EFFICACY OF HIGH -OLEIC CANOLA AND FLA XSEED OILS

FOR CARDIOVASCULAR D ISEASE RISK REDUCTION

by

Leah G. Gillingham

A Thesis submitted to the Faculty of Graduate Studies of
The University of Manitoba

in partialfulfilment of the requirement®of the degree of

DOCTOR OF PHILOSOPHY

Department ofFood and Nutritional Sciences
University of Manitoba

Winnipeg, Manitoba

Copyright © 2012 by Leah G. Gillingham



COPYRIGHT PERMISSION

*kkkk

THE UNIVERSITY OF MANITOBA

FACULTY OF GRADUATE STU DIES

EFFICACY OF HIGH -OLEIC CANOLA AND FLA XSEED OILS FOR
CARDIOVASCULAR DISEA SE RISK REDUCTION
By
Leah G. Gillingham
A Thesis submitted to the Faculty of Graduate Studies
University of Manitoba
In partial fulfillment of the requirements for the degrof

DOCTOR OF PHILOSOPHY

Copyright © July 2012by Leah G. Gillingham

| hereby declare that | am the sole owner of this thesis.

Permission has been granted to the Library of the University of Manitoba to
reproduce this thesis, or any substantial pa thereof, in any material form
whatever, to the National Library of Canada or other institutions for the purpose of
scholarly research

The reproduction or copy of this thesis has been made available by authority of the
copyright owner solely for the pupose of private study and research, and may only
be reproduced and copied as permitted by copyright laws or with express written

authorization from the copyright owner.



ABSTRACT

Considerable interest has focused on the influence of dietary fat quattrdiovascular

di sease (CVD) ri sk. | ncr easi ngtHinolenicaadv e |
(ALA) are being developed and marketed with an aim to improve fatty acid intakes and
reduce CVD risk. The objective of this research was to ilgasthe efficacy ofhigh

oleic canola oil (HOCO) alone, or blended with flaxseed oil (FX©@®@)raditional and
emerging clinical biomarkers of CVD riskn additional aim was to studlye influence

of dietary and genetic factors on metabolisM®6fALA to long-chainPUFA. Using a
dietcontrolled randomized crossover design, thaity hypercholesterolaemic subjects
consumed three isoenergetic diets for 28 days each containing ~36% energy from fat, of
which 70% was provided by HOCO, FXCO, or a Westeetady fat blendWD;

control). Endpoint measures revealed reductids(.001) in serum lipid concentrations,
including a 7.4% and 15.1% decsean LDL-cholesterol afteHOCO and FXCO diets,
regectively, as compared with tN&D control. Moreover, a redtion (P=0.023) in

plasma Eselectinconcentratiorwas found after the FXCO dieompared with the WD
control. Consumptionf thedietary oils failed to alter wholbody fat oxidation or engy
expenditure, nor lead tterations in body composition. FXGfet increasedR<0.001)
plasma ALA 5-fold, EPA ~3fold, and DPA~1.5fold, butdid notmodulate DHA levels
compared with the WD controht 24 and 4&oursthe amount of administeretC-ALA
recovered as plasn2C-EPA and"*C-DPA was lower P<0.001) afer FXCO diet

compared with HOCO and WD diets, suggesting decreased ALA conversion efficiency
with very high intakes of dietary ALA. Ndifferencein plasma'°*C-DHA enrichment

wasobservedacrosgliets. Moreover, minor alleles of selected single nucleotide



polymorphisms in the FADSEADS2 gene cluster were associated with reduced
(P<0.05) plasma fatty acicompositiors andapparent conversioof **C-ALA. However,
increased consumption of ALA in the FXCO diet compensated for llmvelsof EPA in
minor allee homozygotes. Taken together, substitution of dietary fats comnWgb to
with bothHOCOandFXCO representsin effective strategy to target several biomarkers

for CVD risk reduction.
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allele (TT; n=15) after consumption of the Western dietary control and subjects
homozygosi for the minor allele (CC; n4) after consumption of the
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CHAPTER |

OVERALL INTRODUCTION

1.1INTRO DUCTION

The role of dietary fat quality in the propensity t@ardiovascular diseas€YD) risk has
been the focus of considerable interest and dietary intervention stra@mjie®vascular
diseaseencompassing coronary heart disease (CHD), strokethadvascular disease
remains a major cause of death in Canada and the United (&t&)esccounting for 29%
and 3246 of all deaths in 20Q8espectively1,2). Accordingly, professional health
organizatios emphasize dietary fat quality, recommending ibduction osaturated

fatty acids §FA), trans fatty acids (TFA) and cholesterol intadile increasing
monounsaturated fatty acidgll(JFA) and omege polyunsaturated fatty acids-th
PUFA) intakeas part of firstine dietary intervention strategieargeting CVD risk
reduction(3-5). Recently, the US Food and Drug Administration (FDA) has authorized
qualified health claims for conventional foods stating canola oil (6)3PRFA (7)may
reduce the risk of CHD. Consequenitpnsumernwareness regard) dietary fathas
become increasingly sophisticated, recognizing the health detriment of SHAAnd
consumption, whilehifting interest towardthe health attributesf unsaturated fats and
oils, namely i3 PUFAenriched functional food&,9). In respnse to growing consumer
demand, as well as dietary recommendations and foolitefoeegulationg10), the

edible oilseed industry hakevelopethovel modified oils with nutritionally superior fatty
acid profiles, containing little or no TFA, reduced Sk¥hile high in MUFA and 8

PUFA (11-13). High-oleic canola oil represents a novel dietary oil with enhanced



stability, and thus cabe used as a substitute for SFead TFArich dietary oils for

numerous food applications, including frying, baking, aleshéing with other fatg11).
Furthermore, flaxseed oil, containing the highest dietary souraipladlinolenic acid

(ALA), has generated substantial interest for use3riPUFA functional food

applications targeting cardiovascular heg@fi2) AsCarada i s currentl y
largest crop producer of canola and flaxseed (14), enhanced demand for dietary oils
produced from these crops may significantly benefit the Canadian economy (E5y16).
these reasons, substantiating the cardioproteetfeess of consumption of dietary oils

rich in MUFA and ALA provides crucial knowledge to the edible oil and food industry,

dietary regulatory organizatisnand ultimately enhances populatiealthand wellness.

Themarine derivedmega3 fatty acids eicosamtaenoic acid (EPAypocosapentaenoic
acid (DPA),and docosahexaenoic acid (DHA) have received substarigatisic and
public interest fothe prevention of CVD risk, however, the specific function of ALA
remains a matter of debate. While dyslipidemia primary risk factor in predicting
CVD events and a major target of dietary interven(®nthe lipid-lowering potential of
ALA has been recently challengéti?). In spite of this, approximately half of all
cardiovascular events occur in people witimal cholesterol levels, and 20% of all
events occur in people with no major risk factd®). It has been demonstrated tat
reactive proteinQRP) levels, when added to the traditional ways of measuring risk,
provide a betterssessment than serumitis aloneof detecting who is a highisk patient
(19). Thus, increasing interest in the unique health attributes of ALA, especially related to

the vascular endothelium, has stimulated research into examining the effects of ALA on

t



novel biomarkers of inlmmation and endothelial cell functi¢20-23). However, results

from intervention studies investigating the effects of flaxseed oil on inflammatory
biomarkers and adhesion molecules are inconsistent and suggest that high intakes of ALA
from flaxseed oil my be most effectiv€24). Taken together, additional human

intervention studies are needed to further substantiate the cardioprotéfettt® & ALA

and elucidatg@otential mechanisms of action.

The low prevalence of chronic diseas populations comsning MUFA:rich

Mediterranean diet&5) has stimulated research into thesfe health attributes of

MUFA (26). With the aimof redudng SFA intakes in Western diets, questions remain as
to the optimal dietary replacement, comparing MUFA to PUFA. Evidérom human
intervention studies suggests that MUFA have slightly less or similar hypolipidemic
effects compared with PUFA, while preventing reductions in Hbalesterol level§26-

28). However, it has alsoglen suggested that not all MUK&h oils hae the same lipid
lowering effect, as canola oil and higkeic sunflower oil are demonstrated to be more
effective than olive 0i(29). With respect to emerging biomarkers of CVD risk, few
human intervention studies hawwestigated the effect of MUFRACch oils on CRP,
inflammatory llomarkers and adhesion molecule concentratidherefore, the
independent effects of MUFAch diets as a substitute for dietary SFA on traditional and

emerging risk factors for CVD deserve further investigation.

In additionto modulation of blood lipids and systemic inflammation, abdominal obesity

remains a critical topic in public health agendas as an underlying risk factor for metabolic



syndrome and CVD risk. Recent evidence suggests that dietary fat quality influences
wheter it will be channééd towards fat oxidation or storage, contributing to weight
balance and obesity rigB0-33). Unsaturated fatty acide@mpared to SFA have an
increased contribution of fat oxidation to the thermic effect of food suggesting that
dietay oils with a higher PUFA and MUFA to SFeontentare associated with increased
levels of wholebodyfat oxidation(31-36). However, the selective oxidation of-18
carbon fatty acids is less clear. ALA seems to be higkigized, at similar rates as atei
(OA), whereas linoleic acid (LAAnd stearic acid are less oxidized and apjzebe
conserved37,38) Thus, plant oils rich in MUFA and ALA, particularly higheic

canola and flaxseed oil, respectively, may be oxidized more rapidly versus stored than
conventional oils rich in SFA or LA, ultimately affecting fat deposition and body

composition, factors underlying cardiovascular health.

Recently, low blood levels of EPA, DPA, and DHAvR&een recognized as independent
and modifiable risk facterfor primary and secondary CVD rig89-41). Thereforejt

has been suggested that the primary biological role of ALA is as a substrate for the
synthesis of EPA, DPAand DHA, but the efficiency afonversion to these longhain

(LC) PUFA is low(42,43) Furthernore, ALA conversion may be influenced bietary
factors, including absolute amount of ALA in the diet, as well as dietary fatty acid
composition(44,45) The desaturation of ALA tbtCPUFA is mediated through two key
enzymes, delté qpdesaturase arg 6desaturasél?). Recent studies suggest that
plasma and tissue concentrations -@& and R3 PUFA are strongly associated with

several common single nucleotide polymorphisms (SNP) ifatheacid desaturase



(FADS)1 and FADSZ2 geneluster, encoding foip 5desaturase argh 6desaturase,
respectively(46-48). Therefore, investigating dietary strategies and FADS genetic
variants that augment ALA conversiaill provide insight into the mechanisms behind
the cardioprotective effects ofLA and identify those individuals for which ALA

consumption would provide the most benefit.

1.2 RATIONALE

Canola and flaxseed oils are consatbd h elegda |l t hy 6 provi ding a nut
fatty acid profile, rich in MUFA and ALArespectively, wike low in SFA Giventhe

imbalance of dietary fat intakes and the rising prevalence of CVD morbidity and

mortality in Western populations, dietary recommendations emphasize the replacement of
SFAIn the diet with unsaturated fatty acids to target tra@ii@and emerging risk factors

for CVD. Although 3 PUFAhave been showto be cardioprotective, there remains
confusion surrounding the specific health attributes of ALA and the optimal daily dose
required to favourably modulate circulating lipids, inflaatory biomarkers and

endothelial functionTherefore, examining the independentltielaenefits of dietary

ALA, as well asthe genetic and dietary factors that modulate ALA conversion is
paramount to strengthening the role of ALA in CVD prevention. Furibes, to date no

human intervention studies have specifically investigated the effects ebleighcanola

oil on risk factors for CVD, including blood lipids, inflammatory biomarkers, and body
composition. As higloleic canola oil is being incorporatado the food supply, it is

imperative that the efficacy and safety of this novel oil is assess$lee aontext of

human health. Similarly, consideridd A -rich flaxseed oil is not a commonly consumed



oil, blending flaxseed oil with higbleic canola oils of interest to enhance ALA intakes

in the Western diet.

Using a rigorous dietontrolled human intervention trial design, the primary focus of this
research is to delineate the efficacy of the unique fatty acid profiles of botlolkigh

canola oil ad a flaxseed/higleleic canola oil blend on serum lipid levels, markers of
endothelial inflammation and atherogenesis, wiady energy expenditusnd

substrate utilizationas well as body composition. These experimental dietary oils will be
specificaly compared with a typical Western dietary fat control arm. Furthermore, a
secondary focus is to elucidate the dietary and genetic factors that regulate ALA
metabolism. This research will investigate ALA conversion efficiency to, EHHA and

DHA, changesn plasma fatty acid composition and the association with common genetic
variants in the FADS1 and FADS2 gene cluster in response to compositional changes to
dietary fat provided by the experimental oils. Tugputof this research is fundamental

in advaning our knowledge of the specific cardiovascular benefits of dietary ALA and

MUFA provided by flaxseed and highleic canola oils.

1.3 OBJECTIVES
The present research has 4 specific objectives:
1. Investigatehe efficacy of higkoleic canola oil and a flargd/higholeic canola
oil blend on traditional and emerging risk factors for CVD, including circulating
lipid and glucose concentrations, inflammatory biomarkers, as well asintima

media thickness.



2. Determine whether highleic canola oil and a flaxseed/higleic canola oil
blend modulate resting metabolic rate, postprandial energy expenditure, thermic
effect of food, substrate oxidatioand body composition.

3. Evaluate thepparent conversion of ALA to LCPUFA and betadationof ALA
using stable isotopesdcers as well agjuantifychanges in lasma fatty acid
compositionin response to enhanced ALA consumption from tabgic canola
oil and a flaxseed/highleic canola oil blend.

4. Examine the associations betwéddPin FADS1, FADS2, and ELOVL2 with
serumlipids, inflammatory biomarkers, plasma fatty acid profiles, and ALA
conversion efficiency in response to enhanced ALA consumption fronaotegt

canola oil and a flaxseed/higieic canola oil blend.

1.4 HYPOTHESES
The hypotheses to be tested include:
1. Substitution of fats commonly consumed in the Western diet with-bligic
canola oil and the flaxseed/higieic canola oil blend will reduce serum lipid
concentrations, biomarkers of inflammati@andother endpoint measures of CVD
risk.
2. Due to the incresed unsaturated fatty acid content of hajgic canola oil and the
flaxseed/higkoleic canola oil blend, consumption of these oils will channel fatty
acids towards oxidation versus storage, enhancing energy expenditure and

promoting weight maintenance.



3. Increasdietary ALA intake from consumption of highleic canola oil and the
flaxseed/higkoleic canola oil blend will increase plasma totedd RUFA
composition, as well asnhanceapparentonversiorof ALA to LCPUFA.

4. Dietary ALA intake from consumptiorf dnigh-oleic canola oil and the
flaxseed/higkoleic canola oil blend will interact with FADS1 and FADS2
polymorphisms to affect serum lipids, inflammatory biomarkers, plasma fatty acid

profiles, andapparentonversiorof ALA to LCPUFA.

The following literature review will critically assess the existing body of evidence
surrounding the efficacy of dietary ALA and MUFA for the reduction of CVD risk. The
first manuscripexamines ALA in the current diet, the metabolic fate of dietary ALA, and
the effects oALA on CVD risk factors from human studies. The secorahuscript
presents a detailed investigation of the effects of dietary MUFA on metabolic disorders
culminatingin CVD morbidity and mortality. Thereafter, the research addressing each
specific objectre will be presented providing insight into the efficacy of hidgic

canola oil and the flaxseed/higieic canola oil blend for CVD risk reduction.
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CHAPTER Il

MANUSCRIPT 1: LITERATURE REVIEW

Subsection 2.2 and 2.3 are excer p3tFattyfrom t
Aci ds i n t hieprddsufonpublicabon byt 0

Nova Science Publishers, I(&ppendix V)

DIETARY ALPHA -LINOLENIC ACID; METABOLISM AND

CARDIOVASCULAR HEALTH

2.1 INTRODUCTION

In recent yeas; considerable scientific and public interest has centred on the
cardiovascular benefits oimega3 polyunsaturated fatty acids-@1PUFA).While
consumption of marine derived eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA) have been substantiated in the preventiocaofiovascular diseas€YD) risk,

the specific function of plant derived alphaolenic acid (ALA) remains a matter of
debate. Research proposes that ALA may target CVD risk reduction by reducing blood
lipids, inflammation, arrythmias, as well as improving platelet function, arterial
compliance and endothelial cell functifir). However, t has been suggested that the
maincardioprotective role of ALAemainsas a precursor for EPA and DHWhile

DHA represerd the primary #8 PUFA in tissue membranes and plays a critical role in
human health and developmé&R}, ALA is the primaryn-3 PUFA in modern day diets

and is classified as the essentidd RUFA. Therefore, the purpose of the following

13



review is to examine ALA in the current diet, the metabolic fate of dietary ALA, genetic
variants that regulate ALA metabolism, and the effeftALA on CVD risk factors from

human studies, namely blood lipids and inflammatory biomarkers.

2.2DIETARY ALPHA -LINOLEIC ACID; CURRE NT AND RECOMMENDED
INTAKES

In recent years, much interest has focused on population intakesPEHFAIN relation

to dietary recommendations. Based on data from the National Health and Nutrition
Examination Survey (NHANES) 20e2008 in the United Stat€slS), PUFA intakes are
~7% of energy(3). More specifically, mean PUFA intakes of men are 19.8 g/day and of
women are 4.8 g/day. Alphéinolenic acid(18:3n3) accounts for ~9% of total PUFA
energy, with an average intake of 1.7 g/day by men and 1.3 g/day by wome (7#h6

of energy intakes). Conversely, linoleic acid (LA; 18&)ris the predominate PUFA in

the diet catributing~88% of total PUFA energy or 17.5 g/day by men and 13.1 g/day by
women (~67% of energy intakes). Lonaghain (LC) PUFA contribute minimigi to

dietary fat intake. Less than 1% of energy is derived fE5A (20:5n3),

docosapentaenoic acid (DP22:5n3), andDHA (22:6n3) combined intakes, with an
average intake of 0.17 g/day by men and 0.11 g/day by women. Consequently, the ratio
of n-6/n-3 PUFA in the current US diet is approximately 9.2:1, however, this may be as

high as 2025:1 in some indinduals(4,5).

I n 2002, the US Institute of Medicineds (I

Health Canada, established an Adequate Intake (Al, an intake level necessary to achieve

14



nutritional adequacy and prevent deficiency symptoms) for ALA ag/dldy for adult

(aged 1950 y) women and 1.6 g/day for adult m@h Furthermore, an Acceptable
Macronutrient Distribution Range (AMDR, a range of intakes for a particular energy
source that is associated with reduced risk of chronic disease whileipgoattequate
intakes of essential nuemts) was set for ALA as 0.6.2% of energy. Additionally, up to
10% of the Al for ALA can be provided by EPA and/or DHA. Similar to ALA, an Al was
establishedor LA as 12 g/day for adult women and 17 g/day farltashen and an

AMDR set at $10% of energy for LA. With respect to guidelines for pregnancy and/or
lactation, an Al has been established as 1.4 g/day and 1.3 g/day of ALA during pregnancy
and lactation, respectively. More specifically, due to the importaihbéié in brain,

retinal and cognitive development, several professional organizations recommend
maternal intake of at least 200 mg/day of DHA Recent interest has centred on dietary
guidelines for EPA and DHA specifically. Current recommendationsttaggeto 1000
mg/day of EPA+DHA(8,9). Fewgovernment and health organizations have outlined
recommendations for an optimabim-3 PUFA ratio.In 1995, the World Health
Organization/Food and Agriculture Organization (WHO/FAQ) joint committee
recommended matio between 5:1 and 10(10), recommendations supported by Health

Canada and the I0N6,11)

Considering dietary sources, the American Heart Association (AHA), as well as the 2010
Dietary Guidelines for American state that the general populationdshonsume at least
two servings (~8 oz) of fish/seafood per week, emphasizing a variety of fatty fish,

including mackerel, salmon, and herrif839). These recommendations target s&yda
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intake of 250 mg/day of EPAXHA for coronary heart disease (CHD) rigduction.
Furthermore, the AHA recommends the inclusion of Ali¢h vegetable oiland foods
including flaxseeail, soybearoil and canola ojlas well aglaxseed and walnuts. For
patients with documented CHD, the AHA recommends ~1 g/day of EPA+DHike w
patients with hypertrigceridemia should consumé&4£2g/day of EPA+DHA. Beyond
dietary sources, provision of fish oil supplements, under the guidance of a physician, may
be necessary to meet these recommendations. The AHA Dietary Guidelines support th
US Food and Drug Administration (FDA) ruling that dietary intakes of up to 3 g/day of
EPA+DHA are generallyecognized as safe (GRA®Tr the population, including

patients with diabetes, bleeding tendencies, and elevateechBlesterol12). Of

relevarce, the IOM and other professional organizations suggest that intakes of ALA
above the recommended Al (i.e. > 1.5 g/day) may result in additional health attributes,

specifically cardiovascular benef(is,13).

2.3DIETARY SOURCES OF ALPHA -LINOLENIC ACID

Contrary to the abundance o6nlPUFA in the current food supplys3hPUFA are rich in

only a limited amount of available foods. ALA is found in plant foods, specifically seeds,
nuts, and legumes and concentrated in the chloroplasts of green leafy vegéiiahles
particularly rich in flaxseed, walnuts, soybean and their oils, as welhatac@apeseed)

oil, butternutsand chia seeds. Although flaxseed oil represents the richest source of ALA
(7.258 gl/tbsp)it is not commonly consumeg®) compared wittsoybean oil (0.923

g/tbsp) and canola oil (1.279 g/tbgp)). Purslane, a wild leafy vegetable common in the

Eastern Mediterranean diet, containsi3@mg/100g servinfl5). The ALA content of
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plants can also be influenced by growing region, variegs@eand climate. For

example, considering seasonal variations the average ALA content of flaxseed oil ranged
from 52.6% in 2007 to 58.8% in 20{06). Moreover, theALA content of Western

Canadian flaxseed oil can vary substantially based on regionnasthigeports from

2010 indicate that the ALA content of flaxseed oil from Manitoba, Saskatchewan, and
Alberta were 57.1%, 59.3%, and 63.4%, respectividple 2.1outlines the ALA

content of commonly consumed foods and amounts needed to meet current

recanmendations.

Table 2.1 Alphalinolenic acidcomposition of selected oils, nuts, and seeds and
amouns needed to meetaquate intakesf adult women and men.
Amount needed to Amount needed tc
meet Al for women meet Al br men

Dietary source ALA (1.1 g ALA/day) (1.6 g ALA/day)
g/tbsp tbsp tbsp
Ol
Flaxseed (linseed) oil 7.258 0.15 0.22
Walnut oil 1.414 0.78 1.13
Canola (rapeseed) oll 1.279 0.86 1.25
Soybean oil 0.923 1.19 1.73
High-oleic canola oil 0.308 3.57 5.19
Rice bran oll 0.218 5.05 7.34
Olive oll 0.103 10.68 15.53
Palm oil 0.027 40.74 59.26
Nuts
Walnuts, English 2.574 0.43 0.62
Butternuts 2.472 0.44 0.65
Walnuts, black 0.156 7.05 10.26
Seeds
Flaxseeds, whole 2.350 0.47 0.68
Chia seeds 1.819 0.60 0.88
Flaxseeds, ground (7 g)* 1.597 0.69 1.00
Pumpkin seeds 0.034 32.25 47.06

Estimated data obtained from US Department of Agriculture National Nutrient
Database for Standard Reference, Release 24; 1 tbsp oil = ~13.6 g; 1 tbsp nuts -
g; 1 tbspseeds = ~10.8 (unless otherwise noted*ALA, alphalinolenic acid; Al,
adequate intake.
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2.4POLYUNSATURATED FATT Y ACID BIOCHEMISTRY , ESSENTIALITY

AND ENDOGENOUS STATUS

Polyunsaturated fatty acids, containing two or more double bonds along thedetigth
hydrocarbon chain, are classified as eith&rar n6 PUFA by the location of the first
double bond relative to the terminal methyl end of the carbon chlbi.is the parentn

3 PUFA containing 3 double bonds with the first double bond locatie #hird carbon
relative to the methyl end of the-t&rbon chain. On the other hand, LA is the parefit n
PUFA. Both ALA and LA are termed essential fatty acids because humans lackizhe del
( p)-4 bd -dpshtrase enzymesquired for insertion of aadible bond at the-8 or
n-6 position,respectivelyIn 1929, Burr and Burr first identified the nutritional
essentiality oL A, and later ALA, as clinical symptoms of impaired growth and
reproduction, scaly skin, tail necrosis and increased mortalitganiwng rats were
reversed by the addition of either LA or ALA to the di&f,18) It was not until 1982
that Holman and colleagues specifically recognized ALA defagien a 6year old girl,
associated with low serum ALA concentrations and severe ogical abnormalities

(19,20)

As parent essential fatty acids, ALA and LA can be metabolized toltGEIUFA

derivatives through a series of desaturation and elongation steps; EPA and DHA can be
synthesized from ALA, while arachidonic acid (AA; 20:8can be synthesized from

LA (21). Although the LEUFA are not considered essential, much debate exists as to
whether endogenous synthesis of EPA and DHA from ALA is adequate to support

growth, physiological needs, and disease risk redu¢#py23) Despitesimilar intestinal
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absorption efficiencyor n-6 and R3 PUFA exceedin§6% (24), plasma and cell
membrane concentration o3 PUFA is low as compared with@PUFA reflecting an
abundance of4#6 PUFA in the diet compared withhPUFA(25,26) Moreover with
respect to ¥8 PUFA, phospholipids of human mononuclear cells, plasma and
erythrocyte, as well as brain, heart, and liver tissue predominately contain DHA, whereas
cell and tissue concentration of EPA is limited and ALA is negligible. For example,
plasma phospholipids contai®.1% of total fatty acids of ALA, whereashLCPUFA
concentrations comprisé.8% EPA and-3% DHA. On the other hand, theenPUFA
concentrations in plasma phospholipids are substantially higher22&b LA, and

~11% AA (26). Structurally, PUFA are incorporated into triglyceridésG),
phospholipids, and cholesteryl esters of cell and tissue memi{eaeslore

specifically, PUFAs are incorporated into gre2 position of tle major membrane
phospholipids, includinghosphatlylcholine (PC), phosphatidylethanolamine (PE), and
phosphatidylinositol (P1). PUFAs play &al role in cellular membranesjaintaining
fluidity, protein and cellular functions, as welliafluencing gene expression and cell
signdling (28). However, tinctionally, some of the most potent effects of PUFAs are
associated with the biosynthesis of eicosanoids from AA and EPA and docosanoids from
DHA, regulating and resolving the systemic inflammatory resp(i2&29) Considering
low plasma and tissue legabf ALA, yet the link between dietary ALA and reduced risk
for CVD, the metabolic fate of dieta®BLA has been extensively investigated. The major
metabolic fates of ALA include: 1biosynthesis of 18 LCPUFA, 2)hepaticbeta b)-

oxidation, 3)carbon recgling for de novdipogenesis, and 4jssue storage.
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2.5METABOLISM OF POLYUN SATURATED FATTY ACID S

2.5.1 The Desaturation and Elongationathway

The conversion of ALA to 43 LCPUFA is the metabolic pathway that has received much
attention and clinicahvestigation The predominate site of ALA desaturation and
elongation occurs in the liver, however, also occurs to a lesser extent in other tissues,
including the brain and heg0-32). The majority of the LCPUFA biosynthesis pathway
takes place in the dopplasmic reticulum with ALA and LA utilizing, and thus,

competing for the same desaturation and elongatiaymesKigure 2.1). Similarly,
conversion of oleic acid (OA; 18:19) to mead acid (20:38) shares the same

desaturation and elongation enzyrag#\LA and LA (33) (Figure 2.1). However OA is

not considered essential asitcanbelsyits i zed endogedesatwsation f r om
(stearoydCoA desaturase) of stearic acid (STA; 18:0). The desaturation and elongation
steps primarily alternate, with desaturation being a slower reaction than chain elongation
(34,35) Furthermore, the desaise enzymes have an affinity ordene8 PUFA > n6

PUFA > n9 PUFA Albeit a higher affinity for B3 PUFA, the abundance of LA in the
Western diet (e.g. corn, safflower, soybean, and sunflower oils) compared with limited
dietary sources of ALA (e.g. tk@eed, canola, and soybean oil, and nuts) significantly
impedes the metabolism of ALA. Of importance, accumulation of mead acid is a sign of
ALA or LA deficiency due to the preferential affinity of the desaturase enzymes for ALA

and LA (36).

The first reationin the conversion pathwag the desaturation of ALA to stearidonic

acid (SDA,; 18:4r3) or LA to gammadinolenic acid GLA; 18:3n6) via the ratdimiting
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e n z y meesatpaséd7,38)(Figure 2.).Ne x t , el ongesdturabon and @5
converts SDA t&PA and GLA to AA. Alternatively, LA can undergo chain elongation

to eicosadienoic acid (EDA; 20:261) , -desp8iration (FADS2) to dihorgamma

linolenic acid (DGLA; 20:3r6 ) ,  adesdturaién to form AA. In parallel, ALA can

be chain elongated toagisatrienoic ad (ETE; 20:3R3 ) , -desp8iratiorio

eicosatetraenoic acid (ETA; 20:8n) adesaturapesl to form EPA. Ultimately, AA

is the major 6 PUFA end product of LA that gets incorporated intostt2 position of

cell membrane phospholipidSonversely, EPA is quantitatively a minor fatty acid in

tissue membranes and undergoes further elongation to DPA. Controversy has surrounded
the conversion of DPA to DHA. It has been suggested that two cloaigagion steps

Ssepar at eddsatratiomeas thegdnechanism of DHA syntheg3®). However,
studiesbyVosset al . (1991) -desaturdse attivity o ravlives er ve @4
microsomes and have identified the Sprecher pathway as the primary metabolic route
producing DHA(40). In this pathway, DR is elongated t@4:5n3 and then utilizes the

(p 6desaturasenzyme to form 24:68. Next, 24:613 is translocated to the peroxisome

and p a-oxdizead koIDMA. Btructually, DHA is the predominat& ®?UFA that is
esterified into tissue membrane ppbslipids. It has been hypothesized that ipldtuse

of theratel i mi t-desaturasp&nzyme for the conversion of ALA to SDA and 24:5n
3to246R3 may | eaeée etck 0a ifnb athtel emet abol i ¢ pat hw:
decreased in the synthesis of DI#,42) Another possible ratémiting step may be

related to the compartmental translocation of 2&86rom the endoplasmic reticulum to

the peroxisome. Both hypotheses demand further investigation.
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Figure 2.1: The omege, omegab, and omegd fatty acid metabolic pathways.
ELOVL, elongation of very long chain fatty asiénzyme; FADS, fatty acid desaturase
LT, leukotriene; PG, prostaglandi8CD, stearoylCoA desaturase; X, thromboxane.

2.5.2 AlphaLinolenic Acid Conversion to LongChain Polyunsaturated Fatty Acids;

Results from Dietary Supplementation Studies iuiMans

While DHA remains the primary-8 PUFA in plasma and tissue membranes, ALA is the

primary n3 PUFA in the Western diet. Therefore, several human intervention studies

have investigted the extent to which dietary ALA can modulate plaantgtissue levels

of LCPUFA(35,43) Flaxseed oil, as well as conventional canola oil, contain high levels

of ALA and are typically used in supplementation trials to increased daily intakes of

ALA (up to 40 g/day) for an extended duration of time (up to 42 weeks). The consensus
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of supplementation trials reveals a direct linear increase in plasma and tissue levels of
EPA with increasing ALAntakes Figure 2.2). Morespecifically, daily intake of ALA
exceeding 4.5 g for a minimum of 4 weeks resulted in an elevated phospholipid
concentation of EPA ranging from 3250%(44-48). Studies have also observed an
increase in plasma and tissue levels of DPA, although to a lesser extent than elevations in
EPA levels, after a range of dietary supplementation with ALA. However, the majority of
dietary ALA intervention studies fail to effectively modulate plasma and tissue levels of

DHA (35,43)(Figure 2.2).
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Figure 2.2: The effect of dietarglphalinolenic acid(ALA) supplementation on the
percent change in the proportionedtosapentaenoic acfiPA) anddocosahexaenoic
acid(DHA) in plasma total or ptepholipids from baseline. Eadata point represents
the mean value for an individual study. Data adapted Boenna et a2009) (43)

Differences in background diet and subject characteristics have been reported to

influence the metabolism of ALA to LCPUFA. One of thest studied dietary factors
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influencingsynthesis and membrane incorporation-8f InkCPUFAIs the absolute

amount of dietary. A, as well as the dietary LALA ratio. Conclusiois from a report
published by the International Society for the Study of Fatty Acids and Lipids (ISSFAL)
working groupemphasize that a reduction in LA intake in comboratvith an increase

in -3 LCPUFA intake is the most effective way to improv@ hCPUFA tissue

concentrations4@3).

