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Dear Committee,

Further to my comments on Friday regarding seed oils, and the request for evidence submitted
recently by our team for the public consultation step of the revision of ADG 2013, | have attached
a document outlining concerns regarding seed oils and margarines.

| would also ask you to please consider Submission 381 by Dr Chris Knobbe, a world leading
expert on the dangers of seed oils and author of the recently published and well-researched book
The Ancestral Diet Revolution.
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James
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ADG evidence submission: seed oils  

“…demonising one major food group (or type of dietary fat) is a mistake. Foods contain a wide range of saturated, mono- and poly- unsaturated fatty acids in varying proportions, and the different fatty acids never exist in isolation, meaning fats in food can have contrasting good and bad effects on the different functionality of lipoprotein particles… We need critics and debate more than we need outdated inflexible guidelines or eatwell plates.” Professor Tim Spector, 2018.[endnoteRef:1] [1:  Tim Spector: Butter or margarine? Food religion challenged - The BMJ] 


Introduction

A consequence of the diet-heart hypothesis – the concept that dietary saturated fats and cholesterol increase blood cholesterol leading to increased risk of coronary heart disease – is the endorsement by dietary guidelines for replacement of dietary saturated fats with carbohydrates and/or seed and bean oils as a means of reducing risk of cardiovascular disease (Hamilton et al).1 Thus a cornerstone of the ADG 2013 advice to reduce saturated fats is increased consumption of carbohydrates, and/or and plant-based oils. While the latter are commonly called vegetable oils, they are more accurately described as seed oils and bean oils. They include corn, rapeseed (“canola”), cottonseed, soybean, sunflower, safflower, grapeseed, and rice brain oils. Their entry into the human food supply is very recent, and correlates closely with the rise of non-communicable and chronic diseases in the last 100 years. 

Seed oils have been promoted as ‘heart healthy’ while saturated fats continue to be vilified. However, there is substantial evidence that excessive consumption of seed oils high in linoleic acid (LA), the most common omega-6 polyunsaturated fatty acid (PUFA) in the Modern Western diet (MWD) is likely to contribute to many modern chronic diseases.  A previous section has examined the evidence that exonerates saturated fats. 

This section of the submission will examine lines of evidence that challenge the widespread belief that seed oils are healthy and preferable to dietary saturated fats:

· Historical, including evolutionary perspectives

· Studies of the physiology of PUFAs and LA in humans and other animals, and randomised trials and meta-analyses.  

The history 

Human intake of Linoleic Acid (LA) has risen dramatically over the past century, due to a substantial increase in consumption of seed and bean oils (Blasbalg et al, Guyenet et al , Burns, Knobbe and Alexander).2,3,4,5 While LA is essential for humans, having roles in normal growth and development, cellular function and signaling, and immune response (Burns 2018),4 the amounts of LA in Modern Western Diets (MWD) is far in excess of what is required, raising the possibility of LA toxicity (Knobbe and Alexander, Choque et al 2015, Taha).5, 6,7

Both human history and evolution indicate that humans are biologically adapted to a diet that includes meat and the associated animal fats (Leroy and Cofnas).8 Animal fats contain a range of fatty acids but are generally not high in PUFAs such as LA. (see Fig 1 Comparison of dietary fats).  Similarly, evolutionary data indicates that hunter-gather diets are low in LA (Knobbe and Alexander, Speth and Spielman.5,9 For the duration of human history, low levels of dietary LA were clearly enough for essential physiological functions. The high LA-content seed oils were not available in large quantities until the latter half of the 19th century. (Knobbe and Alexander).5 However, seed oils have gradually displaced the natural animal fats such as lard, tallow and dairy fat, and LA now constitutes between 8 and 12% of daily energy from dietary fats in the US. (Knobbe and Alexander, Taha, DiNicolantio and O’Keefe).5,7,10

