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EXECUTIVE SUMMARY

Dietary fat includes all the lipids in plant and animal tissues that are eaten as food, and is present
mostly in the form of triglycerides with three fatty acids attached to a backbone. The most common
dietary fatty acids are subdivided into three broad classes according to the degree of unsaturation:
saturated fatty acids (SFA) with no double bonds; monounsaturated fatty acids (MUFA) with one
double bond; and polyunsaturated fatty acids (PUFA) with two or more double bonds. The function
and properties of the different fatty acids, including their health properties, are determined by the
varying chain length, and number and position of double bonds.

Dietary fats play an important role as a source of energy, as structural components and as carriers of
other dietary components including fat-soluble vitamins. However, the role of different dietary fats
and oils in human nutrition is one of the most complex and controversial areas of investigations in
nutrition science.

Experts agree evidence does not suggest total fat intake has significant effects on risk of coronary
heart disease (CHD) or cancers. The primary concern and importance is the potential relationship
between total dietary fats and body weight, as overweight and obesity are risk factors for both
cardiovascular disease (CVD) and cancer. As it is currently not possible to determine at a probable or
convincing level the causal relationship of excess percent of energy (%E) from fat and unhealthy
weight gain, maintaining current World Health Organization (WHO) recommendations (30-35%E total
fat) seems prudent.

Currently the most debated type of fats are SFA, with some recent publications suggesting there is no
association between SFA intake and CVD. Several experts have raised their concerns about the quality
of these recent reviews, in particular the failure to investigate what SFA is replaced with as this has
been found to play an important role in the association between SFA and CVD. Replacing SFA with
PUFA (both n-3 and n-6 PUFA) is associated with improved blood lipid parameters and a lower risk of
CHD, whereas replacing SFA with largely refined carbohydrates does not seem to provide a benefit
and may even increase risk. A challenge remains that although SFA are grouped together, there is
evidence to suggest that individual SFA have different physiological effects, but in terms of practical
dietary recommendations it is not feasible to separate different types of SFA because foods contain a
combination of several SFA. There is also evidence to support the idea that the total matrix of a food
is more important than just its fatty acid content when predicting the effect of a food on CHD risk.

Although MUFA have a beneficial effect on blood lipid parameters, evidence from cohort studies and
some experimental animal data does not suggest that MUFA are associated with a lower risk of CHD.
This may be at least partly explained by the origin of MUFA in the respective studies, as many of the
main sources of MUFA in Western dietary patterns are also major sources of SFA.

In contrast to MUFA and SFA, which the human body can produce, the dietary n-6 PUFA linoleic acid
(LA) and the n-3 PUFA alpha-linolenic acid (ALA) are indispensable as they cannot be synthesised by
humans. Recommendations of PUFA intakes are generally higher than the levels required to avoid
deficiency, which is due to their purported beneficial effects for cardiovascular health. There is
convincing evidence from observational studies that replacing some SFA with PUFA (n-3 and n-6 PUFA)
decreases the risk of CHD. However, recently the recommendation to increase PUFA intake, both n-6
and n-3 PUFA, while reducing SFA intake has also been challenged. It has been argued that replacing
SFA with n-6 PUFA may be detrimental to health. Proponents of this hypothesis used intervention
studies with very high n-6 PUFA intakes to back their argument that increasing n-6 PUFA without also
increasing n-3 PUFA is detrimental for health. The findings of these studies are not in contrast to
current recommendations, which suggest limiting PUFA intake to no more than 11%E as it is well
established that very high intakes may be detrimental to health due to risk of lipid peroxidation.
Evidence does not suggest that increasing n-6 PUFA alongside n-3 PUFA is detrimental for health, but
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in contrast the increase is beneficial for cardiovascular health, which is in line with the general
recommendation to replace some SFA with PUFA (both n-3 and n-6). Current intakes of PUFA in New
Zealand are below 5%E, and it is unlikely that the 11%E upper level would be surpassed on a
population level if some SFA was replaced with PUFA.

Observational studies provide convincing evidence that fish and long-chain n-3 PUFA consumption is
associated with a lower risk of heart disease. This is generally supported by data from Randomised
Controlled Trials (RCTs), although more recent RCTs have found no beneficial effects which may be at
least partly due to a higher use of statins and other modern treatments of CHD.

There is convincing evidence that trans fatty acid (TFA) consumption is associated with adverse effects
on blood lipids and an increased risk of CHD. Evidence from observational studies does not support an
adverse effect of ruminant TFA (in contrast to industrial TFA) on risk of CHD. In New Zealand TFA has
largely been removed from many products.

Evidence on the effect of specific sources of dietary fats is more limited. Palm oil is a commonly used
alternative to partially hydrogenated fat, but is one of the few plant fats with a high SFA content.
Although evidence suggests that palm oil is less favourable compared to other vegetable oils in terms
of the effect on total:HDL cholesterol, palm oil still has a more beneficial effect than TFA found in
partially hydrogenated fats. Coconut oil is another plant fat high in SFA, yet is often heralded to be a
healthy fat in popular media. Evidence seems to suggest that despite its high SFA content coconut oil
has a more favourable effect on blood lipids compared to carbohydrates and other fats high in SFA,
but has a less favourable effect compared to dietary fats high in PUFA. Olive oil has also been heralded
as a particularly beneficial oil, mainly due to its prominence in the Mediterranean diet, which is
associated with a lower risk of CVD. However, there is a lack of association between consumption of
olive oil, a rich source of MUFA, and CHD in line with a lack of association between MUFA and CHD
(see MUFA section for details). It is likely the health protective effect of the Mediterranean diet is due
to the overall healthy profile of this dietary pattern, which is high in fruits, vegetables, legumes and
unrefined grains, rather than one single component.

Dairy products are a major contributor to SFA intakes in Western countries. However, evidence from
observational studies does not support the hypothesis that dairy, including high-fat dairy foods, is
linked to an increase cardiovascular risk. Dairy products are typically nutrient-dense foods rich in
minerals and vitamins, which can exert beneficial effects on CVD. It has also been suggested that
bioactive fatty acids present in dairy may also play a role in counteracting negative effects of SFA,
although more evidence is needed to support this.

Overall, the recommendation to reduce intakes of SFA in the diet still holds. .New Zealanders have
average intakes clearly above the recommended 12%E from SFA. Both mean and median SFA intake
in New Zealand (NZ) is around 13%E, which means more than half of NZ adults have intakes above the
recommended level. Also more than half of the NZ adult population has PUFA intakes below the
minimum recommended level. In particular the intakes of omega-3 are low and more education would
be beneficial on the recommended ratios of omega-6 to omega-3. However, there may be a need to
be more specific in dietary recommendations on the relationship between SFA and CVD. Replacing
SFA with rapidly digested carbohydrates does not lead to a cardiovascular benefit, and may potentially
be detrimental to health.

Simply telling consumers to lower their intake of SFA may give the impression SFA per se is bad for
health and that it does not matter what they replace SFA with, as long as they lower their intakes
overall. Consumer demands for products low in SFA (and total fat) as well as pressure from
governmental and non-governmental organisations has led to reformulation of products where in an
effort to reduce total fat and SFA levels they may be replaced with rapidly digested carbohydrates,
unlikely to lead to a benefit. The vehicle in which macronutrients including SFA are delivered also
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seems to play a role in its association with health, and there may be a need to consider this in
recommendations. The challenging positions by several health experts, in particular regarding SFA and
its role in cardiovascular health, may be an opportunity to rethink how scientific evidence is translated
into recommendations, and also government and industry efforts around reformulation, that truly
benefit the consumer.
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DEFINITIONS AND CLASSIFICATIONS

Fats, oils and lipids consist of a large number of organic compounds, including fatty acids (FA),
monoacylglycerols (MG), diacylglycerols (DG), triacylglycerols (TG), phospholipids (PL), eicosanoids,
resolvins, sterols, sterol esters and others. Dietary fat includes all the lipids in plant and animal tissues
that are eaten as food. The most common fats (solid) or oils (liquid) are glycerolipids, which are
essentially composed of TG, accompanied by minor amounts of PL, MG, DG and sterols/sterol esters.
Each TG has three fatty acids attached by ester linkages to a glycerol backbone. Fatty acids are strings
of carbon atoms with a methyl group at one end and a carboxyl group at the other end. They provide
a source of energy and are required for metabolic and structural activities (FAO 2010; Sanders 2010).