Sexspecific difference may affect biosynthesis of LCPUFA, as DHA composition of
plasma phospholipids have been shown to be higher irewahan in mei49). Giltay et
al. (2004) observed a 15% increase in DHA status in women compared witbOhen
Furthermore, administration of oral estradiol increased DHA status by 42%, while
testosterone decreased DHA status by 22%. It is proposessthagen may upregulate
ALA metabolism to DHA, and thus, increase maternal DHA status particularly during
pregnancy due to the greater demand of DHA for fetal neurological develo(5aérR).
Furthermore, age may be a factor in metabolic efficiency astsexhibit increased
conversion of ALA to LCPUFA, including DHA53,54) Clark et al. (1992) observed a
105% increase in EPA and 38% increase in DHA composition of erythrocytes in infants
fed formulas with a 3.4% versus 0.7% of total fatty acids of AR®). However,
differences in adult age (.89 versus 4869 years) may not influence metabolism of

ALA to EPA or DHA (56).

2.5.3 AlphaLinolenic Acid Conversion to LongChain Polyunsaturated Fatty Acids;
Results from Stable Isotope Tracetuslies in Humans

Stable isotope tracer studgsults support findings from dietany3 PUFA
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supplementation studies. Although both methods indirectly estimate hepatic ALA
conversion to 8 LCPUFA in humans, the use of stable isotopes, either deutasium
¥%C-labeled, mee accurately traces the metabolic fate of ALA and incorporation of the
isotope into different pools of interg&i7,58) Consensus of stable isotope studies using
uniformly labelled"*C-ALA report enzymatic conversiaranging from 0.28% to EPA

and lessttan 0.054% to DHA(57-64) (Table 2.2. However, one study observed 21%
conversion to EPA and 9% conversion to DHA in healthy young wdB®nUsing
deuterateeALA ethyl ester and a physiological compartmental model design, Pawlosky
et al. (2001) reportethe conversion of plasma ALA to EPA was only about 0.2%, while
conversion of EPA to DPA was 63%, and DPA to DHA was §3% Moreover, the
conversion efficiency of ALA to DHA was only 0.05%, and EPA to DHA was about
23%. These resulsuggest thahe rde-limiting step of conversion is from ALA to EPA.
Finally, stable isotope studies also support enhanced biosynthesis of DHA in women

compared with me(61,65)

Recently, Goyens et al. (2006) demonstrated that conversié@-&iLA in humans is
influencedby the absolute amounts of ALA and LA in the diet, rather than the dietary
ratio of LA/ALA (66). At a constant dietary LA/ALA ratio of 7:1, decreasing LA
consumption resulted in an increasé’a-ALA converted ta-*C-EPA, howeverdid not
modulate propdions of *C-DHA. Furthermore, some studié30,67) but not all(62)

have suggested that ALA conversion to LCPUFA is downregulated with increased intake
of dietary ALA. Moreover, Burdge et al. (2003) observed a decrease in ALA conversion

to EPA by 2fold and to DPA by 4old with a high EPA+DHA diet as compared with
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Table 2.2 Estimatedconversion and betaxidation of alphdinolenic acid using stable isotope tracers in humans.

Conversion to Oxidation
ALA
Isotope Blood ¥co,
Reference Subjects Dose Diet Fraction EPA DPA DHA (duration)
Emken etal. Healthy [°H] 159 LA + 2g ALA TL 8% 4.2% 4.0% --
(1994)(59) males (n=7) 35Mmg  30g LA +1gALA TL 3.4% 2.6% 3.6% -
Vermunt et al. Healthy [U-°C] 41gLA+2gALA TL 0.12mg 0.05mg 0.01mg 16% (12 h)
(2000)(60) subjects 45mg 459 LA + 4.3 ALA 0.04mg 0.02mg 0.005mg 20% (12 h)
(n=13)
Pawlosky et  Healthy [2H] 5gLA+0.7gALA TL 0.2% 0.13 0.05 -
al. (2001)(57) males (n=8) 1000mg
Burdge etal. Healthy [U-13C] 8gLA + 1g ALA TAG + 7.9% 8.1% ND 33% (24 h)
(2002)(61) males (n=6) 700mg NEFA + PC
Burdge & Healthy [U-°C] 8g LA + 1g ALA TAG+PC+  21.1% 5.9% 9.2%  22% (24 h)
Wootton females (n=6) 700mg NEFA + CE
(2002)(65)
Burdge etal. Healthy [U-*°C] 17g LA + 2gALA  TAG + 2.8% 1.2% 0.04%  34% (24 h)
(2003)(62) males (n=14) 700 mg NEFA + PC
McCloy et al. Healthy [U-°C] 0.8gLA + 0.2g ALA PL + CE + 1.5% 0.6% 0.3%  19% (9 h)
(2004)(58) females (n=6) 47mg (test meal) TG + NEFA 71% (168 h)
Goyens etal. Healthy [U-1°C] 7%enLA+0.4% PL 6.9% -- 0.07% --
(2005)(63) subjects 30 +20mg ALA (1 gALA)
(n=29)

Hussein et al. Hyperlipidem [U-'°C] 9g LA +19g ALA  TL 0.03% 0.02%  <0.01 --
(2005)(64) ic subjects  400mg

(n=38)

ALA, alphalinolenic acid; CE, cholesterol esters; DHPgcosahexaenomcid; DPA docosapentaenoic acid; EPA, eicosapentaenc
acid; LA, linoleic acidND, not detectedNEFA, nonesterified fatty acids; PC, phosphatidylcholine; PL, phosphaigidG,

triglyceride; TL, total lipidsU-, uniformly labeled:-, not reported.
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baselire conversion rates, howeyepnversion to DHA was noffacted(62). Animal

studies demonstrate that liver synthesis of DHA is upregulated when die@aPYRA

content is reduce(b8). These findings further support the hypothesis of a cyclical

pathway @ i | i z i -degatutakedwiceif the biosynthesis of DHA from AUR,69)

With ALAand 24:5R3, as wel | as L Adesaurasepreymemghp f or t |
dietary intakes of ALA and LA may inhibit24:8% as a s u{desaturatiane f or
and ultimaté/, DHA synthesis. Questions remain as to the ideal intake of ALA and LA

to maximize conversion efficienof ALA to LCPUFAIn humans.

2.5.4 BetaOxidation and Other Metabolc Fates ofAlpha-Linolenic Acid

Although conversion of ALAto+8 LCPUFAreceive s ub st an tokidationi nt er e s
has been determinesthe major metabolic fate of dietary AL{A8) (Figure 2.3). Stable

i sotope tracer s iouddtioreotdietary ALA imarteasurihggheat i ¢ b
proportion of**C-ALA recovered in breath sangs as>CO,. Resuls report a range from

16i34% of °C-AL A i s p ar -bxidationoveesdmpfing duratisiof 9i 48 hours

(Table 2.2 (58,6062,65) However, it has been proposed that resultS®A L A- b

oxidized may be underestimated by about 3@ mw'*CO, trapping in bicarbonate

pools(24,70) Usi ng a |l onger sampling period, McC
oxidation was the primary metabolic route of dietary ALA observing ~71% of
administered®C-ALA was recovered in breath &0, over 168 hourg58). Similar to

variations in conversion rates, gender may contribute to difference in metabolism, as
higher'*C-A L A-oxidation rates have been observed in males (33% of administered

dose) than in females (22% of administered d@Ep5) Adec r ease -in ALA D

27



oxidation in £males could therefore resultrirore substrate available for conversion to
LCPUFA (24). As compared with other 1&rbon fatty acids, ALA undergoes increased
oxidation(58,71) Over 9 hours, cumulativE’C recovery in breattevealed an oxidation
order ofALA (18:3) > elaidatet(ansl8:1) >OA (cis18:1) >LA (18:2) >STA (18:0)

(71). The preferential oxidation of ALA may be associated with increased affinity for
carnitine palmitoyltransferask(72), mediating the transport CPUFA across the
mitochondrial membrane in the liver and regulating fatty acid oxidation. Of interest,
varying the amount of dietary ALA or LCPUFA fails to alter the amourif@{ALA
recovered a¥C0, (60,62) s u g g e saxidatiog is telhtigely stéble in response to
changes in dietary ALA. In addition, studies using indirect calorimetry and the
respiratory quotient to examine dietary lipid metabolism have reported an increase in
whole-body fat oxidationas well as increased thermic effect of food, after consumption

of diets with a higher PUFA/SFA rat{@3,74)

D u r i -oxglatién of ALA in the mitochondria, carbon units generated in the form of
acetylCoA can be recycled and used to synthesize fattsde novaFigure 2.3).

Using stable isotope tracers, Burdge et al. (2003) observed recycling of carbon liberated
f r o-pxidétion of *C-ALA in humans over a 2#lay period75). **C-labelled SFA and
MUFA were identified in plasma PC and TAG at 24 hquostdose through 21 days of
measure. Of interestC-labelled SFA and MUFA was 20% higher in men than in

women, coinciding with increasétC-A L A-oxidation rates in men than in women

(61,65) These findingo f r e d u coxidatioA &nd cafibon recyoh in women

further support the hypothesis of an increased availability of ALA for conversion to
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LCPUFA in women than in mef24).
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Figure 2.3 Main metabolic fates of alpHanolenic acid: (1) Conversion to loraghain
polyunsaturated fatty acids ihag endoplasmic reticulum and peroxisome via Sprecher
p at h wayxidatibrzin the mitochondria, (3) Carbon recyclingdernovdatty acid
synthesis, (4) Storage in tissue membrane. ALA, aliplidenic acid; DHA,
docosahexaenoi cdeatudas b Diapsatrade;tDRA, 6 a 6
docosapentaenoic acil. OVL, elongation of very long chain fatty asiénzymeEPA,
eicosapentaenoic aciBADS, fatty acid desaturas8DA, stearidonic acid.
S e ¢ o n-dxidation, shorage of ALA in adipose tissugccounts for a main metabolic
disposal route of dietary ALAE8) (Figure 2.3). McCloy et al. (2004) reported between

21 11% of *C-ALA accumulated in abdominal fat 6 hours pdste, which decreased to

0.6/ 8% by 168 hours postose(58). Extrapolating tese measures to the fat content of
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the wholebody, the authors estimated that betweisi’4 of *C-ALA was incorporated

into wholebody adipose tissugver168 hours. The main function of adipose tissue is the
storage of lipids and mobilization of fattyids during increased energy demands of the
body. Therefore, adipose tissue storage of ALA may be an important metabolic fate, as
ALA is the primary R3 PUFA in adipose tissue, comprising approximatel%.6veight
(76). On the contrary EPA, DPA and DHA grdccount for apmximately 0.01, 0.17,

and 0.106 weight of adipose tissue, respectively. Accumulation of ALA in skin may also
contribute to the disposal of ALA. Almost half of administetf&+ALA was found in

the skin and fur of guinea pigs 48 hours ps$e(77), however, whether these findings

extrapolate to humans has yet to be determined.

2.6 THE EFFECTS OF FADS1AND FADS2 POLYMORPHI SMS ON ALPHA-
LINOLENIC ACID METAB OLISM AND LONG -CHAIN POLYUNSATURATE D
STATUS IN HUMANS

The cloning of human desatueasDNA in 1999 has provided great insight into the
molecular regulation of fatty acid desaturase 1 (FADS1) and fatty acid desaturase 2
(FADS2) ercsditnug adeSaturasa, despgrévéB0,31,78) FADS1

and FADS2 form @ene cluster with FADS8n human chromosome 11 (11g13.1),
however the function of FADS3 remains unknoy88). All three desaturase genes
consist of 12 exons and 11 introns, with FADS1 and FADS2 found in atbéweéd
orientation, whereas FADS2 and FADS3 are orienteddadil. Both op 5desaturase and
(p 6desaturaseonsist of 444 amino acids, have 61% amino acid identity and 75%

similarity. The gene cluster covers a 91.9 kb region of the human chromosome. Due to
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the marked similarities, it has been proposed that the three genes dimivegne
duplication(38,78) These desaturase enzymes are located in the endoplasmic reticulum
as membrandound proteins, with the highest activity occurring in the liver, followed by
the heart, brain, lung and adipose tissue, and to a lesser extenskeletal muscle,

kidney, pancreas, placenta, and ut€Bgs32).

In addition to diet, recent evidence demonstrates that common single nucleotide
polymorphisms (SNP) in the FADS1/FADS2 gene cluster modulate ALA, as well as LA,
metabolism leading toiffierences in plasma and tissue PUFA concentrai{®ay In

2006, Schaeffer and colleagues published the first study reporting common
polymorphisms of the FADS1/FADS2 gene cluster and their haplotypes were associated
with differences in serum phospholigatty acid concentration in a cohort of 727
European adulté/9). More specifically, of the 18 SNPs in the FADS1/FADS2 gene
cluster analyzed, minor allele carriers of 11 SNPs had higher concentratred &,

EDA, DGLA, as well as-3 ALA, and lower cacentrations oh-6 GLA, AA, and n3

EPA and DPA in serum phospholipids. Moreover, SNPs genetically explained 28.5% of
the variability in serum AA concentrations in the Hegng cohort. Of interest, no
association was observed between the measured @NH3HA concentrations,

supporting the hypothesis of limited DHA biosyesis and diet as the predominant

source regulating DHA status.

Follow-up studies in European and North American cohorts of adults, adolescents and

children confirm that SNPs iime FADS gene cluster are associated with differences in
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fatty acid concentrations in serum phospholipids, as well as plasma, adipose tissue,
erythrocytes, and breast m{83). Martinelli et al. (2008) investigated the influence of 13
SNPs in the FADS1/FADS@ene cluster in 876 Italian subjects with or without coronary
artery disease (CAOBO). The researchers reported that carriers of FADS haplotypes
from 4 SNPs wreassociated with increased ratio of erythrocyte AA/LA, an estimate of
desaturase activity, agell as increased high sensitiiGtreactive protein (R€RP)
concentration, and greater risk of CAD. Using two cohorts of children, Rzehak et al.
(2010) observed significant associations between several SNPs and plasma fatty acids
(81). Moreover, all SIRs were significantly associated with eczema reported within the
first 2-years of life in children from Germany, but not children from the Netherlands. The
effects of FADS polymorphisms interacting with dietary fatty acids to affect
inflammatory responsesarrants further investigation to help explain interindividual

differences in response to dietard iPUFA.

The significance of FADS polymorphisms in the region of chromosome 11 and plasma
PUFA concentrations was recently substantiated in a gemodeeassociation study by
Tanaka and colleagué®2). In the INCHIANTI cohort of 1,075 ltalian subjects, results
demonstrated that rs174537 was the SR& FADSIwith the most significant

association with plasma AA concentrations. As compared with major btielezygotes,
minor allele homozygotes had lower AA concentrations, accounting for 18.6% of the
variability in serum AA concentrations. Furthermore, carriers of the allele associated with
increased AA, as well as EDA and EPA, also exhibited an increagalircholesterol

and total cholesterol levels. These effects were also confirmed in the GOLDN study
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cohort of 1,076 American subjed&2). Of interest, the researchers also observed a

strong association of SNPs in ELOVL2 (rs953413), the gene encodingfelotigase
enzyme in the region of chromosome 6, with EPA in the INCHIANTI study cohort, with
DPA in the GOLDN study cohort, and DHA in both study cohorts. Taken together, all
studies observed significant associations between FADS gene polymorphismisyand fa
acid concentrations, substantiating the importance of genetic modulation of fatty acid
metabolism and status in humans. Future studies are neatisétminghe association
between FADS genetic variants and clinical endpoints for CVD and other chroni
disorders. Furthermore, whether enhancing the intake of dieaRUFA can

compensate for plasma and tissue levels of PUFA in minor allele carriers warrant further

investigation.

2.7THE EFFECT OF ALPHA -LINOLENIC ACID ON PR IMARY

CARDIOVASCULAR ENDPO INTS

2.7.1 Epidemiologic &idies

Substantial evidence supports the inverse relationship between EPA and DHA intake and
CVD risk, however, the adence in support of ALA intakes less clea(83,84) Several
observational studies, but not all, have dastaed that higher ALA intakeés associated

with a lower prevalence of CV[1,8587). In a crosssectional analysis, Djousse et al.

(2001) used foodrequency questimnaires to determine ALA intake 4,584 subjects
participating in The National Heart, LungydaBlood Institute Family Heart Study. In

men and women in the highest quintile of ALA intake, averaging 1.4 and 0.96 g/day, the

authors reported a 40 and 58% decrease in prevalence of CHD, resp€g8yely
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Conversely, Lemaitre et al. (2009) reportedrammease in risk of sudden cardiac arrest
associated with increased erythrocyte membrane ALA 1€86)sAs adipose contains

the highest tissue proportion of ALA and is a marker of {texgh ALA intake(90,91)

an inverse association between adiposedigseels of ALA and CHD risk has been
documented in some retrospective easetrol studieg92), howevernot in others
(93,94)potentially due to confounding factors includingA intakes(93). A recent large
casecontrol study of 3,638 participants frd@osta Rica observed a strong inverse
relationship between nonfatal myocardial infarction (MI) events and adipose tissue levels
ranging fom 0.36 1.04%of total fatty acids, corresponding with ALA intakes ranging
from 1.7 2.4 g/day as assessed by fdosbuency questionnair®5). The relationship
between ALA and MI was nonlinear, with no change in rigskuotion with intakes
exceedindl.8 g/day. Moreover, the authors concluded that the cardioprotective effects
were directly associated with ALA intakes andependent of EPA and DHA intake
status, suggesting independent-amlammatory mechanistic effects of ALA. Indeed,
epidemiological evidence supports an inverse association between dietary ALA intake
and plasma concentrations of inflammatory biomezkiecluding CRP, interleukin (IE)

6, vascular cell adhesion molecule (VCAM)and Eselectin(95,96) Furthermore,
increased serum and erythrocyte ALA concentrations have been associated with
decreased intimenedia thickness (IMT}97,98)and atherosctetic plaque progression

(99,100)

Large prospective cohort studies offer the strongest epidemiological evidence, as

retrospective caseontrol studies may have limitations with study design, including
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inaccuracy ofood-frequency questionnaires, as waslsubject selection and survival

bias. The majority of earlier prospective cohort studies have demonstrated a reduction in
major CHD event$101-103) ormortality (104-107), howeveyrecent prospective cohort
studies have failed to observe this assoaigtl®8-110). In an 18year followup of

76, 783 women participating in the Nurses?o
g/day was associated with a 40% reduced risk of sucatellac death (RR=0.60; 95%

Cl, 0.3710.96)(107) Similarly, in a 14year folow-up of 45,722 men participating in the
Health Professionals Study, ALA intageeater thari.1 g/day was associated with an

117 12% decrease in total CHD risk with simultaneous low (HR=0.88; 95% CI, 0.78

0.99) or high (HR=0.89; 95% ClI, 0.i7@.99) r6 PUFA intakes(102). Of particular

interest, in men consuming low daily intakes of LCPUFA (<100 mg/day of EPA+DHA),
each 1 g/day increase in ALA intake was associated with an approximate 50% decrease
in CHD risk, highlighting the importance of ALA in low fisg@afoodbased diets.

Recently, a large systematic review investigating the evidence linking dietary factors and
CHD risk failed to observed an association between ALA intakes and CHD events in
145,497 participants among 5 cohort studies (RR=1.01; 95%82I,1018) and

concluded that evidence frorandomized controlled trials isconclusive(84).

Ultimately, results of randomized controlled trials are essential in substantiating

conclusions from epidemiological evidence.

2.7.2 Human Intervention 8idies

Few randomized controlled trials have investigated the cardioprotective effects of ALA,

with some observing benefit$11-115), while others have n¢i16,117) Previous
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intervention studiefailing to observe an effect &LA from flaxseed oil (5.5 g/day

ALA) (116)or mustard oil (2.9 g/dasLA) (117)on clinical cardiovascular endpoint
measures may have been masked by their short study design of 1 year or large amounts of
EPA+DHA in the background diet. Conversely, the kMediterranean Diet Heart Study
reporting a 52% decrease in sudden cardiac death efatedM| after 2 years

consumption of 1.8 g/day ALA from mustard and soybean oil in 1,000 sufijd&shas

been challenged and discounted due to multiple methodical issues, as well as
discrepanciesral validity of the dat118) The Lyon Diet Heart Study randomized 605
patients with recent MI to consume either an Atiéh Mediterranean diet supplemented
with canola oil and canola edased margarines (0.81% energy from ALA) or a control
diet (0.27% aergy from ALA)(114) After 27 months, a 73% reduction in cardiac death
and nonrfatal acute Ml (RR=0.27; 95% CI, 0.1@259) was demonstrated in the
experimental group as compared with the control group. However, as ALA was only one
component of the Mediteanean dietary intervention, also rich in MUFA, fruits, and
legumes, the independent effect of ALA on the reported reduction of CVD risk has been
challenged119) Due to discrepancies in previouagservention studies, the Alpf@mega
Study was conductdad adl clarity surrounding the efficacy of ALA f&@HD risk
reduction(120). The study randomized 4,837 patients who had a Ml to consumed one of
four margarines supplemented with EPA+DHA (400 mg/day), ALA (2 g/day),
EPA+DHA+ALA (3.4 g/day), or placebo dgil After 40 months, no effect of EPA+DHA

or ALA supplementation on fatal and nonfatal cardiovascular events was observed.
However, in a subgroup of women consuming ALA a trdhd 0.07) towards a 27%

reduction in major cardiovascular events was noted (HR3; 95% CI, 0.5(11.03) as
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compared with consumption of EPA+DHA or placebo. Nevertheless, it has been
proposed that the results of the Alpha Omega Trial may have been confounded by the
increased content of® PUFA in the margarine as compared with thegaane
supplemented in the Lyon Diet Heart St{df1) Taken together, clinical evidence
favours the efficacy of ALA in lowerin@VD morbidity and mortality, howeer, a

demand for additional randomized controlled trelbstantiating the cardioproteciv

effects of ALA and mechanisms of action remains.

2.8THE EFFECT OF ALPHA -LINOLENIC ACID ON CA RDIOVASCULAR

DISEASE RISK BIOMARK ERS; HUMAN INTERVENT ION STUDIES

The cardioprotective results of ALA demonstrated in epidemiological and intervention
studies hae dimulated increasing interest in the unique mechanistic attributes of ALA

and effects on established and emerging CVD risk biomarkers. As compared with EPA
and DHA, ALA has been shown to have similar, yet much more mild, effects on CVD

risk biomarkerg1). Whether the observed effects are directly attributed to physiologic
effects of ALA or through conversion tehLCPUFA, namely EPA, remains to be
elucidated. In any case, human intervention studies suggest that dietary ALA may target a
reduction in bbod lipids, inflammatory biomarkers and adhesion molecules, as well as

other CVD risk factors.

2.8.1 AlphaLinolenic Acid Effects onBlood Lipids

Clinically, serum levels of blood lipids are an established risk factor for CVD and a

primary target of diety intervention(1,122) Numerous randomized controlled trials
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have investigated the influence of increased intake of ALA on blood cholesterol and
TAG concentrations. Recent medaalyses have reported neutral effects on total and

LDL -cholesterol and modesffects on HDEcholesterol and@AG concentrations after
dietary ALA intervention(27,123,124)Pan et al. (2009) suggested that the lack of effect
of ALA observed in human intervention studies may be related to the use of MUFA or n
6 PUFA as a control ar, with comparable hypolipidemic effects observed between these
dietary fatty acid$¢123). Indeed, using aweek randomized crossover design in 23
hypercholesterolemic subjects, Zhao et al. (2004) observed a 10.8, 11.0, and 18.4%
reduction in serum totaholesterol, LDEcholesterol, and TAG concentrations,
respectively, with consumption of ALA (6.5% of energy; 18 g/day) as compared with the
average American dietary conti(@25) However, comparable reductions were also
observed when subjects consumedLltAerich diet. Similarly, other studies have failed to
observe a change in blood lipids in hyperlipidemic subjects when dietary ALA was
compared with ¥6 PUFA(126,127)or MUFA (45,128) Conversely, some studies have
demonstrated that dietary ALA reduceBlHcholestero(27,115,129pr is not as

effective in lowering LDLcholesterol as compared with dietary [27,130)

With respect to TAG modulation, variable effects have been reported after dietary ALA
intervention as some studies have reported notgff@6,127,129)an increas€l15), or

a decreasgl25,131) Moreover, studies reporting a substantial decrease (>15%) in TAG
levels from baseline generally supplied high ALA intakes exceeding 18 (@8y131)

The magnitude of dietary ALA effect on TA@ncentrations have been reported to be

influenced by factors including fatty acid content in the background diet and control
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diets, as well as subject characteristics such as the degree of triglyce(@emi

interest, recent studies suggest that BAWlymorphisms interact with dietary ALA to
modulate serum lipid concentrations, namely total cholesterol anéiDarcholesterol
(132,133) Taken together, future studies are needed to substantiate the effects of dietary
ALA on blood lipids as comparedith dietary n6 PUFA and MUFA, as well as typical

Western diets both rich in® PUFA and SFA.

2.8.2 AlphaLinolenic Acid Effects on Inflammatory Biomarkers and Adhesion
Molecules

Activation of the vascular endothelium and a chronic inflammaesyonseare critical
events involved inthe initiation and progression atherogenesi€l34) C-reactive
protein, serum amyloid A (SAA) and pmoflammatory cytokines, such #s-1, IL-6, and
tumor necrosis factor (TNFR) contribute tathe development of atherosclerosis by up
regulating endothelial expression of adhesion molecules, including VCAM
intercellular adhesion molecule(ICAM-1) and Eselectin(134) More specificdy,
adhesion molecules mediate monocyte attachment to the endothelium and transmigration
into the subendothelial spa(E35,136) Recent evidence demonstrates that elevated
concentrations of circulating inflammatory biomarkers are associated with canlitaras

eventg(137-139)

Increasing interest in the unique health attributes of ALA especially related to vascular

endothelial activation has stimulated research into novel biomarkers of inflammation and

endothelial cell function. Dietary intervention siegladministering betweeri 88 g/day
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of ALA from flaxseed oil have observed significant reductions in concentrations of CRP,
SAA, IL-6, VCAM-1, ICAM-1 and Eselectin(125,129,14a0142). Zhao et al. (2004)
observed a 75% decrease iRGRP concentrations, agll as a decrease in VCAY,
ICAM-1, and Eselectin levels after 6 weeks samption of ~18 g/day (6.5% emyy) of
ALA as compared with an average American I&5) Upon further analysis the
authors reported that changes in VCAMnd hsCRP were invisely associated with
changes in serum EPA concentrations afteAib& -rich diet. Furthermore, lowlose
administration of 2 g/day of ALA for 12 weeks has been shown to reduce VCBM
16% and Eselectin by 23%yet failed toaffect TNFU , -6 borUCAM-1 levels(143)
However, recent studies have not observed an effect of ALA intervention on GBP, IL
TNF-U, -eetectiEand VCAML (66,144147) Moreover, Bemelmanet al. (2004)
failed to observe change in IMT progression after consumption of 4.5 gddi&tA in
hypercholesterolemic subject®48). Nevertheless, the magnitude of effect of ALA on

inflammatory biomarkers may be influenced by the backgroundX&)and the

baseline health status of the subjdet4,145)

It is hypothesized that ALAcions on inflammatory biomarkers and adhesion molecules
aredue to a reduction in the formation of AA derived eicosanoids. As a precursor for
EPA, increased incorporation of ALA into cell membrane phospholipids interferes with
the conversion of LA to AA anceduces the synthesis of proinflammatory eicosanoids,
including 4series leukotrienes (LT) via the lipoxygenase (LOX) enzyme asetigs
prostaglandins (PG) and thromboxanes (TX) via the cylooxygenase (COX) e(23me

(Figure 2.1). Conversely, more EP#& available for the synthesis of less inflammatory
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eicosanoids, including-Series LT and -3eries PG and TX9) (Figure 2.1). Indeed,
Caughey et al. (1996) observed a 29 and 30% reduction in the production paickB
PGE, respectively, in mononucleeells after subjects consumed ~14 g/day of ALA

from flaxseed for 4 weel®5). Furthermore, dietary ALA intervention decreased
mononuclear cell AA concentrations, and lead to an increase in ALA concentrations by
3-fold and EPA concentrations by Z@d. Nevertheless, independent of changes i 20
carbon fatty acid concenattions, ALA may exhibit direct effects on the modulation of the
inflammatory response by regulating transcription factors, such as activation of
peroxisome proliferateactivated receptor®PAR)(149)and inhibition of nuclear factor
kappa B(149MN30pIBeyefore future studies are warranted to substantiate the
effects of ALA in inflammatory biomarkers and adhesion molecules, as well as elucidate

the underlying mechanisms of action.

2.8.30ther Cardiovascular Efects ofDietary AlphaLinolenic Acid

Effects of ALA on othelCVD risk biomarkers have been inconsistent. Although some
studies have observedreduction irsystolc and diastolic blood pressure (1534),
othersstudieshavenot (127,155) Similarly, dietary ALA has been shown to be effective
in reducing plasma glucose levél®4,156) however effects on other markers of insulin
resistance have been variat8é,157) Recent reviews have reported that diefsiop
reduces firinogen levelg124)and has anticoagulation effe€¢is158) while improving
arterial compliancél,151) With respect to the aréirrhythmic effects of ALA, a recent
study reported thatietaryALA was inversely associated with ventricular premature

beds (159) howeverother studies have failed to observe improvements in arrhythmias
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(110,160) As a resultthe effects of ALA on these cardiovascular measures are variable

anddemand further investigation

Unlike marine derived43 PUFA, the efficacy oALA has not been extensively studied

in human clinical trials. Therefore, the following research will try to ascertain and

substantiate cardioprotective attributes from consumption of-AtiAflaxseed oil.
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3.1ABSTRACT

Over 50 years of research has sought to define the role dietary fat plays in cardiovascular
disease (CVD) risk. Although optimal dietary fat quantity has been keenly pursued over
past decades, attention has rélgecentered on the value of dietary fat quality. The
purpose of the present review is to provide a critical assessment of the current body of
evidence surrounding efficacy of dietary monounsaturated fatty acids (MUFA) for
reduction of traditional risk faors definingmetabolic syndromeMetS) and CVD. Due

to existing and emerging reselron health attributes of MUFAch diets, and to the low
prevalence of chronic diseas populations consuming MUFAch Mediterranean diets,
national dietary guidelinesre increasingly recommending dietary MUFA, primarily at

the expense of saturated fatty acids (SFA). Consumption of dietary MUFA promotes
healthy blood lipid profiles, mediates blood pressure, improves insulin sensitivity and
regulates glucose levels. Mamver, provocative newer data suggest a role for preferential
oxidation and metabolism of dietary MUFA, influencing body composition and
ameliorating the risk of obesity. Mounting epidemiological and human clinical trial data
cortinue to demonstrate therdeoprotective activity of the MUFA content of dietary fat.

As the debate on the optimal fatty acid composition of the diet continues, the benefit of
increasing MUFA intakes, particularly as a substitute for dietary SFA, deserves

considerable attention.
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3.2INTRODUCTION

Considerable scientific interest has focused on the impact of dietary fat in the
development of metabolic disorders, leadingaadmovascular disease (CVD) 21, The
complications associated with metabolic syndrome (MetS) are the priowengation of

CVD morbidity and mortality. Dyslipidemia, hypertension, hyperglycemia, insulin
resistance and obesity, namely abdominal obesity, are critical factors contributing to
MetS. As MetS is a combination of modifiable risk factors, dietary inttiwe is

targeted in primary prevention and secondary treatment therapies. Cumulative scientific
evidence suggests that dietary monounsaturated fatty acids (MUFA) effect reductions in
key risk factors for Met$3-5). Dietary MUFA promote a healthy bloogbid profile,

mediate blood pressure, and favourably modulate insulin sensitivity and glycemic
control. Conversely, the detrimental effects of diets rich in saturated fatty acids (SFA)
have been widely recognized {, Thus, national dietary guidelines twvia primary focus

on cardiovascular health have emphasized the need to reduce consumption of SFA as
compared to a decrease in total dietary fat. With emerging reseatbh bealth

attributes of MUFArich diets, and the low prevalence of chronic diseagopulations
consuming MUFArich Mediterranean die{8), recommendations have been made to
replace SFA intakes with unsaturated {&s However, questions still remain as to the
optimal dietary replacement for SFA, comparing MUFA intakes to those of
polyunsaturated fatty acids (PUFA) and carbohydrates (CHO). Despite PUFA numerous
cardiovascular benefits,nt ak e s h av e 108eleerio pbténtiiatverse t o O
effects, including reduction of HDcholesterolevels and increased susceptibility of

LDL -cholesterol to oxidation (40). Furthermore, the replacement of dietary SFA with
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CHO may result in challenges in glucose metabolism and insulin resistance, as well as
blood triglycerde (TAG) and HDLcholesterol levels (112). Thus, potential health
attributes of increasing MUFA intakes, particularly at the expense of dietary SFA,
deserve careful attention. In light of the recent attention challenging the catdaijve
benefits of MUFA (1314), professional organizations continue to recommend dietary
MUFA for the prevention of CVD (1%6). The purpose of the present review, therefore,
is to critically assess the current evidence from human clinical trials surrounding the
efficacy of dietary MUFA in the reduction of risk factors for Metfiimately targéng a

reduction in CVD.