Hydrogenated seeds oils such as Crisco, originally manufactured from cottonseed oil, were first marketed in the US in 1911 (Crisco website).11  By the middle of the 20th century, the diet-heart hypothesis had taken hold and the American Heart Association (AHA) received significant funding from Procter & Gamble, the manufacturer of Crisco (Hamilton, Teicholz).1,8 From 1961, the AHA recommended that all people reduce their consumption of saturated fats, replacing animal fats with seed- and bean-derived PUFA oils as a means of preventing atherosclerosis. Despite the obvious conflict of interest and lack of evidence for the diet-heart hypothesis (Harcombe 2017, Dinicolantonio),13,14 this advice was enshrined in the US Dietary Guidelines in 1980. These guidelines have had considerable influence upon dietary guidelines around the globe, including Australia, where we continue to have dietary guidelines and peak bodies that recommend reductions in dietary saturated fat and replacement of saturated fats with PUFA, despite the lack of evidence for these recommendations, as noted in previous sections of this evidence submission. 

[image: ]	Comment by Liz Fraser: Can't remember the reference for this. I can probably find it … eventually

The studies 

As noted above, the dramatic rise in PUFA and LA consumption has coincided with the rapid rise in chronic metabolic disease including obesity and type 2 diabetes. This section will outline evidence from animal and human studies that suggest that PUFA and LA have deleterious effects on animal and human physiology.  

The primary concerns about omega-6 PUFAs such as LA are that they are present in historically unprecedented levels in Western diets, and they oxidise readily into toxic metabolites known as oxidized linoleic acid metabolites (OXLAMs) (Taha).7 Humans evolved consuming low levels of omega-6 fatty acids, in an approximate ratio of 1:1 with omega-3 fatty acids (Simopoulos).15 The ratio is now estimated at 20:1 or greater.  Fatty acids such as LA consumed in the habitual diet accumulate in and correlate with human adipose tissue composition (Garaulet et al).16 Historically high levels of omega-6 fatty acids have been found human red cell membrane phospholipids and adipose tissues (Simopoulos, Dinicol/o’K 2018).15,10 Central obesity is positively associated with omega-6 PUFAs in adipose tissue (Garaulet).16 

Lipids and their metabolites are not simply molecules that supply energy; they are also needed for cell membrane integrity, signal transduction pathways, immune functions, and gene expression regulation (Rochling).17 Lipid metabolites from omega-6 fatty acids are distinct from the omega-3 metabolites, with different biological functions (Choque 2015).6 Omega-6 fatty acid metabolites are well known as precursors to potent mediators of inflammation, thrombosis and vasoconstriction (Simopoulos).15  Thus the accumulation of LA and its metabolites has significant consequences for human physiology, and excessive consumption of LA in MWD raises many questions about their role in human and disease (Choque et al).6

For example, high LA intake interferes with desaturation and elongation of the omega 3 fatty acid, alpha linoleic acid (ALA), thus inhibiting ALA metabolism to long chain eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), omega 3 fatty acids with anti-thrombotic and anti-inflammatory metabolites. Western diets high in LA shift the physiological state to one that is proinflammatory, prothrombotic and pro-aggregatory, with increase in blood viscosity, vasospasm, vasoconstriction and cell proliferation (Simopoulos).15 The latter are factors associated with modern diseases including cardiovascular disease. 

In contrast to the diet-heart hypothesis, the oxidised linoleic acid hypothesis proposes that numerous lines of evidence show that high levels of dietary LA promote oxidative stress, oxidised LDL, chronic low grade inflammation and atherosclerosis, and is likely a causative factor for cardiovascular disease (Dinicol/O’K  2018).10 The multiple lines of evidence are summarised in Box 1 of Dinicolantonio and O’Keefe.10 Of note, OXLAMs including hydroxyoctadecadienoic acids (HODEs) are in higher concentrations in the LDL of humans with diseases characterised by inflammation, compared with LDL from healthy people (Spiteller et al).18 HODEs are found in LDL from patients with atherosclerosis (Jira et al),19 and are implicated in the conversion of macrophages into foam cells characteristic of atherosclerotic plaque (Nagy).20 