The most common dietary fatty acids are subdivided into three
broad classes according to the degree of unsaturation: saturated
fatty acids (SFA) with no double bonds; monounsaturated fatty
acids (MUFA) with one double bond; and polyunsaturated fatty
acids (PUFA) with two or more double bonds. Double bonds can be
of cis configuration, which is the most common configuration, or of
trans configuration. The configuration of the double bond can be
altered from cis to trans during food processing, particularly during
partial hydrogenation. Fatty acids are also of varying chain length
(see Table 1). PUFA are further defined by the position of the
double bond of the fatty acid closest to the methyl end of the
molecule (FAO 2010). The most common PUFA families have the
bond three carbons (n-3) or six carbons (n-6) away from the methyl
group. Animals are able to insert double-bonds further away from
the methyl end of a fatty acid, but not between the methyl group
and the n-6 position. This makes n-3 and n-6 fatty acids, derived
from linoleic acid (LA; 18:2n-6) and a-linolenic acid (ALA; 18:3n-3),
essential as these cannot be produced in the human body but have
to come from dietary sources (see Figure 1 for nomenclature of
fatty acids). The parent essential fatty acids LA and ALA can be
converted to longer chains of PUFA in the body. LA is converted
mainly to arachidonic acid (AA) but can also be converted to
docosapentaenoic acid (DPA), and ALA is converted to
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA),
which are major components of animal cell membrane (Sanders
2010). However this conversion in humans is inefficient and these
fatty acids could be easily increased by consuming fish or omega-3
supplements of good quality.

The function and properties of the different fatty acids, including
their health properties, are determined by the varying chain length,
and number and position of double bonds.
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Abbreviations:

arachidonic acid
a-linolenic acid
coronary heart disease
confidence interval
cardiovascular disease
diacylglycerols
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docosapentaenoic acid
eicosapentaenoic acid
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hazard ratio

linoleic acid

LCPUFA long-chain polyunsaturated

fatty acids
low density lipoprotein
monoacylglycerols
myocardial infarction
monounsaturated fatty
acids

omega-

oleic acid

odds ratio

phospholipids
polyunsaturated fatty acids
randomised controlled trial
relative risk

saturated fatty acids
triacylglycerols
trans fatty acids




Table 1: Categories of fatty acids, chain length and dietary sources.

Fatty acids

Saturated fatty acids

Chain length

Short-chain: 3-7 carbon atoms
Medium-chain: 8-13 carbon atoms.
Long-chain: 14-20 carbon atoms.

Very-long-chain: 221 carbon atoms.

Dietary sources

Mainly animal and especially ruminant
dairy fats; some tropical oils, especially
palm oil and coconut oil

Monounsaturated fatty
acids

Polyunsaturated  fatty
acids

Short-chain: €19 carbon atoms.
Long-chain: 20-24 carbon atoms.

Very-long-chain: 225 carbon atoms.

Oleic acid (OA) is the most common MUFA
and itis present in considerable quantities
in both animal and plant sources

Linoleic acid (LA) and a-linolenic acid
(ALA) occur in all dietary fats, with largest
proportions found in vegetable oils

Eicosapentaenoic  acid (EPA) and
docosahexaenoic acid (DHA) are mainly
present in oily fish

Chainlength”
(number of carbon atoms)

Linoleic acid
18:2n-6
Position of double bond
closestto methyl end of
Number of double fatty acid

bonds

Figure 1: Nomenclature of fatty acids explained (example linoleic acid)

Most dietary fat sources contain a mixture of SFA, MUFA and PUFA at varying amounts. Most
vegetable oils are particularly rich in unsaturated fatty acids, whereas animal fats and also coconut
and palm oil are rich in SFA. See Figure 2 for the fatty acid profile of selected food sources.
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Canola oil 0]

Hazelnuts I .
l | | | | | | | | |
Walnuts |
_ i | | | | | | | | |
Safflower oil ] I T —
_ | | | | | | | | | |
Sesame oil |
o | | | | | | | | | |
Olive oil I |
, _ | | | | | | | | | |
Chicken, composite cuts | | | W r— |
Beef, composite cuts | | | | W-|
Lamb, composite cuts | | | | | WW,-|
Beef dripping | I
_ | | | | | | | | | |
Milk, 3.3% I
_ | | | | | | [ | | |
Butter, composite | | | | | | | ? |
Coconut, flesh [

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

ESFA = MUFA LA ALA  m PUFA (no separate data for ALA and LA)

Figure 2: Fatty acid profile of dietary fat present in selected foods.

SFA saturated fatty acids; MUFA monounsaturated fatty acids; LA linoleic acid; ALA a-linolenic acid; PUFA
polyunsaturated fatty acids; where separate data for ALA and LA was available it was used, otherwise total PUFA
was used. Source: Sivakumaran et al. 2012

DIETARY FATS AND HEALTH

The role of dietary fats and oils in human nutrition is one of the most complex and controversial areas
of investigation in nutrition science (Nishida & Uauy 2009). This section will summarise the latest
evidence around the different types of fats and their association with health, taking into account and
discussing the different views among researchers. Those aspects of dietary fats that are most
controversial are discussed in more detail.

Dietary fats are important as a source of energy, as structural components and as carriers of other
dietary components including fat-soluble vitamins. The composition of the fat in our diet has
implications for our health. As mentioned above, fatty acids are usually grouped by the number of
double-bonds into SFA, MUFA and PUFA, and the latter are further sub-categorised by the position of
the double bonds. However, an Expert Consultation convened by the Food and Agriculture
Organization of the United Nations (FAO) recognised that individual fatty acids within each broad
classification may have unique biological properties and health effects, which has relevance in making
recommendations. In spite of these limitations, the scientific community and the general population
continues to use the groupings based on chemical structure, which would make abandoning the
groupings difficult. In addition, few countries have food composition databases that enable dietary
assessment of individual fatty acids (FAO 2010).
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TOTAL FAT

Experts agree evidence does not suggest that total fat intake has significant effects on risk of coronary
heart disease or cancers (WHO 2003, FAO 2010). The primary concern and importance is the potential
relationship between total dietary fats and body weight, as overweight and obesity are risk factors for
both CVD and cancer (WHO 2003; WCRF/AICR 2007).

The FAO Expert Consultation concluded there was convincing evidence energy balance is critical to
maintaining healthy body weight and ensuring optimal nutrient intakes, regardless of macronutrient
distribution of energy as % total fat and % total carbohydrates (FAO 2010). Although some older
intervention studies from industrialised countries suggest diets with a lower % of energy (%E) from fat
tend to be hypocaloric and therefore are associated with weight loss, more recent RCTs in
predominantly overweight populations from industrialised countries comparing isocaloric diets with
different levels of total fat have shown that a higher %E from fat can lead to greater weight loss than
observed with low-fat diets. However, differences in the intake of other macronutrients such as
amount and type of carbohydrates and the relatively high drop-out rate in some studies limit the
strength of evidence and the generalisation of the results. Ecological data from developing and
transitional countries suggest that shifting from
lower to higher %E from fat has been associated
with weight gain, whereas the opposite has been
observed in industrialised countries where %E

from fat has decreased while obesity has increased Recommended fat intakes for adults
(FAO 2010).
Total fat: 30-33% E
A recent systematic review and meta-analysis that SFA plus TFA: S12%E
compared the effects of low-fat vs. high-fat diets PUFA: 6-10%E
in RCTs in overweight and obese people found that MUFA: 10-20%E
decreases in total cholesterol and LDL cholesterol
were significantly more pronounced with low-fat Source: Ministry of Health 2003

diets, whereas rises in HDL cholesterol and
reduction in triglyceride levels were more distinct

in the high-fat diet groups. Including only
hypocaloric diets, the effects of low-fat vs. high-fat
diets on total cholesterol and LDL cholesterol levels were abolished (Schwingshackl & Hoffmann 2013).