3.3METABOLIC SYNDROME; DEFINITION, PREVALEN CE, AND
INTERVENTION

The rising prevalence of chronic disease is related to unhealthy lifestyle choices,
including atherogenic diets and lack of physical activity. Metabolic syndrodedireed

by a collection of metabolic disorders occurring in an individual and associates with an
increased risk of developing type 2 diabetes mellitus{DMnd CVD(17-19). The

primary clinical endpoint of MetS is CVD morbidity and mortal®mnce theerm was

first classified by Reaven in 1988, the definition has evolved to include specific
diagnostic criteria by several professional organizat{@f@s Recently, the National

Chol esterol Education Programdés Awsult Trea
MetS as an individual possessing any 3 or more of the follo%nigk factors; elevated

T A G 150 &g/dL (1.7 mmol/L)), reduced HBtholesterol (40 mg/dL (1.03 mmol/L)

in men or $0 mg/dL (1.29 mmol/L) in women), elevateda s t i ng 1@img/d,ose ( O
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(5.6 mmol / L) )130/86 mmHy ortdreigitredtneent), apeSity (waist
circumference O10 B8annB5(ndrowornem0), with ethmieitp o r
specific values for waist circumference outlined by the International Diabetes Federation
(21). Furthermore, emerging risk factors for MetS include a proinflammatory and
prothrombotic stat€20). Initially it was hypothesized that insulin resistance was the main
risk factor for Met§22), however, recent definitions propose abdahobesity tde the
predominantisk factor underlying MetS (20,21,23)). The prevalence of MetS ranges
worldwide (25), impacted by cultural differences associated with population dietary and
lifestyle patterns. For example, the prevalence of MetS in the United @1&¥(34.5%)

is approximately dold that of Mediterranean countri¢&5-27); predominated by the
epidemic growth of obesity in the United Staf@28). Currently, approximately 66% of

the US population are classéi as overweight (BMI25 kg/nf) and 33%obese (BMI

>30 kg/nf) (29). The components of the Mediterranean diet are fundamental to the lower
prevalence of Met$30). Although the Mediterranean diet is complex in nature, rich in
fruits, vegetables, and whetgains, the MUFA content of Mediterramediets accounts

for 16 29% of energy(4), with olive oil providing 1530% of energy8). Therefore,
incorporating MUFA into Western dietary patterns, particularly at the expense of SFA,

may target a reduction in risk for MetS and CVD.

3.4MONOUNSATURATE D FAT; STRUCTURE AND SOURCES
Monounsaturated fatty acids are classified as fatty acid chains containing one double
bond. Monounsaturated fatty acids possess higher melting points than PUFA, which

contain two or more double bonds. Both MUFA and PUFA aredigt room
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Table 3.1: Fatty acid composition of oils, nuts, seeds and fruit high in monounsatur
fat.

n-6 n-3
Energy Total SFA MUFA PUFA PUFA PUFA
(kcal) Fat(9) (@ (9 (@) (@) (9)

Vegetable Oil

Almond oil 884 100 8.2 69.9 17.4 174 0.0
Apricot oil 884 100 6.3 60.0 29.3 293 0.0
Avocado oil 884 100 11.6 70.6 135 125 1.0
Canola oil 884 100 74 63.3 281 19.0 9.1
Hazelnut oil 884 100 74 78.0 10.2 101 0.0
Olive oll 884 100 13.8 73.0 105 9.8 0.7
High-oleic canola oil 884 100 6.5 720 171 145 26

High-oleic safflower oil 884 100 6.2 746 144 144 0.0
High-oleic sunflower oil 884 100 9.7 83.6 3.8 3.6 0.2
Mid-oleic sunflower oil 884 100 9.0 573 29.0 29.0 0.0
Nuts and seeds

Almonds 597 52.8 40 337 126 126 0.0
Cashews 574 46.4 9.2 273 7.8 7.7 0.2
Hazelnuts 646 62.4 45 46.6 8.4 8.4 0.1
Macadamia nuts 718 76.1 11.9 59.3 15 1.3 0.2
Mixed nuts 594 51.5 6.9 314 10.8 105 0.2
Peanuts 585 49.7 6.9 246 157 15.7 0.0
Peanut butter (smooth) 588 50.4 10.3 23.7 139 138 0.1
Pistachios 571 46.0 56 24.2 139 136 0.3
Pecans 710 74.3 6.3 44.0 206 196 1.0
Sesame seeds 565 48.0 6.7 18.1 21.0 20.7 04
Tahini (sesame butter) 595 53.8 75 203 236 231 04
Walnuts (black) 618 59.0 34 15.0 351 331 20
Walnuts (English) 654 65.2 6.1 8.9 47.2 38.1 9.1

Fruit

Avacado, raw 160 14.7 2.1 9.8 1.8 1.7 0.1

Olives, ripe 481 10.7 1.4 7.9 0.9 0.8 0.1

Selected Animal

Products

Ground beef, regular 259 16.3 57 75 0.6 0.5 0.1

100g

Chicken breast, boneles: 690 3.57 1.0 1.2 0.8 0.7 0.1

skinless 100g
Egg, large whole 50 g 324 5.3 16 20 0.7 0.6 0.1
Fried bacon, 3 slices 529 9.6 3.2 43 1.1 1.0 0.1

IAll nuts and seeds are dry roasted, without salted added; Adapted from USDA Nititeht
Database for StandaRkferencehttp://www.nal.usda.gov/fnic/foodcomp/seaictccessed: August 18,
2009; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid; Skifateat fatty acid.
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temperature, whereas MUFA exist as ssolids or solids when refrigerated.

Conversely, SFA contain no double bonds and are solid at room temperature.
Structurally, the common MUFAjalmitoleic acid16:1ri 7) andoleic acid(OA; 18:1ri

9), are botttisisomers of MUFA. The major dietatsansisomer of MUFA iselaidic

acid transl8:1ri 9). Oleic acid is the predominate MUFRA the diet, representing ~92%

of cisMUFA (4). Table 3.1 outlines the fatty acid content fafod rich in MUFA. Of the
MUFA-rich dietary oils, the most commonly consumed are olive and canola oil.
Furthermore, over the last decade an increase has ocouoc@umercial production of
high-OA modified dietary oils with increased stability for the use in food processing, as a

replacement to dietary oils rich in SFA and trans fatty acids (T88)

3.5CURRENT AND RECOMMEN DED INTAKES OF DIETA RY FATTY ACIDS

The total fat intake from Western diets is similar to that of the Mediterraneaf aisé (

3.2), however, the type of dietary fat, specifically MUFA, differs vastly. InUse

MUFA intakes are 1i314% of energy, SFA intakes are in excess &i2% ofenerg,

and PUFA intake  a7%eof e@ergy, of which 889% of PUFA intakes ane6 PUFA,
principally linoleic acid (LA) (4,3233). Conversely, the majority of total fat intake (33

40% of energy) in the Mediterranean diet is represented by MUFA, ranging fiom 16

29% of energy, wh olive oil as the principal fat (4,34,35). The higltJFA intake of the
Mediterranean diet is at the expertd SFA, with intakes of SFA8% of energy. Thus,

an inverse relationship between the Mediterranean diet and coronary heart disease (CHD)

risk hasbeen substantiated in both epidemiological studies and randomized clinical trails

(1).
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Table 3.2: Current nutrient intakes in the Mediterranean and United States as compared to the recommended intakes outlir
health professional organizations.

Current Intakes Recommended Intakes

NHL BI Harvard
DASH Health
United United Dietary ADA & NCEP USDAO s Eating Eating

Mediterraneah Stated? Stated | Guideline$ DC* ATP I MyPyramid Plar? Pyramid
Total Fat 33140% 33% 83187 g | 20i 35% 20i35% 25/135% 6489 41.19 69.0¢g
SFA < 8% 117112% 28i30g | <10% < 10% <7% 1739 10.0g 12.8¢
MUFA 16i 29% 13i14% 321339 |- O 25%0 209235¢g 15.09 24.8 g
PUFA <7% <7% 171189 | -- O 10%0 109196¢g 12.6 g 25.7 g

Percent of daily energy

’Means of United States male and females (age59Grom the NHANES, 1992000

*Based on a ~2000 kcal/day

-- not specified, however spprts recommendations by other expert organizations

ADA, American Dietetic AssociatioMASH, Dietary Approaches to Stop HypertensidC, Dietitians of CanaddflUFA, monounsaturated fatty aciNCEP
ATPIIl, National Cholesterol Education Program Adultdtreent Paal 11l; NHLBI ,NationalHeart, Lung, and Blood InstituteBUFA, polyunsaturated fatty
acid; SFA, saturated fatty acidJSDA, United States Department of Agriculture.
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Cardiovascular disease, the clinical outcome of MetS, remains the leadseyafa
mortality in the Western populatiq®9) and therefore, several professional health
organizations have outlined target fatty acid intakes to reduce MetS, DM and CVD risk
(Table 3.2) (9,36-41). Recently, the recommendations focus on dietary fat tyuadrsus

fat quanity with less emphasis on higbHO diets. The American Diabetes Association
(ADA) have modified their previous dietary recommendations for individuals with
diabetes, which consisted of i hHO 1 nt akes and restricted toc
energy Wi th SFA, MUHR®Y of emergf42PTHFADA auirentl)
recommends that 6@0% of total calories in diets of those affected with-D&hd-l

should be obtained from MUFA and CHO, emphiagjzndividualization of

macronutrients by healthcare professiorfd&44). Moreover, the most recent position
statement on dietary fatty acids from the ADA and Dietitians of Caalémias for total

fat between 2035% of energy, enhancing MUFA intakesto25% of energy36). The
upper limit of total fat at 35% of energy is to minimize intakes of SFA, as well as an
upper limit of PUFA intake at 10% of energy due to inconclusive scientific evidence
supporting higher intakes @A for individuals with DM.Furthermore, the NCEP ATP

lll, endorsed by the American Heart Association (AHA), has recommended dietary
guidelines for primary and secondary prevention of CHD with emphasis on monitoring
total dietary fat and targeting a reduction in SFA. Similar to thé Adarlier
recommendations by the AHA, NCEP Step | and Il diets, limitelkot f at i nt ake t
and MUFA i15%obekeegy4s) oHowver, in 2001 the NCEP released

revisions to the ATP IIl guideling®) increasing total fat t@5' 35% of energy, allowing

64



a specific increase in MUFA intakes of up to 20% of energy, widtamnmendation for
replacing CHO with unsaturated fats for individuals with DM or MetS. Of interest, the
current NCEP ATP Il recommendations mirror the dietary fat profile of the
Mediterranean dieff@ble 3.2) (4,3435). Recently, the Joint FAO/WHO Expert
Consultation on Fats and Fatty Acids in Human Nutrition recommended that MUFA
intakes be 1520% of energy, according to total fat intaké6). Unlike other fatty acids
with a recommended limit, MUFA intakes should be determined by calculating the
difference, i.e. MUFA (% energy) = Total Fat (% of energ\§FA (% of energy)

PUFA (% of energy) TFA (% of energy). Thus, MUFA intakes will range with respect

to the total fat and fatty acid composition of the diet.

As mentioned, olive oil is the predommtdat in the Mediterranean diet, and although
olive oil use is noteicommon in Western diets, MUF#ch canola oil use in thgS has
increased 5i5old from 1985 to 199432). Canola olil, originally naturally bred from
rapeseed oil and low in erucic aciths grown to become the third largest consumed
vegetable oil in the world and, next to soybean oil, canola oil is the second most
consumed vegetable oil in thkS. Canola oil can be regarded as one of the most healthy
consumed vegetable oils with an attiive fatty acid profile distinctively low in SFA, and
rich in MUFA and i3 P U HRiroleric acid (ALA) (Table 3.1). Consequently, in 2006
the United States Food and Drug Administration (FDA) authorized a qualified health
claim stating that canola oil (~19 grams daily) may reduce the risk of CHD due its
unsaturated fat contemecommending direct caloric replacement of dietary SFA with

canola oil(47). A recent dietary modeling study revealed that replacing common dietary
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fats in theUS with canola oil and canolaased spreads would increase the percentage of
Americans complyingvith current dietary intake recommendations for fatty acids,

namely SFA, MUFA, and ALA, but not fdrA (48). More specifically, a 50%

substitution of fats with canola oil would decrease SFA intakes by 4.7%, whereas a 100%
substitution would decrease SFAHA intakes by 9.4% and 44.9%, respectively, while
increasing MUFA and ALA intakes by 27.6% and 73.0%, respectively. Based on the
emphasis of increasing the intakes of MUFA in the diet, particularly at the expense of
SFA, it is timely and appropriate &xplore the efficacy of MUFAich diets in the

prevention of MetS and CVD.

3.6 MONOUNSATURATED FAT AND BLOOD LIPIDS

Numerous randomized controlled trials have investigated the impact of dietary
intervention on changes in circulating lipi@9-52). The NGEP ATP Il guidelines have
outlined risk factorshiat increase CHD risk over a-y@ar period. Traditionally, elevated
LDL-cholesterol (200 mg/dL (2.6 mmol/L)) remains the strongest primary factor in
predicting CHD and therefore is a primary target ofapg(53). However, as circulating
TAG and HDL-cholesteroconcerrations are critical risk factors in MetS, the TC:HDL
cholesteroratio has been considered a more valuable marker in determining CHD risk
(52). Although the hypolipidemic effect of reducing dietary SFA is swalbwn and
remains the primary target of diey intervention54), the debate as to whether MUFA,

PUFA or CHO should replace SFA in the diet continues.
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3.6.1 Effects of Monounsaturated Fat Compared with Saturated Fat

Evidence from randomized controlled trials has substantiated the deleteriats @ffe
dietary SFA on circulating lipids and lipoprotei@9-51). When MUFA isocalorically
replace SFA in the diet there are improvements in TC:dbdlesterotatio, namely
associated with a decrease in serum tdDblesterolevels and preservation of HD
cholesterolevels. Recently, attention has focused on the lipidemic effects of individual
SFA, as stearic acid (STA, 18:0) is considered to have neutral or hypolipidemic effects on
circulating lipids compared with other SFA, namely lauric (12:0), mgr{d¥:0) and
palmitic (16:0) acid$52,59. Although only a few studies have directly compadgdto
STA intakes, Hunter et al. (2010) collectively showed that wbaneplaced STA, LDL
cholesterolevels decreased by 53% in 3 of 8 studies, however, had effect in 5 other
studies(55). HDL-cholesterolevels increased in one study betweér%, with no effect
in 7 of 8 studies. Triglycerides decreased3™b in 2 studies; with no effect in 6 other
studies. Finally, an estimated directional decrea3eCitdiDL-cholesterofatio was
observed in 6 of the 8 studies wheA replaced STA. Overall compared@®, STA
tended to increase LDtholesterobnd TAG levels, lower HDicholesterolevels, and
resulted in an increase in the TC:HBholesterotatio. Thus novel malified dietary oils
with a highOA content have been developed by agricultural and food industries to
replace partially hydrogenated oils rich in TFA and SFA for use in food preparation,
including frying, baking, and blending with other fé84). However, as there are specific
food applications that require a solid fat (i.e. stwirigs and baked goods), a highA

fat may provide an alternative tofedntaining TFA(55).
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3.6.2 Dietary Monounsaturated Fat versus Carbohydrate for Replacemeatdrated
Fat

The effects on CHD risk with substitution of SFA by other macronutrients continue to be
a primary focs of public health agendas (145@), Diets rich in CHO, PUFA and
MUFA have been compared to those rich in SFA in assessing the abéaglodietary
strategy to favourably alter plasma lipids. In studies conductedchedhhy subjects
comparing highMUFA diets to highCHO diets, those on higMlUFA diets showed
significant reductions in TAG leve(57-59). Likewise, overweight and obese subjects
(60), those with DMII (5,6162), and MetS63) also benefited fnm the substitutiof
MUFA-rich diets, as compared to CHt2h diets, in improving plasma TAG levels. One
of the main candprotective activities of higtMUFA diets is the ability of MUFA to
either preserve or increase Higholesterolevels when compared CHO-rich diets
which mostly produce decreases in Hbholesterollevels (5,57,61,684). As
compared tdigh-CHO diets, highMUFA diets more favourably affect the TC:HBL
cholesterotatio, emphasized by a reduction in LIdholesterobnd TAG levels, while
increasing HDEcholesterolevels(52). Recently, Cao et al. (2009) conducted a meta
analysis of 30 cdrolled-feeding studies in subjects with and without diabetes,
comparing moderate fat (MF) (33.20% of energy; mean MUFA intake 23.6% of
energy) versus lower fghigher CHO) diets (LF) (18i30.2 % of energy; mean MUFA
intake 11.4% of energy5). In all subjects, reductions in LDtholesterolevels were
similar between the MF and LF diets. However, the MF diet increaseddHbDlesterol
levels (2.28 mg/dL95% ClI, 1.66 to 2.90 mg/dL) and decreased TAG leVé&ls36

mg/dL; 95% CI,112.16 toi 6.08 mg/dL)versus the LF diet. Moreover, in subjects with
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diabetes, a further decrease in TAG leve®(79 mg/dL) was observed after the MF
diet, & well as a decrease in the HDL-cholesterolatio (1 0.62) and nofHDL-
cholesteroli 5.39%) versus the LF diet. Tl@thors concluded that MF diets reduced
predicted CHD risk by 6.37% in men and 9.34% in women, including subjects with
diabetes, compared with the LF di€herefore, MUFA versus CHO replacement for

SFA may be more beneficial for individuals preatised tdMetS or with DMII (5,53).

3.6.3 Dietary Monounsaturated Fat versus Polyunsaturated Fat for Replacement of
Saturated Fat

Comparison studies and reviews hala® @&xamined the action of PUF#ch versus
MUFA-rich dietson plasma lipid modulation (4,55-68). Eviden@ supports the notion
that MUFAcrich diets have slightly less or comparable TC and idbblesterolowering
effects to those of PUFRACch diets. Whereas-& PUFArich diets may additionly

reduce serum TAG (69), MUFACch diets have more favoable effects on HDL
cholesteroconcentrations. The ability to effectively target an increase in plasma HDL
cholesterols critical in patients with MetS, DM and the prevention of CVD (711).
When PUFArich and MUFArich diets were compared for repéasent of dietary SFA

in healthy adulsubjects, those consuming MUF#&h diets demonstrated a preservation
of HDL-cholesterolevels to a greater extent with only a 4% decrease in-elidlesterol
levels @mpared to those consuming PUF&h diets, which dcreased HDicholesterol
levels by 14%(72). Thus, due to the preservation of Hoholesterolwith MUFA-rich
versus PUFAich diets, effects on the TC:HDBtholesterolatio where comparable when

either MUFA or PUFA refaced dietary SFA52,72).
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3.7DIETARY MONOUNSATURA TED FAT AND BLOOD PR ESSURE

Evidence from human clinical studies have shown that dietary MUFA either have neutral
or hypotensive effects when compared to diets richHOC6 or n3 PUFA, notably
reporting consistent reductions in blood pressuhen MUFA are compared to SKish
diets Table 3.3). A study comparing hypertensive subjects consuming MEAand
PUFA:rich diets revealed that virgin olive oil high@®A resulted in significant decreases
in total blood pressur@3). The hypotensive effect of MUFA also alleviated the need of
antihypertensive drug therapy by 48%, where&suddjects on a PUFAich diet

required further drug therapy. In contrast, a study conducted by Mutanen et al. (1992)
failed to observe hypotensiedfects of either MUFA or PUFAich diets in

normotensive subjec{g4). Among thestudies comparing MUFA and PUFi#ch dies,
hypotensive benefits of MUFAch diets are observed in individuals predisposed to
MetS in 2 clinical trials, whereas 4 of 5 clinical trials observed no difference between

MUFA and PUFA diets in healyhindividuals [Table 3.3.

The effects of MUFArersus CHG®rich diets on blood pressure were compared in a-meta
analysis by Shah et al. (2007p). Of the 10 intervention trials assessed)FA-rich

diets were associated with a slight reduction in bloedsure, specifically systolic bldo
pressure, compared to the CHiich diets. Similarly, in this review, 3 of 6 clinical trials
observedypotensive benefits with MUFRAich diets comparetb CHOrich diets in

individuals predisposed to Met$dble 3.3. Muzio et al. (2007) compared consumption

7C



Table 3.3: Human clinical trials investigating the effects of monounsaturated fat and hypertension.

Subject
Reference Characteristics Study design/duration Diets Outcome
Individuals Predisposed to Metabolic Syndem
Gulseth etal. MetS subjects Randomized, parallel MUFA No difference in systolic BP or diastolic BP
(2010)(126) (n=486) 12 weeks 39% fat; 10% SFA, 19% MUFA, 7% PUFA between diets
SFA Z pulse pressure with
40% fat; 18% SFA, 13% MUFA, 6% PUFA
H-CHO
30% fat; 9% SFA, 12% MUFA, 6% PUFA
H-CHO + n3 PUFA
29% fat; 9% SFA, 11% MUFA6% PUFA,
1.6 g/d EPA+DHA
Brehmetal.  Overweight or obese Randomized, parallel MUFA No difference in diastolic BP between diets
(2009)(95) with DM-Il subjects 12 months 38% fat; 14%MUFA
(n=124) H-CHO
28% fat; 8% MUFA
Muzio et al. Hypercholesterolemic Randomized H-CHO Z systolic BP andCHEBR w
(2007)(76) obese subjects with 5 months 22% fat; 5% SFA, 14% MUFA, 3% PUFA
MetS MUFA
(n=100) 33% fat; 9% SFA, 21% MUFA, 4BUFA
Appel et al. PreHT or HT (stage Randomized, crossover H-CHO Z systolic & diastolic
(2005)(77) 1) subjects 6 weeks 27% fat; 6% SFA, 13% MUFA, 8% PUFA  CHO in all subjects
(n=164) Protein
27% fat; 6% SFA, 13% MUFA, 8% PUFA
MUFA
37% fat; 6% SFA, 219UFA, 10% PUFA
Shah et al. DM-II subjects Randomized, crossover H-CHO No difference in BP between diets at 6 weeks
(2005)(127) (n=41) 6 weeks, then 14 weeks 30% fat; 10% SFA, 10% MUFA, 10% PUF£ 9§ di ast ol ic BP and hea
MUFA CHO vs MUFA
45% fat; 10% SFA, 25% MBEA, 10% PUFA
Piers et al. Overweight or obese Randomized, crossover  SFA Z mean arterial pressu
(2003)(107) men 4 weeks 40% fat; 24% SFA, 13% MUFA, 3% PUFA MUFA vs. SFA
(n=8) MUFA

40% fat; 11% SFA, 22% MUFA, 7% PUFA

(Table 3.3 continued on the following page)
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(Table 3.3 continued)

Ferrara et al.
(2000)(73)

Thomsen et al.
(1995)(128

Walker et al.
(1995)(129

HT subjects
(n=23)

DM-II subjects
(n=16)

DM-II subjects
(n=24)

Healthy Individuals

Rasmussen et
al. (2006)
(130

Aro et al.
(1998)(131)

Lahoz et al.
(21997)(132

Healthy subjects
(n=162)

Healthy subjects
(n=87)

Healthy subjects
(n=42)

Randomized, crossover
6 months

Randomized, crossover
3 weeks

Randomized, crossover
12 weeks

Randomized, parallel
3 months

Randomized, parallel
8 weeks

4 consecutive diet phases
5 weeks

MUFA

27% fat 6% SFA, 17% MUFA, 4% PUFA
PUFA

27% fat; 6% SFA, 11% MUFA, 11% PUFA
MUFA

49% fat 10% SFA, 30% MUFA, 7% PUFA
PUFA

49% fat; 9% SFA, 10% MUFA, 27% PUFA
H-CHO

23% fat; 9% SFA, 10% MUFA, 4% PUFA
MUFA

36% fat; 11% SFA, 2 MUFA, 5% PUFA

SFA

37% fat; 17% SFA, 14% MUFA, 6% PUFA
MUFA

37% fat; 8% SFA, 23% MUFA, 6% PUFA
Further randmization with R3 PUFA (fish
oil): 3.6 g/d
Control

20% fat;8% SFA, 8% MUFA, 3% PUFA
MUFA

26% fat; 7% SFA, 14% MUFA, 3% PUFA
PUFA

26% fat; 8% SFA, 8% MUFA, 8% PUFA
SFA

35% fat; 17% SFA, 14%IUFA, 4% PUFA
MUFA

35% fat; 9% SFA, 21% MUFA, 4% PUFA
n-6 PUFA

35% fat; 10% SFA, 12% MUFA, 13% PUF/
n-3 PUFA

35% fat; 9%SFA, 12% MUFA, 13% PUFA
(1.6% n3 PUFA)

Z systolic & diastolic
Z HT drug treatment wi
Z arterial BP with MUF
No differences in BP between diets

Z systolic & diastolic
z BP with SFA from bas
Z diastolic BP with ML
z BP with addition of

No differences in BP between diets

4

systolic BP wi-6RUFMUF

(Table 3.3 continued on the following page)
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(Table 3.3 continued)

Uusitupa et al. Healthy subjects
(1994)(133  (n=159)

Mutanen et al. Healthy subjects
(1992)(74) (n=59)

Mensink et al. Healthy subjects
(1990)(1349) (n=58)

Mensink et al. Healthy subjects
(1988)(135 (n=47)

Randomized, parallel
6 months

Randomized, crossover
3.5 weeks

Randomized, parallel
5 weeks

Randomized, parallel
5 weeks

SFA

35% fat; 14:19:4 SFA:MUFA:PUFA
AHA diet

32% fat;10:8:8 SFA:MUFA:PUFA
MUFA

34% fat; 11:11:5 SFA:MUFA:PUFA
Low-fat

30% fat; 12:8:3 SFA:MUFA:PUFA
MUFA

38% fat; B% PUFA
PUFA

38% fat; 16% MUFA
MUFA

36% fat; 13% SFA, 15% MUFA, 8% PUFA

PUFA

36% fat; 13% SFA, 11% MUFA, 13% PUF#

H-CHO

22% fat; 7% SFA, 9% MUFA, 5% PUFA

MUFA

41% fat;, 10% SFA, 24% MUFA, 5% PUFA

I i
th SFA in

No differences in BP between diets
No differences iBP between diets

No differences in BP between diets

ic BP with AHA

me n (o]

Direction of effect on biomarkerd bypertensior(y increasedZ decreased? no effect).
AHA, American Heart AssociatioBP, blood pressureZHO, carbohydrateDM-II, Diabetes Mellitudl; H-CHO, high-carbohydrateHT, hypertensiveHR,

heart rateMetS, metabolic syndromélUFA, monounsaturatedatty acid;PUFA, polyunsaturated fatty aci&FA, saturated fatty acids, versus.
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of high-MUFA diets to highCHO diets in 100 obese subjects with MetS over 5 months
(76). At study cessation, while both giqos showed significant reductions in all
components of MetS, only the diet high in MUFA produced a significantly lower systolic
blood pressure, as well as lowered heart rate. In the large randomized, crossover Omni
Heart Trial, 164 subjects with prehyperseon or stagd hypertension consumed diets
varying in dietary fats for 6 weeks to determine their subsequent risk of hypertension
(77). Compared to a hig&@HO diet, consumption of high protein and MUFA diets
producedsignificant reductions in systolic blood pressure andtewtdil benefits in TAG

and HDL-cholesterolevels.

Considering prospective cohort studies, the SUN (Seguimiento Universidad de Navarra)
study of nearly seven thousand subjects reported thatritateiof olive oil for an

average of 28.5 months was associated with a decrease in the incidence of hypertension
in men, but not wome(¥8). Similarly, in the Greek EPIC (EuropearoBpective

Investigation into Cancer and Nutrition) study, olive oil consumption was a primary
dietary factor in the Mediterranean diet preventing hyperter{g@nMore specifically,

a reduction in both systolic and diastolic blood pressure was notedliveloil

consumption, even after controlling for vegetable intake. Alongside, there was an inverse
relationship between blood MUFBFA ratio and arterial blood pressure. Indeed, olive

oil in Mediterranean diets has potent hypotensive ef{&)s Howeve, theOA content

of olive oil, independent of its other components, has been shown to be directly
associated with a reduction in blood presg8d@. As such, strong support can be

obtained from clinical trials of the blood pressure lowering effects oFAHdch diets in
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both normotensive and hypertensive individuals.

3.8 MONOUNSATURATED FATS, INSULIN RESISTANCE AND DIABETES
MELLITUS -II

With the rising prevalence of DM worldwid82), MUFA have gained attention for their
ability to regulate glycemic respse and improve insulin sensitivity. Similar to the
detrimental effects on circulating lipids, SFA have been shown to impair glycemic
control and insulin sensitivit{l2), specifically in skeletal muscle ce(i83). Therefore,

clinical trials replacing diary SFA with MUFA have noted improvements in insulin
sensitivity and glycemic response in individuals predisposed to insulin resiégdr&8,

as well as healthy peop(88-92) (Table 3.4). The KANWU (Kuopio, Aarhus, Naples,
Wollongong and Uppsala) Styaf 162 healthy subjects reported a reduction in insulin
sensitivityfollowing consumption of a SFAich diet for 3 months, and thegplacement

of SFA with a MUFArich diet improved insulin sensitivi90). More specifically, when

total daily fat intakevas < 37% of energy, an 8.8% increase in insulin sgitgitvas

observed with the MUF#Aich diet, whereas the SFAch diet decreased insulin

sensitivity by 12.5%. However, these effects were not observed when total daily fat
intakes exceeded 37% of eggrin the deviepmentof DMI | , parcellsteaat i ¢ D
secrete insulin to counteract postprandial rises in blood glucose become overwhelmed
and as a result, fail to effectively provide the necessary insulin to regulate glucose levels
(93). Recently, MUFA was showntahv e a di r eceltfundientanddower on b
insulin resistance in a study of 14 healthy men using a randomized, crossove(&®sign

Data revealed that MUFA i-celpgundionevdeni nsul i n s
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compared with SFA. With the incremehsabstitution of MUFA for SFA, direct linear

decreases in insulin resistance were observed.

As a rplacement for dietary SFA, higilUFA diets have been compared to hiGRHO

diets for preventing insuliresistance and DM risk (3,5). An earlier metaandysis of

10 randomized controlled trials by Garg (19298)sessing the effect of highUFA diets

in patients with either DM or DM-II, reported improvements in glycemic control, as

well as lipoprotan profiles, as compared to higgHO diets(5). Ros (2003 reviewed the
evidence on dietary MUFA and metabolic control in BINbllowing the comprehensive
metaanalysis by Garg (1998) and observed similar belaéimetabolic effects of
MUFA-rich diets(3). Following these analyses, Paniagua et al. (2007) demaded that
compared to SFAr CHO-rich diets, insulin restant subjects consuming a MUKish

diet exhibited improvements in insulin sensitivity, as well as other hornaoda

metabolic parameters (&&). Smilarly, when compared to higeHO and highSFA

diets, diets high in MUFA have been shown to significantly decrease fasting glucose by
3% and insulin by 9.4%, and improve insulin sensitivity by 12(82% In contrast,

clinical trials with healthy subjects have observed no difference between Midfand
CHO-rich diets in markers oflgcoseinsulin homeostasis (89,%&). However, due to

other metabolic almrmalities associated with higbHO diets, such as the deleterious
effects on plasma TAG and HBtholesterol levels, (11) highlUFA diets may be more
beneficial for ameliorating the risk of DIM. Taken together, evidence from prospective
cohort studies have reported that dietary MUFA are not associated with increased risk of

DM-I11 in men(97) or women(98) after adjustment for other dietary fatgeaand BMI.
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Table 3.4: Human clinical trials investigating the effects of monounsaturated fat on glucose and insulin responses.