Additionally, randomised controlled trials substituting seed oils for saturated fats failed to demonstrate mortality benefits. Re-analyses of the Sydney Diet Heart Study (SDHS) and Minnesota Coronary Survey (MCS) challenge the diet-heart hypothesis (Ramsden et al 2013, Ramsden et al 2016).21,22 In the SDHS, substitution of saturated fats with safflower oil rich in LA significantly reduced total cholesterol but was associated with significant increases in all-cause mortality, cardiovascular disease and coronary heart disease deaths. The authors note the mechanistic links between OXLAMs and atherosclerosis and suggest that diets high in omega-6 LA may be particularly detrimental in the context of oxidative stress induced by smoking or alcohol (Ramsden et al 2013).21

Likewise, the re-analysis of the MCS showed that while substitution of dietary saturated fat with LA-rich corn oil lowered cholesterol, this did not translate into improved survival in the intervention group. Participants who had the greater reductions in serum cholesterol also had higher risk of death. (Ramsden et al 2016).22 The authors speculate that complete publication of data from RCTs such as the SDHS and MCS could have altered key public policy recommendations, such as those to replace saturated fats with omega 6 seed and bean oils, recommendations that continue to be enshrined in dietary guidelines around the world. 

A range of research since these crucial trials has confirmed that LA-derived HODEs are abundant in oxidised LDL, a precondition for atherosclerosis. For example, 9-HODE is much more abundant in oxidised LDL than other lipid peroxidation products, and 9-HODE increases as people age and develop more atherosclerosis (Jira).19 A 2017 study showed that high LA from soy oil in the diet was demonstrated to increase apolipoprotein B (apo B) and oxidised LDL in healthy adults in only 8 weeks. (Kim et al).23 While increasing dietary LA may decrease serum Total Cholesterol and LDL, the other effects, such as the increased susceptibility of LDL and other lipoproteins to oxidation, and increase in small dense LDL, reduction in HDL and increases in triglycerides from consumption of excess LA suggest that LA is likely to increase rather than reduce cardiovascular risk (Dinic/O’K 2015).10

LA is also implicated in the global epidemic of obesity, with studies showing that nutrition transitions are typified by increasing use of cheap and abundant seed oils high in LA (Naughton et al).24 Mechanisms include the inflammatory OXLAMs derived from LA, and the endocannabinoid system. Endocannabinoid mediators include anandamide and 2-arachidonyl glycerol (2-AG), molecules which are derived from dietary LA, and which have a role in stimulating appetite. (Naughton, Alvheim 2014).24,25 Animal studies confirm that increasing the percentage of LA in the diet from 1% (ie similar to historical levels of LA in human diets) to 8% (ie equivalent to LA content of MWDs) increases endocannabinoid LA derivatives, increasing the risk of obesity for animals even when consuming a low fat diet (Alvheim 2014).25  Similarly, despite isocaloric feeding, weight gain in rats was less in animals given a saturated fat based diet, in comparison with animals fed an LA-rich safflower oil based diet (Pan and Storlien).26

Various studies have confirmed correlations between LA consumption and obesity. For example, in obese subjects, habitual diet correlated with adipose tissue composition, and central obesity was associated with omega-6 PUFAs tissue concentration (Garaulet).16 LA accumulates in breast milk, which is the primary source of nutrition for infants (Taha).7 Maternal plasma omega-6 PUFA concentration in late pregnancy was shown to predict children’s fat mass at 4 and 6 years (Moon et al).27

A 2014 intervention study comparing control oils (soybean and safflower ie high LA) with canola oil and olive oil in Asian men with fatty liver found that lower LA consumption was associated with greater weight loss and improvements in fatty liver (Nigam et al).28 Leptin receptor polymorphisms have been shown to interact with diets high in omega 6 and low in omega 3 PUFA to increase the risk of leptin resistance and metabolic syndrome in humans (Phillips 2010).29

There are multiple other concerns about the role of LA and other omega-6 rich oils in Modern Western Diets. Concern has been raised that high LA intake may compromise critical regulatory mechanisms in glucose control, promoting insulin resistance and reducing pancreatic beta cell insulin secretion (Hamilton).1 Excess dietary LA increases the brain’s vulnerability to inflammation, while reducing dietary LA maybe neuroprotective and merits further study (Taha).7