The Expert Consultation of the FAO suggested it was not possible to determine at a probable or
convincing level the causal relationship of excess %E from fat and unhealthy weight gain and that
maintaining current World Health Organization (WHO) recommendations is prudent (FAO 2010). The
WHO recommends that 30-35% of energy come from dietary fat (WHO 2003), which is similar to the
recommendation of 30-33%E from fat by the New Zealand Ministry of Health (Ministry of Health
2003).

SATURATED FATTY ACIDS

Healthy eating guidelines generally recommend limiting consumption of SFA and/or major SFA food
sources to reduce the risk of heart disease. The Ministry of Health in New Zealand recommends that
SFA (together with trans fatty acids) contributes no more than 12%E (Ministry of Health 2003), while
the World Health Organization (WHO) recommends limiting the intake of SFA to no more than 10%E
(WHO 2003). Recommendations on SFA intakes are generally based on their association with
cardiovascular disease (CVD), in particular heart disease.

The first key evidence that contributed to recommendations to reduce SFA intakes came from the
Seven Countries study, an ecological study that compared differences in coronary heart disease (CHD)
rates between mean intakes of fatty acids in different populations. Based on data from almost 13,000
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middle-aged men, Keys and colleagues demonstrated strong associations between mean intakes of
SFA and mean levels of serum total cholesterol (Keys 1980), and a positive association between dietary
intake of SFA and CHD (Keys et al. 1986). A large number of epidemiological and clinical studies
followed, adding to the evidence base for current dietary recommendations (see FAO 2010; Skeaff &
Miller 2009).

More recently, the paradigm that SFA is associated with a higher risk of CVD has been challenged by
various health professionals and researchers (Malhotra 2013; DiNicolantonio 2014; Ravnskov et al.
2014), and is probably currently one of the most debated areas in human nutrition, adding to
confusion among consumers and health professionals. In particular two large systematic reviews and
meta-analyses have cast doubt over the independent association of SFA with CVD. A meta-analysis of
data from 21 prospective cohort studies including almost 350,000 subjects followed over 5-23 years,
resulting in 11,000 cases of CHD or stroke, found a non-significant positive association between SFA
intake and CHD (RR 1.07; 95%Cl 0.96, 1.19), a non-significant inverse association with stroke (RR 0.81;
95%Cl 0.62, 1.05) and no association with total CVD (RR1.00; 95%Cl 0.89, 1.11). The authors concluded
there was no significant evidence dietary SFA is associated with risk of CHD or CVD (Siri-Tarino et al.
2010a). Arecently published systematic review and meta-analysis of prospective observational studies
and randomised controlled trials (RCTs) came to similar conclusions. Meta-analysis of data from 32
prospective cohort studies including 530,525 subjects followed for 5-23 years, with almost 16,000
incident coronary outcomes, resulted in no significant association between SFA intake and risk of
coronary disease (RR 1.02; 95%CI 0.97, 1.07). The review also found no significant association between
SFA biomarkers and risk of coronary outcomes (RR 1.06; 95%Cl 0.97, 1.17) (Chowdhury et al. 2014).

Although these findings do not seem to support an independent association between SFA and CVD,
both reviews, and in particular the authors' conclusions, have been criticised by several nutrition
experts for several reasons. Firstly, it has been suggested that the method of looking at SFA (as well
as MUFA or PUFA) as separate entities is flawed because the health effect of a macronutrient that
delivers a substantial amount of daily energy depends on which other macronutrient(s) are replaced
(Katan et al. 2010; Geleijnse et al. 2014; Lartey et al. 2014). Evidence generally shows that the effect
of reducing SFA on cardiovascular risk depends on what SFA in the diet is replaced with, which is
something that was not taken into account by the above reviews. There is good evidence that
replacing SFA with PUFA is beneficial for cardiovascular health, whereas such benefit has not been
found when SFA was replaced with carbohydrates (Baum et al. 2012; Astrup et al. 2011). Secondly, it
has been argued that in about half of the studies included by Siri-Tarino and colleagues (2010a) dietary
intakes were assessed using 1-day dietary assessments or other unvalidated methods to assess SFA
intake. As food intake varies from day to day, 1-day records provide poor estimation of the usual
dietary intake of an individual, which cannot reliably rank individuals by their long-term intake. This
leads to so called regression dilution bias, which can consequently lead to a lack of significant
associations (Katan et al. 2010; Skeaff & Miller 2009). Regression dilution bias, together with
confounding of one nutrient by another, has also been argued by Skeaff and Miller (2009) to be a main
reason for the lack of association between SFA and CHD in their own meta-analysis (Skeaff & Miller
2009). A third limitation of the review by Siri-Tarino and colleagues (2010a), highlighted by
Scarborough et al. (2010), was that many of the included cohort studies had adjusted for serum
cholesterol levels, which is a pathway of the effect of SFA on cardiovascular risk and therefore not a
confounder. Adjusting for blood cholesterol levels has been suggested to bias the estimates of effect
of SFA intake toward the null hypothesis (Scarborough et al. 2010). However, subsequent meta-
analysis by Siri-Tarino only including data that was not adjusted for blood cholesterol levels led to a
slightly stronger, yet still statistically non-significant association between SFA intake and CHD risk (RR
1.13; 95%Cl, 0.96, 1.33), but did not change the association with risk of stroke (RR 0.84; 95%Cl 0.63,
1.10) or total CVD (1.02; 95%Cl, 0.96, 1.19) (Siri-Tarino et al. 2010b). In response to the findings by
Chowdhury et al. (2014) that biomarkers for SFA intake are not associated with coronary outcomes, it
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was argued that two of the 8 included studies only looked at SFA from milk-fat rather than total SFA,
both of which resulted in a negative association. Excluding these two trials from the meta-analysis
resulted in a significant positive association between total SFA blood levels and coronary outcomes
(RR1.21; 95%CI 1.04, 1.40) (Dawczynski et al. 2014), which contradicts the findings by Chowdhury and
colleagues.

A pooled analysis by Jakobsen et al., published in 2009, addressed several of the above mentioned
issues. In this analysis of data from 11 cohort studies, only studies using dietary assessment methods
that cover a longer period of time (food frequency questionnaire, diet history) and that underwent
validation or repeatability studies were included, therefore reducing the risk of measurement error
and subsequently regression dilution bias. Studies with follow-up periods of more than 10 years were
truncated to reduce possible effect modification by time. Pooled analysis of data from almost 350,000
subjects followed over a period of four-ten years, during which 5,249 coronary events and 2,155
coronary deaths occurred, showed a significant 13% reduction of coronary events (HR 0.87; 95%ClI
0.77, 0.97) and a significant 26% reduction in coronary deaths (HR 0.74; 95%Cl 0.61, 0.89) when 5% of
energy from SFA was replaced by PUFA. In contrast, there was a significant 7% higher risk of coronary
events (HR 1.07; 95%Cl 1.01, 1.14) and no significant effect on risk of coronary deaths (HR 0.96; 95%Cl
0.82, 1.13) when 5% of energy from SFA was replaced with carbohydrates. When SFA was substituted
with MUFA there was also a borderline significant 19% increased risk of coronary events (HR 1.19;
95%Cl 1.00, 1.42) but no association with risk of coronary deaths (HR 1.01; 95%Cl 0.73, 1.41) (Jakobsen
et al. 2009). The findings of this pooled analysis suggest that replacing SFA with PUFA reduces the risk
of cardiovascular events and deaths, whereas replacing SFA with carbohydrates (or MUFA) has no
beneficial effect, although this may depend on the quality of carbohydrates.

