in PUFA and MUFA consistently
improves atherogenic lipoproteins.

Evidence indicates unsaturated fatty acids may help reduce risk of type 2 diabetes
Evidence from clinical trials also demonstrates that replacing SFA with PUFA improves
glucose-insulin homeostasis. A meta-analysis of 102 controlled-feeding trials showed that
replacing SFA with PUFA improved fasting glucose, HbAIC, C-peptide, and Homeostatic
Model Assessment for Insulin Resistance (HOMA-IR).*

Evidence shows no effects or reduced inflammation.

Findings from clinical trials also show that intake of omega-6 PUFA, particularly LA,

does not promote inflammation or oxidative stress.®*3” A systematic review and meta-
analysis that included 30 randomized controlled trials showed that higher intake of LA
did not increase markers of inflammation including tumor necrosis factor-q, interleukin-6,
adiponectin, monocyte chemoattractant protein 1, or C-reactive protein.** Similarly, clinical
evidence shows no effect of omega-6 PUFA on markers of oxidative stress including
oxidized LDL cholesterol®” or markers of lipid peroxidation included F-2 isoprostanes.®®

Recommended Intake

Guidelines for general health and chronic disease prevention focus on following a

healthy dietary pattern throughout life.?®3° Healthy dietary patterns emphasize minimally
processed fruits, vegetables, whole grains, healthful protein sources (seafood, legumes,
soy foods, nuts, and seeds), and liquid non-tropical vegetable oils. These patterns are also
low in sources of saturated fats, added sugars, and sodium. To limit sources of SFA, it is
recommended to replace rich sources of SFA, such as butter, tallow, lard, palm and coconut
oils, duck fat, and ghee with vegetable oils including seed oils.

Summary

Strong evidence supports consuming unsaturated fatty acids, particularly PUFA, instead
of SFA to reduce the risk of CVD and type 2 diabetes. It is recommended that non-tropical
liquid vegetable oils, including seed oils, be consumed as part of healthy dietary patterns.
Vegetable oils should be used as a replacement for rich sources of SFA including butter,
tallow, lard, palm and coconut oils, duck fat, and ghee.

Kristina S. Petersen PhD, FAHA, is an associate professor of nutritional sciences at Pennsylvania State University.
Her research focuses on dietary interventions to delay and prevent the onset of cardiometabolic diseases
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KSP received honoraria from the Soy Nutrition Institute Global. In the last three years, KSP has received research
grants from Cotton Incorporated, National Cattlemen'’s Beef Association, Hass Avocado Board, American Pecan
Council, American Egg Board, American Pistachio Growers, and McCormick Science Institute.

IMPACT OF SOYBEAN OIL ON METABOLIC
DYSFUNCTION-ASSOCIATED STEATOTIC
LIVER DISEASE (MASLD) AND
CARDIOMETABOLIC OUTCOMES

By Martha Ann Belury, PhD, RDN

Approximately one in four U.S. adults have metabolic dysfunction-associated steatotic liver
disease (MASLD), formerly called non-alcoholic fatty liver disease (NAFLD), a condition

that usually accompanies central obesity. NAFLD is tightly linked with hepatic insulin
resistance and is therefore a major risk factor for metabolic syndrome and type 2 diabetes.
It is mis-considered the “hepatic manifestation” for cardiometabolic diseases. Therapies
that reduce ectopic liver fat (defined as an abnormal accumulation of fat within the liver,
where fat is not typically stored in significant amounts) also reduce risk for cardiometabolic
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diseases; yet, other than weight loss, therapies that effectively and safely reduce ectopic
lipid accumulation in the liver remain elusive.

Diets high in saturated fat or high fructose corn syrup are known to increase the risk of
developing NAFLD. In contrast, diets rich in long chain omega-3 fatty acids have been
tested for lowering liver fat but with varied success.! There is intriguing speculation that
the essential omega-6 fatty acid linoleic acid (LA; 18:2n6) may retard lipid accumulation

in the liver.2 However, to our knowledge, there have not been any studies to determine if
supplementing the diet with LA will therapeutically reduce fat content in the liver of people
with NAFLD. Americans consume 7-8% of their energy intake from LA%* and the Dietary
Guidelines for Americans recommends LA intake to be 5-10% of energy.’