Another potentially pathological mechanism of LA toxicity is the production of aldehyde metabolites both by heating PUFA oils (Han),30 and by enzymic lipid peroxidation reactions. These aldehydes, which include HNE, have been extensively studied and implicated in tissue damage, potentially mediating a range of human disease pathological states such as Alzheimer’s disease, diabetes, cardiovascular and inflammatory diseases (Shoeb.)31 HNE is both a marker of oxidative stress and acts as a secondary messenger on a number of cell signalling pathways. HNE is implicated in both cancer and type 2 diabetes, and may be a key molecule linking these conditions (Jaganjac).32 

Many researchers agree that the imbalance in the ratio of omega-6 to omega-3 fatty acids is due to the dramatic increase in dietary LA in western diets during the last century. Some argue that the most practical remedy is to increase the intake of long chain marine omega-3 oils (Fabian et al),33 with omega 3 fatty acids apparently offering some protective against some adverse effects of high LA consumption (Sanders et al 1997).34  However, given that lowering dietary LA reduces the production and accumulation of OXLAMs such as HODEs and HNE, it makes sense to lower LA while also increasing omega-3 fatty acids (Taha, Ramsden et al 2015, Dinicolantonio/O’K 2018).7,35,36 Avoiding dietary seed and bean oils by substituting good quality appropriately raised and produced fats such as butter, lard and tallow, or coconut oil is ancestrally appropriate (Knobbe and Alexander).4 To this end, the next iteration of the Australian Dietary Guidelines should recommend against the consumption of seed oils, margarines and ultra-processed foods, and promote or at least permit the use of stable natural fats with low potential for oxidative damage. 

Studies of reducing LA consumption provide powerful counterexamples to the studies that link dietary LA with pathological conditions. Lowering LA in human diets results in reduction of plasma LA, and decreased oxidised LDL and apolipoprotein B compared to a high LA diet (Kim).23 A low LA diet intervention also reduced both LA and bioactive oxidised LA metabolites in humans, with broad implications for human chronic disease (Ramsden et al 2012).37 For example, omega 6 PUFA and oxidised LA metabolites promote upregulation of nociceptive processing, potentially exacerbating chronic pain conditions (Sanders 2022, Ramsden 2012.37,38 A randomised trial demonstrated that lowering dietary omega-6 and increasing omega 3 oils resulted in significantly less headaches and improved quality of life in a group of people with chronic daily headache. (Ramsden et al 2013).39 

Conclusions 

The range of scientific literature covering the topic of seed oil toxicity is vast and this section has touched only on a small proportion. We recommend the ADG review process consider the many references in the book The Ancestral Diet Revolution (Knobbe and Alexander)4 when considering future population recommendations. 

There is a clear disconnect between the recommendations from various peak bodies on the benefits of omega-6 PUFAs, and the wide range of evidence that shows that LA and its derivatives are recent additions to the human diet and clearly linked to modern western diseases. Given the many questions about the excessive amount of LA in MWD, the precautionary principle suggests that the human requirement for LA should be reconsidered (Choque 2015),6 especially in the context of population-wide dietary recommendations (Dinicol 2014).14

We recommend that the Expert Committee carefully consider all the evidence as well as all that is unknown about these recent industrial additions to the human food supply. Evidence for benefits of PUFAs is at best weak, based mostly on epidemiological cohort studies and thus highly debatable. The ADG should promote real, whole foods and recommend against consumption of ultra-processed foods, including seed oils and margarines. 
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Name % Linoleic acid?
Safflower oil 78%
Grape seed oil 73%
Poppyseed oil 70%
Sunflower oil 68%
Hemp oil 60%
Corn oil 59%
Wheat germ oil 55%
Cottonseed oil 54%
Soybean oil 51%
Walnut oil 51%
Sesame oil 45%
Rice bran oil 39%
Pistachio oil 32.7%
Peanut oil 32%
Canola oil 21%
Egg yolk 16%
Linseed oil 15%
Lard 10%
Olive oil 10%
Palm oil 10%
Cocoa butter 3%
Macadamia oil 2%
Butter 2%
Coconut oil 2%
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ADG evidence submission: seed oils

“...demonising one major food group (or type of dietary fat) is a mistake. Foods contain a
wide range of saturated, mono- and poly- unsaturated fatty acids in varying proportions, and
the different fatty acids never exist in isolation, meaning fats in food can have contrasting
good and bad effects on the different functionality of lipoprotein particles... We need critics
and debate more than we need outdated inflexible guidelines or eatwell plates.” Professor
Tim Spector, 2018.