Subject
Reference Characteristics Study design/duration Diets Outcome
Individuals Predisposed to Metabolic Syndrome
Brehm etal. Obese & overweight Randomized H-CHO No differences in glucose and insulin sensitivity
(2009)(95) subjects with DMIl 1 year 28% fat; 79% MUFA between groups
(n=124) MUFA
38% fat; 1415% MUFA
Due et al. Nondiabetic obese = Randomized, parallel SFA Z fasting glucose, ins
(2008)(84) subjects 6 months 32% fat; 15% SFA, 10% MUFA, 4% PUFA score with MUFA vs. other diets
(n=46) MUFA 7  H OdRAWtih MUFA vs. other diets
39% fat; 7% SFA, 20% MUFA, 8% PUFA
Low-fat
23% fat; 8% SFA, 8% MUFA, 5% PUFA
Paniagua et al. Obese DMII Randomized, crossover SFA Z fasting gl uc o-€HO vs BRANh
(2007)(85) subjects 28 days 38% fat; 23% SFA, 9% MUFA, 6% PUFA g insulin s enlR)iwithiMUFAtvy.
(n=11) MUFA other diets
38% fat; 9% SFA, 23% MUFA, 6% PUFA y post pr 4 withMEHA vsGHAHO
H-CHO
20% fat; 6% SFA, 8% MUFA, 6% PUFA
Shah et al. DM-II subjects Randomized, crossover SFA Z postpr andisaWwith MdFAardn n
(2007)(86) (n=11) 15 days 50% fat; 26% SFA, 20% MUFA, 5% PUFA 3 PUFA vs. SFA and-6 PUFA
MUFA z postprandial glucose
50% fat; 7% SFA, 39% MUFA, 5% PUFA
n-6 PUFA
50% fat; 4% SFA, 8% MUFA, 39% PUFA
n-3 PUFA

Vegalopez et Hyperlipidemic
al. (2006) subjects 5 weeks
(136 (n=15)

Randomized, crossover

50% fat; 9% SFA, 15% MUFA, 44% PUFA
TFA

30%fat;9% SFA,10%MUFA,8%PUFA,4% TF/£

SFA

30% fat;15%SFA,11%MFA,4%PUFA
MUFA

32%fat;6%SFA,15%MUFA, 9%PUFA
PUFA

28%fat;7%SFA,8%MUFA,12%PUFA

No difference in fasting insulin, fasting glucose, ¢
HOMA between diets

(Table 3.4 continued on the following page)
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(Table 3.4 continued)

Gerhard etal. DM-II subjects
(2004)(137) (n=11) 6 weeks

Thomsen et al. Overweight subjects Randomized, crossover
with DM-II O 1 week

(2003)(138
(n=12)

Lovejoy et al. Healthy, normal and Randomized, crossev

(2002)(139 overweight subjects 4 weeks

(n=25)

Lauszus et al. Pregnant women Randomized

(2001)(1400  with gestational From 33 gestational
DM-II week for 5 weeks
(n=27)

Rodriguez DM-II subjects Randomized, crossover

Villar et al. (n=12) 12 weeks

(2000)(141)

Luscombe et DM-Il subects Randomized, crossover

al. (1999) (n=21) 4 weeks

(142

Christiansen  DM-II and obese
et al.(1997) subjects 6 weeks

(87) (n=16)

Randomized, crossover

Randomized, crossover

Low-fat

20% fat; 4% SFA, 8% MUFA, 6% PUFA
MUFA

40% fat; 6% SFA, 25% MUFA, 6% PUFA
SFA
MUFA

SFA

28% fat; 9% SFA
MUFA

28% fat; 9% MUFA
TFA

28% fat; 9% TFA
H-CHO

30% fat; 13% SFA, 11% MUFA, 6% PUFA
MUFA

37% fat; 10% SFA, 22% MUFA, 5% PUFA
CHO

29% fat; 6% SFA, 12% MUFA, 5% PUFA
MUFA

40% fat; 8% MUFA, 25% MUFA, 5% PUFA
CHO (highGl diet)
21% fat; 8% SFA, 7% MUFA, 4% PUFA
CHO (low-Gl diet)
23% fat; 8% SFA, 7% MUFA, 4% PUFA
MUFA (high-GlI diet)
35% fat; 8% SFA, 18% MUFA, 7% PUFA
SFA

30% fat; 20% SFA, 5% MUFA, 5% PUFA
MUFA

30% fat; 5% SFA, 20% MUFA, 5% PUFA
TFA

30% fat; 5% SFA, 20% TFA, 5% PUFA

No difference in fasting glucose, glycemic contro
or insulin sensitivity between diets

Zz glucose or insulin r
y  G-Liesponses with MUFA vs. SFA

Z insulin sensitivity
Z insulin sensitivity

overweight subjects

No difference in fasting insulin and glucose, insu
sensitivity between diets

No differences in fasting or postprandial glucose
and insulin between diets

No difference in fasting insulin and glucose
betweerdiets

z glycemic control or
response between diets

Z postprandial insulin
and TFA

(Table 3.4 continued on the following page)
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(Table 3.4 continued)

Sarkkinen et IGM subjects Randomized
al. (1996) (n=22) 8 weeks
143

Paillo et al. DM-II subjects Randomized
(1992)(144 (n=10) 15 days

Bonanome et DM-Il subjects

al. (1991) (n=19) 2 months
(145

Garg et al. DM-II subjects Randomized
(1988)(61) (n=10) 28 days

Healthy Individuals

Lopez et al. Healthy men
(2008)(88) (n=14) Single meal

8 hour

Perezlimenez Healthy subjects
et al. (2001) (n=59) 28 days
(89

Consecutive diets

Randomized, crossover

Randomized, crossover

SFA

37% fat; 18%SFA, 11% MUFA, 5% PUFA
MUFA

40% fat; 11% SFA, 19% MUFA, 8% PUFA
PUFA

34% fat; 11% SFA, 10% MUFA, 10% PUFA
H-CHO

20% fat
MUFA

40% fat
H-CHO

25% fat; 10% SFA, 109UFA, 5% PUFA
MUFA

40% fat; 10% SFA, 25% MUFA, 5% PUFA
H-CHO

25% fat
MUFA

50% fat; 33% MUFA

NCEP Sted diet

29% fat
Butter diet

38% fat; 0.48 MUFA:SFA
High-palmitic sunflower oil diet

38% fat; 2.42 MUFA:SFA
Refined olive oil diet

38% fat; 5.43 MUFA:SFA
Vegetables/fish oil diet

38% fat; 7.08 MUFA:SFA
SFA

20% SFA, 12% MUFA, 6% PUFA
H-CHO

28% fat; 10%6SFA, 12% MUFA, 6% PUFA
MUFA

38% fat; 10% SFA, 22% MUFA, 6% PUFA

Z fasting glucose with
z fasting glucose with
Yy glucose effectivenes

Z fasting glucose and
CHO

N

fasting glucose or i

Z plasma gl ucos entawitd i
MUFA vs. HCHO

y p o st peelafundtionaaihd insulin sensitivity
with an increase in the MUFA to SFA ratio of
dietary fats

y fasting insulin and
MUFA and HCHO

Improvement in insulin sensitivity with MUFA anc
H-CHO vs. SFA

(Table 3.4 continued on the following page)
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(Table 3.4continued)

Vessby et al.
(2001)(90)

Salas et al
(1999)(91)

Thomsen et al.

(1999)(96)

Thomsen et al.

(1999)(146)

Louheranta et
al. (1998)
(147)

Joannic et al.
(1997)(148

Uusitupa et al.

(1994)(92)

Healthy subjects
(n=162)

Healthy men
(n=41)
Healthy subjects

(n=16)

Healthy subjects
(n=10)

Healthy women
(n=15)

Healthy men
(n=8)

Healthy subjects
(n=10)

Randomized
3 months

Consecutive diets
4 weeks

Randomized, crossover
4 weeks

Randomized
Single meal
8 hours

Randomized, crossover
4 weeks

Randomized, crossover
Single meal
3 hour

Randomized, crossover
3 weeks

SFA

37% fat; 18% SFA, 13% MUFA, 5% PUFA
MUFA

37% fat; 10% SFA, 21% MUFA, 5% PUFA
SFA

38% fat; 20% SFA
MUFA

38% fat; 22% MUFA
NCEP Sted

47% CHO, 28% fat
H-CHO

28% fat; 9% SFA, 8% MUFA, 7% PUFA
MUFA

42% fat; 9% SFA, 24% MUFA, 6% PUFA
CHO
SFA
MUFA

SFA

39%fat; 19%SFA, 12% MUFA, 6% PUFA
MUFA

41% fat; 13% SFA, 19% MUFA, 6% PUFA
MUFA

47% fat; 4. 3MUFA:PUFA
PUFA

47% fat; 0.4 MUFA:PUFA
SFA

39% fat; 20% SFA, 12% MUFA, 4% PUFA
MUFA

40% fat, 9% SFA19% MUFA, 10% PUFA

Z insulin sensitivity
Z insulin secretion be
y insulin on SFA diet
Z fasting glucose and
Stepl diet

Z insulin sensitivity
2z fasting blood glucos

z postprandial
between diets
y  G-L &nd GIP responses with MUFA vs. SFA

glucose

z gluc
Z insu
Z postprandi al
PUFA vs. MUFA

glucose

AUC with MUF
di sappearanc

ucose

gl
glucose

< N

Direction of effect on biomarkers gfucose and insulin respong§sncreasedZ decreased? no effect).

AUC, area under curv&HO, carbohydrateDM-II, diabetes mellitudl ; Gl, glycemic indexGIP, gastric inhibiory polypeptide GLP-1, glucagonlike
peptidel; H-CHO, high-carbohydrateHOMA-IR, homeostasis model assessment of insulin resistédig, irregular glucose metabolisitUFA,
monounsaturatefhtty acid;NCEP, Nationd Cholesterol Education PrograftJFA, polyunsaturated fatty aci®®FA, saturated fatty acid;FA, trans fatty
acid; vs, versus.
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3.9 MONOUNSATURATED FAT IN WEIGHT MAINTE NANCE AND OBESITY
There is a perception that fat, rich ifargées as compared to CHO or protein, is
associated with body weight gain leading to obg8i9y. However, a strong argument

also exists that dietary fat is not the primary cause ofigtegrevalence of obesity
(100101). Moreover, fat quality may hawestronger correlation to weight gain than fat
guantity(102). Considering fat quality and specific effects of dietary fatty acids for risk
of obesity, evidence from prospective cohort studies have reported that MUFA intake is
not associated with increaseswvaist circumference or body weight g4ir02, 103. In

the Health Professiof®aStudy of 16,587 men over ayBar period, replacement of 2%
energy of PUFA or CHO with MUFA was not associated with any change in waist
circumference, whereas replacemeinthw FA or SFA led to an increag&03).
Similarly, in the Nursesd Health Study,
associated with an increase in body weight, while TFA and SFA positively correlated
with weight gain after 8 yeaf402). Large pospective cohort studies in the
Mediterranean region have revealed that high intakes of oli&@) or nuts(105),

both rich sources of MUFA, or adherence to a Mediterranealldi@twere not

associated with an increase in weight or risk ofsgg@ver the longer term (10405).

With respect to human clinical trials, Paniagua et al. (2007) hanerdgrated that
compared to CH®ich diets, insulin restant subjects consuming a MUK#&h diet
showed significantly increased fat oxidation rates asmtehsed abdoméo-leg adipose
ratios, thus preventing central body fat distributi@d). This finding has important

implications for those at risk for MetS since the increase in central adiposity was
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associated with a reduction in adiponectin expressnghinsulh sensitivity following the
CHO+rich diet as compared to the MUF#& diet. An inverse relationship has been

shown between circulating adiponectin levels and body fat percentage as well as central
body fat accumulation, specifically visceral@asity. Similarly, Piers et a{2003)

substituted a SFAich diet with MUFA for 4 weeks in 8 overweight and obese men using
a randomized crossover design to determine the effects on body weight and composition
(107). Assessment of body composition by ldelergy xray absorptiometry (DEXA)
revealed a significant decrease in body ma2sl(+ 0.4 kgP = 0.0015) and fat mass

(r2.6 £ 0.6 kgP = 0.0034) followng the MUFA compared to the SH#h diet, albeit

no differences in total energy or fat intakere noted between diets. Furthermore, the
changes in body mass and fat mass were accompanied with a decreasetmwa

ratio after the MUFArich versus the SFAich diets. The favorable modifications in body
composition and amelioration of weightigafter consumption of MUFA compared to

SFA have also been observed in healthy sub{@68&).

Of interest and as extensively reviewed by Bergouignan et al. (BREIMUFA is the
primary fat composing adipose tissue, however, there appears to bectoalation
between MUFA intake and MUFA levels in adipose. Rather SFA intake seems to be
more closely associated twiendogenous MUFA levels (1090). Bergouignan et al.
(2009) hypothesized that vivodesaturation of SFA may be related to an increase
MUFA versus SFA in adipose tiss(&3). FurthermoreQA preferentially accumulates in
subcutaneous fat versus visceral fat, whereas the reverse existslmithtpg111112).

Thus, since a direct correlation exists between visceral fat and risksfémtonetabolic
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syndromg(113), OA concentrating in subcutaneous fat versus visceral fat may be less
atherogenic. Moreover, dietary MUFA may be preferentially oxidized as compared to
other dietary fatty acids, as the degree of fatty acid chain lengtinsaturation may
contribute to the partitioning of dietary fat to energy expemeiversus energy storage
(108114117). Furthermore, the metabolism of dietary fat stimulates behavioral changes
in food intake preferendd 18). Indeed, evidence suggestattdifferent dietary fats may
elicit varying effects on satiety and total energy int@ki9). Taken together, dietary

MUFA consumption is associated with maintenance of body weight and favorable shifts

in reducing central body fat adiposity, potentialigediorating obesity risk.

3.10 MONOUNSATURATED FATS AND CARDIOVASCU LAR RISK;
EPIDEMIOLOGICAL EVID ENCE

As effects on risk markers may not directly translate into effects on clinical outcomes of
disease, it is thus critical to assess effects of dietary MalFthe primary clinical

endpoint of MetS, that is CVD morbidity and mortality. Randomized controlled trials are
considered the gold standard for evaluating the causal relationship between dietary
intervention and chronic disease endpoints in humans; leswevdate no randomized
controlled trials have investigated dietary MUFA on CVD morbidity and/or mortality as
the clinical endpoinfl). Consequently, Rudel and colleagues have challenged the
cardioprotective effects MUFA, observing equal coronary ad#rgrosclerotic effects
between dietary MUFA and SFA in nonhuman prim&i&€). However, it is

acknowledged that results fraemperimental animal models may not always extrapolate

to humans. Considering the substantial evidence presently reviewed sypfiaat
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bereficial effects of dietary MUFAdn risk factors for MetS and CVD, additional
evidence is needed to uncover the discrepancy between human epidemiological evidence
and experimental animal modekhe following literature discusses the evidencenfro

ecological and prospective cohort studies on effects of MUFA and CVD risk.

3.10.1Ecological Studies

In a landmark epidemiological trial of 11,579 men ageid80n the Seven Countries
study, Keys and colleagues presented important data revealingesicansuming a
Mediterranean diet rich i@A from olive oil, everthough higher in total fat (330% of
energy), exhibited lower incidence of CHD rtadity (8). Indeed, in this Xyear follow

up trial, data continued to emphasize the strong invers@redhip between dietary

MUFA, as well as the ratio of dietary MUFA to SFA, and incidence of CHD mortality.
Conversely, Hegsted and Ausman (1988) reported a positive correlation between dietary
MUFA and CHD mortality in men aged 8BB4 from 18 countrie§l21). It is important,
however, to note the authors emphasized a rather high correlation between MUFA and
SFA intakes and stated that SFA as a confounding variable compromised conclusions

linking dietary MUFA with increase risk of CHD.

3.10.2Prospective Cobrt Studies

Large prospective cohort studies are considered to be the strongest source of evidence of
the observational studies. Recently, a systematic review of 507 prospective cohort studies
confirmed the relationship between a Mediterranean diet amdated risk of CHD

(RR=0.66; 95% ClI, 0.5i70.75), evidence that was further confirmed as effective through
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pooled analysis of 94 randomized control tr{@)s Of interest, analysis of the

prospective cohort studies revealed strong evidence of an inviatsenship betwee

dietary MUFA and CHD risk (RR3:81; 95% CI, 0.680.93). Conversely, Mente et al.
(2009)also identified that consumption of foods high in TFA and glycemic load were
attributed to increased CHD risk (RR32; 95% CI, 1.161.48; andRR=1.33; 95% ClI,
1.131.52, respectively). In a ifear followu p of 80, 082 women in th
Study, a 5% increase in energy intake from MUFA was associated with a relative risk of
CHD of 0.81 (95% ClI, 0.69..00)(122). Furthermore, it was estimatedtla 5% or 2%
energy replacement of SFA or TFA with MUFA decreased risk of CHD by
approximately 30% and 50%, respectively, whereas a 5% energy replacement of MUFA
with CHO increased risk of CHD by approximately 25%. Results of the Finnish ATBC
(Alpha-Tocomherol, BetaCarotene) Cancer Prevention Study revealed that after

adjug ment f or v i -casotemenntalkes, anGnyersa assbcidtion existed
between MUFA intakes and CHD mortalityRRbetween the extreme quintil€sZ3;

95% CI, 0.560.95)(123). Conversely, a pooled analysis of 11 American and European
cohort studiesonducted by Jakobsen et al. (20fi8led to identify a causal link between
MUFA intake and decreased CHD rigld). These authors reported that a 5% energy
substitution of MUFA for SFA resulted in a hazard ratio of 1.19 (95% CIl; 1.8Q) for

CHD evens and 1.01 (95% ClI, 0.73.41) for CHD deaths. The authors, however,
discussed that the association of MUFA intakes with CHD risk may be confounded by
incomplete adjustments for TFA intakes, as MUFA intakes in Westernized diets are
primarily from meat, day and hydrogenated 0i(&24). Moreover, data fro

Health Study reported a strong correlation between MUFA intakes andrSFAg1)
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and TFA ¢ = 0.55)(122). Taken together, observational evidence supports dietary
MUFA for reduction of CVD isk, however, results from large randomized controlled

trials are crucial to substantiate the cardioprotective effects of dietary MUFA.

3.11 CONCLUSION

As dietary intervention remains the primary strategy for the prevention of CVD risk,
professional orgamations continue to ascertain the optimal fatty acid profile for
population intake recommendations. This critical assessment of randomized controlled
trials demonstrates that dietary MUFA prevent or ameliorate MetS and CVD risk by
favourably modulating lolod lipids, blood pressure and insulin sensitivity. Moreover,
MUFA preferential oxidation and metabolism influence body composition and
potentially ameliorate the risk of obesifyigure 3.1). Considering dietary replacement
of SFA, as compared to CHO, MBFare effective at preserving HBtholesterolevels,
lowering TAG levels, and improving insulin sensitivity; benefits which are especially
important in individuals with MetS and DM. As compared to PUFA, MUFA have
slightly less or comparable plasma Lishdesteroland TC lowering effects, however,
ameliorate reductions in HDtholesterolevels, and potentially provide hypotensive
effects. The majority of epidemiological data favour the cardioprotective activity of
dietary MUFA. More specifically, strong glence from prospective cohort studies
suggests that dietary MUFA are associated with a 20% reduced risk in CHD (@yelts
has also been well established that the intake of a Mediterranean diet rich in MUFA
contributes to reducing CHD in both healttdulis and those with established chronic

disease.
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Blood pressure =2130/85 mmHg
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—
Figure 3.1: Dietary monounsaturated fats for the prevention of metabolic syndrome and
atherosclerotic cardiovascular disease risk.

In North America, where consumption of SFA and TFA are in excess, aydieta
movement is occurring to reduce the content of these deleterious fats from commercial
production of foodsWith the escalating use of MUFAch canola oilyeplacing common
dietary fats with canola oil and canddased spreads would increase the peacenof

North Americans complying with current dietary intake recommendations for fatty acids
(48). Consumer awareness of the health implication of dietary fats is incréagand
there is a demand for rdified dietary oils with a higfOA content for lhe use in cooking
and food preparation in replace of partially hydrogenated oils rich in TFA and3JFA
Novel dietary oils rich irDA with enhanced oxidative stability, such as hajbic canola

oil, provide an attractive healthful alternative to inseedietary MUFA and reduce SFA

in commercial food usé&Vith epidemiological and human clinical research substantiating
the cardioprotective value of dietary MUFA, increasing population consumption of
MUFA, specifically as a substitute for SFA, will embédneficial implication for MetS,

CVD and overall health.
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4.1ABSTRACT

Recently, novel dietary oils with modified fatty acid profiles have been manufactured to
improve fatty acid intakes and reduce CVD risk. Our objeatigs to evaluate the

efficacy of novel higkoleic canola oil (HOCO), alone or blended with flaxseed oil
(FXCO), on circulating lipids and inflammatory biomarkers versus a typical Western diet
(WD). Using a randomised, controlled, crossover trial, thsityhypercholesterolerui
subjects consumed three isoenamyéiets for 28 dyseachcontaining ~36%f energy

from fat, of which 70% was provided by HOCO, FXCO, or Whketary fatcontent of

SFA, MUFA, PUFA omeg#®, and omega was 6, 23, 5, 1%f energy fo HOCO,; 6, 16,

5, 7.5%o0f energy for FXCO; and 11.5, 16, 6, 0.5¥energy for WD. After 28 ays
compared with WD, LDEcholesterol was reduced 15.1%< 0.001) with FXCO and

7.4% @ < 0.001) with HOCO. Total cholesterol (TC) was reduced 12% @.001) wth
FXCO and 3.5%F = 0.009 with HOCO compared with WD. Endpoint TC differed
between FXCO and HOC®  0.05). FXCO consumption reduced Hidholesterol

8.5% P < 0.001) and LDL:HDL ratio by 7.5%(= 0.009 versus WD. FXCO

significantly decreased-Beled¢in concentration compared with WP € 0.02). No
differences were observed in inflammatory markers after HOCO compared with WD. In
conclusion, consumption of novel higieic canola oil alone or blended with flaxseed oil
are cardioprotective through lgpiowering effects. The incorporation of flaxseed oil may

also target inflammation by reducing plasmadtectin
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4.2INTRODUCTION

Considerable interest has focused on the influence of dietary fatty acgdsdomvascular
disease@VD) risk (1), with attention centered on the value of dietary fat qugliy).
Evidence from prospective cohort studies and controlled clinical trials suppode of
dietary unsaturated fatty acids for the reduction of CVD risk fa¢1e8s5). Therefore,
dietaryguidelines with a focus on cardiovascular health have recommended replacing
SFA intakes withunsaturated fat®). Increased consumption of novel dietary oils rich in
MUFA and alphdinolenic acid (ALA) may improve the fatty acid imbalance typical of
modern Westerdiets, high in SFA anthe n6/n-3 fatty acid ratid7). Recent advances

in the edible oil industry have producetary oils with nutritionally superior fatty acid
profiles(8). High-oleic canola 0i(HOCO)is rich in MUFA, low in SFA, and exhibits a
low ratio ofn-6/n-3 fatty acids.With enhanced oxidative stabilitfOCOis an attractive
oil replacement for high SFAigh TFA oil varieties currently used in the food industry.
Furthermore, recommendations have been made to inaetsey 3 fatty acidintake

(7). Flaxseed oil is a rich source of ALA, however, as flaxseed oil is less commonly
consumed, blending flaxseed oil with other dietary oils provides a viable option to

increase ALA intakes in Western diets.

Dyslipidemia, specifically elevated LBtholesterol, is a primary risk factor in predicting
CVD events and a major target of dietary intervenf@nRecently, elevated
concentrations of circulating inflammatory biomarkers have been associated with
cardiovascular even($0-12). C-reactive prtein (CRP) and proinflammatory cytokines,

such as interleukin (IL%, initiate the development of &ifosclerosis by upregulating
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endothelial expression of adhesion molecules, including vascular cell adhesion molecule
1 (VCAM-1), intercellular adhesion matulel (ICAM-1), and Eselectin(13).
Therefore, reducing both circulating LBiholesterol levels and inflammatory

biomarkers are important in ameliorating CVD risk.

To date, he efficacy oHOCO consumption in modulating established biomarkers of
CVD risk has not been investigated in a hunchnical study.Additionally, althougha
high doseof flaxseed oil consumption has been reportectiuce inflammatory
biomarkers in at risk subjed$4), the effects of flaxseed oil on serum lipids have been
incorsistent(14,15) Therefore, the objectives of thsmanclinical study were to
evaluate the efficacy (iOCO and a flaxseed/highleic canola oil(FXCO) blend in
modulating circulating lipids and inflammatory biomarkers assediaith CVD risk as

compare with a typical Western diet.

4.3 Experimental Methods

4.3.1 Subjects

Thirty-nine individuals (fourteen males and twefitye females)wvere recruited using

flyers and media advertisements. Subjects were screened fechdésterol after 12

hoursof fasing, and detailed blood chemistry analyses were performed. Inclusion criteria
for the study were serum LDBtholesterol >3.0 mmol/Laged18i 65 years, and BMI

between 22 and@6 kg/n?. Before study enrolmengubjects underwent a routine physical
examinatiorby the study physician. Exclusion criteria were documented atherosclerotic

disease, inflammatory disease, diabetes mellitus, uncontrolled hypertension, kidney
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disease, cancer, tobacco smoking, use of lipid lowering medications for at least 3 months
prior to starting the studylcohol consumption2-servings/dy, or excessive exercise
expenditure of >16,735 kJ (4000 kcal)/wk. This study was conducted according to the
guidelines laid down in the Declaration of Helsinki and all procedures involving human
suljects were approved by tBannatyne Campus Research Ethics Board (Protocol no.
B2007:071) and the St. Boniface General Hospital Research Review Committee (Ref no.
RCC/2007/0862)Written informed consent was obtained from all subjddts. study is

regisered in the ClinicArials.gov registry (Identifier #NCT00927199).

4.3.2 Experimental Design

A randomised, singlelind, crossover, controllediet clinical trial was conducted at the
Clinical Researclunit at the Richardson Centre for Functional Fooads NMuatraceuticals
(RCFFN), University of Manitoba. The study was designed as three phases ways28 d
per phase separated by 4 tav@®k washout periods during which subjects consumed
their habitual diets. Subjectgere randomised to the thregperimentadiets using a 3 x

3 Latin-square design. Diets were individualized to meet daily energy requirements for
weight maintenance for each subject as determined by the Mifflin eq(k@ipn

multiplied by a factor of 1.7or medium physical activity. Thewly diets were prepared
in the metabolic kitchen of the Richardson Centre Clinical NorriResearch Unit and
thefood ingredients weighed within 0.5 g. Diets consisted of three isoenergetic meals
prepared according to a aykcycle menu providing a varietyf ibods. In order to ensure
stability of the flaxseed oikxperimentabils were added to cold foods; provided in

milkshakes at breakfast apdddings at lunch and dinner. Subjects consumed one of
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three daily meals (breakfast) at fRReehardson Centre fdfunctional Foods and

Nutraceuticals (RCFFN)nder supervision, while other meals (lunch and dinner) were

prepared and colgacked for take out. Subjects were instructed to consume only foods

and beverages provided by tREFFNand to refrain from alcohdiand caffeinated

beverages during intervention periods. Subjects were advised to maintain their typical

physical activity level and asked to report any symptoms or changes in health and

medications throughoutthe study Subj ect sdé bodydunderi ght s wer e
supervision every morning before breakfast using a medical scale (Detecto, Webb City,

MO, USA) to monitor weight stability.

4.3.3ExperimentalDiets

Experimentalliets were designeas typical Western diets containing 50% of energy as
carbohydratel5% as protein, and 35% as fat, of which 70% was provided by the
experimentabil. Diets were identical in composition throughout each phase, except for
the type ofexperimentabil. Macronutrient profiles oéxperimentatliets Table 4.1)

were analyzedsing the nutrient composition softwdf®0D PROCESSORood
Processor version 7.81, Salem, OR, US&perimentabils testedncluded 1/high-oleic
canola oil (HOCO) (~70% oleic acid; Canola Harvest HiLRichardson Oilseed
Limited, Lethbridge, AB, Carda);2/ A 1:1 blend of the higkoleic canola oil and
flaxseed oil (FXCO) (~55% ALA and no lignans; Bioriginal Food & Science Corp.
Saskatoon, SK, Canada); andA3lendof oils typical of a Western diet (WD) including
nonsalted butter (12%), extnargin olive oil (35%), vegetable lard (35%), and

sunflower oil (>60% linoleic acid)18%). Fatty acid profiles a@xperimentabils are
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reported inTable 4.2.

Table 4.1:Macronutrient profile of the three experimental diets

Flaxseed and
High-oleic canola high-oleic canola

Western diet oil diet oil diet
% % %
g/day energy g/day energy g/day energy
Energy (kdd) 2500 2500 2500
Carbohydrate 305 48.8 305 48.8 304 48.7
Fiber 20 3.3 20 3.2 20 3.2
Protein 90 14.4 90 14.4 90 14.4
Fat 102 36.8 102 36.8 103 36.9
SFA 31.2 11.2 15.7 5.6 17.0 6.1
MUFA 44.8 16.1 63.5 22.9 44.2 15.9
PUFA 18.0 6.5 15.9 5.7 34.1 12.3
18:2n-6 16.5 5.9 13.3 4.8 135 4.9
18:1-3 1.3 0.5 2.4 0.8 20.6 7.4
n-6 ton-3 ratio 12.8 5.5 0.7
Cholesterol (mg/d) 201.1 169.8 169.4

“The macronutrient profile of the three experimental diets were estimated using F
PROCESSOR software (version 7.81; Food Processor, Salem, OR).

Table 4.2:Fatty acid composition of the three experimental dietisy.

Flaxseed and
High-oleic canola  high-oleic canola

Fatty acid Western diet oil oil blend
g/100 g total fatty acids

E SFA 28.6 6.6 7.5
10:0 0.3 -- --
12:0 0.4 -- --
14:0 1.7 -- --
16:0 18.2 3.9 4.6
18:0 7.6 1.8 2.7
20:0 0.3 0.6 0.3

E MUFA 48.3 75.2 44.1
16:1n-7 14 0.2 --
18:1n-9 46.5 73.7 43.4
20:1n-9 0.4 1.3 0.7

E PUFA 22.6 17.9 48.4
18:2n-6 21.7 16.3 15.9
18:31-3 0.8 1.7 32.4

“Values were determined by gliguid chromatography of triplicate samples of the
dietary oilblends {- indicates undetected fatty acid).



4.3.4Blood Sampling and Serum Lipid #alysis

Ondagl, 2, 28 and 29 of each phase, b2itfasted serum and EDTA plasma samples
were collected. Within 1dur of blood collection, serum, plasma amed blood cell

(RBC) fractions were separated by centrifugation at 3000 rpm for 20 mig at 4

aliquoted and immediately storedi&0°C until further analysis.

SerumTC, HDL-cholesterol, TAG and glucose levels were determined by automated
enzymatic metbds on a Vitros350 chemistry analyzer (Ortklinical Diagnostics,
Markham, ON, CanadaSerum LDl-cholesterol levels were calculated by the

Friedewaldequation(17).

4.3.5Plasma Inflammatory Biomarker and @hesion Molecule Aalysis

Plasma CRP levelsere measured using quantitative colorimetric sandwich ELISA
according to manufacturerds guideli-hes (R
levels were measured by higknsitivity ELISA (R & D Systems, Minneapolis, MN,

USA). The intraassay and intesissay CV values were 2.31 and 4.26%, and 2.51 and

8.04%, for CRP and H6, respectively.

Plasma soluble adhesion molecules (VGAMCAM-1, E-selectin) were measured
simultaneously by flow cytometry using multianalyte profiling performed on a Luminex
1001S system (Luminex Corporation, Austin, TX, USA). Plasma concentrations of
sVCAM-1, sICAM-1, sEselectin were determined using a MILLIPLEX MAP human

CVDpanetl(3plexki t according to the maGYAKi acturer
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Millipore Corporation, Bilerica, MA, USA). Acquired median fluorescent intensity data
were analyzed using a weightegb&rameter logistic curve by the IS 2.3 software
(Luminex Corporation, Austin, TX, USA). The sensitivity of the assay reported by the
manufacturer had a minimunewctable concentration of 0.016, 0.009, and 0.079 ng/mL
for sVCAM-1, sICAM-1, and sEselectin, respectively. Intrassay and intesissay CV
values were 7.4 and 10.9%, 8.8 and 11.3%, and 6.0 and 7.4% for SMCAKAM-1,

andsE-selectin, respectively.

For analyss of inflammatory biomarkers by ELISA and adhesion molecules by
LUMINEX, controls (low, medium, high) supplied by the respective assay manufacturer
and subject plasma samples were assayed in duplicate by a single laboratory technician

with all sanples for each subject run in one assay.