Linoleic acid and health
Observational studies

Dietary LA intake is inversely associated with mortality in women®and with risk of type
2 diabetes mellitus (T2DM) in adults.” Also, blood biomarkers of LA intake are inversely
correlated with total and coronary heart disease mortality,® incidences of diabetes®

and NAFLD,"° visceral and liver fat," and markers of inflammation.'? LA biomarkers are
positively associated with lean mass in men and women'? and negatively associated with
adipose accumulation in muscle of older adults.!3

Intervention studies

Compared to a diet high in saturated fat, a diet high in LA has been shown to have
beneficial effects in multiple studies.””? In dietary intervention trials, supplementing the
diet with a LA-rich oil increases lean mass!®* and HDL-cholesterol,* and decreases trunk
fat,’s C-reactive protein (a marker of inflammation),’* glucose,'*!s and the cardioprotective
cytokine adiponectin.’®* Adults who consumed a diet rich in LA saw improvements in
insulin sensitivity and LDL-cholesterol when compared to the same adults who
consumed a diet high in saturated fat.!® In healthy adults, a eucaloric diet rich in LA
decreased fat mass, total cholesterol, and LDL-cholesterol after 16 weeks compared to

a diet rich in saturated fat.?°

LA and liver health

In a study where abdominally obese adults consumed a 10-week isocaloric diet rich in LA
vs. saturated fat, adults consuming the LA-rich diet had decreased liver fat accumulation
and markers of inflammation which was not found in the saturated fat diet group.”” In
agreement, in an overfeeding trial in which non-obese adults were fed muffins rich in
saturated fat or rich in LA, there was an in increase in liver fat and visceral

fat accumulation when consuming the former but not the latter.1**

Oil derived from conventional soybeans contains approximately 51-55% LA. Therefore, the
many benefits of LA on body composition, lipoprotein metabolism, and insulin sensitivity
strongly suggest that that LA-fortified diets using soybean oil will reduce hepatic lipid
accumulation in people with MASLD. Studies to evaluate the role of soybean oil
fortification of diets to reduce ectopic lipids in the liver are underway.

Martha Anne Belury, PhD, RDN, is a translational nutrition scientist with more than 25 years of experience
working to identify the role of dietary fatty acids in inflammation and metabolism in human health and disease.
Before joining the faculty at Ohio State University, she earned a PhD in biological sciences from the University of
Texas and served on faculties at Montana State University and Purdue University.

PRACTICAL TIPS FOR CONSUMING
FATS AND OILS

By Michelle Routhenstein, MS, RD, CDCES, CDN

The type of dietary fat consumed may affect the risk of coronary artery disease. This article explains
the different types of fats, how they affect blood cholesterol levels, and how to properly counsel
patients and clients on which fats to consume and which to replace to improve heart health.
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A Breakdown of Fat Types

Trans fats are typically made through partial hydrogenation, an industrial process where
hydrogen is added to make liquid fat solid at room temperature. Partially hydrogenated fats
have a longer shelf life than oils high in unsaturated fatty acids. However, trans fatty acids
increase circulating levels of low-density lipoprotein (LDL) cholesterol and lower high-
density lipoprotein (HDL) cholesterol levels which contributes to cardiovascular disease
risk.!

n u

On a nutrition facts label, “total fat”, “saturated fat”, and “trans fat” are required to be
displayed. However, if a food contains less than 0.5 grams of trans fat per serving, it can
appear as 0 grams of trans fat.?