Introduction

A consequence of the diet-heart hypothesis — the concept that dietary saturated fats and
cholesterol increase blood cholesterol leading to increased risk of coronary heart disease —is
the endorsement by dietary guidelines for replacement of dietary saturated fats with
carbohydrates and/or seed and bean oils as a means of reducing risk of cardiovascular
disease (Hamilton et al).! Thus a cornerstone of the ADG 2013 advice to reduce saturated
fats is increased consumption of carbohydrates, and/or and plant-based oils. While the latter
are commonly called vegetable oils, they are more accurately described as seed oils and
bean oils. They include corn, rapeseed (“canola”), cottonseed, soybean, sunflower, safflower,
grapeseed, and rice brain oils. Their entry into the human food supply is very recent, and
correlates closely with the rise of non-communicable and chronic diseases in the last 100
years.

Seed oils have been promoted as ‘heart healthy’ while saturated fats continue to be vilified.
However, there is substantial evidence that excessive consumption of seed oils high in
linoleic acid (LA), the most common omega-6 polyunsaturated fatty acid (PUFA) in the
Modern Western diet (MWD) is likely to contribute to many modern chronic diseases. A
previous section has examined the evidence that exonerates saturated fats.

This section of the submission will examine lines of evidence that challenge the widespread
belief that seed oils are healthy and preferable to dietary saturated fats:

e Historical, including evolutionary perspectives
e Studies of the physiology of PUFAs and LA in humans and other animals, and
randomised trials and meta-analyses.

The history

Human intake of Linoleic Acid (LA) has risen dramatically over the past century, due to a
substantial increase in consumption of seed and bean oils (Blasbalg et al, Guyenet et al,
Burns, Knobbe and Alexander).23*> While LA is essential for humans, having roles in normal
growth and development, cellular function and signaling, and immune response (Burns
2018),* the amounts of LA in Modern Western Diets (MWD) is far in excess of what is
required, raising the possibility of LA toxicity (Knobbe and Alexander, Choque et al 2015,
Taha).> &’

Both human history and evolution indicate that humans are biologically adapted to a diet
that includes meat and the associated animal fats (Leroy and Cofnas).2 Animal fats contain a



range of fatty acids but are generally not high in PUFAs such as LA. (see Fig 1 Comparison of
dietary fats). Similarly, evolutionary data indicates that hunter-gather diets are low in LA
(Knobbe and Alexander, Speth and Spielman.> For the duration of human history, low levels
of dietary LA were clearly enough for essential physiological functions. The high LA-content
seed oils were not available in large quantities until the latter half of the 19t century.
(Knobbe and Alexander).> However, seed oils have gradually displaced the natural animal
fats such as lard, tallow and dairy fat, and LA now constitutes between 8 and 12% of daily
energy from dietary fats in the US. (Knobbe and Alexander, Taha, DiNicolantio and
O’Keefe).>7:10

Hydrogenated seeds oils such as Crisco, originally manufactured from cottonseed oil, were
first marketed in the US in 1911 (Crisco website).!? By the middle of the 20t century, the
diet-heart hypothesis had taken hold and the American Heart Association (AHA) received
significant funding from Procter & Gamble, the manufacturer of Crisco (Hamilton,
Teicholz).>® From 1961, the AHA recommended that all people reduce their consumption of
saturated fats, replacing animal fats with seed- and bean-derived PUFA oils as a means of
preventing atherosclerosis. Despite the obvious conflict of interest and lack of evidence for
the diet-heart hypothesis (Harcombe 2017, Dinicolantonio),>** this advice was enshrined in
the US Dietary Guidelines in 1980. These guidelines have had considerable influence upon
dietary guidelines around the globe, including Australia, where we continue to have dietary
guidelines and peak bodies that recommend reductions in dietary saturated fat and
replacement of saturated fats with PUFA, despite the lack of evidence for these
recommendations, as noted in previous sections of this evidence submission.
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The studies