The findings by Jakobsen et al. (2009) are also supported by experimental data. This was shown in a
meta-analysis of 8 RCTs that randomised adults to increased total PUFA or n-6 PUFA consumption (but
not mainly n-3 PUFA) for at least 1 year and reported risk estimates for 'hard' CHD events (myocardial
infarction [MI], CHD death, and/or sudden death), with a total of 13,614 participants and 1,042 CHD
events. Increasing PUFA consumption in place of SFA (on average by 9.9% of energy) resulted in a
significant 19% reduction of occurrence of CHD events (RR 0.81; 95%CI 0.70, 0.95), which corresponds
to a risk reduction for each 5%E greater PUFA consumption of 10% (RR 0.90; 95%Cl 0.83, 0.97)
(Mozaffarian et al. 2010). The quality of the included studies was medium to low with all studies either
scoring 2 or 3 out of 5 points, somewhat limiting the strength of the findings. Further supporting
evidence comes from trials showing that replacing SFA with PUFA decreases total and LDL cholesterol
levels, but that there is a lack of benefit in replacing SFA with refined carbohydrates as while this
lowers LDL cholesterol levels, it also lowers HDL cholesterol levels and LDL particle size, and increases
triglyceride levels (Mensink et al. 2003; FAO 2010; Astrup et al. 2011; Baum et al. 2012) [although it
has been suggested international epidemiologic data cast doubt as to the generalisability of
‘carbohydrate-induced dyslipidemia'; see Stamler 2010].

Another recent publication also questioned the benefits of replacing SFA with PUFA, in particular n-6
PUFA, suggesting that recommendations to increase n-6 PUFA in the diet may in fact increase the risk
of CVD, leading to more confusion among health professionals and consumers (Ramsden et al. 2013).
See a detailed critical discussion on this in the PUFA section below.

The overall consensus among most experts is still that replacing SFA with PUFA (both n-3 and n-6
PUFA) is associated with improved blood lipid parameters and a lower risk of CHD, whereas replacing
SFA for largely refined carbohydrates does not seem to provide a benefit or may even increase risk
(FAO 2010; Astrup et al. 2011; Baum et al. 2012). The Expert Consultation convened by the FAO
concluded that there is insufficient evidence relating to the effect on the risk of CHD in replacing SFA
with either MUFA or largely whole grain carbohydrates; however, based on indirect lines of evidence
this could result in a reduced risk of CHD (FAO 2010). Another challenge remains that although SFA
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are grouped together, there is evidence to suggest that individual SFA have different physiological
effects, but in terms of practical dietary recommendations it is not feasible to separate different types
of SFA because foods contain a combination of several SFA (FAO 2010; Astrup et al. 2011). It has also
been argued that there is increasing evidence to support that the total matrix of a food is more
important than just its fatty acid content when predicting the effect of a food on CHD risk, e.g. the
effect of SFA from cheese on blood lipids and CHD may be counterbalanced by the content of protein,
calcium, or other components in cheese.

The Expert Consultation convened by the FAO concluded there is insufficient evidence for
establishing any relationship of SFA consumption with cancer (FAO 2010).

MONOUNSATURATED FATTY ACIDS (MUFA)

International recommendations on MUFA intakes vary significantly between 12-25%E, or are not
provided at all, including by prestigious authorities and organisations such as the US National Institute
of Medicine, the European Food Safety Authority or the US Department of Agriculture (see
Schwingshackl & Hoffmann 2012). The WHO recommends that MUFA should provide the difference
of total fat minus SFA, PUFA and trans fatty acids (TFA) (WHO 2003). The New Zealand Ministry or
Health (2003) recommends MUFA intakes should be between 10-20%E.

A high intake of MUFA has long been suggested to be a major contributor to the cardioprotective
effects of the Mediterranean diet, which is characterised by a heavy reliance on olive oil. The
beneficial effects may well arise from quality extra virgin olive oil with low oxidation levels and high
levels of polyphenols, absent in most traded cheap olive oil. However, this paradigm does not seem
to be supported by evidence from observational studies (Baum et al. 2012). This is despite data from
experimental studies providing convincing evidence that replacing carbohydrates with MUFA
increases HDL cholesterol concentrations, and that replacing SFA with MUFA reduces LDL cholesterol
concentration and total/HDL cholesterol ratio (FAO 2010; Baum et al. 2012), suggesting increasing
MUFA intake should reduce the risk of cardiovascular events. However, meta-analysis of data from
cohort studies by Jakobsen et al. (2009; see details of review in SFA section) resulted in a borderline
significant higher risk of coronary events when substituting 5% of SFA with MUFA (HR 1.19; 95%Cl
1.00, 1.42), but found no association with risk of coronary deaths (HR 1.01; 95%Cl 0.73, 1.41). Also
Chowdhury et al. (2014) found no association between MUFA and risk of coronary disease (RR 0.99;
95%Cl 0.89, 1.09) in a meta-analysis of prospective cohort studies, although concerns have been raised
about the validity of this meta-analysis (see SFA section above). A lack of association between MUFA
intake and CHD mortality and events was also found in a meta-analysis by Skeaff & Miller (2009). The
Expert Consultation convened by the FAO concluded there is insufficient evidence for a relationship
of MUFA consumption with chronic disease end points such as CHD (or cancer) (FAO 2010).

Animal studies also support the above findings in humans and shed some light on possible reasons for
a lack of effect on CHD despite the positive effects on blood cholesterol levels. Data from studies in
primates and mice also suggest that MUFA compared to SFA may not protect against the development
of coronary artery atherosclerosis, despite favourable changes in serum lipoprotein lipids (Astrup et
al. 2011; Baum et al. 2012). Studies in monkeys indicate changes in the LDL cholesterol ester fatty acid
composition, or more specifically a high cholesteryl oleate composition of plasma LDL, caused by high
MUFA intakes, may result in increased atherosclerotic lesions (Baum et al. 2012). Data from human
studies to support this hypothesis are lacking.

It has also been suggested controversial findings relating to MUFA intake and cardiovascular risk may
be at least partly explained by the origin of MUFA in the respective studies, as many of the main
sources of MUFA in Western dietary patterns are also major sources of SFA (mostly animal fats)
(Astrup et al. 2011; Schwingshackl & Hoffmann 2012).
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POLYUNSATURATED FATTY ACIDS (PUFA)

In contrast to MUFA and SFA, which the human body can produce, the n-6 PUFA linoleic acid (LA) and
the n-3 PUFA alpha-linolenic acid (ALA) are indispensable as they cannot be synthesised by humans.
The minimum intake values for essential fatty acids to prevent deficiency symptoms are estimated to
be 2.5% of energy for LA plus 0.5% of energy for ALA (FAO 2010). Recommendations of PUFA intakes
are generally higher due to their purported beneficial effects for cardiovascular health. The WHO
(2003) and the NZ Ministry of Health (2003) recommend that PUFA should contribute between 6 and
10% of energy. Separate recommendations for the long-chain n-3 PUFAs (n-3 LCPUFA) DHA and EPA
are also available due to their positive effect on cardiovascular health. The FAO Expert Consultation
recommends a daily intake of 250 mg EPA plus DHA, with pregnant and lactating women requiring a
higher intake of 300 mg/day, 200 mg of which should be DHA (FAO 2010).

The FAO Expert Consultation confirmed in their 2010 report there is convincing evidence that
replacing SFA with PUFA decreases the risk of CHD (FAO 2010). This has been confirmed by both
observational studies (Jakobsen et al. 2009) and RCTs (Mozaffarian et al. 2010). For more details see
SFA section.

The Expert Consultation also concluded that there is insufficient evidence for establishing any
relationship between PUFA consumption and cancer (FAO 2010). A systematic review and meta-
analysis of prospective cohort studies concluded intake of n-3 and n-6 PUFA does not significantly
affect risk of prostate cancer (Chua et al. 2102). However, another systematic review and meta-
analysis of data from prospective cohort studies found a higher intake ration of n-3:n-6 PUFA is
associated with lower risk of breast cancer (Yang et al. 2014). More research on the association
between PUFA and cancer is needed before any firm conclusions can be made. There are growing
concerns about the adverse effects of overheated polyunsaturated oils used in contionuous deep
frying. Whilst no direct link has been proven the compounds produced are potentially cytotoxic.