4.3.6 Plasma Fatty Acid Profild&nalysis

Plasma total lipids were extractby the Folchmethod(18) usingchloroform:methanol

(2:1, v/v) containing 0.01% BHTS{gmaAldrich, Oakville, ON, Canadaand
heptadecanoiacid(17:0)as an internal standar8igmaAldrich, Oakville, ON,

Canada Extracted fatty acids were methylateith methanolic HCI. Fatty acid methyl
esters were separated on a Supelcowax 10 c
thickness; Supelco, Befonte, PA, USA) using aAgilent 6890N gas chromatograph

equipped with a flamenization detector (Agilent Technologies, Mississauga, ON,

Canada). The oven was programmed froffCAd 240 C in four temperature steps (10

for 1 min, rise of 25°C/min,80°C for 2 min, rise of 3°C/min, 220°C for 10 min, rise of



20°C/min, 240°C for 15 min). Samples were run with a 10:1 split ratio and helium was
used as the carrier gas with a column flow rate of 1.0 ml/min. Temperatures for the
injector and detector weretsat 280 and 300°C, respectivdiydividual fatty acids were
identified by comparison with known standards (NuChek Prep Inc., Elysian, MN, USA).
Individual fatty acids were calculated according to the peak area relative to the total area

and expressed #ise percentage of total fatty acids.

4.3.7Intima-Media Thickness Asessment

A subset of study subjects<18; randomisd selection from study population)

underwent clinical endothelial health assessment &t afishe study (phase 1; day3)

and at ed of exh treatment phase (dayi26) by common carotid arterial ultrasa to
assess changes in intimaediathickness (IMT).Common carotid IMT was performed

with the use of an annular array ultrasound imaging system (9L probe, GE Vivid 7,
Milwaukee, IL,USA). Subjects were examined in the supine position. Ultrasound scans
of the right and left common carotid arteries were performed at the bifurcation of the first
proximal center of internal carotid arteries as previously desaili8adAll

measurementsere made offline of the longitudinal carotid IMT scans using dedicated
computer software (GE Echopac BT 08, Milwaukee, IL, USA). Average and maximal
IMT values of each segment were measured as previously degd@hesll ultrasound

scans were performdxy two trained sonographers and recorded ultrasound images were
analyzed blindly at the Institute of Cardiovascular Sciences, St. Boniface General

Hospital Research Centre, Winnipeg, Canada.
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4.3.8 Statistical Analyses

Statistical analysis was performesing SPSS 16.0 (SPSS Inc., Chicago, IL, USA).
Results are expressed as means + SEM unless otherwise noted. For variables with non
normal distribution, as determined by Shapivdk value < 0.05, statistical analyses

were conducted after a logarithmic (bd¥) transformation. Data on inflammatory
biomarkers and adhesion molecules were not normally distributed and are reported as the
median and Z8and 7% percentiles. Effects of dietary treatment were examined using a
mixed model ANOVA procedure with diesequence, and phase as fixed factors and
subject as a random factor in tm@del. Baseline values were inserted into the model as
covariates for serum lipid measurements. Significantedietts were examined with
Bonferroni adjustment for multiple cqrarisons. For serum lipigsercent change from
baseline for each group was analyzed with ataved paired studenitest. Pearson
correlation analyses were conducted to test associations between lipid levels and
inflammatory biomarkers. Statistical sificance was set & < 0.05 for all analyses. For

all data, baseline and endpoint values are reported as averages baddy2 and days

28 and 29, respectively

4. 4RESULTS

4.4.1Subject Gharacteristics

Baseline characteristics of subjects who comnepléhe study are presentedTiable 4.3.
Thirty-six subjects (thirteen males and twetliyee females; five premenopausal)
completed the study. Two subjects withdrew from the study due to relocation of

residence and one withdrew due to woekated issug All subjects showed good
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tolerance texperimentatliets and reported consuming all meaisvided to them. No
side effects were associated with éxperimentatliiets. Subjects reported no change in
physical activity and no significant differences weated in body weight after

consumption of the thresxperimentatliets.

Table 4.3: Baseline characteristics of the subjects.
Anthropometric and serum

lipid measurement$1£36) Mean+ SD
Age (y) 47.49+ 11.93
Body weight (kg) 78.80+ 17.09
Height (cm) 165.50+ 9.78
Body mass index (kg/fh 28.56+ 4.62
Total cholesterol (mmol/L) 5.94+1.03
LDL-cholesterol (mmol/L) 3.70+£ 0.95
HDL-cholesterol (mmol/L) 1.41+0.35
Triglycerides (mmol/L) 1.84+ 1.09

Plasma inflammatory

biomarkers §=36) Median(25"-75" percentil®
C-reactive protein (mg/L ) 1.34(0.66 2.65H
Interleukin6 (pg/mL) 1.59(1.02 2.22
sVCAM-1 (ng/mL) 1073.46(915.28 1215.78
SICAM-1 (ng/mL) 148.09(134.96 159.5Q
sE-selectin (ng/mL) 28.74(19.55 36.29

Caotid intimamedia

thickness 1(=16) Meant SD

Average (mm) 0.61+£0.10
Maximum (mm) 0.70+0.11

Values are meansS3D for anthropometric and serum lipid
measurements (n=36), and carotid inimadia thickness (n=16) ¢
median (287 75" percenties) for plasma inflammatory biomarker
(n=36);SsVCAM-1, soluble vascular cell adhesion moleeije
sICAM-1, soluble intercellular adhesion molecdlesEselectin,
soluble Eselectin.

4.4.2 Plasma Fatty Acids
After consumption of the experimental dietkanges in the plasma fatty acid

concentrationsTable 4.4) reflected the fatty acid profile of the experimental diets
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(Table 4.1) ,

veri fying

subject so

compliance

plasma total MUFA, specifically 18n-9, was higheafter consumpdn of the HOCO

diet compared witboth the FXCO dietR < 0.001) and WD controR(< 0.001). Plasma

Table 4.4:Plasma fatty acid concentration at the end of each of the three
experimental diets.

Flaxseed and

Total Fatty High-oleic high-oleic
Acid (%) Western diet  canola oil diet canola oil diet P value*
E SFA 28.46 + 0.29 26.30+0.31 26.80+0.3% <0.001
14:0 0.72 + 0.04 0.73+0.04 0.69 + 0.04 0.473
16:0 19.77 £ 0.28 18.33+0.27 18.37+0.2% <0.001
18:0 6.94 +0.13 6.27 + 0.12 6.82 +0.14 < 0.001
 MUFA 26.18+0.49 30.93+0.58 26.13+0.49% <0.001
16:1n7 1.65 + 0.08 1.53 + 0.08" 1.51 + 0.08 0.028
18:1n9 21.94 + 0.43 26.45+0.58 21.87+0.48  <0.001
18:1n7 1.68 + 0.04 1.90 £ 0.0° 1.75 + 0.04 <0.001
E PUFA 43.01+0.61 40.38+0.62 4455+0.58  <0.001
Z -0 PUFA  39.68 + 0.60 36.85+0.60 36.13+0.58  <0.001
18:2n6 29.95 + 0.5% 27.33+0.4% 2873+050 <0.001
18:3n6 0.44 + 0.083 0.48 + 0.083 0.29 + 0.02 <0.001
20:3n6 1.67 + 0.0 1.67 + 0.08 1.08 + 0.04 <0.001
20:4n6 6.90 + 0.24 6.70 + 0.23 5.49+0.18 <0.001
Z -ThPUFA 3.32 +0.07 3.54 + 0.08 8.42 +0.2% <0.001
18:3n3 0.74 + 0.083 0.84 + 0.083 4.46 +0.18 <0.001
20:5n3 0.54 + 0.08 0.62 + 0.04 1.74 + 0.1} <0.001
22:5n3 0.54 + 0.02 0.54 + 0.02 0.75 + 0.083 <0.001
22:6n3 1.50 + 0.08° 1.54 + 0.08 1.47 + 0.04 0.030
n-6/n-3ratio  12.10 + 0.28 10.59 + 0.28 4.43 +0.17 <0.001

Values are means + SEM (n338"°Values within a row with different

superscript letters were significantly different between treatment groups (P <
0.05). *P values are shown for the treatment effect analyzed by mixed model

ANOVA (with Bonferroni adjustment for multiple comparis)n

total PUFA and total43 PUFA {ncluding 18:3R3, 20:5n3, 22:5r/3) were higher after

consumptiorof the FXCO diet as compared wiboth the HOCO dietR < 0.001) and

WD control P < 0.001). No change iplasma DHA (22.6+8) contentwas observed afte

consumption ofte FXCO diet compared withe WD control P = 0.683), however,
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there was a slight decrease in plasma DHA comtitet the FXCO diet compared with
the HOCO dietR = 0.025). Plasma total SFA, totabnPUFA (specifically 18:246), and
n-6/n-3 ratiowere lower after both thdOCO and FXCO diets compared witie WD
control P < 0.001 for all). Furthermor@lasma r6/n-3 ratio was loweafter the FXCO
diet compared wittthe HOCO dietlR < 0.001).No significant differences in baseline
fatty acid concentrations acrogee groups indicated no carryover effect and adequate

washout periods between treatment phases (data not shown).

4.4.3Serum Lipid @ncentrations

Concentrations of fastgnserum lipids and glucose at the end of each treatphase are
presented iTable 4.5. Serum lipid percent chanff®@m basehe ispresented ifrigure
4.1. After the 28 dytreatment phase, seruh® concentrations were reduced when
subjects consumed the HOCO diet (5.27 £ 0.14 mm#&l40.001) and FXCO €t (5.12
+ 0.13 mmol/L;P < 0.001) compared witthe WD control (5.65 = 0.16 mmol/LJ.C
percent change from baseline waduced by 3.5%= 0.002) and 11.0%(< 0.001)
when subjects consumed the HOCO and FXB4ds, respectively, compared witie
WD control. Furthermore] C endpoint valuesR = 0.025) and percent change from
baseline (7.5%P = 0.015) were lower when subjects com&d the FXCO diet as

compared withthe HOCO diet.
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Table 4.5 Serum lipid and glucose concentrations at the end ofaable three

experimental diets.

Flaxseed anc

High-oleic high-oleic

canola oil canola oil
Serum Lipids Western diet diet diet P value
Total cholesterol (mmol/L) 5.65+0.16 5.27+0.14 5.12+0.13 <0.001
LDL-cholesterol (mmol/L) 3.53+0.14 3.10+0.12 3.08+0.12 <0.001
HDL-cholesterol (mmol/L) 1.37+0.068 1.33+0.06 1.28+0.08 <0.001
Triglycerides (mmol/L) 1.63+£0.16 1.84+0.18 1.65+0.14 0.060
Total:HDL-cholesterol 4.37+£0.23 4.24+0.22 4.32+0.24 0.267
LDL:HDL -cholesterol 2.76+0.17 2.49+0.14 2.62+0.17 <0.001
Non-HDL-cholesterol 428+ 017 3.94+0.14 3.84+0.14 <0.001
Glucose (mmol/L) 5.04+0.16 4.99+0.15 4.97+0.13 0.328

Values are means + SEM (n=38¥;°Values within a row with differerguperscript
letters were significantly different between treatment groBps @.05). P values are
shown for the treatment effect analyzed by mixed model ANOVA (with Bonferron
adjustment for multiple comparisons).

Similarly, endpoint serum LDicholesterol concentrations were reduced after the HOCO
diet (3.10 = 0.12 mmol/LP < 0.001) and FXCO diet (3.08 + 0.12 mmolR.x 0.001)
compared withthe WD control (3.53 £ 0.14 mmol/L).DL -cholesterol percent change
from baseline waseduced by 7.4%R< 0001) and 15.1%R < 0.001) after the HOCO
and FXCO diets, respectively, compared to the WD control. However, no differences
were observé in endpoint or percent chanfyjem baseline in LDEcholesterol

concentrations between the FXCO and HOCO diets.
No differences werebservedn endpoint TAG concentrations between the treatment

groups P = 0.060; trend)With respect to percent chanfyjem baseline, no differences

were observed for serum TAG concentrations between the treatment groups.
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Figure 4.1.Pecent changem serum lipids fom baseline in response to the three treatment dietstam dietll , high-oleic canola

oil [, flaxseed/higkoleic canola oil blend_|. Valuesaremears + SEM (=36). *°Mean values with unliksuperscriptetters

between treatment groups are significantly differe@ 0. 05 ( mi xed model ANOVA followed by
multiple comparisonsMean values were significantly difference when compared within treatment group from bagene:0 . 0 5 ,

APO 0 .R0OL,0 .y0 etdiled pairedStudent test).TC, total cholesterol.
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Endpoint serum HDicholesterol concentrations were reduced after the FXCO da& (1.
+ 0.06 mmol/L) as compared withe HOCO diet (1.33 £ 0.06 mmol/BE,= 0.008) and
WD control (1.37 £ 0.06 mmol/LP < 0.001). The FXCO diet reduced HEdholesterol
concentrations from baseline by 6.6P<0.006) and 8.5%0(< 0.001) as compared
with the HOCO diet and WD control, respectively. No differences were olaserve
endpoint or percent changem baseline in HDLcholesterol concentrations betwethe

HOCO diet and WD control.

Endpoint LDL:HDL-cholesterol ratios were reducefier the HOCO diet (2.49 + 0.1B;
< 0.001) and FXCO diet (2.62 £ 0.1F = 0.018) compared witthe WD control (2.76 £
0.17). Both the HOCO and FXCO diets reduced LDL:H&holesterol ratio from
baseline by 5.7%= 0.002) and 7.5%H(= 0.008), respentely, as compared witthe
WD control. Endpoint and percent change from baseline in sE@iMDL-cholesterol
ratios did not differ after the treatment periods. EndpoamtHDL -cholesterol was
reduced after the HOCO diet (3.94 + 0.lP4; 0.003) and FXCO diet (3.84 £ 0.1B<
0.001) compared witthe WD control (4.28 £.07). Both the HOCO and FXCO diets
reduced notHDL-cholesterol from baseline by 3.9® £ 0.004) and 11.7%(< 0.0QL),
respectively, compared withe WD control. Furthermore, ngfDL-cholesterol
endpoint valuesR = 0.031) and percent chanfyjem baseline (7.8%® = 0.030) were

lower when subjects consied the FXCO diet compared witie HOCO diet.

No significant effects were observed in fasting serum glucose endpoint levels between

treatment groups, nor were changes from baseline values observed.



4.4.4 Plasma Inflammatory Biomarkers and Adhesion Molecule Concentrations
Results for measures of inflammatoryiarkers ly ELISA and adhesion moleculbyg
LUMINEX were within the detection limits of the assay. Ngn#ficant differences were
observe in endpoint concentrations for CRP or8lbetwen the treatment groups
(Table 46). A decrease in endpdiB-selectn concentrations was observed after
consumption of the FXCO diet compared wtiile WD control P = 0.023), however, not
in comparison with the HOCO did® € 0.34).No significant changes were observed
endpoint concentrations for sVCAMand sICAM1 betveen the treatment groups
(Table 4.6). As compared witlthe WD control, aftethe subject consumed the FXCO
diet,the change in endpdif-selectin concentrations wdsectly associated with
changes iTC (r = 0.413;P = 0.012), LDL-cholesterol (= 0.383 P = 0.021) and non
HDL-cholesterol (= 0.340;P = 0.042) oncentrationsTable 4.7). However, changes in
E-selectin concentrations folving the consumption of the FXCO diet compared with
the WD control did not correlate with other lippdrameters golasma fatty acid
concentrations (data not shown). There were no correlations between chdipges in

concentrations after the HOCO diet and changes in inflammatory biomarkers.

4.4.5 IntimaMedia Thickness

A subset of sixteeaubjects (age, 48.7 + 11lyBars; BMI, 30.53 + 4.64; four males and
twelve females (four premenopausal)) completed the assessment of common carotid
IMT. Two subjects withdrew due to relocation of residefdt¢ere were no significant
changes detected in right posterior wall or lefsterior wall average or maximum IMT

between the dietary treatments or frbaseline values at study entifyaple 4.6).
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Table 4.6:Plasma inflammatory biomarker concentrations and carotid irtiedia thickness at the end of each of the three
experimenthdiets.

Flaxseed and highbleic

Western diet High-oleic canola oil diet canola oil diet
Plasma
inflammatory
biomarkersii=36)  Median(25™ 75" percentild Median(25™ 75" percentil@ Median(25™ 75" percentil@ P value
CRP (mg/L) 1.10(0.57 2.3)) 1.03(0.46'2.53 0.77(0.52 2.02 0.219
IL-6 (pg/mL) 1.48(0.9%11.749 1.48(0.931.96 1.32(0.821.90 0.227
SVCAM-1 (ng/mL)  1104.62(954.771228.4) 1065.56(938.87 1225.76 1092.15(980.12 1165.57 0.195
SICAM-1 (ng/mL) 139.67 (128.16149.39 142.05(126.16 162.63 145.08(131.21161.43 0.226
sE-selectin (ng/mL) 23.19(16.97 30.9)% 21.63(15.90 31.6>" 21.99(16.1729.23° 0.027
Carotid IMT (=16) Meant SEM Mean+ SEM Mean+ SEM P value
Average (mm) 0.58+ 0.02 0.59+ 0.02 0.59+ 0.03 0.968
Maximum (mm) 0.67+ 0.03 0.67+ 0.03 0.68+ 0.03 0.967

Values are mediar26™i 75" percentil@ for plasma inflammatory biomarkers (n=36) and mean = SEM for carotid intietta
thickness®®Values within a row with different supersdriptters were significantly different between treatment groBps (
0.05). *P values are shown for the treatment effect analyzed by mixed model ANOVA (with Bonferroni adjustment for mt
comparisons). CRP,-€active protein; IL6, interleukin6; sVCAM-1, soluble vascular cell adhesion moleeljesICAM-1,
soluble intercellular adhesion molecdlgsEselectin, soluble Eelectn; IMT, intima-media thickness.



Table 4.7:Correlation coefficients among the change in plasm
E-selectin and the changesserum lipids when subjects
consumed the FXCO diet compared with the WD

o -$electin

r P value
 Total <choleste 0.413 0.012
g L Holesterol (mmol/L) 0.383 0.021
o H Rholesterol (mmol/L) 0.218 0.202
@ Triglycerides 0.055 0.751
@ T ot adholestérdl 0.211 0.216
@ L DL :-cholzsterol 0.246 0.148
g N-BDL-cholesterol 0.340 0.042

FXCO, Flaxseed and higbleic canola oil diet; WD, Western die
Pearson correlation analgseere conducted to test associatior

4.5DISCUSSION
The present results are the first to demonstratéitelowering efficacy of lowSFA
diets enriched with novélOCO aloneor blended with ALArich flaxseed oil. Compared
with the WD control, we observed substantial decreasé€ifor both the HOCO and
the FXCO diets after 28ays with the FXCO diet further reducingC beyond that of
HOCO (Table 4.5; Figure 4.1). The presenstudy observed similar reductions in LDL
cholesterol concentratiordgter the consumption of the HOCO and FX@iéts
compared witlthe WDcontrol. Reports examining the lipidwering action of PUFA
rich versus MUFArich diets support the noti that PUFArich diets reduce T@nd
LDL -cholesterol cocentrations comparable to MUR#ch diets, and that PUFA oils
elicit a slight TAG lowering effeq2,20-22). Similarly, compared wittthe HOCO diet,
the FXCO diet and WD control both higher in dietary PUFA content, tendeduocered
endpoint TAG concentrationepwever due to large individual variatiothere was no
difference in percent changeTAG levels from baseline between the dietary

interventions examined.
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The ability of HOCO to reduc&C and LDL-cholesterol, asell as preserve HDL
cholesterol, is of particular interest since to date the efficabyO2Oin modulating
blood lipids has not been assessed. Furthermore, it has pre\beeslyeported that not
all MUFA-rich oils elicit the same effects on plasma cholesterol concentré2i®ns
suggesting the importance of otherddrived fatty acid and nelipid compments.
Reports suggest that Al-Ach flaxseed oil interventions fail to modifyC and LDL-
cholesterol levels when compared with other dietary interventi@gn$5) However,
these results could be confounded by the use of MUFA #&BWFA dietary cotnols.
Limited work has directly comped dietary flaxseed oil with MUFAich oils. Whereas
Singer et al(1990 observed a reduction in TAG, as wellT&S andLDL -cholesterol
levels after 2veek supplementation with 60 médgof flaxseed oil but not witllive olil
(24), Li et al.(1999 failed to find diffeences in plasma lipids afteswdeeks of a canola
oil or flaxseed oHenriched die{25). In the present study, substitution of 56BCO
with flaxseed oil in the FXCO treatment group was effective ith@rrreduang TC

compared witltheHOCOtreatment group

FXCO reduced HDtcholesterol from baseline, resulting in lower endpoint HDL
cholesterol levelthan the WD controlTable 4.5; Figure 4.1). Previous studies
administering high doses of flaxseedtoilhypercholesterolemic subjects have observed
reductions in HDEcholesterol level26-29). Generally, dietary strategies replacing SFA
with PUFA results in a reduction in plasm@ and LDL-cholesterol and a parallel

decrease in plasma HBtholesterol cocentrations. Althouglioncern exists that the
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cardigorotection associated with low LBtholesterol is diminished with simultaneous
reductions in HDEcholesterol, it has been shown that rates of cholesterol efflux from
macrophage cells to serum are notet#e(30). Furthermore, endpoint LDL:HDL
cholesterol ratios were reduced in response to €®G and FXCO diet as compared
with the WD control Table 4.5). The LDL:HDL-cholesterol ratio is valuable in
evaluating CVD risk across many populati¢ds). As wel, non-HDL-cholesterol
provides a single measure of the atherogenic aporBaining lipoproteins and can thus
provide a tool for cardiovascular rislssessmel(6,31) After the FXCO diet, no#iDL-
cholesterol levels decreased beyond that of the HOCQ@uaikethe WD control.
Therefore, the additive effects of ALA and oleic acid in the FXCO diet may have
provided additional hypolipidemic effects that extend beyond those incurred by the

HOCO diet alone.

In addition to dyslipidemia, elevated CRP levagsoate with clinical manifestations of
atherosclerosis and CVD rigk0). The intricate communication between inflammatory
stimuli and endothelial cell adhesion molecules regulates inflammatory responses and the
progression of atherosclerogl8). Thus, a @ect association may exist between plasma
concentrations of VCAML, ICAM-1 and Eselectin and the extent of atherosclerosis and
incidence of CVD risk11,12) In vitro studies have shown the ability of oleic acid to

inhibit cytokineinduced expression CAM-1, ICAM-1 and Eselectin in endothelial
cells(32,33) Although human clinical trials have yet to specifically investigate effects of
HOCOon inflammatory biomarker&eogh et al(2005) failedto observe any effect of a

MUFA-rich diet on serum CRP ptasma adhesion molecules in forty healthy adults
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(34). Likewise, consumption of the HOG(@h diet for 28 dysdid not affect
inflammatory biomarker measures. Results of clinical trials investigating effects of
flaxseed oil on inflammatory biomarkers asdhesion molecules are inconsist@dy). It
has been suggested that the discrepancy may be dose related, as intakes exceeding 14 g/d
of ALA from flaxseed oil have been shown to be more effectivéhe present study,
after 4weeksupplementatioof 21 gday (7.5% energy) of ALA in the FXCO diet, a
reduction waseen in Eselectin as compared withe WD control, however, no
reductions in other inflammatorydmarkers were observed. In amg¢ek randomised
crossover trial which examined hypercholesterotesnibjects consuming 6.5% ALA
from walnuts and flaxseed oil dailghao et al(2004) observed significant reductions in
serum CRP, VCAML, ICAM-1 and Eselectin, a compared witlan average American
diet(28). Similarly, decreases in CRP, VCAN as wellas IL-6, have been reported
with supplementation of 15 még flaxseed oil (8.1 g ALA/d) for 12 week®6,35,36)
however, no effects on ICAM or Eselectin were observéd5,36) In contrast, recently
Nelson et al(2007) failed to observe decreases iRE or IL-6 in healthy abdominally
obese subjects consung 5% of energy from ALA for 8veeks (37) Similar to the latter
study, we observed no change in plasma CRP-6rdbncentration following the FXCO

diet.

Unlike VCAM-1 and ICAM1, Eselectin activiy is specific to the surface of stimulated
endothelial cells, mediating the rolling of monocytes along the cell sy#age
Furthermore, the expression osElectin directly associates with dyslipidemia. It was

previously shown that effective lipidwering intervention reduced plasmasElectin
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concentations in dyslipidemic subjectspwever thelipid-lowering effectwas not
associated with a reduction in VCAMor ICAM-1(39). Of interest, in the present study
a significant correlation was observestweenchanges in plasma-&electin and’C,
LDL-cholesterol, and neHDL-cholesterol concentrations when subjects consumed the
FXCO deet compared with the WD controlgble 4.7). However, albeit the reduction in
serum lipids following theonsumption of taFXCO and HOCO diets, there was no
change in VCAML or ICAM-1 concentrationsSince the FXCO diet resulted in
reductions infC and norHDL-cholesterol concentrations beybthat of the HOCO diet
(Table 4.5), we speculate that the acute effects of FXCGsamption on Eselectin

concentrations may be attributed to the magnitude of reductions in circulating lipids.

The discrepancy between the present resultsharsd of previous studies thaported
reductions in inflammatory biomarkers may be relatedibjext baseline levels of those
biomarkers. In the present study, subject baseline levels of inflammatory biomarkers CRP
and IL-6 werein the healthy range compared wiliose of subjects examined previously
(26,35,40) Similarly, studies that failed to serve an effect of ALA intervention on
inflammatory biomarkers have attribdte t he absence of nr#®sponse -
inability to detect changes due to low baseline |ef33g11) Another consideration may

be the duration of the present studithough a 4week intervention is typically

sufficient to observe significant alterations in blood lipids, previous studies reporting
reductions in ilammatory markers were of 62 weeks in duratio(26,28,35,36)

Similarly, the limited study duration maso explain the absence of treatment effects on

carotid IMT.Bemelmans et a(2004),usinga parallelarm design and ayear dietary
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intervention, found that 4.5 gigt of ALA yielded no significant effect on IMT
progressior{40). Thepresenstudy focised on examining whether a high dose of ALA,
approximately 3.50ld greater than that usedBemelmans et al. (2004)tilizing a
crossovedesign wouldhave acute effects on IMT progression; however, no positive

action was observed.

The plasma fatty ag concentrations reflected fatty acid profiles of the experimental oils,
indicating compliance to the dietainterventiong42,43) After consumption of the

ALA -rich FXCO diet, an approximatefbld increase in plasmaLA (18:3n-3)
concentrations and-fld increase in EPA (20:58) concentrations were observed
compared with the HOCO diet and WD control. However, there were no differences in
plasma DHA (20:6+8) concentrations between the FXCO diet the WD control.

These results are consistent withyioeis stable isotope tracer studies demonstrating the
linear relationship between dietary ALA intakes and plasma EPA, with no direct
relationship between ALA intakes and plasma DHA due to limited conveaisies{44).
Nonetheless, the increase in plasmacentration of AIA, EPA and DPA after the

FXCO diet may be cardioprotective as an inverse association has been found between
plasma concentrations of combined EPA and DHA, as well as ALA, and risk of fatal
ischemic heartliseas€45). Furthermorgthe hidner plasma MUFA concentration after

the HOCO diet maprovidecardiovascular benefits, as MUFA has been shown to be

resistant to oxidative modifications of LEtholestero(46).

A potential limitation of this study is that the experimental diets werbalanhced for
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dietary cholesterol levels, however it has been reported that in humans dietary fatty acids
are primary determinants of serum cholesterol, whereas dietary cholesterol has minimal
effect on modulating serum cholestemlels(3,47,48) Furthemore the average daily
intake of cholesterol in each experimental diet was considerably lower than the AHA
recommendation o£300 mgday(9). Moreover, the feasibility of incorporatifgth

HOCO and FXCO inttypical diets requires further consideratitmorder to maintain

total fat energy intaket is crucial to target fat substitution versus fat supplementation of
the diet. The higtstability properties oHOCOmake it a practical substitution foFA-

rich partially hydrogenated vegetable oils in fgdcessingfrying and for culinary
purpose$8). Increased dietary ALA intake can be achieved by fortifying dressings,
spreads and margarines with the FXCO blend as a replacement obmiadgtioducts.
Currently, the US Food and Drug Administration @&has authorized a qualified health
claim stating that canola oil (~19 g/day) may reduce the risk of CHD due to its
unsaturated fat content, recommending direct caloric replacement of dietary SFA with
canola 0i(49). Therefore, increased compliance wdibtary recommendations and
targeting a reduction in CHD risk would be possible by replacing a proportion of
commonly used dietary oils and spreads in the Western diet witkolgghcanola oil

alone or blended with flaxseed oil.

In conclusion, the presestudy is the first human clinical trial to investigate effects of
HOCOon serum lipids and other markers@?¥D risk. HOCOalone omwhenblended
with flaxseed oil effectively reduced serur@ and LDL-cholesterotompared witra

WD control Moreover, theALA -rich FXCO may further target inflammation and
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atherogenic pathways by reducing plasmselectin. Substitution of dietary fats common
to theWD with bothHOCOand flaxseed oll is a feasible option to target dietary

recommendations and risk factors €@vD.
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BRIDGE TO CHAPTER V

The data presented in CheplV substantiaténe lipid-lowering efficacy of both high

oleic canola and flaxseed oils when substituted for dietary fats common to the Western
diet. Moreover, sincthe observededuction in plasma-&electin was directly associated
with lower circulaing lipid concentrations, but not changes in plasr3aLCPUFA
proportions after consumption of tHaxseed/higholeic canola oibliet, the data

emphasize independent health benefits of dietary ALA. Beyond traditional and emerging
risk factors for CVD, Bdominal obesity underlies health complications culminating CVD
morbidity and mortalityData from animal and human studies argue for sermapid
metabolic disposal of OAnd ALA compared particularly witBFA. As such, it can be
suggested that plant oflieh in OA and ALA, particularly higfoleic canola oil and

flaxseed oil, would be oxidized more rapidly and result in less body fat accumulation
than conventional oils such as lard and dairy fats which are richer in SFA. However, no
systematic studies hawexplored these questions, particularly in the face of the current

global epidemic of obesity.

Using wholebody indirect calorimetry and dualray absorptiometry methods, the
purpose of the following study was to simultaneously investigate changesrgye
expenditure and substrate utilization wétkeratiors in body composition after
consumption of higioleic canola oil and the flaxseed/higleic canola oil blend, as
compared with current North American fatty acid intakes using the Western dietary

control.
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5.1ABSTRACT

Objective:The fatty acid profile of dietary fateay contribute to its channelling toward
oxidation versus storage, influencing energy and weight balance. Our objective was to
compare the effects of diets enriched with hoggic canola oil (HOCO), alanor

blended with flaxseed oil (FXCO), on energy expenditure, substrate utilization, and body
composition versus a typical Western diet (WMaterials/MethodsUsing a

randomized crossover design, 34 hypercholesterolemic subjects (n=22 females)
consumed &ontrolled diets for 28 days containing ~49% energy from carbohydrate,

14% energy from protein, and 37% energy from fat, of which 70% of fat was provided by
HOCO rich in oleic acid, FXCO rich ialphalinolenic acid or WD rich in saturated fat.
Indirectcalorimetry measured energy expenditure and substrate oxidation. Body
composition was analyzed by diealergy xray absorptiometryResultsAfter 28 days,

resting and postprandial energy expenditure and substrate oxidation was not different
after consumpon of the HOCO or FXCO diets compared with a typical Western diet. No
significant changes in body composition measures were observed between diets.
However, the androitb-gynoid ratio tended to increade £ 0.055) after the FXCO diet
compared with the BCO diet.ConclusionsThe data suggest that substituting a typical
Western dietary fatty acid profile with HOCO or FXCO does not significantly modulate
energy expenditure, substrate oxidation or body composition in hypercholesterolemic

males and females.
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5.2 INTRODUCTION

The epidemic growth of obesity in North America is propelled by unhealthy lifestyle
choiceq(1-3). Recently, much attentidmas focused othe influence of dietary fat
composition m energy and weight balan¢e 7). Evidence from stale isotopeabelled
fatty acid(8-10) and indirect calorimetryl1-16) studies have shown increased oxidation
of long-chain unsaturated fatty acids, namely oleic acid, compared witkcluaig SFA.
However, controversy remains as to the impact of dietamgofaposition on wholdody
substrate oxidation anergy expenditurayith recent indirect calorimetry studies failing
to observe an effe¢l7-19), or reporting that subject body composit{d3,14,20)and
gender(21) may alter the response to dietary, fadditionally, few human studies have
simultaneously investigated changes in body composition associated with shifts in

components of dailgnergy expenditurafter dietary fat interventio(12,14,19).