As noted above, the dramatic rise in PUFA and LA consumption has coincided with the rapid
rise in chronic metabolic disease including obesity and type 2 diabetes. This section will
outline evidence from animal and human studies that suggest that PUFA and LA have
deleterious effects on animal and human physiology.

The primary concerns about omega-6 PUFAs such as LA are that they are present in
historically unprecedented levels in Western diets, and they oxidise readily into toxic
metabolites known as oxidized linoleic acid metabolites (OXLAMSs) (Taha).” Humans evolved
consuming low levels of omega-6 fatty acids, in an approximate ratio of 1:1 with omega-3
fatty acids (Simopoulos).'® The ratio is now estimated at 20:1 or greater. Fatty acids such as
LA consumed in the habitual diet accumulate in and correlate with human adipose tissue
composition (Garaulet et al).!® Historically high levels of omega-6 fatty acids have been
found human red cell membrane phospholipids and adipose tissues (Simopoulos,
Dinicol/o’K 2018).2>1° Central obesity is positively associated with omega-6 PUFAs in
adipose tissue (Garaulet).1®

Lipids and their metabolites are not simply molecules that supply energy; they are also
needed for cell membrane integrity, signal transduction pathways, immune functions, and
gene expression regulation (Rochling).!” Lipid metabolites from omega-6 fatty acids are
distinct from the omega-3 metabolites, with different biological functions (Choque 2015).%
Omega-6 fatty acid metabolites are well known as precursors to potent mediators of
inflammation, thrombosis and vasoconstriction (Simopoulos).*> Thus the accumulation of
LA and its metabolites has significant consequences for human physiology, and excessive
consumption of LA in MWD raises many questions about their role in human and disease
(Choque et al).b

For example, high LA intake interferes with desaturation and elongation of the omega 3
fatty acid, alpha linoleic acid (ALA), thus inhibiting ALA metabolism to long chain
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), omega 3 fatty acids with anti-
thrombotic and anti-inflammatory metabolites. Western diets high in LA shift the
physiological state to one that is proinflammatory, prothrombotic and pro-aggregatory, with
increase in blood viscosity, vasospasm, vasoconstriction and cell proliferation
(Simopoulos).*® The latter are factors associated with modern diseases including
cardiovascular disease.

In contrast to the diet-heart hypothesis, the oxidised linoleic acid hypothesis proposes that
numerous lines of evidence show that high levels of dietary LA promote oxidative stress,
oxidised LDL, chronic low grade inflammation and atherosclerosis, and is likely a causative
factor for cardiovascular disease (Dinicol/O’K 2018).1° The multiple lines of evidence are
summarised in Box 1 of Dinicolantonio and O’Keefe.'° Of note, OXLAMs including
hydroxyoctadecadienoic acids (HODEs) are in higher concentrations in the LDL of humans
with diseases characterised by inflammation, compared with LDL from healthy people
(Spiteller et al).® HODEs are found in LDL from patients with atherosclerosis (Jira et al),°
and are implicated in the conversion of macrophages into foam cells characteristic of
atherosclerotic plaque (Nagy).?°



Additionally, randomised controlled trials substituting seed oils for saturated fats failed to
demonstrate mortality benefits. Re-analyses of the Sydney Diet Heart Study (SDHS) and
Minnesota Coronary Survey (MCS) challenge the diet-heart hypothesis (Ramsden et al 2013,
Ramsden et al 2016).2%%?? In the SDHS, substitution of saturated fats with safflower oil rich in
LA significantly reduced total cholesterol but was associated with significant increases in all-
cause mortality, cardiovascular disease and coronary heart disease deaths. The authors note
the mechanistic links between OXLAMs and atherosclerosis and suggest that diets high in
omega-6 LA may be particularly detrimental in the context of oxidative stress induced by
smoking or alcohol (Ramsden et al 2013).%!