In the following, different types of PUFA are discussed in more detail.

n-6 PUFA

The general recommendation for reducing cardiovascular risk is to replace SFA in the diet with PUFA
including n-3 and n-6 PUFA. Recently, concern has been raised by some about the purported benefits
of increasing n-6 PUFA, and that in fact doing so may increase cardiovascular risk (e.g. Ramsden et al.
2010, 2013; Ravnskov et al. 2014; DiNicolantonio 2014)

A systematic review and meta-analysis aimed to identify whether studies that exclusively increased n-
6 PUFA without increasing n-3 PUFA supported the general recommendation that increasing n-6 PUFA
(along with n-3 PUFA) is beneficial for cardiovascular health. Based on three datasets from two trials,
pooled analysis resulted in no effect of (almost) exclusively increasing n-6 PUFA on non-fatal Ml (RR
1.03; 95%Cl 0.74, 1.43; p=0.90), and a non-significant positive association with CHD death (RR 1.17;
95%Cl 0.82, 1.68; P=0.38) and all-cause mortality (RR 1.16; 95%CI 0.95, 1.42; p=0.15) (Ramsden et al.
2010). Ramsden and colleagues subsequently repeated their meta-analysis including data recovered
from the Sydney Diet Heart Study, in which very high PUFA intakes (15%E, largely n-6 PUFA) led to a
17% increased risk of cardiovascular mortality and a 16% increased risk of coronary heart disease
mortality in 458 men aged 30-59 years with a recent coronary event. Pooled analysis of four datasets
from three trials (i.e. including the findings from the Sydney Diet Heart Study) resulted in a hazard
ratio of death from coronary heart disease with increased n-6 PUFA of 1.33, which approached
statistical significance (95%Cl 0.99, 1.79; p=0.06) (Ramsden et al. 2013). In contrast, analysis of studies
that increased both n-6 and n-3 PUFA resulted in a significant reduction in risk of non-fatal Ml (RR
0.73; 95%Cl 0.54, 0.99; p=0.04), and a non-significant reduction in risk of CHD death (RR0.81; 95%ClI
0.64, 1.03; p=0.08) and all-cause mortality (RR 0.92; 95%Cl 0.80, 1.06; p=0.25) (Ramsden et al. 2010,
2013). Based on their findings, the authors of the systematic review concluded that advice to increase
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n-6 PUFA should be reconsidered, because there is no indication of benefit, and there is a possibility
of harm (Ramsden et al. 2010, 2013).

Although the findings and conclusions by Ramsden et al. have been applauded by some (Calder 2010),
others have argued that Ramsden's findings in fact support those of many other studies, i.e. that
consumption of vegetable oils rich in n-6 PUFA lowers the risk of CHD (Harris et al. 2011). The four
studies in the 'mixed n-3/n-6' analysis used soybean oil, which only contains small amounts of n-3
PUFA and has a relatively high n-6/n-3 ratio, but still resulted in a 22% risk reduction of CHD events.
Harris and colleagues note that in these trials n-6 PUFA consumption was often raised to very high
levels, in fact exceeding the recommended upper intake levels for PUFA and producing high n-6:n-3
ratios, yet they still demonstrated a CHD benefit, not detriments, therefore contradicting the
hypothesis that high n-6 PUFA intakes increase the risk of CHD (Harris et al. 2011).

The hypothesis by Ramsden is also not supported by findings of a meta-analysis of RCTs that
randomised adults to increased total or n-6 PUFA consumption (but not mainly n-3 PUFA), which
resulted in a significant 19% reduction of occurrence of CHD events (RR 0.81; 95%CI 0.70, 0.95),
corresponding to a risk reduction for each 5%E greater PUFA consumption of 10% (RR 0.90; 95%Cl
0.83, 0.97) (Mozaffarian et al. 2010; see more details in the SFA section). Although it cannot be
completely excluded that the beneficial effect on cardiovascular health may be partly due to a
simultaneous increase in n-3 PUFA, these findings suggest that increasing n-6 PUFA is certainly not
detrimental to health. More evidence to support this comes from two recently published papers. In a
U.S. cohort study in 2792 participants age 65+ years and free of CVD at baseline researchers used
plasma levels of LA as an objective measure for LA intake. The researchers found that those who had
the highest plasma levels of LA had a significantly lower risk of all-cause mortality compared to those
with the lowest levels (HR 0.87, p for trend=). The lower risk of death was largely attributable to lower
cardiovascular mortality, in particular nonarrhythmic CHD (Wu et al. 2014). A recent systematic review
and meta-analysis of prospective cohort studies, investigated the association between LA
consumption and coronary heart disease (CHD) in subjects free of CHD at baseline. The researchers
found that LA consumption was inversely associated with risk of CHD events and CHD deaths. Those
with the highest LA consumption had a 15% lower risk of CHD events and a 21% lower risk of CHD
death compared to those with the lowest intakes. An increase of LA intake by 5% of total energy
replacing SFA was associated with a 9% lower risk of CHD events and a 13% lower risk of CHD death,
while replacing carbohydrates was associated with a 13% lower risk of both CHD events and deaths
(Farvid et al. 2014).

Questions about the safety of increasing n-6 PUFA have also been raised based on several suggested
mechanisms for a potential detrimental effect of n-6 PUFA on cardiovascular health, including: 1)
increased sensitivity to oxidation of LDL cholesterol with increased LA content, leading to increased
atherosclerotic plaque growth; 2) increased tissue/plasma levels of AA, which is produced by the
metabolism of linoleic acid, also increasing atherosclerotic plaque growth and rupture (Calder 2010).
However, recent systematic reviews of clinical trials have not found evidence to support the concept
that modifying current intakes of dietary LA has an effect on changing levels of AA in plasma/serum
or erythrocytes in adults consuming Western-type diets (Rett & Whelan 2011), or that addition of LA
to the diet increases the concentration of inflammatory markers (Johnson & Fritsche 2012). Wu et al.
(2014) found no association between plasma AA levels and total or CVD mortality. Overall, there does
not seem to be a need to reconsider current recommendations. Firstly, the intakes of n-PUFA (mainly
LA) in intervention studies included by Ramsden et al. (2010, 2013) are very high. The FAO Expert
Consultation acknowledges that high intakes of PUFA (>11% of energy) may be detrimental to health
due to risk of lipid peroxidation, particularly when tocopherol intake is low. Therefore, an upper intake
limit of 11%E total PUFA and an upper intake limit of 9%E of n-6 PUFA is recommended (FAO 2010).
Intakes of LA in most countries are between 3 and 7% (Elmadfa & Kornsteiner 2009), and an intake
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above 9%E may not be achieved by most people, although they may be above recommended upper
limits in some people.

Secondly, the general recommendation is not to replace SFA with exclusively n-6 PUFA, but with total
PUFA, which includes both n-3 and n-6 PUFA, which Ramsden et al. (2013) acknowledge reduces
cardiovascular risk. Most (but not all) sources of n-6 PUFA are also sources of n-3 PUFA. However,
possibly there may be a need to give more specific recommendations regarding the replacement of
SFA with PUFA as to not risk an intake of total PUFA above 11%E and of n-6 PUFA above 9%E.

n-3 PUFA

Intake of n-3 PUFA, and more specifically the n-3 LCPUFA eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA), have been associated with cardioprotective properties and are some of
the best studied types of fat.