High-oleic canola oil (HOCO) and flaxseed oil aogvlin SFA and high in unsaturated
fatty acids, oleic acid and alpfiaolenic acid (ALA), respectively. However, to date, the
efficacy of consuming HOCO, alone or blended with flaxseed oil (FXCO3nerngy and
weight balancas compared with a typical Wesn dietary fatty acid profile has not been
studied in humans. Therefore, the objective of the present study was to investigate the
effects of chronic consumption of HOCO and FXGn resting and postprandeergy

expendituresubstrate oxidation, and dypcomposition.
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5.3 EXPERIMENTAL METHODS

5.3.1 Subjects

Thirty-nine individuals between the ages 18 and 65 years (fourteen males andfiveenty
females) were recruited using flyers, newspaper and radio advertisements. Fasting blood
was sampled to seen for biochemical and haematological parameters. Inclusion criteria
were serum LDEcholesterol >3.0 mmol/land BMI between 236 kg/n¥. The present

study was conducted according to the principles expressed in the Declaration of Helsinki,
andallprocedues wer e approved by BiomedicdResearehr si t vy
Ethics Board (Protocol no. B2007:07A)I subjects provided written informed consent

prior to starting the studyrhis study was registered with ClinicaTrials.gov (Identifier

#NCT0092799),

5.3.2 Experimental Design

A detailed report of this study design has been published previously, thus methods are
only briefly summarized her@2). The study used a randomized, singlied, crossover,
controlleddiet design consisting of three phaséth 28 days per phase separated with a
4 to 8week washout period. Women were studied during the same phase of their
menstrual cycle for each treatment phase. A typicatfagkvestern diet (WD) was
prepared by the metabolic kitchen at the Richardsemtr€ for Functional Foods and
Nutraceuticals (RCFFN) consisting of three isoenergetic meals ushiggBeal cycle.
Food ingredients were weighed within 0.5 g based on subjects individual daily energy
requirements for weight maintenance calculated byMiiflin equation(23) and

multiplied by an activity factor of 1. Bubject body weights were recorded daily under



supervision before breakfast. If subject body weight fluctuated in the first week of the

study, energy intake was adjusted by shifting tttevidy factor to maintain subject body
weight. Subjectsd breakfast meals were con
with lunch and dinner meals prepared for take ®atoughout the study, subjects were

instructed to maintain their physical adyMevel and report any changes in health.

5.3.3 Test Meals

The macronutrient profile of the test meals were identical in composition and designed to
contain 50% of energy as carbohydrate, 15% as protein and 35% as fat. The experimental
oils, providng M% of fat intake, included HOCO (approximately 70% oleic acid;

Canola Harvest HiLo®; Richardson Oilseed ltedl, Lethbridge, AB, Canada); a/1:1

blend of the HOCO and flaxseed oil (FXCO) (Approximately 55% ALA and no lignans;
Bioriginal Food & Scienc€orporation, Saskatoon, SK, Gala); 3/a blend of oils

typical of a WD including notsalted butter (12%), extnargin olive oil (35%),

vegetable lard (35%), and sunflower oil (>60% linoleic acid) (18%). Experimental oils
were blended in cold foods aslkshakes at breakfast and puddings at lunch and dinner.
Table 5.1outlinesthe macronutrient profile of the three test meadssumed during

indirect calorimetry analysis. The fatty acid profiles of the experimental oils and
macronutrient profile of the @erimental diets have been published previously &2).
guestionnaire was administered at the end of each phase to assess sensory characteristics
of the treatments and any experienced side effects from consumption of the experimental

diets Chapter VSupg ment i n AAppendix 1110)
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Table 5.1:Energy and macronutrient profile of the three test meals used for indirect calorimetry analysis

Flaxseed and highleic canola

Western diet High-oleic canola oil diet oil diet
g/meal % of Energy g/meal % of Enery g/meal % of Energy

Carbohydrate 94.36 + 15.87 48.37 94.26 + 15.85 48.31 94.26 + 15.85 48.31
Fiber 5.60 £ 0.89 2.89 5.60 £ 0.89 2.88 5.60 £ 0.89 2.88
Protein 29.86 £ 6.96 15.20 29.83 £6.95 15.18 29.83 £6.95 15.18
Fat 32.66 +5.17 37.77 32.67 £5.17 37.78 32.88+5.21 38.02

SFA 10.57 £ 2.01 12.16 5.73+1.39 6.56 5.88 +1.40 6.73

MUFA 11.82 +1.90 13.66 18.05 + 2.88 20.86 11.64 +1.87 13.45

PUFA 5.94 +1.02 6.90 5.24 +0.92 6.09 11.31+1.81 13.11

n-6 PUFA 4.60 £0.81 5.30 3.00 £ 0.57 3.45 3.28+0.61 3.77

n-3 PUFA 0.21 £ 0.04 0.25 0.56 = .09 0.64 6.65 = 1.06 7.68
PUFA:SFA ratio 0.57 0.95 21.99
PUFA:MUFA:SFA ratio 0.56:1.12:1.0 0.91:3.15:1.0 1.92:1.98:1.0
Daily Energy (kcal/d) 2463.58 + 390.28 2463.58 + 390.28 2463.58 + 390.28
Test Meal Energy (kcal/d) 780.74 £ 133.54 780.79 + 133.53 789.79 + 133.53

"The energy and macronutrient profile of the three test meals (average of bres@ayahd dinnerm=12)) were estimated usin
Food Processor software (version 7.81; Food ProcesHemSOR). All values are means + SD.



5.3.4 Indirect Calorimetry Measurements

On a single dayuting week 1 of phase 1 (study baseline) and week 4 of each phase
(phase endpointsgnergy expenditure wasalyzed by indirect calorimetry using an
opencircuit ventilated canopyMmax Encore software, Summit Technologies Inc.,
Burlington, ON, Canada) recording the rate (L/min) of oxygen consumptiog) @hd

carbon dioxide production (MQ;). Each dayrior to respiratory measurements

calibration of the flowsensor with a syringe was conducted using reference gas standards
(16% Q, 4% CQ, 80% N; and 26% Q, 74% N) (Summit Technologies Inc.,

Burlington, ON, CanadaSubjects were measured under standardized conditions in the
fasted state (12duwr fastfor breakfast group (n=22), ®br fastfor dinner group (n=12)).

Upon arriving at the BFFN, subjects lay supine for btinutesbefore a 30 miate

resting metabolic ratdR(MR) measure was recorded prior to teetmeal. Subjects were
allowed 40 mimtesto cansume theicontrolled testneal under supervision. After the

meal, 6 lour postprandial energy expendituas measured in 30 mitesintervals and

no additional food or beverages were permitted. All measures were supervised with
subjects resting supine arbal with their head placed under ttiansparent ventilated
canopy. Subjects were permitted to watch movies or read, and were asked to refrain from
speaking while under the hood. Washroom breaks were permitted during theu® min
intervals when subjestwere not being measured, otherwise subjects were advised to

remain in a rested supine state.

TheVO, andVCO; values(L/min) recaded by the/Vmax Encore softwar€Summit

Technologies Inc., Burlington, ON, Canadeere extracted into a spreadshé&etbjectsd
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weighss wererecorded prior to analysis and the assumptionaafstant nitrogen (N)
excretion (0.14 gNg body weightday) was usedn place of urinary nitrogen
measurementdl). Therefore, neprotein respiratory quotient (npRQ) was calculated
based on the equation described by Westenskow et al. ({388)

3 .. 0140 8
VCQ, - gavodyweight ——63 6.0
npVvVCQ _ < % yWel 40(2 39

npRQ= [1]

5
Ve g, - %odyweughﬁ 07144&03 4885

Where 6.03 and 4.88 is the volume (L) of Gd Q utilized per gram of N
metabolized. Using the npRQ and npMf&rived from equation [1], total energy
expenditure (EEa), including RMR and postprandial energy expenditure, was calculated

based on equations described by Lusk (1928) and Schutz (199%26).

akcald npRQ 0.7070
T o0

EE npVQO, 3 ¢4.686+ 03 0.36 2
total%o p Q 64' 0.293 h [ ]

Where 4.686 is the calories per volume (kcal/L) gt@nhsumed and ©07 is the RQ
corresponding to 100% fat oxidation, 0.293 is the difference between the RQ for
carbohydrate and fat oxidation (i.e. 1100.707), and 0.361 is the difference in the
calories per volume (kcal/L) of f@onsumed between carbohydrate and fadation (i.e
5.0477 4.686). Using the npRQ and npY@erived from equation [1], carbohydrate
oxidation (CHQ,) and fat oxidation (Faf) were calculated based on the equations

described by Jequier et al. (1982Y).

CHO, go np Q3anpR(}O7O7C

3
cmin+ QO 2933 0.746% 3]

a ¢
Fato,ae—g 0=npVGQ,3 +-00- npRQ

4
cmin+ gs 2933 2. 019- 4]

Where 0.746 and 2.019 is the volume (L) g@fd@nsumed per gram of carbohydrate and
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fat oxidized, respectively.

Resting metabolic rateecorded prior to the meal was assumed to remain constant
throughout thé-hour period post meabasumptionAverage postprandial energy
expenditure, fat oxidation and carbohydraxedation were calculatefdr each time
interval over the 6 hours post meal consumpfidrermic effect of food TEF) was
calculated as the area under thbdar curve of pstprandial energy expenditure plotted
against time minus the projected RMR over the@@ripostprandial period using

GraphPad Prism version 4.0c (GraphPad Software, Inc., La Jolla, CA, USA).

5.3.5 DualEnergy XRay Absorptiometry Measurements

Body compogion measures were assessed after-adif fast on days 1 and 29 of each
phase by duatnergy xray absorptiometry (DEXA) scanning after quality assurance
calibration of the machine (Lunar Prodigy Advance, GE Healthcare, Madison, WI, USA).
Prodigy Encor@005 software version 9.30.044 (GE Healthcare, Madison, WI, USA)
calculated the regions of interest, including android fat mass and gynoid fat mass as a
percentage of total fat mass, as well as the ratio of antbrggnoid fat (percent android

fat divided by percent gynoid fat). Android fat mass reflects the abdominal region,
whereas gynoid fat mass reflects region of the hips, buttocks and upper thighs. More
specifically, the android region was defined inferiorly at the pelvis cut line, superiorly at
96mm above the pelvis cut line, and laterally at the arm cut lines. The gynoid region was
defined superiorly below the pelvis cut line, inferiorly at 96mm below the pelvis cut line,

and laterally at the outer leg cut lines.
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5.3.6 Statistical Analyses

Statigical analysis was performed by SPSS 16.0 (SPSS Inc., Chicago, IL, USA) using
linear mixed model analysis of covariance (ANCOVA) with subject as a random factor
and treatment as an independent factor. Repeated measures were used to examine the
existence oéffects of time and time x treatment interaction. For thermogenic data, BMI
was tested as a covariate. The effect of dietary treatment, sequence, phase, time of meal
(breakfast versus dinner) and gender were included in the model as fixed factors when
thar effect on the independent variable was significant. Significant treatment effects were
examined with Bonferroni post hoc test for multiple comparisons. For body composition,
changes from baseline within each treatment group were analyzed withaledo

paired studenttest. Pearson correlation analyses were conducted to test associations
between body composition ardergy expenditurer substrate oxidation variables.

Given that the present study was an extension of a clinical trial investigatiingdhe

lowering efficacy of HOCO and FXCO (22 sample size of 34 subjects was utilized.
Therefore, using R-value of 0.05 with a power of 80%, the ratio of effect
estimate/variance for this study would be 0$#@tistical significance was setR©0.05

for all analysesResults are expressed as means + SEM.

5.4 RESULTS

5.4.1 Subject Characteristics

Subject baseline characteristics are present@dlte 5.2 Thirty-four subjects (12 males
and 22 females (5 premenopausal)) completed the sthdye Wvere 8 lean subjects

(BMI 22.5 + 1.2 kg/r), 13 overweight subjects (BMI 27.0 + 1.6 kd)jmand 13 obese
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subjects (BMI 32.6 + 2.8 kg/fh No differences in baseline BMI, fat mass, or android fat
was observed between male and females. Baseline pbaminfat and gynoid fat were
higher £ < 0.001), while fat free mass and the andttoidiynoid ratio were lowerR <

0.001) in females compared with males.

Table 5.2:Subject baseline characteristics.

Characteristic All subjects Males Females

n 34 12 22

Anthropometric measurements
Age (y) 48.24 +11.88 48.75+11.36 47.95+12.40
Body mass (kg) 77.09+16.02 86.26+10.80 72.08 + 16.36
Height (m) 1.65+0.10 1.73 £0.07 1.61 +0.08
Body mass index (kg/fM 28.12 £ 4.49 28.92 + 3.64 27.68 +4.91
Body fat (%) 38.01 £ 7.36 32.16 £4.49 41.20 + 6.65
Fat mass (kg) 29.52 £9.18 28.00 £ 6.55 30.35+10.39
Fat free mass (kg) 47.56 £ 10.47  58.26 £5.81 41.73 +7.32
Android fat (%) 45.81 + 6.07 43.40 +4.19 47.12 +6.60
Gynoid fat (%) 42.75 + 8.98 33.20 £ 5.03 47.96 +5.74
Android:Gynoid fat 1.11+0.21 1.33+1.17 0.99+0.11
RMR (kcal/min) 0.812+0.176 0.937+0.130 0.758 +0.167

Serum Lipid Measurements
Total cholesterol (mmol/L) 594 +£1.05 6.00 £1.05 5.90+£1.08
LDL -cholesterol (mmol/L) 3.73+0.96 3.86 £ 0.97 3.65+0.96
HDL-cholesterol (mmol/L)  1.39 +0.34 1.22 £0.32 1.48 +0.32
Triglycerides (mmol/L) 1.81+1.10 201+151 1.70 £ 0.82
Glucose (mmol/L) 5.39+£1.30 5.74+2.01 5.20 £ 0.65

All valuesarg means + SDMean values were significantly different between males
and femalesPO0 . ®&Q . A0 . 001 (i Aestpendent T

Three subjects withdrew from the study due to wailated issues or relocation of
residence. Two subjects did not paate due to discomfort with the ventilated canopy
for indirect calorimetry analysi§ubjects did not report a change in physical activity
during the study protocoNo major sideeffects from the treatments were not8dnsory

analysis revealed that &tgnents formulated with HOCO received more favourable
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sensory characteristic rating? € 0.005) as compared with the WD control formulations

(Chapter V Supplement in AAppendix 1110).

5.4.2 Energy Expenditure and Substrate Oxidation by Indirect Calorirgetr

Fasting and postprandiahergy expenditurand substrate oxidation rates for each
treatment group are presentedable 5.3 After 28 days, no differences were observed
in RMR, RQ, and substrate oxidation measured in the fasting state between treatment
groups. After consumption of the test meals, no differences were obsetvedriy

average postprandiahergy expenditureetween treatment grougsigure 5.1). In

addition, total postprandianergy expenditurdRQ, TEF, as well as fat and CHO
oxidation rates did not differ between treatmgroups. Wheenergy expenditures

well as fat and CHO oxidation rategere expressed as a factor otfi&e mass no

differences were noted between treatment groups (data not shown).

In subsequent analysis, effe of gender and BMon resting and postprandhergy
expenditureand substrate oxidation were tested after consumption of the test meals.
Gender resulted in a significant effeBt€ 0.05) on RMR, postprandiehergy

expenditureand TEF. However, funer analysis revealed no gender x treatment
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Table 5.3:Fasting and postprandial energy expenditure and substrate oxidation o
subjects after consuming the treatment diets.

Flaxseed and
High-oleic high-oleic P-
Western diet canola oil diet canola oil diet value
Fasting
RMR (kcal/min) 0.929 + 0.031 0.946 +£+0.038 0.927 +0.034 0.647
Fat oxidation (g/min) 0.101 £0.007 0.101 £0.007 0.100 +0.007 0.992
CHO oxidation (g/min)  -0.007 £ 0.013 -0.003 + 0.011 -0.005 £ 0.012 0.908

Respiratory quoént 0.78+0.01 0.79+ 0.01 0.79+0.01 0.832
Postprandial
PEE (kcal/min) 1.067 £0.034 1.070+0.037 1.055+0.035 0.599

Fat oxidation (g/min) 0.088 £ 0.005 0.089 +0.006 0.085+0.006 0.895
CHO oxidation (g/min)  0.062 £ 0.011 0.060 + 0.010 0.066 + 0.012 0.968
TEF (kcal/meal) 48.468 + 4.538 45.261 + 3.310 46.141+ 4.408 0.588
Respiratory quotient 0.83+ 0.01 0.83+ 0.01 0.84+0.01 0.931
Values are means = SEM; n = 34. CHO, carbohydrate, RMR, resting metabolic rz
PEE, postprandialrergy expenditure; TEF, thermic effect of food.
P-values are shown for the treatment effect between groups analyzed by mixed r
ANCOVA (with the Bonferroni post hoc test for multiple comparisons).

interaction on these dependent variables. No effegeénder on resting and postprandial
substrate oxidation was observed. Conversely, BMI impaéted)01) RMR,
postprandiatnergy expenditureas well as resting and postprandial substrate oxidation.
Further analysis revealed no BMI x treatment interactio these dependent variables.
No effect of BMI on TEF was observed. BMI positively correlated with RMR §.569;

P < 0.001), postprandianergy expenditur@ = 0.567;P < 0.001), resting fat oxidation

(r =0.446;P <0.001), and postprandial fat oxtion ¢ = 0.369;P <0.001), while
negatively correlated with resting CHO oxidation=(-0.196;P < 0.048). BMI did not
correlate with TEFr(= 0.014;P = 0.887). No effect of the time of meal (breakfast versus
dinnel) on resting and postprandahergyexpenditureor substrate oxidation was

observed.
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Figure 5.1A: Resting (hour 0) and postprandial (hot8)lenergy expenditure for

subjects (n=34) after consumption of the three experimental diets; Western (WD), high
oleic canola oil diet (HOCQJlaxseed/higkoleic canola oil diet (FXCO)igure 5.1B:

Area under the curve for thermic effect of food (postprandial energy expendituie area
resting metabolic rate area) measured for 6 hours after subjects (n=34) consumed the
three experimental diet¥alues are means + SEM. Repeated measures mixed model
ANCOVA determined no significant treatment effect, time effect, or treatment x time
interaction.



5.4.3 Body Composition by Dudlnergy XRay Absorptiometry

No differences were observed in baselineyboaimposition measures between treatment
groups Table 5.4. After 28 days, BMI, fat mass, and fat free mass were redéced (
0.05) from baseline within each treatment group (data not shown). However, BMI, fat
mass, fat free mass, as well as percent latgyandroid fat and gynoid fat did not differ
at endpoint between treatment groups. A trend towards a reduction in the dadroid
gynoid ratio was observed after consumption of the FXCO diet compared with the

HOCO diet, however the difference did not reatatistical significance®(= 0.055).

Table 5.4:Body composition at the end of each of the three experimental diets.
Flaxseed and

High-oleic high-oleic P-

Western diet canola oil diet canola oil diet value
Body mass (kg) 75.63+£272 7550+266 7577+271 0.667
Body mass index (kg/fi  27.60 +0.78 27.55+0.75 27.65+0.78 0.656
Body fat (%) 37.69+1.36 37.78+1.39 37.78+1.35 0.921
Fat mass (kg) 28.82+1.67 28.85+1.68 2892+1.64 0.958
Fat free mass (kg) 46.81+1.73 46.65%+1.69 46.86x1.74 0.525
Android fat (%) 4567 +1.25 4565+1.28 4579+1.19 0.954
Gynoid fat (%) 4216 £1.60 4238+1.61 41.99+1.66 0.205
Android/Gynoid fatratio  1.12 + 0.04 1.11+0.04 1.13+0.04 0.055

Values are means = SEM; n = 34.
P-values are showfor the treatment effect between groups analyzed by mixed mc
ANOVA (with the Bonferroni post hoc test for multiple comparisons).

Subsequent analysis revealed that gender influefte®001) baseline and endpoint
percent body fat, fat free maggnoid fat, and the androt-gynoid fat ratio. However,
further analysis revealed no gender x treatment interaction on these dependent variables.

No effect of gender on baseline or endpoint fat mass and android fat was observed.
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5.5 DISCUSSION

The preent results demonstrate that consumption of the MUEIAHOCO diet or ALA
rich FXCO diet for 2&8ays as compared with a typical Western diet fatty acid profile
does not modlate resting or postprandi@hergy expenditurand substrate oxidation.
Data futher suggest that consumption of the experimanisin the context of energy
controlled diets does not differentially affect body composition measures. Redhits
study have important implications in further substantiating the role of fat quedisys

fat quantity, in the context @ftypical Western diet oanergy metabolisrand the
influence on bodgomposition. Labelling fatty acids with stable isotope tracers is an
effective means of measuring individual fatty acid oxidation and incorporation
tissueq28). Over 9 hours, cumulativEC recovery in breath revealed an oxidation order
of laurate (12:0) > ALA (18:3) > elaidategnsl8:1) > OA €isl18:1) > LA (18:2) >
palmitate (16:0) > STA (18:(}). These results were similar to those ofekoat al.

(1985) investigating the oxidation of labeledd&bon fatty acid in 6 healthy men and
observing an increase oxidation of OA > LA > S2). However, few human studies
have examined the effect of consumption of dietary fat ranging in fattyeafite on
whole-body fat oxidationyvhich includes oxidation of both dietary fatty acids and those
produced viale novdipogenesisBecause specific fatty acids regulate transcription
factors(30), the assessment of total whdledy fat oxidation andrergy expenditure

using indirect calorimetry may provide more insight into the metabolic role of dietary fat.

Our finding of no effect of dietary fatty acids on resting and postpraedeby

expenditureas well as substrate oxidatjaoincides with thee of recent studig&7-19,
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31). After feeding a higHat diet rich in either MUFA or SFA to eight healthy men,

Cooper et al(2009)(17) failed to observe a difference in resting orlfsirenergy
expenditureneasures using a metabolic chamber. Howeliscrepancies from human

trials remain as increasing the ratio of MUFA to SBE2-14,16)or PUFA to SFA

(11,16)in the diet has previously been shown to increase fat oxidation, TEF, or both.
Several potential mechanisms have been proposed to suggesttentgéution of

dietary unsaturated fatty acid to thermogenesis than SFA, namely faster gastric emptying
(32), increased intestinal absorpti(#9,33) and preferential hepatic oxidati¢29)

More specifically, MUFA and PUFA have been shown to be rafiestive than SFA in
upregul ating PPARU expression, stimulating
oxidation and thermogenesis while suppressing the genes regulating fatty acid synthesis
(30,34) Despite these proposed mechanisms of action, mgekan fat oxidation or

thermogenesis were noted in the present study.

Potential explanation for the discrepancy between the present results observing no effect
of dietary fat on thermogenesis compared with previous studies may be related to
differenceghe caloric load and fat content of the dietevious studies may have

magnified the metabolic response to dietary fat intake by administesbfp of energy

from total fat(15-18) or >20 of energy from SFAL2,14,16,19)Although the present

study provietd ~37% energy from total fat and utilized a WD control containing ~11% of
energy from SFA, fatty acid intakes more typical of current Western in(akgshe

moderate fat content of the dietgly not have mechanistically challenged endogenous

lipid trafficking sufficiently to alterenergy expenditurand fat oxidatn. Another dietary
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consideration is the influence plant versus animal derived fat on thermogenesis and
substrate oxidation. Previous studies have reported an increase in postprandial fat
oxidation rates and/or thermogenesis after unsaturated fats from vegetable origin versus
that of animal fats from dairy produds3,14,16) Conversely, the experimental oils
investigated in the present study wpredominately vegetable fatsith onlya smé

content of thaVD control containing fatrom animal origin (12% nosalted butter).

Energy expenditurand substrate oxidation play critical rela fat balance and fat stores
(36), and maynfluenceweight gain and obesity ilumans. Animal studidsave reported
a simultaneous increase in dietluced thermogenesis and decrease in body fat
deposition following MUFA and PUFA rich diets as compared with SFA rich diets
(37,38) In humans, Kein et a(2005)(12) demonstrated a simultaneous decreasatin f
oxidation and an increase in fat mass with HiffA versus higiMUFA diets. However,
Piers et al(2003)(19) failed to observe a correlation between changes in fat mass and
postprandial fat oxidation aftdrweek consumption of higBFA or highMUFA diets,
attributing the favourable modifications in body composition to reduced energy intake
and/or increased physical activity after the RMDFA diet. In the present study after 4
weeks of dietary intervention, no changes in endpoint values of body ctimposgere
observed between diets, consistent with the lack of effeehergy expenditurer
substrate oxidation. In spite of this, there was a trend towards an increase in the android
to-gynoid ratio after consumption of the FXCO diet compared withHB€O diet,
however, this did not reach statistical sfgrance. An increase in the andrdamgynoid

ratio is considered unfavorable, as shifts of adipose deposition to the android region,
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reflecting adiposity in the abdomen, are generally associate@witicrease in CVD

risk (39). Previously, we reported a decrease in CVD risk factors, serum lipids and
inflammatory biomarkers after consumption of the FXCO @#8&). Further statistical
assessment revealed no correlation between the axtdrgyhoid rdio with measured

CVD risk factors after the FXCO diet. Nevertheless, although not significant, the slight
increase in the androt-gynoid ratio after the ALAich FXCO diet cannot be

explained and the lorgerm effects require further investigation.

A strength of the present study includes tse of a-4veek supervised dieiontrolled
design, thus reducing a confounding effect of the antecedent deeeogy expenditure

and substrate oxidatiqd0,41) Furthermore, TERccounts for ~10% total daigrergy
expenditureand is strongly subject to intraindividual variati@?2). Genetic

polymorphisms of transcription factoi@3) and uncoupling protein@4) regulating

energy expenditurand substrate metabolism nmfagvealteeds ubj ect sd respons
dietay interventions regardless of the study duration. Therefore, the uszassmver
design reduces the influence of genetic and other interindividual variations between
subjectq45). Potential limitations of the study may include lingited 6-hourperiad for

data collection during indirect calorimetag pevious studies using stable isotopes reveal
peak oxidation of fatty acid at approximately 6 hours after substrate administration
(9,29) However the presentesults coincide with recent results obsegwo change in
24-hourenergy expenditureeasured in a metabolic chamber afiemsumption of
MUFA-rich compared with SFAich diets(17). Considering the present data, a future

study would require approximately 55 subjects to demonstrate a relevamde#se in
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postprandial energy expenditure after consumption of a diet rich in unsaturated fatty acids
versus SFA at a 0.05 significance level with a power of 8l8érefore, future human
intervention studies are still needed before it can be determitiedonfidence if fatty

acid composition affects thermogensis.

In summarythe present study demonstrated that in the context of current Western
macronutrient intakes, altering dietary fatty acid composition had no major effect on
whole-bodyenergy expediture substrate oxidatioor body composition during the 4
week controlled dietary intervention. While the letegm effects on obesity prevention
require further investigation, results suggest sdustitution of dietaryats typical to the
Western detwith HOCO alone, or blended with flaxseed oil, does notlufe energy

and weight balance.
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BRIDGE TO CHAPTER VI

Usingadiet-controlled randonzed crossover design, Chapterd¥monstrated that high
oleic canola oil and the flaxseed/higleic canola oil blend effectively modulate

circulating serum lipid levels. Furthermore, the flaxseedHoigit canola oil blend may
provide additional cardioprotective benefits by targeting a reductiorsgldetin levels

in hypercholesterolemic men andmen. However, using a controlled dietary regimen in
the context of typical Western macronutrient intakes, no sftecbody composition or
substrate utilization and energy expemick were observed in Chapteraiter

incorporation of the experimental®iAlthough indirect calorimetry effectively

measures total wholeody fat oxidation, stable isotopes more precisely trace the
metabolic fate of individual fatty acids. Therefore, there is specific interest regarding the

impact of dietary fat on the metlism of ALA as assessed by stable isotope tracers.

It is well-established that the conversion of ALA to EPA and DHA is limited, however
the influence of enhanced consumption of At@nversion to LCPUFAs unclear. While
ALA is the primary R3 PUFA inthe diet, DHA is the predominant3 PUFA in cell and
tissue membranes. Given that the cardioprotective effects of EPA and DHA have been
substantiated and considering the sustainability of current wild fish resources are being
challenged, there is much inést if ALA can provide a functional source of endogenous
EPA and DHA. In addition, recent evidence demonstratesiingie nucletde
polymorphisms in the FADSEADS?2 gene cluster can influence the conversion of ALA
to EPA and DHA. Therefore, adefestt h e a c t +avni di-depdiurhsespiay

indeed be a risk factor for CVD, downregulating the biosynthesis of EPA and DHA and



influencing the health outcomes associated with increased ALA consumption.

Using stable isotope tracers, the following studgleates theapparent conversioof

ALA to EPA, DPA and DHA, as well dsoxidationof ALA in response to enhanced
ALA consumptionfrom higholeic canola oil and thiéaxseed/higkoleic canola oil

blend. In addition, the following chapter will delineateetler genetic variations the
FADS gene cluster interawatith increased dietary intakes of ALA to affect serum lipids,

inflammatory biomarkers, plasma fatty acid profiles, and ALA conversion efficiency.
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6.1ABSTRACT

Objective:Desaturation of dietary ALA to omega(n-3) long-chain polyunsaturated
fatty acids (LCPUFA) is mediated through fatty acid desatu@€3S1-FADS?2) and
may be influenced by dietary FA composition. The objective was to investigate effects of
diets enriched in flaxseed oil (FXCO) or higleic canola oil (HOCO) versus a Western
Diet (WD) fat blend and FADSEADS?2 single nucleotide polymdnsms (SNP) on
plasma fatty acids, as well d3-f°C]ALA apparente n v e r s i-axidatiom.n d b
Materials/MethodsUsing a randomized crossover design, 36 hyperlipidemic subjects
consumed 3 isoenergetic diets for 28 days enriched in FXCO (20.6 g/d ALA), HOCO
(2.4 g/d ALA), or WD (1.3 g/d ALA). On day 27, blood was sampled=0, 24, and 48
hours after subjects consumed 45 mgwf{C]ALA. Subjects were genotyped for
rs174537, rs174545, rs174561, and rs174583 in the FAREIS2 gene cluster.
ResultsFXCO increased plasma ALA -bld (P<0.001), EPA ~Jold (P<0.001), and
DPA ~1.5fold (P<0.001), with no change in DHA compared with HOCO or WD diets.
At 24 and 48 hours|J-*C]ALA recovered as plasnt2C-EPA and"*C-DPA was lower
(P<0.001) after FXCO diet compared with HOCO and WD diets. No changé-nHA
was observed beeen diets. At 48 hours pegose, [J-*CJALA cumulative oxidation
was similar (~19%P=0.788) between diets. Minor allele homozygotes of selected FADS
genotypes had loweP€0.05) plasma composition of EPA, AA, EPA/ALA, AA/LA and
lower (P<0.05)"*C-EPA at24 and 48 hours compared with major allele carriers
following all diets.Conclusion:Very high ALA intake by minor allele homozygotes
compensated for lower apparent FADS activity, as determined using stable igbtope [

13CJALA, resulting in increased plasmcomposition of cardioprotective EPA.
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6.2 INTRODUCTION

Considerable research supports a reduction in cardiovascular disease risk (CVD) with
increased consumption and high plasma concentrations of eBri@e) polyunsaturated
fatty acids (PUFA)1-3). Alphalinolenic acid (ALA; 18:3r3), the planderived

essential 8 PUFA, is the precursor for the biosynthesis of eicosapentaenoic acid (EPA;
20:5n3), docosahexaenoic acid (DPA; 2285 and docosahexanoic acid (DHA; 22:6n
3) (4). The documented cardiagective benefits of increased EPA and DHA status
include antiinflammatory, antthrombotic, anthypertensive and aréirrhythmic effects,
as well as positive actions on circulating lipid concentrat{@s7). While the specific
cardiovascular effecwittributed to ALA remain unclear, ALA is the predominat8 n
PUFA in the diet and increased consumption of ALA may be particularly

cardioprotective for individuals with low combined EPA and DHA intake and st2Yus

Both dietary and metabolic factors &mown to affect plasma and tissue PUFA levels.
The desaturation of dietary precursor ALA to EPA and DHA, as wel@PUFA

linoleic acid (LA; 18:2r6) to arachidonic acid (AA; 20:46), is mediated through two
keyenzymesj e | t a e(scp)t & r adesaturaséiy AltigpGgh increased

consumption of ALA has been shown to increase net plasma and tissue EPA
concentrations, studies using stable isotope tracers and ALA supplements suggest that
ALA is readily oxidized and undergoes limited enzymatic conwetsianging from 0.2

to 8% for EPA and less than 0.05 to 4% for DHER8). Furthermore, the efficiency of

ALA conversion may be dependent on dietary factors, including dietary fatty acid

composition(9,10) Few studies have investigated the extent of asgd consumption of
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ALA on metabolic conversion and oxidation usifig-labeled ALA. Therefore,
investigating dietary strategies that augment ALA conversion and impf3JeUFA
status furthers our understanding of the cardiovascular effects of indiAdEA,

namely ALA and EPA.