Likewise, the re-analysis of the MCS showed that while substitution of dietary saturated fat
with LA-rich corn oil lowered cholesterol, this did not translate into improved survival in the
intervention group. Participants who had the greater reductions in serum cholesterol also
had higher risk of death. (Ramsden et al 2016).22 The authors speculate that complete
publication of data from RCTs such as the SDHS and MCS could have altered key public
policy recommendations, such as those to replace saturated fats with omega 6 seed and
bean oils, recommendations that continue to be enshrined in dietary guidelines around the
world.

A range of research since these crucial trials has confirmed that LA-derived HODEs are
abundant in oxidised LDL, a precondition for atherosclerosis. For example, 9-HODE is much
more abundant in oxidised LDL than other lipid peroxidation products, and 9-HODE
increases as people age and develop more atherosclerosis (Jira).*®> A 2017 study showed that
high LA from soy oil in the diet was demonstrated to increase apolipoprotein B (apo B) and
oxidised LDL in healthy adults in only 8 weeks. (Kim et al).2*> While increasing dietary LA may
decrease serum Total Cholesterol and LDL, the other effects, such as the increased
susceptibility of LDL and other lipoproteins to oxidation, and increase in small dense LDL,
reduction in HDL and increases in triglycerides from consumption of excess LA suggest that
LA is likely to increase rather than reduce cardiovascular risk (Dinic/O’K 2015).1°

LA is also implicated in the global epidemic of obesity, with studies showing that nutrition
transitions are typified by increasing use of cheap and abundant seed oils high in LA
(Naughton et al).?* Mechanisms include the inflammatory OXLAMs derived from LA, and the
endocannabinoid system. Endocannabinoid mediators include anandamide and 2-
arachidonyl glycerol (2-AG), molecules which are derived from dietary LA, and which have a
role in stimulating appetite. (Naughton, Alvheim 2014).242> Animal studies confirm that
increasing the percentage of LA in the diet from 1% (ie similar to historical levels of LA in
human diets) to 8% (ie equivalent to LA content of MWDs) increases endocannabinoid LA
derivatives, increasing the risk of obesity for animals even when consuming a low fat diet
(Alvheim 2014).%> Similarly, despite isocaloric feeding, weight gain in rats was less in
animals given a saturated fat based diet, in comparison with animals fed an LA-rich
safflower oil based diet (Pan and Storlien).2®

Various studies have confirmed correlations between LA consumption and obesity. For
example, in obese subjects, habitual diet correlated with adipose tissue composition, and
central obesity was associated with omega-6 PUFAs tissue concentration (Garaulet).'® LA
accumulates in breast milk, which is the primary source of nutrition for infants (Taha).’



Maternal plasma omega-6 PUFA concentration in late pregnancy was shown to predict
children’s fat mass at 4 and 6 years (Moon et al).?’

A 2014 intervention study comparing control oils (soybean and safflower ie high LA) with
canola oil and olive oil in Asian men with fatty liver found that lower LA consumption was
associated with greater weight loss and improvements in fatty liver (Nigam et al).?8 Leptin
receptor polymorphisms have been shown to interact with diets high in omega 6 and low in
omega 3 PUFA to increase the risk of leptin resistance and metabolic syndrome in humans
(Phillips 2010).%°

There are multiple other concerns about the role of LA and other omega-6 rich oils in
Modern Western Diets. Concern has been raised that high LA intake may compromise
critical regulatory mechanisms in glucose control, promoting insulin resistance and reducing
pancreatic beta cell insulin secretion (Hamilton).! Excess dietary LA increases the brain’s
vulnerability to inflammation, while reducing dietary LA maybe neuroprotective and merits
further study (Taha).’