Meta-analysis of observational data by Skeaff and Miller (2009) resulted in a significantly reduced risk
of fatal CHD by 18% (RR 0.82; 95% Cl, 0.71—0.94) when comparing highest with lowest n-3 LCPUFA or
fish consumption levels. Fish and n-3 LCPUFA consumption was not significantly associated with risk
of total CHD events (RR 0.87; 95% Cl, 0.71-1.06), non-fatal CHD (RR 0.81; 95% Cl, 0.59-1.10) or total
MI (RR 0.79; 95% Cl, 0.53—1.17) (Skeaff & Miller 2009). A meta-analysis of prospective cohort studies
that compared intakes of <250mg and 2250mg n-3 LCPUFA per day with regard to risk of CHD resulted
in a significant 35% reduction in the risk of sudden cardiac death when consumption was above as
compared to below 250mg/day (RR 0.65; 95%Cl 0.54, 0.79; p<0.0001). Consuming at least 250mg n-3
LCPUFA per day was also associated with a non-significant lower risk of fatal coronary events (RR 0.83;
95%Cl 0.68, 1.03; p=0.085) but was not associated with risk of non-fatal MI (RR 0.93; 95%Cl 0.82, 1.06;
p=0.290) (Musa-Veloso et al. 2011). Two meta-analyses of prospective cohort studies found highest
vs. lowest intake of fish was associated with a significantly reduced incidence of heart failure (Djoussé
et al. 2012; Li et al. 2013).one of which also analysed n-3 LCPUFA intakes and found a borderline
significant reduction in risk of heart failure (RR 0.86; 95%Cl 0.74, 1.00; p=0.05) (Djoussé et al. 2012).

Clinical trials investigating the effect of n-3 LCPUFA supplementation are largely carried out in people
who have an underlying cardiovascular condition or have suffered a cardiovascular event. A meta-
analysis of data from RCTs by Skeaff and Miller (2009) resulted in no significant reduction in risk of
CHD death associated with n-3 LCPUFA treatment (RR 0.88; 95% Cl, 0.76—1.01, p = 0.061). The risk of
fatal MI (RR 0.92; 95% Cl, 0.65-1.29, p = 0.626) and sudden cardiac death (RR 1.02; 95% Cl, 0.78-1.33,
p = 0.889) were also not significantly decreased by treatment with n-3 LCPUFA, and neither were
nonfatal CHD outcomes including revascularisation events (RR 0.94; 95% Cl, 0.86-1.04, p = 0.211),
non-fatal Ml (RR 1.03; 95% Cl, 0.77-1.37, p = 0.864) and angina (RR 0.89; 95% Cl, 0.75-1.04, p = 1.49).
Skeaff and Miller found exclusion of one study with methodological concerns (DART Il) considerably
altered the summary estimates, such that n-3 LCPUFA treatment significantly reduced the risk of fatal
CHD by 19% (RR 0.81; 95% Cl, 0.71-0.92, p = 0.001) and fatal Ml by 26% (RR 0.74; 95% Cl, 0.57-0.96,
p = 0.025). But risk of sudden cardiac death was still not significantly reduced after exclusion of the
DART Il trial (RR 0.89; 95% Cl, 0.77-1.09, p = 0.251) (Skeaff & Miller 2009). These outcomes are
supported by another meta-analysis which resulted in a significantly reduced risk of cardiovascular
death (OR 0.87; 95%Cl 0.79, 0.95), a significantly risk of sudden cardiac death (OR 0.87; 95%Cl 0.76,
0.99) and a significantly reduced risk of all-cause mortality (OR 0.92; 95%Cl 0.85, 0.99) with
supplementation of EPA and DHA (Marik & Varon 2009).

Two subsequent meta-analyses, including studies published since 2009, found no protective effect of
n-3 LCPUFA supplementation on risk of cardiovascular events, cardiovascular death or all-cause
mortality (Rizos et al. 2012; Kwak et al. 2012), whereas another meta-analysis published in the same
year but using different inclusion and exclusion criteria found a significantly reduced risk of
cardiovascular events (OR 0.90; 95%CI 0.85, 0.96), cardiac death (OR 0.91; 95%Cl 0.83, 0.99) and
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coronary events (OR 0.82; 95%Cl 0.75, 0.90) (Delgado-Lista et al. 2012). The most recently published
meta-analysis of RCTs found supplementation with n-3 LCPUFA was associated with a significantly
reduced risk of cardiac death (RR 0.68; 95%Cl 0.56, 0.83), sudden death (RR 0.67, 95%Cl 0.52, 0.87)
and MI (RR 0.75; 95%CI 0.63, 0.88), but no significant effect on all-cause mortality (RR 0.89; 95%ClI
0.78, 1.02) (Casula et al. 2013).

The varying outcomes of RCTs (and meta-analyses) may be due to variations in study design (and
inclusion criteria), and also due to variations in statin use in the included RCTs, with studies including
fewer statin users generally showing a significant effect of EPA and DHA supplementation, and some
studies with a high proportion of statin users (in particular more recent RCTs) finding no effect (see
Weichselbaum et al. 2013). A large number of studies fail to characterise fully the quality and
concentration of the LCPUFA used in the studies. For instance many fish oils are oxidised and
historically have contained contaminants such as heavy metals and dioxins. Modern omega-3 oils are
much better today with gloabal quality standards being used and monitored. For example, researchers
from one large trial found supplementation with n-3 LCPUFA reduced incidence of major
cardiovascular events by 54% (although this did not reach statistical significance [p=0.051], possibly
due to a relatively small number of subjects in this group), whereas no treatment effect in statin users
was found (Eussen et al. 2012). However, more studies are needed to shed light on the reasons for
varying outcomes of RCTs, in particular because it has been suggested that, in certain circumstances
and depending on the pathophysiological status of the patient (e.g. ventricular tachycardia), n-3
LCPUFA supplements may have a pro-arrhythmic effect (Burr 2007; Jenkins et al. 2008), which may
suggest n-3 LCPUFA supplementation is counter-indicative for some individuals.

Several meta-analyses have found a significant inverse association between fish consumption and risk
of stroke, with those with the highest consumption of fish having a 12-13% lower risk of stroke
compared to those with the lowest intakes (Larsson & Orsini 2011; Xun et al. 2012; Chowdhury et al.
2012). Two meta-analyses found a reduced risk of ischaemic but not haemorrhagic stroke (Larsson &
Orsini 2011; Xun et al. 2012), whereas one meta-analysis found a significantly reduced risk for
haemorrhagic stroke but not for ischaemic stroke (Chowdhury et al. 2012). Chowdhury and colleagues
(2012) also carried out a separate analysis for n-3 LCPUFA and found no association with
cerebrovascular disease based on observational data, which was supported by a separate analysis of
data from RCTs which resulted in no effect of n-3 LCPUFA supplementation on cerebrovascular disease
and either stroke subtype (Chowdhury et al. 2012).

There is some evidence to suggest that higher fish intake, dietary DHA intake and DHA levels in the
blood may be positively associated with a lower risk of dementia and Alzheimer's disease, and a slower
rate of cognitive decline, but not all studies have found an association. Data from RCTs do not suggest
that n-3 LCPUFA are effective in preventing cognitive decline (Weichselbaum et al. 2013)

Overall, there is convincing evidence from observational studies that fish and n-3 LCPUFA
consumption is associated with a lower risk of heart disease. This is generally supported by data from
RCTs, although more recent RCTs have found no beneficial effects which may be at least partly due to
a higher use of statins and other modern treatments of CHD. The uncertainty about the effect of n-3
LCPUFA supplementation on CHD risk while observational data generally support a beneficial effect of
fish and/or n-3 LCPUFA may also indicate that other factors in fish may contribute to a protective
effect. Fish intake is also associated with a lower risk of stroke, but more studies are needed to
investigate whether this is due to n-3 LCPUFA.
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TRANS-FATTY ACIDS (TFA)

Naturally occurring trans-fats are rare and are only found in dairy products and meats from ruminant
animals. However, the introduction of catalytic hydrogenation for conversion of liquid unsaturated
oils to solid fats led to a stark increase in TFA in the diet. This is because partial hydrogenation converts
many unsaturated double bonds from a cis- to a trans-configuration, which can result in 30-60% of all
fatty acids being TFA in the partially hydrogenated oil (Nishida & Uauy 2009). The WHO
recommendations state as a goal that TFA should provide no more than 1% of total energy due to
their adverse effects on blood lipoprotein profiles and CHD risk (WHO 2003).