In addition to dietary factors, studies suggest that plasma and tissue concentratibns of n
and n3 PUFA are strongly associated with several common single nucleotide
polymorphisms (SNP) in desaturase genes FADS1 and FADS2liegdorgp5a n d- 6
desaturase respectively(11-13), as well as elongase genes ELO\(IL2). Recently,

Martinelli et al (2008)and Bokor et al(2010)reported an association between various
FADS polymorphisms and estimated desaturase activity as deésfimy producto-
precursor ratio (i.e. AA/LA or EPA/ALA}15,16) However, to our knowledge, studies
have not investigated FADS genetic variants and their associatioflustC]ALA

conversion and oxidation in humans, a more precise measure of desattixdise
Consequently, genetic variants that influence LCPUFA biosynthesis and status may

impact traditional and emerging biomarkers of CVD risk.

Therefore, the aim of this study was to investigate the efficiency of uniformly labelled
[U-*C]ALA apparen conversion to LCPUFA n doxidation in response to enhanced
ALA consumption in the form of higbleic canola oil (HOCO) and a flaxseed/higjeic
canola oil blend (FXCO). A secondary objective was to examine effects of SNPs in
FADS1, FADS2, and ELOVL2mplasma fatty acid compositionJ{">C]JALA apparent

conversion and oxidation, serum lipids and plasma inflammatory biomarkers, and if SNP
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associated changes in plasma fatty acid composition could be compensated for by

substantially increasing ALA intake.

6.3 EXPERIMENTAL MET HODS

6.3.1 Subjects

Thirty-nine individuals (14 males and 25 females) were recruited using flyers, newspaper
and radio advertisements. Fasting blood was sampled and screened for biochemical and
haematological parameters. Exclusionesta included history of atherosclerotic disease,
inflammatory disease, diabetes, uncontrolled hypertension, kidney disease, cancer,
smoking, use of prescription and natural lipid lowering medications, chronic alcohol
consumption (>2 servings/day), or essive exercise expenditure (>4000 kcal/week).

The study was conducted according to the principles expressed in the Declaration of
Hel sinki. Study procedures wer eBiomeauipat ov e d
Research Ethics Board (Protocol no. B20GZ and B2009:129All subjects provided

written informed consent his study was registered with ClinicalTrials.gov (Identifier

#NCT00927199)

6.3.2Experimental Design

The study utilized a-phase randomized, singidind, crossover design. Each study

phase consisted of aweek controlled dietary intervention separated by week

washout periods during which subjects consumed their habitual diet. Prior to starting the
study and during the duration of the study, subjects were instructed to avoichptinsu

of fish and fish oil supplements. During each study phase, subjects consumed only foods
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provided by the metabolic kitchen at the Richardson Centre for Functional Foods and
Nutraceuticals (RCFFN) and were prohibited from consuming alcohol and eddfein
beverages. The treatment diets consisted of three isoenergetic meals distributed-using a 3
day meal cycle. Subjects consumed breakfast meals under supervision at the RCFFN
daily, with lunch and dinner meals prepared for take out. To avoid fluctuatitasly
weight, subjectds individual daily energy
equation(17), then applying an activity factor of 1.7 for medium physical activity. Food
ingredients were prepared wecatchlateden®gy5 g of
requirements. Body weights were assessed daily before breakfast to monitor weight
maintenance. If body weight fluctuated during the first week of the study, energy intake
was adjusted accordingly and maintained in each study phase. hbubtige study,

subjects were instructed to maintain their physical activity levels and report changes in

health or medication.

6.3.3Experimental Dets

Fatty acid profiles of the experimental oils and macronutrient profile of the experimental
diets haveébeen reported previous($8). Experimental diets were comparable in
composition containing approximately%9of energy as carbohydrate (approximately

3% of energy as fibre), 14% as protein and 37% as fat. The experimental oils provided
70% of fat intakeand therefore, altered the fatty acid composition of the experimental
diets. The experimental oils tested included 1/ HOCO (approximately 70% oleic acid;
Canola Harvest HiLo®; Richardson Oilseed Limited, Lethbridge, AB, Canada); 2/ a 1:1

blend of the HOC@nd flaxseed oil (FXCO) (approximately 55% ALA; Bioriginal Food
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& Science Corporation, Saskatoon, SK, Canada); 3/ a blend of oils typical of a Western
Diet (WD control) including nossalted butter (12%), extnargin olive oil (35%),

vegetable shortenin@%%), and sunflower oil (>60% linoleic acid) (18%). Experimental
oils were blended into milkshakes at breakfast and puddings at lunch and Tabier.

6.1 outlines the macronutrient composition of the test meals administered at breakfast for
the stable istope tracer substudy, as analyzed by Food Processor version 7.81 (ESHA

Research; Salem, OR, USA).

Table 6.1:Energy and macronutrient profile of the three breakfast test meals used i
stable isotope tracer substady

High-oleic canolaoil  Flaxseed and high

Western diet diet oleic canola oil diet
% of % of % of
g/meal Energy g/meal Energy g/meal Energy

Energy (kcal/day) 711.0 706.5 708.5
Carbohydrate 84.6 47.6 84.6 47.9 84.6 47.8
Fiber 4.5 2.5 4.5 2.5 4.5 2.5
Protein 25.6 14.4 25.6 14.5 25.6 14.4
Fat 29.8 37.7 29.8 38.0 30.0 38.1
SFA 8.7 11.0 3.4 4.4 3.7 4.7
MUFA 14.2 18.0 20.1 25.6 13.1 16.6
PUFA 6.8 8.6 5.6 7.1 12.7 16.2
LA (18:2n6) 6.2 7.9 4.8 6.2 4.8 6.1
ALA (18:3n-3) 0.5 0.6 0.7 0.9 7.9 10.0

n-6/n-3 ratio 12.2 6.8 0.6

The energy and macronutrient profile of the three breakfast test meals were basec
2500 kcal/day projected diet and estimated using FOOD PROCESSOR software (\
7.81; Food Processor, Salem, OR, USA). ALA, alphalenic acid; LA, linoleic aid;
MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid; SFA, satura
fatty acid.

6.3.4Administration of [U-"*C]Alpha-Linolenic Acid and Sample 6llection
Uniformly labelled [J-*C]ALA (Spectra Stable Isotopes, Columbia, MD, isotopicity

>98% enriched) was mixed in margarine at a ratio of 1:100 (w/w), respectively. On day



27 of each phase, 1»br fasted blood was sampled to determine background enrichment
of 1*C-labeled ALA, EPA, DPA and DHA in plasma. Then, breath samples were
collected to measure backgrouli@0, excretion using a breath collection bag fitted to a
mouthpiece with a gas collection port (EasySamPleQuintron Instrument Co.,

Milwaukie, WI) where vacuum tubes were inserted to collect expired breath samples.
Thereafer, subjects simultaneously consumed their treatment milkshake and their
standardized breakfast meal containing 45 mdJef’C]ALA dissolved in 4.5 g of
margarine and spread on an English muffin with jam, an egg omelette, and juice. The
breakfast meal anmeatment milkshake was consumed by all participants within 10
minutes after administration of the tracer. Breath samples were collectedwat 1 h
intervals for the first 8 h after tracer intake. Between hour 4 and 5 after tracer intake,
subjecs consumedh standardized lunch. Fasting blood and breath were further sampled
at 24 and 48 durspost tracer dose. Blood was sampled in EECbAtaining tubes,
centrifuged within 1 bur of blood collection. Plasma was separated from red blood cells
and the buffy cadayer after centrifugation at 3000 rpm for 20 min @& 4aliquoted and
immediately stored at80°C until analysis. Breath sampled in vacuum tubes were stored

at room tempeature until further analysis.

6.3.5 Sample Aalysis

Serum lipids and plasma iafhnmatory biomarkers, including CRP @, E-Selectin,
VCAM-1 and ICAM1 were measured as previously descrifd&). Total lipids were
prepared from plasma by extracti@®) with chloroformmethanol (2:1 v/v) containing

0.01% BHT (Sigm&Aldrich, Oakville, ON, Canada) using heptadecanoic acid as an
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internal standard (Sigmaldrich, Oakville, ON, Canada). Fatty acid extracts were
methylated with methanolic HCL. The absolute fatty acid composition in plasma total
lipids was analyzed using an Agilent 6890N gasomatograph (GC) equipped with a

flame ionization detector (Agilent Technologies, Mississauga, On, Canada) as previously

described in deta({18).

13C enrichment of 48 fatty acid methyl esters from total plasma lipids were analyzed
using an Agilent 689N GC (Agilent Technologies, Mississauga, On, Canada) coupled to
a Delta V Plus isotope ratio mass spectrometry (IRM&pn Finnegan GC combustion

[l interface(Thermo Fisher Scientific Inc., Bremen, Germany). The GC was equipped
with a split/splitlessnjector and the column was a fused siEfa2560 capillary column
(200m X 0.25mm X 0.2um film thickness; Supelco, Bellefonte, PA, USA). The GC oven
was programmed from 70 to 250C in four temperature steps @for 2 min, rise
25°C/min, 196C for 3 min rise 2C/min, 220C for 15 min, rise 4%, 250C for 10

min). Samples were run with a 5.0 split ratio and He was used as the carrier gas with a
column flow rate of 0.8 ml/min. Temperature for the injector was set 4€280
Temperature for the combustiogactor was 96C. Samples were run in duplicate with

all samples from the one subject analyzed in a singléi@renrichment of C@in

breath samples was analyzed by IRMS (ABCA, SerCon Ltd., Cheshire, UK) and
measured using ABCA breath analyzer softwemesion 500.1.12 (SerCon Ltd.,

Cheshire, UK). A reference gas containing 5%, @@s used to calibrate the IRMS and

He was used as the carrier gas.



6.3.6 Stable Isotope &culations

The difference between tH&C/*“C ratio of both the plasma and breagimples was
expressed Cs; tihne udheilttsa o(fi & or per mil)
international standard Pee Dee Belemnite limestone (PDB), which'f@&°€ ratio of

0.0112372™°C enrichment in the plasma and breath samples was ceftalst

d"Cpops = (Rs- Reps) 5 1000 [1]
Re

DB
where Ris the"*C/*°C ratio in the sample, and-gg is the constantC/*°C ratio of PDB
=0.011237220). Atom percent (AP’C) was calculateased on the equation described
by Slater et al(2001)(20) as:

100
. 2]
+1

APC =

ad .0
+10R,
Hooo 2 oe

wher e U iUSCeom&Q@Bnrchneent of the sample at each time interval of
interest above the baseline level (backgrotiGdenrichment) is expressed as atom
percent excess (APE) and calculated as:

APE = (AP'C),. - (AP'C),, [3]
whereAPC is derived from equation [2], therefore (RB), is the measured abundance
of the enriched sample at timdi.e. 24 tour), while (AP*C)y is the measured

abundance of the baseline sample before tracer administf2@ipn

6.3.7Estimation of *C Fatty Acid xidation
Percent dose recovered (PDR) penmit e -bxidatiom oflU-'*C]ALA in breath was

calculated based on the equation described by Freemantl€2608)(21) as:

17C
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APE3 VVCO, 5 L00% 4]

PDR, =
R mmol**C administered

where APE is derived from equation [3] and VQ®calculated by multiplying the GO
production onstant (300 mmolbur) by body surface arg21). The amount of*C
administered (mmol) wasalculatedbased on the equation described by McCloy.et al

(2004)(22) as:

mg [U- “C]ALA administered , % chemical purity?
molecular weight offU- **C]ALA [5]

[0.99 3 # °C) +(0.01° total #C)]

mmol C =

where the chemical purity of administerést°C]ALA was 8% and the isotopic purity

was 0.99 accounting for 99% labelling efficiency of administeteC]ALA (isotopic
purity), and 0.01 accounting for the 1% of naturally occurtiin administeredy-

13CJALA. Area under the curve of PDR was calculatsithgGraphPad Prism version

4.0c (GraphPad Software, Inc., La Jolla, CA, USA) to determine cumulative oxidation of

administered J-*CJALA.

6.3.8Calculation of *C Enrichment in Plasma Fatty &ids

To calculate the absolute amount (mg)Wf'fC]ALA dose recoered in plasma-8 fatty

acid pools of interest, the differences in relative tracee enrichments attributed to variation
in tracee pool sizes after consumption of the three experimental diets needed to be taken
into accoun(10). Therefore, the absolute ammt of*C-labelled fatty acid was

calculated by correcting for the plasma concentration of this specific fatty acid quantified
by GC.:

Dose(mg) “C recovered= APE3 fattyacid poolsize?
molecularweight of Cin fattyacid

[6]
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where APE is derived from equation [3], fatty acid pool size (mg) is calculated based on
plasma volume of 4.5% of body weid2B) multiplied by the fatty acid concentration,

and the molecular weight of carbons in the plasma fatty acid pool of interest. Percent
dose recovered of administerdd-{*CJALA in plasma n3 fatty acid pools of intege

was then calculated as:

dose (mg)"C recovered |,
dose (mg)'C administered

PDR,cma= 100% [7]

where dose (md)C recovered is derived from equation [6], and dose (Ai@)
administered is 45 mg dose administered multiplied by molecular weight of the carbons

in the U-*CJALA.

6.3.9 Single Nucleotide Polymorphisfaenotyping

To examine the influence of specific desaturation and elongation enzyme genetic variants
on[U-C]ALA conversion and plasma fatty acid composition, study subjects were
genotyped for five selected SNP, rs174545, rs174583, rs174561, rs1745859%8%13,
that have been reported to be associated with differences in pleadn3 PUFA
composition(11-15). Genomic DNA was extracted from white blood cells using
commercial QIAGEN #69504 DNeasy Blood and Tissueakdording to the

ma n u f asirstiuctiens@AGEN Sciences, Maryland, USA). The concentration and
integrity of the genomic DNA was assessedrbgrmo Scientific NanoDrop 2000 miero
volume spectrophotometéefl{ermo Fisher Scientific, Wilmington Delaware, USA)

DNA samples were gengigd using the ABI 4403311 TAQMAN GTXPRESS

MASTER MIX on Applied Biosystems StepOnePlus R€mhe PCR System and

Applied Biosystems Tagman assays.
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6.3.10Statistical Analysis

Statistical analysis was performed using SPSS 16.0 (SPSS Inc., Chicago, IL, USA)
Results are expressed as means + SEM unless otherwise noted. Effects of dietary
treatment on plasma fatty acid composition fid*CJALA recovery in plasma and

breath samples were analyzed using linear mixed model ANOVA with subject as a
random factor ad treatment as an independent factor. Repeated measures were used to
examine the existence of effects of time and time x treatment interaction. The effect of
dietary treatment, sequence, phase and gender were included in the model as fixed
factors. Signiicant treatment effects were examined using Bonferroni post hoc tests for
multiple comparisond?earson correlation analyses were conducted to test associations.
Deviations from HardywWeinberg proportions for the genotypes of each SNP were tested
using chisquare tests. Each SNP was analyzed separately and categorized as
homozygous for the major allele (coded 11), heterozygous (coded 12), and homozygous
for the minor allele (coded 22). The mean serum lipids, plasma inflammatory biomarkers,
plasma fatty aci@ composition and®C-labelled fatty acid composition within each
treatment group were compared among the major and minor allele homozygotes and
heterozygotes using Krusk@fallis test. ManAWhitney U tests were used to determine
differences between majaliele carriers and minor allele homozygotes for the variables

of interest. Statistical significance was se®at 0.05 for all analyses.

6.4 RESULTS

6.4.1 Subject Garacteristics

Thirty-six hypercholesterolemic individuals (13 males and 23 females; 5
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postmenopausal) completed th@l3ase study design and were genotyped for selected
SNPs. One subject withdrew from the study due to wel&ted issues and two subjects
withdrew due to relocation of residence. The men and women were on average 46.5 +
11.6 yand 48.4 £ 12.3 y (mean = SD), weighed 89.5 +12.8 kg and 72.7 +16.4 kg, and had
a body mass index of 29.8 +3.9 and 27.9 + 4.9 kg/espectively. The baseline
characteristics, including lipid and inflammatory biomarker concentrations, of the study
populdion (n=36) have been previously publist{¢8). The stable isotope study was

conducted in a subset of subjects (n=26).

6.4.2 Plasma Total Fatty Acid @nposition

No differences in baseline plasma fatty acid % composition were noted between the
treatmengroups, indicating no carryover effect of the dietary intervention and adequate
washout periods. For8 PUFA, endpoint plasma composition of ALA wasfokl

higher P < 0.001) after consumption of the FXCO diet (4.42 + 0.24% total fatty acids)
than aftethe HOCO diet (0.86 + 0.04%) and the WD control (0.70 £ 0.03%). Plasma
composition of EPA was ~fld higher P < 0.001) after consumption of the FXCO diet
(1.66 + 0.13%) than after the HOCO diet (0.60 + 0.04%) and the WD control (0.49 +
0.04%). Consequént the ratio of plasma EPA/ALA was lowdp € 0.001) after
consumption of the FXCO diet (0.40 £0.04) than after the HOCO diet (0.72 + 0.06) and
the WD control (0.72 = 0.06). Plasma composition of DPA was-fdldbhigher P <

0.001) after consumption FXCéet (0.76 £ 0.03%) than after the HOCO diet (0.54 +
0.03%) and the WD control (0.54 + 0.02%). However, plasma composition of DHA was

similar (P = 0.205) between the FXCO diet (1.49 + 0.05%), the HOCO diet (1.55+
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0.06%) and the WD control (1.53 + 0.06%r the R6 PUFA of interest, endpoint

plasma composition of LA was lowd? & 0.001) after consumption of the HOCO diet
(27.13 £ 0.57%) than after the FXCO diet (28.83 + 0.55%) and the WD control (30.55 +
0.51%). Furthermore, plasma composition of LAeliéid P < 0.001) between the FXCO
diet and the WD control. Plasma composition of AA was lowes 0.001) after
consumption of the FXCO diet (5.46 £ 0.22%) than after the HOCO diet (6.54 = 0.29%)
and the WD control (6.82 = 0.31%). Plasma composition otdf#ered P = 0.048)

between the HOCO diet and the WD control. Consequently, the ratio of plasma AA/LA
was lower P < 0.001) after consumption of the FXCO diet (0.19 £ 0.01) than after the
HOCO diet (0.24 = 0.01) and the WD control (0.22 + 0.01). Furthexntloe AA/LA

ratio differed P < 0.001) between the HOCO diet and the WD control. In addition, the
ratio of plasma AA/EPA was loweP(< 0.001) after consumption of the FXCO diet

(3.72 £ 0.30) than after the HOCO diet (12.03 = 0.77) and the WD contro#(1%.71),

and also differedR < 0.001) between the HOCO diet and the WD control.

6.4.3 Enrichment of Stable Isotope inl@ma as-C-Labelled Fatty Aids

3C enrichment of plasma ALA, EPA, DPA and DHA were observed at both 24 and 48
hourspostdose. Dfferences in the tracee pool sizes after consumption of the treatment
diets for 4weeks resulted in differential dilution of tracer between diets. Therefore, a
lower **C enrichment (APE) of ALA, EPA and DPA was observed after the FXCO diet
compared withite WD and HOCO dietd?(< 0.001) at both 24 and 4®&lrspostdose.

There was no difference iC enrichment of DHA between the diets.
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Following adjustments for dietary influences on plasma fatty acid pool size (Formula 6),
percent dose of administer&tC recovered in plasma ALA, EPA, DPA, and DidA24

and 48 lurspostdose is shown ifable 6.2. Furthermore, the mean absolute amount of
plasmaC-labelled Rr3 fatty acids is shown iRigure 6.1. MeasuredC-ALA was

highest in plasma total lipids 24¢trspostdose Figure 6.1A). The mean plasmac-

ALA was higher after the FXCO diet (6.42 + 0.53 mg; ~18% dose recovered) compared
with the WD control (4.17 £ 0.52 mg; ~12% dose recoveed0.001) and HOCO diet
(4.38 + 0.54 mg; ~13% dose recoverBd 0.001). At 48 burs plasma>C-ALA

approached baseline levels, however, remained higher after the FXCO diet compared
with the WD control P = 0.015) and the HOCO dig® £ 0.033). MeasuretfC-EPA was
highest in plasma total lipids 2étrspostdose Figure 6.1B. The mean plasntac-

EPA was highest after the HOCO diet (1.38 £ 0.17 mg: ~4.0% dose recovered) compared
with the FXCO diet (0.83 £ 0.08 mg; ~2.4% dose recovd?ed).001) and WD control
(1.09 + 0.13 mg; ~ 3.1% dose recovered; 0.017). Futtermore, mean plasmiC-EPA

at 24 lourspostdose was higheP(= 0.043) after the WD control compared with the
FXCO diet. At 48 burspostdose, mean plasntaC-EPA slightly decreased, however,
remained higher after the HOCO diet compared with the W@ = 0.013) and

FXCO diets P < 0.001). At 48 burspostdose, plasm&C-DPA was higher after the

WD control (0.27 = 0.04 mg; ~0.8% dose recovefed;0.004) and the HOCO diet (0.25

+ 0.04 mg; ~0.7% dose recover&ds: 0.004) compared with the FXCddet (0.14 + 0.02

mg; ~0.4% dose recoverdd= 0.004) Figure 6.1C). At 24 hourspostdose, mean
plasma*C-DHA was similar between diet§igure 6.1D). However, at 48 durspost

dose mean plasmaC-DHA was higher after the WD control (0.09 + 0.02 mg;39%
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dose recovered) and the HOCO diet (0.08 = 0.02 mg; ~0.2% dose recovered) compared
with the FXCO diet (0.03 + 0.02 mg; ~0.1% dose recovered), although not significantly
so (P=0.146) and may be attributed to wide variation particularly after the FX@O di
Statistical analysis revealed no effect of gender on pla¥sambelled fatty acid

composition.

Table 6.2:Percent dose of administere@ recovered in plasma ALA, EPA, DPA, a
DHA at 24 and 48 houmster intake of a single dose &J{>CJALA in experimental
diets.

Flaxseed and
High-oleic canola high-oleic canola

13C-Fatty Acid Western diet oil diet oil diet P-value
C-ALA
24 h 11.97 + 1.50 12.56 + 1.55 18.41 + 1.52 <0.001
48 h 4.48 + 0.52 4.60 £ 0.48 5.85 + 0.64 0.009
¥C-EPA
24 h 3.13+0.38 3.95 + 0.49 2.39+0.24 <0.001
48 h 2.73+0.29 3.54 +0.37 2.29 +0.2% <0.001
*C-DPA
24 h 0.68 +0.1% 0.74 £ 0.09 0.34 +0.04 <0.001
48 h 0.77 £0.12 0.73+0.1% 0.41 +0.08 0.001
*C-DHA
24 h 0.18 + 0.04 0.17+ 0.05' 0.14 + 0.04 0.812
48 h 0.25 + 0.06 0.22 + 0.06 0.10 + 0.05 0.146

Values are meanss SEM; n=262"Mean values within a row with unlike superscrif
letters were significantly different between treatment groups (P<0.8&)Iues are
shown br the treatment effect analyzed by mixed model ANOVA (Bonferroni pos
test for multiple comparisons). ALA, alphiaolenic acid; DHA, docosahexaenoic ac
DPA, docosapentaenoic acid; EPA, eicosapentaenoic acid; h, hour.
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Figure 6.1: Absolute amount (mg) of administer&C recovered as plasma ARC-ALA;
B/ *C-EPA; C/**C-DPA; and D/*°C-DHA at 24 and 48 hoursfter intake of a single
dose of J-**CJALA in experimental diets: Western diet (dotted line), hidbic canola
oil diet (dashed line), flaxseed/higieic canola oil diet (solid line)/alues are means
SEM; n=26. Mean values with unlike superscript letters are significantly different
between treatment groupskR0.05 (mixed model ANOVA followed by Bonferroni gio
hoc test for multiple comparison®LA, alphalinolenic acid; DHA, docosahexaenoic
acid; DPA, docosapentaenoic acid; EPA, eicosapentaenoic acid.



At 48 hourspostdose Pearson correlation coefficients revealed a negative correlation
betweerplasma*C-ALA and plasma EPA/ALA ratior(= i 0.373,P = 0.001), as well as
AA/LA ratio (r =170.360,P = 0.001). Conversely, a positive correlation was observed
between plasm&C-EPA and plasma EPA/ALA ratia € 0.504,P < 0.001), as well as
AA/LA ratio (r = 0.488,P < 0.001). No correlation was observed between pldé@ra
DPA or'3C-DHA and plasma EPA/ALA or AA/LA ratios. The Pearson correlation
coefficients and Ralues were similar at 2dbhrspostdose to results at 4&brspost

dose (data not shown).

6.4.4 Béa-Oxidation of [U-*C]Alpha-Linolenic Acid

The peak rate olJ-*C ] A L -axidation recovered in breath was 3.8.1% dose/bur
after the WD control and 3.2 + 0.1% dos®ihafter the HOCO diet, and was reached at
approximately 5 burspostdose. In contrast, peak rate of oxidation was 3.3 = 0.2%
dose/lour after the FX@® diet, and was reached at approximatelpéripostdose. No
differences existed in hourly oxidation rates between treatment griéigpse 6.2A).
Cumulative oxidation of°C recovered in breath reached 19.0.6, 18.8 + 0.6, and 18.7
+ 0.7% at 48 burspostdose after consumption of the WD control, HOCO, and FXCO

diets and was naignificantly different between dietEigure 6.2B).

18C



4.0

35 1

3.0

2.5 1

2.0

1.5 A

1.0

Percentage of YC-ALA recovered in
breath hourly (% dose/hour)

0.0

B/
25

15 -

10 -

Cumulative oxidation of 13C recovered in
breath over time (%)

Figure 6.2: b-oxidation of administeretfC shown as A/ percentage of dose recovered in
breath a$3CO, hourly and, B/ cumulative recovery in breath 330, over timeafter

intake of a single dose afJf**CJALA in experimental diets: Western diet (dotted line),
high-oleic canola oil diet (dashed line), flaxseed/hadéic canola oil diet (solid line).
Values are means SEM; n=26.
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Pearsorcorrelation coefficients were calculated between cumulative oxidatibit of
recovered in breath (AUC for 4®tr9 and the percerdose recovered as plasmiia-
labeled fatty acids at 4&hrs The cumulative recovery 61CO;in breath was
negatively correlated with plasm#C-ALA (r =1 0.260,P = 0.022) and*C-DPA

(r =10.347,P = 0.002), but not withi°’C-EPA and“*C-DHA.

6.4.5 Single Nucleotide Polymorphism Characteristics and Association with Plasma

Fatty Acids

Minor allele frequencies in our study ranged between 34.7% and 41.7%. Genotype
distribution for each SNP, in the whole group and the subset of subjectsstalite

isotope analysis, did not deviate from Haktfginberg equilibriumTable 6.3).

With respect to association of SNPs with plasma fatty acids at the end of each
experimental dietzLOVL2 (rs953413) was not associated with changes in plasma fatty

acid %composition(Table 111.97 11.15i n A A p p e Rad thexa6 RUFA, supjects
homozygous for the minor allele fi8174537, rs174545, rs174561 and rs174583 had
lower (P < 0.001) plasmaomposition of AA compared with major allele carriefter
consumpion of each experimental diefgble 6.4and Table [II.9 111.L10i n A Appendi X
l'1106). Whereas, only after consumption of
the minor allele for each of the 4 SNPs have lower 0.007) plasma levelsf gamma

linolenic acid (GLA; 18:3r6) compared major allele carrie/Athough no significant
associations for thetudied SNPs were observed for plasma $ujects homozygous for

the minor allele for each of the 4 SNPs had lowex 0.001) plasmaomposition of

AA/L A ratio compared with major allele carriefSonsidering 8 PUFA, the results for
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Table 6.3:Characteristics of the selected single nucleotide polymorphisms associated with desaturation and elongation ¢

acids.
Chromosome Alleles MAF

SNP Gene Position (bp)  (major/minor) Genotypé % HWE
rs174537 FADSLI intron 61309256 GIT GG GT TT

14 (38.9) 18(50.0) 4(11.1) 36.1 0.881
rs174545 FADS1 UTR3 61325882 CIG CcC CG GG

14 (38.9) 18(50.0) 4(11.1) 36.1 0.881
rs174561 FADS1 intron 61339284 T/C TT TC CcC

15@1.7) 17 (47.2) 4(11.1) 34.7 0.972
rs174583 FADS2 intron 61366326 CIT CcC CT TT

13(36.1) 19(52.8) 4(11.1) 37.5 0.746
rs953413 ELOVL2 intron 11120845 G/A GG GA AA

11 (30.6) 20(55.6) 5(13.9) 41.7 0.682

Position in basepairs (bp) was deriveshfrthe National Center for Biotechnology (NCBI) dbSNP Build 136, based on NCB

Human Genome Build 36.3 (April 2012) of chromosome 11.

“Number of subjects for each genotype; percentage in parentheses
ELOVL, elongation of very longhain fatty acids; FADSatty acid desaturase; HWE, Harllyeinberg equilibrium; MAF, minor
allele frequency; SNP, single nucleotide polymorphism.
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plasmacompositionof EPA were similar with its4® PUFA counterpart AA with respect

to the direction of the differences by genotypabjects homozygous for the minor allele
for each of the 4 SNPs had low@r < 0.05) plasma&omposition of EPA compared with
major allele carrier§Table 6.5and Table .15 11.13i n A Appendi x |11 10).
only after consumption of the FXCO diatddubjects homozygous for the minor allele

for each of the 4 SNPs have low@r= 0.002) levelof DPA compared with major allele
carriers Although no significant associations for the studied SNPs were observed for
plasma ALA,subjectshomozygous for theninor allele for each of the 4 SNPs had lower
(P < 0.005) plasmaomposition of EPA/ALA ratio compared with major allele carriers

Of interest, although composition of EPA was lower in the subjects homozygous for the
minor allele (n=4) for each of the N8s, plasma composition of EPA increased after
consumption of the ALAich FXCO diet compared with the HOCO diét£ 0.048) and

WD control P = 0.036) Table 6.5; Figure 6.3. No significant associations for the

studied SNPs were observed for other plafattg acid compositions, including dihomo
gammalinolenic acid (DGLA; 20:3r6), stearidonic acid (SDA; 18:43), or DHA after
consumption of the different experimental diétssociations of SNPs irs174561

(FADS1) and rs174583-ADSZ2) with selected plasa 6 and n3 fatty acids at the end

of each experimental diate shown irmrables 6.4and6.5, respectively, andable 111.97

Mm.14i n AAppendi x 110

184



Table 6.4:Selected plasma® polyunsaturated fatty acid concentrations (% of total) at the esacbfexperimental diet
classified by rs174561 (FADS1) and rs174583 (FADS2) genotype.

rs174561 (FADS1)

rs174583 (FADS?)