Source: U.S. Food and Drug Administration

In 2015, the FDA took its first significant step to reduce artificial trans fat in the food supply
by determining that partially hydrogenated oils (PHOs) are no longer “Generally Recognized
as Safe” (GRAS) due to their adverse health effects. The FDA established January 1, 2021,

as the final compliance date to allow manufacturers time to reformulate products. In 2023,
the FDA implemented a direct final rule to eliminate PHOs from processed foods to further
reduce trans-fat levels in packaged foods.®? Many manufacturers have replaced trans fats
with saturated fats, such as palm oil, to improve shelf stability and achieve a solid texture
at room temperature.

Saturated fat do not contain carbon-carbon double bonds and are typically solid at room
temperature. Most types of saturated fat increase circulating levels of LDL cholesterol.
Saturated fats are typically found in butter, cheese, meat, whole fat dairy, and some plant
oils like coconut and palm oil.

Unsaturated fat contains one or more double bonds between carbon atoms and is typically
liquid at room temperature. Unsaturated fats include monounsaturated (MUFA) and
polyunsaturated (PUFA) fats. Their distinction is based on the number of bonds in their
chemical structure. Unsaturated fats lower cholesterol absorption and reduce overall
cholesterol levels by increasing the activity of LDL receptors in the liver, which helps clear
LDL particles (lipoproteins carrying cholesterol) from the bloodstream.* Unsaturated fats
are commonly found in fatty fish, nuts, seeds, and plant-based oils like soybean, canola,
avocado, and olive oil. If the nutrition facts label does not include MUFA and PUFA facts,
consumers can calculate those manually by subtracting the saturated and trans fats from
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the total fat grams. The remaining fat grams are unsaturated fats.

Recommendations for Patients and Clients

The U.S. Dietary Guidelines, World Health Organization (WHO), and The American Heart
Association (AHA) recommend limiting daily saturated fat intake. AHA recommends
limiting saturated fat to less than 6% of total daily calories. For someone consuming a
2,000-calorie diet, this is about 120 calories, equating to about 13 grams of saturated fat
daily. This target may be challenging to meet without honing into the grams of saturated
fat listed on nutrition labels.

Research shows that the greatest benefit may be achieved by not only removing saturated
fat but also replacing it with unsaturated fat (MUFA and PUFA). This replacement may help
improve cholesterol levels, reduce inflammation, and lower the risk of heart disease.’

Consider these swaps from sources of saturated fat to unsaturated fat that can improve LDL
cholesterol and cardiovascular disease risk:

Saturated Fat

Unsaturated Fat

1 tablespoon butter
7 grams of saturated fat
3 grams of unsaturated fat

1 tablespoon soybean oil
2 grams of saturated fat
11 grams of unsaturated fat

1 tablespoon coconut oil
11 grams of saturated fat
1 gram of unsaturated fat

1 tablespoon olive oil
2 grams of saturated fat
11 grams of unsaturated fat

1 beef stick
6 grams of saturated fat
7 grams of unsaturated fat

%> cup edamame
0.5 grams of saturated fat
3.5 grams of unsaturated fat

3.5 ounces rib eye steak, uncooked
8 grams of saturated fat
8 grams of unsaturated fat

3.5 ounces salmon, uncooked
3 grams of saturated fat
8 grams of unsaturated fat

2 tablespoons cream cheese
5 grams of saturated fat
2 grams of unsaturated fat

1/2 small avocado, mashed
2 grams of saturated fat
12 grams of unsaturated fat

1 cheddar cheese stick
5 grams of saturated fat
2 grams of unsaturated fat

1 ounce almonds

3.9 grams of saturated fat
13 grams of unsaturated fat

Fat plays an important role in our health and consumption of fat is necessary for energy,
cellular function, nutrient and carotenoid absorption, and hormone regulation. Fat should
be looked at as a part of a whole balanced diet that contains complex carbohydrates and

lean proteins.

Michelle Routhenstein, MS, RD, CDCES, CDN, is the owner of Entirely Nourished and specializes in nutrition
counseling for heart disease prevention and management. She uses a science-based approach to enhance heart
function and reduce cardiometabolic risks. Michelle is a recognized expert and serves on multiple medical
advisory boards.
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