A more recent review of the evidence to support a scientific update on TFA by the WHO summarised
evidence from observational and experimental studies (Mozaffarian et al. 2009). Both controlled trials
and observational studies consistently show that TFA consumption has adverse effects on lipids,
including increased LDL cholesterol, reduced HDL cholesterol and an increased total/HDL cholesterol
ratio, and has pro-inflammatory effects and adverse effects on endothelial function. Controlled and
observational studies also suggest that TFA worsens insulin resistance, particularly among predisposed
individuals, but further study is needed to confirm apparent effects on weight gain and diabetes
incidence in humans. Together, the findings suggest TFA consumption produces a unique
cardiometabolic effect, stimulating multiple related pathways linked to the insulin
resistance/metabolic syndrome (Mozaffarian et al. 2009).

Data from retrospective case-control and prospective cohort studies have demonstrated significant
positive associations between TFA consumption and CHD events. Differential effects of specific TFA
are less well established, and it is difficult to draw firm conclusions. Evidence from observational
studies does not support an adverse effect of ruminant TFA (in contrast to industrial TFA) on risk of
CHD. Also, because ruminant fat contains low levels of TFA (usually <6% of fatty acids), the quantities
of ruminant TFA consumed were generally low in most of the populations studied. Even when total
ruminant fat intake is relatively high, the potential amount of TFA from this source is still quite modest
(Mozaffarian et al. 2009).

In New Zealand and many other countries TFA has largely been removed from many products,
including table spreads. In December 2014 FSANZ (Food Standards Australia New Zealand) completed
its evaluation of a labelling review recommendation on TFAs. The survey results were consistent with
previous survey results, showing exposure to TFAs is well below WHO limits of more than 1 percent
of dietary intake. (FSANZ 2015)

SELECTED OILS AND SOURCES OF FAT

PALM OIL

Consumption of TFA from partially hydrogenated fats is associated with an increased risk of CVD (see
TFA section above), resulting in increasing efforts to reduce TFA in foods. Hydrogenated fats are used
for their mouth-feel, stability and low-cost, and an acceptable alternative for the industry needs to
provide similar advantages. Palm oil is commonly used by industry as an alternative due to its unique
properties. However, due to its relatively high content of SFA (around 50%), there is evidence Palm oil
affects blood lipids (in particular LDL cholesterol) less favourably compared to unhydrogenated
vegetable oils rich in unsaturated fatty acids including; sunflower oil, olive oil, soybean oil or rapeseed
oil. However it should be noted not all studies have come to this conclusion (Clifton 2011; Mensink et
al. 2003; Fattore et al. 2014). A recently published meta-analysis found diets rich in palm oil compared
to diets rich in stearic acid (a SFA), MUFA and PUFA showed significantly higher total cholesterol, LDL
cholesterol, but also higher HDL cholesterol, whereas the same biomarkers were significantly lower
when compared to the two fatty acids myristic and lauric acid. Compared to TFA, a diet rich in palm

16| Page




oil significantly increased HDL, which significantly lowered total:HDL cholesterol ratio (Fattore et al.
2014). However, the authors noted that they did not assess the quality of the included studies, most
of which used a cross-over design and more than half of these did not have (or report) a wash-out
period between interventions.

Overall, although palm oil is less favourable compared to other vegetable oils in terms of the effect on
total:HDL cholesterol, palm oil is still better than the partially hydrogenated vegetable oils high in TFA
(Mensink et al. 2003).

COCONUT FAT/OIL

Coconut oil is high in SFA, yet is often heralded to be a healthy fat in popular media. It has been
suggested that the high proportion of medium chain fatty acids, in particular the SFA lauric acid, may
be partly responsible for their purported beneficial effects. In a recent position statement the New
Zealand Heart Foundation concluded research often quoted to support use of coconut oil is largely
based on animal data or extrapolated from research on medium chain triglycerides (MCTs) which
contain almost no lauric acid. The Heart Foundation suggests it is erroneous to extrapolate research
on MCTs to coconut oil as the main fatty acid in coconut oil is lauric acid, which is different to those in
commercially produced MCT oils and that lauric acid does not behave like a medium-chain fatty acid
in the body. In addition, the triglycerides in coconut oil are much larger than those in MCT oils so their
effect is different (Heart Foundation 214). Mensink et al. (2003) found in their systematic review and
meta-analysis that lauric acid markedly increases cholesterol, more so than other SFAs, but that much
of this is due to HDL cholesterol. As a result, lauric acid had a more favourable effect on total:HDL
cholesterol than any other fatty acid, either saturated or unsaturated. The authors predicted that
coconut fat would lead to a reduced total:HDL cholesterol ratio compared to the average US dietary
fat, butter or carbohydrates, but would do so to a lesser degree than fats high in unsaturated fatty
acids including olive oil, soybean oil and rapeseed oil (Mensink et al. 2003). This is in line with findings
from two intervention studies carried out in New Zealand, which suggest that coconut oil has a more
beneficial effect on blood lipids than butter, but a less favourable effect than safflower oil, which is
high in PUFA (Cox et al. 1995; Cox et al. 1998). A study carried out in Sri Lanka, where coconut fat is a
major source of fat, showed that reduction of SFA (and total fat) in the diet and partial replacement
with unsaturated fat is associated with beneficial effects on blood lipid parameters (Mendis et al.
2001). The effects of coconut oil on triglyceride levels versus unsaturated oils are generally not
significant (Heart Foundation 2014). Overall, evidence seems to suggest that despite its high SFA
content coconut oil has a more favourable effect on blood lipids compared to carbohydrates and other
fats high in SFA, such as butter, but has a less favourable effect compared to dietary fats high in PUFA
(Heart Foundation 2014).

OLIVE OIL

Olive oil has traditionally been viewed as the heart healthiest of oils, mainly due to the fact that is an
important staple of the traditional Mediterranean diet, which has been associated with lower risk of
CVD. To investigate whether olive oil is associated with CVD, heart disease or stroke, researchers from
Spain systematically reviewed the evidence from case-control, prospective cohort and intervention
studies. Based on findings from nine studies, all of which were carried out in the Mediterranean
region, the authors found that a 25g increment of olive oil consumed per day is associated with an
18% lower risk of CVD (RR 0.82; 95%Cl 0.70, 0.96). When looking at stroke and heart disease
separately, the researchers found a 26% lower risk of stroke for every 25g olive oil (RR 0.74; 95%Cl
0.60, 0.92), but no significant association with risk of heart disease (Martinez-Gonzalez et al. 2014).
These findings are in line with results from the PREDIMED study, a large randomised trial where
supplementary virgin olive oil had a significant protective effect on stroke, but not myocardial
infarction (Estruch et al. 2013). As all of the included studies were carried out in the Mediterranean
region, it is difficult to draw conclusions on how adding olive oil to a different dietary pattern, such as
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the Western diet, may affect cardiovascular risk. It also has to be noted that simply adding olive oil to
the diet without reducing overall calorie intake may lead to body weight gain, which is an independent
risk factor for CVD.

The lack of association between consumption of olive oil, a rich source of MUFA, and CHD is in line
with a lack of association between MUFA and CHD (see MUFA section for details). It is likely that the
health protective effect of the Mediterranean diet is due to the overall healthy profile of this dietary
pattern, which is high in fruits, vegetables, legumes and unrefined grains, rather than one single
component.