Another potentially pathological mechanism of LA toxicity is the production of aldehyde
metabolites both by heating PUFA oils (Han),3° and by enzymic lipid peroxidation reactions.
These aldehydes, which include HNE, have been extensively studied and implicated in tissue
damage, potentially mediating a range of human disease pathological states such as
Alzheimer’s disease, diabetes, cardiovascular and inflammatory diseases (Shoeb.)3! HNE is
both a marker of oxidative stress and acts as a secondary messenger on a number of cell
signalling pathways. HNE is implicated in both cancer and type 2 diabetes, and may be a key
molecule linking these conditions (Jaganjac).3?

Many researchers agree that the imbalance in the ratio of omega-6 to omega-3 fatty acids is
due to the dramatic increase in dietary LA in western diets during the last century. Some
argue that the most practical remedy is to increase the intake of long chain marine omega-3
oils (Fabian et al),®® with omega 3 fatty acids apparently offering some protective against
some adverse effects of high LA consumption (Sanders et al 1997).34 However, given that
lowering dietary LA reduces the production and accumulation of OXLAMs such as HODEs
and HNE, it makes sense to lower LA while also increasing omega-3 fatty acids (Taha,
Ramsden et al 2015, Dinicolantonio/O’K 2018).73>3¢ Avoiding dietary seed and bean oils by
substituting good quality appropriately raised and produced fats such as butter, lard and
tallow, or coconut oil is ancestrally appropriate (Knobbe and Alexander).* To this end, the
next iteration of the Australian Dietary Guidelines should recommend against the
consumption of seed oils, margarines and ultra-processed foods, and promote or at least
permit the use of stable natural fats with low potential for oxidative damage.

Studies of reducing LA consumption provide powerful counterexamples to the studies that
link dietary LA with pathological conditions. Lowering LA in human diets results in reduction
of plasma LA, and decreased oxidised LDL and apolipoprotein B compared to a high LA diet
(Kim).? A low LA diet intervention also reduced both LA and bioactive oxidised LA
metabolites in humans, with broad implications for human chronic disease (Ramsden et al
2012).3” For example, omega 6 PUFA and oxidised LA metabolites promote upregulation of
nociceptive processing, potentially exacerbating chronic pain conditions (Sanders 2022,



Ramsden 2012.3738 A randomised trial demonstrated that lowering dietary omega-6 and
increasing omega 3 oils resulted in significantly less headaches and improved quality of life
in a group of people with chronic daily headache. (Ramsden et al 2013).3°

Conclusions

The range of scientific literature covering the topic of seed oil toxicity is vast and this section
has touched only on a small proportion. We recommend the ADG review process consider
the many references in the book The Ancestral Diet Revolution (Knobbe and Alexander)*
when considering future population recommendations.

There is a clear disconnect between the recommendations from various peak bodies on the
benefits of omega-6 PUFAs, and the wide range of evidence that shows that LA and its
derivatives are recent additions to the human diet and clearly linked to modern western
diseases. Given the many questions about the excessive amount of LA in MWD, the
precautionary principle suggests that the human requirement for LA should be reconsidered
(Choque 2015),® especially in the context of population-wide dietary recommendations
(Dinicol 2014).14

We recommend that the Expert Committee carefully consider all the evidence as well as all
that is unknown about these recent industrial additions to the human food supply. Evidence
for benefits of PUFAs is at best weak, based mostly on epidemiological cohort studies and
thus highly debatable. The ADG should promote real, whole foods and recommend against
consumption of ultra-processed foods, including seed oils and margarines.
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Name % Linoleic acidf
' safflower oil ' 78%
Grape seed ol | 73%
Poppyseed oil | 70%
sunflower oil | 68%
Hemp oil 60%
Corn ol | 50%
Wheat germ oil 55%
Cottonseed oil : 54%
Soybean oil | 51%
Walnut oil j 51%
Sesame oil | 45%
Rice bran oil _| 39%
Pistachio oil 32.7%
Peanut oil ! 32%
Canola oil 21%
Egg yolk ] 16%
Linseed oil | 15%
Lard | 10%
Olive oil | 10%
Palm oil | 10%
Cocoa butter 3%
Macadamia oil | 2%
Butter 2%
Coconut oil | 2%
Taverage val
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