MILK AND DAIRY PRODUCTS

Dairy products (dairy) are a significant source of SFA in Western dietary patterns and as such would
be expected to be associated with an increased risk of CVD. However, evidence from observational
studies does not support the hypothesis that dairy, including high-fat dairy foods, is linked to an
increased cardiovascular risk (Gibson et al. 2009; Soedamah-Muthu et al. 2011; Kratz et al. 2013).In a
dose-response meta-analysis of data from 17 prospective cohort studies there was a moderate but
statistically significant inverse association between milk and total CVD risk, with a 6% risk reduction
per glass (200mL) milk per day (RR 0.94; 95%Cl 0.89, 0.99). Pooled results from 6 studies suggested no
association between milk consumption and CHD. Pooled results from a limited number of studies on
the association between total dairy (n=4), total high-fat dairy (n=4), and total low-fat dairy (n=3)
consumption and CHD risk showed no significant association between total dairy product intake and
CHD (RR 1.02; 95%CI 0.93, 1.11), total high-fat dairy and CHD (RR 1.04; 95%Cl 0.89, 1.21) and total
low-fat dairy and CHD (RR 0.93; 95%Cl 0.74, 1.17). Analysis of data from 6 prospective studies suggests
milk intake is associated with a non-significant inverse association between milk and risk of stroke (RR
0.87; 95%Cl 0.72, 1.07) Pooled analysis from 8 observational studies suggests no association between
milk consumption and all-cause mortality (Soedamah-Muthu et al. 2011). Overall, these data do not
suggest dairy is associated with an increased risk of CVD, despite dairy being a main contributor to SFA
intakes. Dairy is a nutrient-dense food rich in minerals and vitamins, which can exert beneficial effects
on CVD (Soedamah-Muthu et al. 2011). It has been suggested bioactive fatty acids present in dairy,
including butyric acid, phytanic acid, cis- and trans palmitoleic acid and conjugated LA, may also play
a role in counteracting negative effects of SFA, although more evidence is needed to support this
(Kratz et al. 2013). Although the data is limited, based on the above meta-analysis there is also no
evidence for a clear benefit of low- compared to high-fat dairy. The effect of SFA on CHD depends on
the source of energy by which it is substituted to maintain energy balance (see SFA section), and low-
fat dairy products may not provide a cardiovascular benefit if the proportion of carbohydrate is
simultaneously increased.

DIETARY INTAKES OF FAT AND FATTY ACIDS IN NEW ZEALAND

Mean total fat intake in New Zealand adults is just above the recommended upper level of 33%E. The
median intake is 33% in men and 34% in women. By definition, 50% of the population lie above (i.e.
have higher intakes) and 50% lie below (i.e. have lower intakes) the median intake level. This means
that around half of the New Zealand adult population have fat intakes above the recommended upper
level. Both mean and median SFA intake was 13%E, which means more than half of NZ adults have
intakes above the recommended level, whereas more than half of the NZ adult population has PUFA
intakes below the minimum recommended level. The intakes of MUFA were generally within the
guideline levels (University of Otago & Ministry of Health 2011).

In order to reduce their risk of CVD, it would be beneficial to replace some SFA in the NZ diet with
PUFA.
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Figure 3: Intake of total fat, saturated fatty acids (SFA), mono-unsaturated fatty acids (MUFA) and

polyunsaturated fatty acids (PUFA) in New Zealand adults, given as % of total energy intake (%E).
Source: University of Otago & Ministry of Health 2011

DISCUSSION

The topic of dietary fats is highly debated among nutrition and health experts. In particular, there is
an ongoing debate around the role of SFA and its association with cardiovascular risk. Although some
recent meta-analyses suggest there is no association between SFA and risk of CVD (Siri-Tarino et al.
2010a; Chowdhury et al. 2014), many experts argue that not taking into account what SFA is replaced
with (as was done in these two reviews) is a major limitation, as evidence suggests that replacing SFA
with PUFA is beneficial for cardiovascular health, whereas replacing SFA with carbohydrates
(particularly readily digestible carbohydrates) is not. Another issue in many of the studies included by
Siri-Tarino and Chowdhury is the use of 1-day records to assess nutrient intake, which provide poor
estimation of the usual dietary intake of an individual and cannot reliably rank individuals by their
long-term intake. This leads to so called regression dilution bias, which can consequently lead to a lack
of significant associations (Skeaff & Miller 2009). It seems diverging opinions on the relationship
between SFA and the replacement of SFA with other macronutrients and cardiovascular health
outcomes seem to stem from the type of evidence included or excluded from systematic reviews.
Overall, evidence suggests replacing SFA with PUFA is associated with cardiovascular benefits,
whereas replacing SFA with carbohydrates is not, and may possibly be detrimental for cardiovascular
health.

The recommendation to increase PUFA intake while reducing SFA intake, both n-6 and n-3 PUFA, has
also been challenged as it was argued that replacing SFA with n-6 PUFA may be detrimental to health.
However, evidence does not suggest increasing n-6 PUFA alongside n-3 PUFA is detrimental for health,
which is in line with the general recommendation to replace SFA with PUFA (both n-3 and n-6). The
studies used to back the argument that increasing n-6 PUFA without also increasing n-3 PUFA is
detrimental for health are intervention studies with very high n-6 PUFA intakes. This is not in contrast
to current recommendations, which suggest limiting PUFA intake to no more than 11%E as it is well
established that very high intakes may be detrimental to health due to risk of lipid peroxidation.
Current intakes of PUFA in New Zealand are below 5%E, and it is unlikely that the 11%E upper level
would be surpassed on a population level if some SFA was replaced with PUFA.
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Although most New Zealanders are recommended to lower their SFA intakes, which are generally
above the recommended upper level of 12%E, there may be a need to be more specific in dietary
recommendations as to what SFA should be replaced with, as replacing SFA with carbohydrates will
not lead to a cardiovascular benefit, and may potentially be detrimental to health. Simply telling
consumers to lower their intake of SFA will give the impression that SFA per se is bad for health and
that it does not matter what they replace SFA with, as long as they lower their intakes overall. It is
important to remember consumer attitudes, as well as efforts by governmental and non-
governmental organisations, also drive product development and product reformulations by the food
industry. In an attempt to satisfy consumer demands for 'healthier' products, many food producers
have reformulated their products so as to reduce the levels of fat and saturated fat. This has often led
to the content of carbohydrates (including sugar) being increased for sensory and/or texture purposes.
Such reformulations may have (unwittingly) contributed to increased intakes of carbohydrates in place
of SFA, which evidence suggests is not beneficial for health.

It may be necessary to be more precise in dietary recommendations about replacing SFA with PUFA
rather than carbohydrates, and to ensure that this is considered in efforts of product reformulation.

The vehicle a certain nutrient is delivered in, e.g. whether PUFAs come from biscuits made with
margarine or from nuts, or whether SFA comes from a pot of full-fat yoghurt or a sausage, may also
play a role in the potential benefit or detriment of a nutrient, and possibly this needs to be considered
when making recommendations.

The challenging positions by several health experts, in particular regarding SFA and its role in
cardiovascular health, may be an opportunity to rethink whether scientific evidence is translated into
recommendations, and also government and industry efforts around reformulation, that truly benefit
the consumer.
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RECOMMENDATIONS AND KEY MESSAGES

e There is convincing evidence that replacing SFA with PUFA (both n-6 and n-3 PUFA) is
associated with improved blood lipid parameters and a lower risk of CHD, whereas replacing
SFA with largely refined carbohydrates does not seem to provide a benefit or may even
increase risk.

e Although MUFA have a beneficial effect on blood lipid parameters, evidence from cohort
studies and some experimental animal data does not suggest that MUFA are associated with
a lower risk of CHD. This may be at least partly explained by the origin of MUFA in the
respective studies, as many of the main sources of MUFA in Western dietary patterns are also
major sources of SFA.

e There is convincing evidence from observational studies that fish and n-3 LCPUFA
consumption is associated with a lower risk of heart disease. This is generally supported by
data from RCTs, although more recent RCTs have found no beneficial effects which may be at
least partly due to a higher use of statins and other modern treatments of CHD.

e There is convincing evidence TFA consumption is associated with adverse effects on blood
lipids and an increased risk of CHD. Evidence from observational studies does not support an
adverse effect of ruminant TFA (in contrast to industrial TFA) on risk of CHD. In New Zealand
TFA has largely been removed from many products.

e There is some evidence the total matrix of a food may be more important than just its fatty
acid content when predicting the effect of a food on CHD risk. For example, dairy is a main
contributor to SFA intake in the New Zealand diet, but data from observational studies does
not suggest that dairy is associated with an increased risk of CVD.

e In light of the challenges posed to the paradigm that SFA is associated with an increased risk
of CVD, there may be the need to rethink current recommendations, in particular in respect
to what SFA should be replaced with in the diet, making it clear replacing SFA with PUFA is
beneficial for cardiovascular health, whereas replacing SFA with carbohydrates is not.
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