High-Oleic Flax/High High-Oleic Flax/High
Western Diet Canola Oil Oleic Canola Western Diet Canola Oil Oleic Canola
Fatty Acid Allele (Control) Diet Oil Diet (Control) Diet Oil Diet
18:21i 6 (LA) MM  29.26 +0.85 26.76+0.87 28.12 +0.95 28.63+0.84 26.36+0.96 27.40 +0.93
Mm  30.31+0.76 27.71+0.67 29.46 +0.57 30.63+0.71 27.88+0.61 29.81+0.58
mm  30.99+0.77 27.87+0.85 27.96+1.20 30.99 +0.77 27.87+0.85 27.96 +1.20
P 0.469 0.750 0.465 0.112 0.392 0.099
18:3ri 6 (GLA) MM  054+0.04 054+0.05 0.32+0.03 0.55+0.05 0.54+0.06 0.33+0.04
Mm  0.41+0.03 0.46+0.04 0.29+0.03 0.42+0.03 047+0@ 0.29+0.02
mm 0.21+0.09 0.29+0.10 0.15+0.06 0.21+0.09 0.29+0.10 0.15+0.06
P 0.004 0.093 0.062 0.007 0.128 0.062
20:3ri6 (DGLA) MM  1.66+0.10 1.69+0.07 1.01+0.06 1.67+0.11 157+0.16 1.02+0.06
Mm  166+0.07 1.69+0.07 1.11+0.05 1.65+0.07 1.41+0.11 1.09+0.05
mm 1.72+0.19 1.79+0.15 1.25+0.17 1.72+0.19 1.97+0.07 1.25+0.17
P 0.858 0.399 0.204 0.881 0.377 0.362
20:41i 6 (AA) MM  7.89+035 7.67+0.29 6.07 +0.26 7.88+0.40 7.63+0.32 6.00+0.2
Mm  6.47+0.25 6.30+0.25 5.34+0.18 6.63+0.25 6.47+0.26 5.47+0.19
mm 500004 4.75+0.14 3.92+0.17 5.00+0.04 4.75+0.14 3.92+0.17
P <0.001 <0.001 0.003 0.001 <0.001 0.006
AA/LA ratio MM  0.27+0.01 0.29+0.01 0.22+001 0.28+0.01 0.29+0.01 0.22+0.01
Mm  0.21+0.01 0.23+0.01 0.18+0.01 0.22+0.01 0.23+0.01 0.18+0.01
mm 0.16+0.00 0.17+0.01 0.14+0.01 0.16 +0.00 0.17+0.01 0.14+0.01
P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Values are means £ SEM; n = 36. MM represents homozygotes for the major allele, Mm represents heterozygotes, a
represents homozygotes for the minor allBlealues are analyzed by Kruskalallis test. Indicates mean values within
column for minor alleldlomozygotes significantly differ from major allele carriers within SNP genotype analyzed by M:
Whitney U testP < 0.05). AA, arachidonic acid; DGLA, dihorgammalinolenic acid; FADS, fatty acid desaturase; GLA,
gammalinolenic acid; LA, linoleic acid.
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Table 6.5:Selected plasma 8 polyunsaturated fatty acid concentrations (% of total) at the end of each experimental d
classified by rs174561 (FADS1) and rs174583 (FADS2) genotype.

rs174561 (FADS1)

rs174583 (FADS2)

High-Oleic Flax/High High-Oleic Flax/High
Western Diet Canola Oil Oleic Canola Western Diet Canola Oil Oleic Canola
Fatty Acid Allele (Control) Diet Oil Diet (Control) Diet Oil Diet
18:3ri 3 (ALA) MM  0.74+0.05 0.80+0.05 4.48+0.22 0.75+0.05 0.79+0.05 4.40+0.24
Mm  0.72+0.04 0.89+0.05 4.30+0.32 0.72+0.03 0.88+0.05 4.38+0.30
mm 0.81+0.06 0.82+0.11 5.04+0.31 0.81+0.06 0.82+0.11 5.04+0.31
P 0.568 0.442 0.317 0.564 0.394 0.367
20:51i 3 (EPA) MM  0.64+0.05 0.71+0.05 2.17+0.16 0.66+0.05 0.71+0.06 2.23+0.18
Mm  050+0.04 0.61+0.05 1.55+0.10 0.50+0.03 0.61+0.04 1.58+0.09
mm 0.32+0.07 0.36+0.11 0.91+0.19 0.32+0.07 0.36+0.11 0.91+0.19
P 0.009 0.045 <0.001 0.006 0.049 <0.001
22:51i 3 (DPA) MM  057+0.03 0.56+0.04 0.81+0.04 0.57+0.04 056+0.04 0.83+0.04
Mm  055+0.02 0.55+0.02 0.75+0.03 0.55+0.02 0.55+0.02 0.75+0.03
mm  0.42+0.08 0.39+0.10 0.53+0.07 0.42+0.08 0.39+0.10 0.53+0.07
P 0.222 0.214 0.009 0.216 0.210 0.007
22:61i 3 (DHA) MM  154+0.08 156+0.08 1.52+0.08 1.57+0.09 1.59+0.09 1.56+0.08
Mm  1.47+0.07 154+0.09 1.46+0.06 1.46 +0.07 1.52+0.08 1.44+0.06
mm  1.47+0.06 144+0.09 1.35+0.08 1.47+0.06 1.44+0.09 1.35+0.08
P 0.836 0.825 0.520 0.677 0.694 0.327
EPA/ALA ratio MM  0.90+0.07 0.92+0.08 0.51+0.05 0.92+0.08 0.94+0.10 0.53+0.06
Mm  0.71+0.05 0.72+0.06 0.38+0.03 0.72+0.05 0.73+0.06 0.38+0.02
mm 0.39+0.06 0.41+0.07 0.18+0.04 0.39+0.06 0.41+0.07 0.18+0.04
P 0.004 0.005 0.004 0.002 0.003 0.003

Values are means £ SEM; n = 36. MM represents homozygotes for the major allele, Mm represents heterozygotes, ¢
represents homozygotes for the minor allBlealues are analyzdasy KruskatWallis test. Indicates mean values within
column for minor allele homozygotes significantly differ from major allele carriers within SNP genotype analyzed by N
Whitney U testP < 0.05). ALA, alphainolenic acid; DHA, docosahexaenoic adikPA, docosapentaenoic acid; EPA,
eicosapentaenoic acid; FADS, fatty acid desaturase.
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Figure 6.3: Associations of thes174561 (FADS1) polymorphism with plasma
eicosapentaenoic acid (EPA) composition in subjects homozygous for the major allele
(TT; n =15) after consumption of the Western dietary (WD) control and subjects
homozygous for the minor allele (CC; n = 4) after consumption of the treatment diets;
Western diet (WD), higioleic canola oil diet (HOCO), flaxseed/higkeic canola oil diet
(FXCO). Values are means + SEM-:values are analyzed by ANOVAB@nferroni post

hoc test for multiple comparisons).

6.4.6 Single Nucleotide Polymorphism Association with Plasti@Labelled Fatty

ﬁ?tle(:jfconsumption of each of the experimental diets subjentsozygous for the minor
allele forrs174545, rs174583, rs174561 and rs174537 had I®ve0.001) levels (mg
and % dose recovered) of plasti@-EPA at both 24 and 4&hrscompared wittmajor
allele carriersTable 6.6and Table 111.16 111.19i n @A @ p X Aftericdnsumption

of the WD control and HOCO diet subjects homozygous for the minor alledadbrof



Table 6.6:Percent dose of administere@ recovered as plasma labeledty acids48 hoursafter intake of a single dose
of [U-3CJALA in experimental dietslassified by rs174561 (FADS1) and rs174583 (FADS?2) genotype.

rs174561 (FADS1)

rs174583 (FADS?)

Flax/High Flax/High-
Western Diet High-Oleic  Oleic Canola Western Diet High-Oleic  Oleic Canola
Fatty Acid Allele (Control) Canola Oil Oll (Control) Canola Oli Oil
SC-ALA MM 421+119 482+0.82 6.62+1.61 436+1.36 484+094 6.62+1.86
Mm 412+053 464+£0.69 5.66x0.64 405+049 464065 5.73£0.60
mm 6.26£1.67 399+0.66 495+1.82 6.26+1.67 3.99+0.6 4,95+ 1.82
P 0.356 0.951 0.912 0.363 0.922 0.913
13C-EPA MM 3.77x047 437+0.63 2.68+0.22 3.76 054 440+0.73 2.76+0.24
Mm 267034 369047 251+0.27 2752032 3.72+044 2.48+0.25
mm 0.89+0.28 1.35+0.37 0.7520.25 0.89+0.28 1.35+0.37 0.75+0.25
P 0.005 0.006 0.014 0.005 0.007 0.014
15C-DPA MM 1.06+£0.25 1.04+£0.23 0.44+0.10 1.10+£0.28 1.10x0.26 0.43+0.12
Mm 0.76 £0.15 0.66+0.12 0.45£0.07 0.76 £0.14 0.65+0.11 0.46+£0.07
mm 0.20+0.14 0.36+0.10 0.19+0.06 0.20+0.14 0.36+0.10 0.19+0.06
P 0.044 0.095 0.153 0.043 0.084 0.145
13C-DHA MM 0.32+x0.12 0.26+0.16 0.14+0.06 0.33+x0.14 0.25+0.19 0.16+0.06
Mm 0.29+0.09 0.21+£0.07 0.12£0.06 0.29+0.08 022+0.07 0.11+£0.06
mm 0.04+0.08 0.19+0.09 0.05+£0.18 0.04+£0.08 0.19+0.09 0.05+£0.18
P 0.114 0.769 0.659 0.111 0.931 0.521

Values are means £+ SEM; n = 26. MM represents homozygotes for the major allele, Mm represents heterozygaotes

represents homozygotes for the minor allBlealues are analyzed by Kruskalallis test. Indicates mean values within

column for minor allele homozygotes significantly differ from major allele carriers within SNP genotype analyzed b
MannWhitney U test (P < 0.05). ALA, alphdinolenic acid; DHA, docosahexaenoic acid; DPA, docosapentaenoic aci

EPA, eicosapentaenoic acid; FADS, fatty acid desaturase.
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the 4 SNPs had lowéP < 0.05) levels (mg and % dose recovemaf’C-DPA (22:5nr3)

at 24 lourscompared with major allele carriers. At 48urs the lower P < 0.05) levels

of 1*C-DPA was maintained for the minor allele homozygous subjects after consumption

of the WD control, but not after the HOCO or FXCO diets. No significant associations

for thestudied SNPs were observed for plasma levelS@ALA or **C-DHA after

consumption of each experimental dieakle lll.26 and I1.L19 n A AppeNai x 1110
significant associations for the studied SNPs were observed with hourly or cumulative
oxidationof *3C recovered in breattssociations of SNPs irs174561 (FADS1) and
rs174583FADS2) withpercent dose of administer&t recovered in plasmafatty

acidsat 48 lourspostdose are shown ifiable 6.6.

6.4.7 Single Nucleotide Polymorphism Associatiaith Plasmalnflammatory

Biomarkers and Serum Lipids

With respect to association of SNPs with plasma inflammatory biomarkers, after
consumption of the HOCO diet subjects homozygous for the minor allalglit4537,
rs174545, rs174561, and rs174583 hadeldP < 0.05) plasm&oncentrations of

VCAM-1 (883.45 £ 98.44 ng/ml) compared wittajor allele carriers (1033.2544.78

to 1171.41+ 60.69 ng/mTable 11.67 1.8 i n A Ap p & Hawevernd sigiifidant
associations for the studied SNPs were ofeskfor plasma levels of CRP,-&, ICAM-

1, or Eselectin after consumption of each experimental dieble I11.L671 8i n A Appendi X
| 1).IFarthermore, no significant associations for the studied SNPs were observed for
serum lipid levels after consumipn of each experimental di€Table 111.27 5in

AAppendi x 1 110)



6.5 DISCUSSION

The main finding othe present study was thahigh intake (~20 g/day) of dietary ALA
decreased apparent conversiofildf*CJALA to EPA and DPA. More specifically,

maximal abslute amounts of plasmfaC-EPA and"*C-DPA were approximately 24%

and 47% lower, respectively, after consumption of the FXCO diet compared with the WD
control. Furthermore, using stable isotope tracers, the present study substantiates that

dietary ALA fais to modulate plasma DHA levg8,9,24,25)

An additional finding was that FADS1 and FADS2 genetic variants in the genes encoding
for ab- a n d -desdiurasesespectively, were associated with differencgdin

13C]JALA apparent conversion to LCPUFA, as well as plasfaand rné PUFA

composition after consumption of the treatment diets. In particular, pfdertzPA

levels, as well as pbma composition of EPA, EPA/ALA and AA/LA, were lower in
subjects homozygous for the minor allele compared with carriers of the major allele. Of
interest, the present study demonstrated that in minor allele homozygotes, increased
consumption of ALA in thé&XCO diet resulted in higher plasma EPA levels, beyond that

of major allele homozygotes consuming a typical Western Diet (WD control).

Metabolism of ALA to EPA is influenced by dietary factors, including the absolute
amount of dietary ALA, LA, the 46/n-3 PUFA ratio, as well as dietary EPA and/or DHA
(8,9,24,26,27)Vermunt et al(2000) were the first to repaatreduction in plasm&c-
labeled EPA after consumption of a diet rich in ALA (8.3ay/df ALA) compared with

an oleic acierich diet(9). Similarly, in the present study a decrease in plaS@EPA,
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as well as>C-DPA, was observed with very high intakes of ALA in the FXCO diet as
compared with the HOCO diet and WD control. Of interémst, dlight 1 g increase in

daily ALA intake, and simultanes decrease in the LA/ALA ratio, with the HOCO diet
resulted in a 26% increase in maximal absolute amount of pfa6rEEPA levels at 24
hourspostdose beyond that of the WD control, however, failed to modulate plasma total
n-3 LCPUFA status. Converselhe 15fold increase in daily ALA intake with the

FXCO diet may have compromised apparent conversion efficiency resulting in a decrease
in plasmaC-labeled LCPUFA compositions. While this finding may be of theoretical
interest it may not have clinicalgsiificance as a-8ld increase in plasma EPA and-1.5

fold increase in DPA proportions were found after the FXCO dlegse results are in
agreement with previous literature showing a linear relationship between dietary ALA
and plasma levels of EP(8,24) An increase in pisma and tissue EPA composition
despte no change in DHA compositiphas independent cardioprotective benélijs
Mechanistically, EPA competes with AA as substrates for cyclooxygenase and
lipoxygenase enzymes in the synthesis cbganoidg28). Therefore, we speculate that

the 4fold decrease in plasma AA/EPA composition after consumption of the FXCO diet
may have clinical implications associated withlerease in the synthesis of

proinflammatory eicosanoids thatrrant further investigation.

The availability of substrate, namely dietary fatty acids, is jpmtantributor in the
regul at rogidation(29,30) Althoudh plasma’C-ALA was higher after the
ALA -rich FXCO dietpeak oxidation rate (~3% dosellr) and cunalative oxidation

(~19% at 48 houjf [U-**C]JALA was similar between the treatmeietd, and thus, not
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influenced by the absolute amount of ALA in the diet. Evidence indicates that the

pri mary met ab o l-oxidatioh, eepoetingdétwednllt4 Yecxmakion of
13C-ALA over a sampling duration ofi@8 tours(9,22,3134). Storagen adipose tissue
accounts for a second major disposal route of dietary f2) While we speculate that
excess ALA from the FXCO diet may have been incorporated into adipose triglycerides,
our study failed to measure changes in adipose tissue fattganjbsition in response

to the treatment diets. Nevertheless; results substantiate that conversion to LCPUFA

is a minor metabolic pathway of dietary ALA. Present data demonstrated maximum
recovery of administerefd)-*C]JALA as 3 4% *C-EPA, 0.70.8%"C-DPA, and 0.2

0.3%*3C-DHA, results in accordance with previous stud&g4)

Recent evidence reveals that SNPs in the FABSDS?2 gene cluster are associated with
differences in the fatty acid composition of plasma or serum phosphdlidid$,35

39), adipose tissugb), erythrocyte membran@1,1315,36,40) and breast milk
(36,39,41) More specifically, minor alleles of analyzed SNiRsn previous studies

results in increased proportions of desaturation precursors (i.e. ALA, LA, EDA, DGLA)
and deceased proportions of desaturation products (i.e. EPA, DPA, GLA, AA). To our
knowledge, the present study is the first to report a lower apparent convergibn of
13CJALA to EPA, as measured by lower plasif@&EPA, a surrogate marker of
conversion efficiacy, in subjects homozygous for the minor allele of rs174537,
rs174545, rs174561, and rs174583. As both FADS2 and FADS1 are sequentially utilized
in the conversion of ALA to EPA, polymorphisms in either of these enzymes were

associated with decreased levef*C-EPA. Moreover, data revealed that major allele
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homozygotes in the measured SNPs exhibited approximately afdltbificrease in
13C-EPA as compared with minor allele homozygotes, irrespective of dietary treatment
group. Other studies have refsat an association between FADS polymorphisms and
desaturase transcription or activity as estimated by prdadyprecursor ratio
(15,16,36,40)Similarly, our results demonstrated a decrease in plasma levels of both
AA/LA and EPA/ALA ratio in subjects hoorzygous for the minor allele within each
treatment group. Indeed, plasma EPA/ALA and AA/LA composition positively
correlated with plasm&C-EPA levels. These results are of importance as previous
evidence suggests a lack of agreement between prtwdpetcusor ratio and actual

desaturase enzyme activity, particularly in disease Si2e43)

FADS2 is essential in the biosynthesis of DHA from 2436however, our results failed

to demonstrate an association between any of the SNPs measutda-Bhth levels.
Furthermore, polymorphisms in the FADSADS?2 gene cluster did not result in changes
in plasma DHA levels, in agreement with earlier stuldsl4,36) These findings

further substantiate the hypothesis of limited DHA biosynthesis and that direct

consumption of DHA is the primary way to increase DHA stét@s44,45).

Recent crossectional studies report that dietary PUFA modulate the association between
FADS polymorphisms and serum lipid lev€d¥,38) However, the present intervention
study faled to observe an association between FADS polymorphisms and serum lipid
levels or plasma inflammatory biomarkers within treatment groups, results that may be

attributed to a lack of statistical power. Nevertheless, elevated plasma and tissue levels of
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EPA plus DHA are associated with decreased CVD morbidity and morta|@3y46,47)
Therefore, a valuable implication of the present research is that hypercholesterolemic
subjects homozygous for the minor allele had ~50% lower plasma EPA proportions and
maybe predisposed to increased CVD risk. However, results demonstrated that in minor
allele homozygotesubstantial intakes of ALA in the FXCO diet compensated for the
lower apparent FADS activity and these individuals obtained higher plasma levels of
EPA, leyond that of major allele carriers consuming a typical WD corftigu(e 6.3).
Indeed, plasma EPA composition similarly increased after the FXCO diet for all 4 SNPs
measured, while AA composition decreased. Therefore, despite having lower apparent
convesion efficiency of U-'*CJALA to plasma>C-EPA, minor allele homozygotes may
obtain cardiovascular benefit from higflLA intakes by increasing plasma EPA

composition, albeit no changes in DHA status.

In summary, our results demonstrate using stablepisdracer [J-'*C]ALA that plasma

level of essential fatty acids ALA and LA, their biologically active-POFA derivatives,

as well as their apparent conversion efficiency are influenced not only by dietary fatty
acid composition but also by genetic vargaimt the FADSIFADS2 gene cluster.

Moreover, the results confirm that a large range in dietary ALA intake does not increase
conversion of ALA to DHA, substantiating the importance of direct intake of Dl
dietary sources. Albeit no change in DHA comipos, increased plasma EPA

composition is associated with decreased CVD endp(int3 herefore, consumption of

ALA -rich FXCO resulting in increased plasma EPA composition may be

cardioprotective, especially in individuals with unfavourable FADS gematiants.
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CHAPTER VII

OVERALL CONCLUSION

7.1SUMMARY AND IMPLICAT IONS

The results of thpresent research have important implicatiforsdietary mangement of
cardiovascular éalth, particularly related to dyslipidemia. Current0% of Canadians
have high blood cholester@). The National Cholesterol Education Program Adult
Treatment Program IIINCEP ATP Il guidelinesoutlinetraditional risk factors which
increasecoranary heart diseas€HD) risk over a 16yearperiod (2). Elevated LDL
cholestero(>2.60 mmol/l) remains the strongest primary factopinedicting CHD and a
primary target of dietary intervention. Evidence from human clinical trials reasal
approximatel% decrease in CHD events with every 1% decrease in serum LDL
cholesterol level§3). Data from the present research demonstrates that as compared with
the Western dietary (WD) control, higheic canola oil (HOCO) reduced LBDL

cholesterol by ~7%. Moreovenlending HOCO with flaxseed oil (FXCO) resulted in a
further reduction in LDEcholesterol by ~15%. Therefore, results suggest that
substituting fats common to the Western diet with HOCO and FXCO is efficacious as a
first-line dietary intervention stratgdargeting dyslipidemiand may reduce CHD risk

by 7 andl5%, respectively. With respect to absolute serum cholesterol levels, at study
baseline subjects were clinically classified as bordeHigé hyperlipidemic for serum

total cholesterol (TG)LDL-cholesterol and triglyercerid@ AG) levels(4). However,

after the shorterm dietary intervention of 4 weeksonsumption of HOCO arieXCO

reduced subjectsDL -cholesterol levels to within the range classified as near optimal
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(2.60'3.35 mmol/L). Moreoveralbeit the reduction in HDIcholesterol levels after
consumption of the FXCO diet, endpoint Higholesterol levels were still classified as
moderate, whil&'C and TAGfell to desirable and normal levelespectivelyFinally,
both the FXCO and HOCG@ietreduced nofHDL-cholesterol levels to meet the goals

outlined by theNCEPATP Il panel

Systemic inflammation isecognized as an emerging risk factordardiovascular
disease@VD) (4,5) Therefore eleated circulatingnflammatory bionarkers, such &s-
reactive protein (CRP) (>3 mg/dLprovide aditional clinical information beyonderum
lipid levels for detecting atisk patientg6). After consumption of the FXCO diet, a
reductionwas observeth CRP levels, howevethis decrease failed to reachtsitical
significance, which may be related to the shentetk dietary intervention desigas
discussed in Chapter IV. Nevertheless, the FXCO blend mapestidlgetng
inflammation and atherogenic pathways via a reductionrgelgctin levels, an
independent risk factor for CV[¥,8). Of interest, datahownin Chapter IV suggest that
the antiinflammatory effects oélphalinolenic acid ALA )-rich FXCO may be
independenof increases itevels of longchain polyunsaturated fatty acidsQPUFA),

as clangesn plasmaeicosapentaenoic aci#RA) anddocosahexaenoic acidHA)

failed to correlate with changes insglectin levels after consumption of the FXCO diet.
These results are of significance, further supporting independesmfantamatory and

cadioprotective effects of ALAich flaxseed oil

The impact of specific fatty acids on energy expenditure, wihodly substrate
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utilization, and consequently body weight balance are crooraideringhe rising

obesity epidemic in Western populationsvé&i the available literature demonstrating
thatunsaturated fatty acidge more rapidly diverted for energy use and fat oxidation as
compared witlsaturated fatty acidSEA) (9-14), the data presented in Chapter V
observing no effect of HOCO or FXCO onezgy expenditure or substrate oxidation
wereunexpected. As discussed in Chapter V, previous studies may have magnified the
metabolic response to dietary fat intake by administering substantial total fat (>50% of
energy) or SFA (>20% of energy) intakeg typical of the current average American

diet. Therefore, the failure to enhance thermogenesis, fat oxidation or modulate body
composition after consumption of HOCO and FXCO described in Chapter V may be
secondary to the moderate SFAgnounsaturated fatacid MUFA), and ré PUFA
content provided by the/D control in the context of the weight maintaining controlled
dietary design. Nevertheless, observing no change in energetic or body composition
measures after consumption of HOCO and FXCO still prowdesble insight

surrounding the maintenance of both energy and weight balance.

Elevated plasma and tissue levels of EBécosapentaenoic aciBPA), and DHA are

associated with decreased CVD morbidity and mortélisyl7). Recentlyt h e 6-@me g a
Index 6 or O6OmegaScoreEd, a dBBCPUFASt i c test c
concentrations to established-aits, has beemcreasinglyrecognized as an

independent and nddfiable CVD risk factor that igaining momentum in clinical

practice to identify atisk paients(18,19) Data fran Chapter IV and VI demonstrate

that the ALArich FXCO diet resu#id in a 3fold increase in plasma EPA composition
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and a 1.5old increase irplasmaDPA composition howeverdid not alteiplasmaDHA
statuscompared with the Westedietary control. Although combined EPA plus DHA
have both shared and complementary cardiovascular be2éfjfelevated plasma
composition of EPA isndependently associated with decreasedfatal cardiovascular
endpointg20,21) Therefore, the prest research suggests that consumption of ALA
rich FXCO resulting in increased plasma E€npositionprovides additional

cardioprotective effects.

The present research enhances our understanding of dietary and genetic factors that
regulate ALA metaboli®. In accordance with previous findin@@2,23) data from

Chapter VI demonstrate that substantial intake of dietary ALA decreases biosynthesis of
LCPUFA as measured in plasma using stable isotope techniques. Moreover, results from
Chapter IV reveal thatubjects have slightly lower plasnbdA levels after consumption

of the FXCO diet compared with the HOCO diet, supporting the hypothesis of a potential
curvilinear relationship between ALA intakes and DHA st§f4525) In addition, the
research finding tht fatty acid desaturas€ADS)1 and FADS2 polymorphisms are
associated with decreased conversion of ALA to LCPUFA and lower EPA status has
significant implications in the initiation and progression of atherosclerosis and CVD risk
(26). Of importance, in@ased consumption of ALA in the FXCO diet may be especially
cardioprotective in individuals with unfavourable allebgscompensating faotheir lower

EPA status. Nevertheless, the present research further subssahédtgpothesis of

limited DHA biosynhesis andheneed for direct consumption of DHAr optimal

cardiovascular healt{27-30).
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Dietary recommendations for3 PUFA have progressed significantly in the last 10
years, particularlyor EPA andDHA (31). Whereas traditional recommendasdma\e
focused on nutritional essentiality and adequacy to prevent nutrient deficiency, current
recommendations consider the amount required to reduce chronic diseé3#&,82k

Thus, governmental and professional health organizations with a focus on pidary
secondary prevention of CV@Arget intakes of 250000 mg/day of EPABHA

(20,31,32) However, challenges in meeting these recommended intakes ciiePA

DHA via enhanced fish consumption in Western diets exist, including the sustainability
of fish reourceg(33-35), as well as consumer concerns regarding environmental toxins
(36,37) taste preferences, preparation or availability of {&). Therefore, given that
flaxseed provides an abundant and sustainable resource for dietary ALA, there is much
interest if ALA can provide a functional source of endogenous EPA and DHA.
Hypothetically, considering thepparentonversion of ALA to EPA of ~2.5%hownin
Chapter Viwith the use of stable isotope tragergsnsumption of ~20 g/day of ALA
provided by thd&=XCO diet would generate ~500 mg/day of EPA, an amount falling
within the targeted recommended rafgeEPA+DHA indicated above. However,

dietary ALA failed to modulate DHA status. This findihgsimportant implicationsn
support otheongoing vigorouslebate whether DHA is conditionally essential as
professional organizations strive to reconsider a Dietary Recommended Intake (DRI)
value for LCPUFA(30,38) Nevertheless, substitution of commonly used dietary oils in
the Western diet with HOCO and flaxeskoil will increase compliance with dietary

recommendations for fatty acid, namely SFA, MUFA, arRiPUFA and target a
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reduction in CVDrisk.

Thepresent research supports the curkémted Stategood and Drug Administration

(US FDA) qualified healthclaims for canola 0i{39) andn-3 PUFA(40) for CVD risk
reduction In addition, the presefindingsprovide valuable information for novel health
claims in Canada. Scientifically verified nutrient content claims, nutrient function claims,
and diseasesk reduction claims used on food labels and advertisingngp@rtant tools

for theenhanement ofconsumer awareness and knowledge as to the nutritional value
and health attributes of conventional and functional foods. In addition to the approved
health ¢aim in Canada statingiA healthy diet low in saturated and trans fat may
reduced risk of heart diseas@ll), in February 2012 a new health claim was approved in
Canada statingiReplacing saturated fat with unsaturated fat from vegetable oil lowers
cholesteroli High cholesterol is a risk factor for hearisgasé (42). The new health

claim supports the vegetable oil industrytsxmovement to eliminate trans fiatacids

(TFA) and reduce SFA from the diet while communicating with Canadians the health
atributes ofdietaryPUFA and MUFA. In addition, approved nutrient content claims

i n c | londresatiirated fatty acids, freefof trans fatty acids,  aoonrde ofiomega
polyunsaturated fatty acid¢43). The versatility and stability properties of HO@t@ke

it a practical replacement option foFA/SFA-rich partially hydrogenated vegetable oils

in food processing, frying, and culinary purpo&e$). Furthermoreblending flaxseed oil
into traditional products such as dressings, spreads and margatiresghamnce dietary

ALA intake. Therefore, foods incorporating HOCO and flaxseed oil will permit the use

of some of the aforementioned health claims. UltimateBsétirends in use will
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stimulatet he opportuni-hegalftolmy énoc @ naidtostaedang d f | a x s ¢

functional food opportunities to meet the

CONnscious consumer.

An increase in thdemand for flaxseed oil, HOCO, and functional foods enriched with
these products kaimportant economical implicationgith respect to both edible

oilseed production and health care costs in Canada. Within 13 years of market
introduction (1986), canola oil consumption increasedfb&¥ (45). Currently, canola

oil is the #1 consumed vegetable oil in Canada, #2 in thetts#3 worldwidg€46).

Next to wheat, canola is the second largest crop harvested in Canada, contributing ~19%
to total crop production with ~58% exported internation@lg). Thus, canola

contributes $15.4 billion dollars to the Canadian economy annd&l)yFlaxseed is the
eight largest crop produced in Canadacounting for ~1.5% of total crop production

with ~83% exported international($7), and contributes ~$1 billion dollars to the
Canadian economy annua(i8). Taken together, the resultstbé present research
substantiat¢ he -fGlaat thy 6 bghoanalatanddlaxseedfoil for health care
professionals and consumers, enhancing the demand for crop production and adding to

theeconomic value of canola and flaxseed cnpkin Canada

The total economic burden of heart disease and stroke in Canada accounts for more than
$20.9 billion annually in physical services, hospital cost, lost wages and reduced
productivity (49). Health Canada estimates that chronic diseases attributed tegbiooy

patterns, including SFAich diets, accounts for approximately $6.3 billion annually and
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thata substantial component iifis cost is preventab(&0). Therefore, replacing SFA
with MUFA and PUFA dietary options, such as HOCO and FXCO, may aatlircing
the economic burden of dietlated disease in Canada. Ultimately, consumption of
canola and flaxseed oils will help improtree health ofthe Canadian population via

prevention of CVD morbidity and mortality.

7.2 LIMITATIONS AND FUTURE DIRECTIONS

Results from the present body of research provide valuable insight into the
cardioprotective effects of HOCO, alone or blended with flaxseed oil, as well as dietary
and genetic influences on the metabolism of ALA to LCPUFA. However, considering
limitations in the present work, the following suggested futasearchdirections would
provide additional informatioregardingmolecular mechanisms and clinical efficacy of

dietary MUFA and ALA in cardiovascular health.

The present study provided a large gapliA intakes, ranging from typical intakes (1.3
g/day of ALA), to recommended intakes (2.4 g/day of ALA), to substantial intakes (20
g/day of ALA). Therefore, a dosesponse study within the range of more achievable
daily intakes of ALA (i.e. 110 g/dof ALA) is suggested to determine optimal levels
needed to target specific clinical endpoints. In addition, the use of an EPA/DHA
treatment arm as a positive control would contribute further knowledge regarding the

comparative effects gflant and marine deredn-3 PUFA on CVD risk factors.

The present research assessed traditional serum lipid endpoint measures and estimated



atherogenic apolipoprotein (apB)containing lipoproteins bgalculatingnon-HDL-
cholesterol. Future studies including the analysiltefnative lipoprotein measurements,
such adipoprotein subfraction size and concentration,-Bpand apeAl, lipoprotein(a),

as well as lipoprotehassociated phospholipase Way provide additional information
related to atherogenegil) and thebereficial healtheffects of MUFArich and ALA-

rich diets.

Although the present-week intervention design was sufficient in length to observe
alterations in serum lipids, previous studies demonstrating a reduction in inflammatory
biomarkers after consumpticof ALA-rich diets were at leastWeeks in duration

(52,5254). Therefore, future studies investigating effects of dietary ALA and MUFA on
inflammatory biomarkers should employ a minimuswéek dietary intervention. In

addition, subjects should be scredrior baseline CRP levels to target anisi

population(ie. CRP>3ng/ dl ) and avoi d ,asdmsaussedint i al Of I «
Chapter IV Moreover, while carotid ultrasounds measuiimtigna-media thickness

(IMT) is a reliable clinical marker of vaslar health(55), this methodnay not be the

ideal measure of endothelial function in skHerim dietary intervention studies. Future
studies should consider alternative measures of endothelial function and vascular health
that are sensitive to a shaetm study design, such as reactive hyperemia peripheral

arterial tonometry or pulse wave velocity analy56,57)

The present study demonstrated that consumption of ALA increased plasma EPA status

while decreasingrachidonic acidAA) status. Given it EPA and AA are precursors
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for eicosanoids modulating an inflammatory respdb8g future investigations should
directly measure changes in eicosanoid levels, such as tbxamb and prostaglandin
concentrations, &r consumption of ALA and MUFAich diets. In addition, the
interaction between dietary ALitakewith FADS genetic variants in modulating
inflammatory eicosanoids demands further investigation to elucidate metisa

regulating CVD risk reduction. Furthermore, as fatty acids are ligands for transcription
factors regulating transcription and expression of genes involved in fatty acid oxidation
and systemic inflammatiof®9,60) future studies should measure thieefs of treatment
oils on transcription factors, such as peroxisome prolifeiatovated receptors (PPARS)

expressionto further elucidate molecular mechanisms of action.

Results from Chapter VI revesl that FADSIFADS?2 genetic variants are assoeaht

with plasma fatty acid concentrations. Therefore, unfavourable alleles may be a
confounding variable to the cardioprotective benefits of dietary ALA. This observation
has important implications @ngle nucleotide polymorphisms (SNR)subject

populatons may account for discrepancies betwessnilts ofepidemiological studies and
intervention trials surrounding the effects of ALA on CVD endpoint measures. Therefore,
future studies should incorporate measures of FADS genetic variants into the study
desgn to determine if SN®mayexistas confounding variabkeexplaining the

heterogeneity oéfficacy of dietary ALA intervention. Furthermore, the interactive

effects of FADS genetic variants and dietary ALA on CVD endpoint measures require

further substatmation.



Themajor strength of the present research is the use of-aatigblled randomized
crossover design, consi dernetitiondltreatmeitgo!|l d st a
interventiong61). Precise control of the diet isolates the effects @sgecific actions of
treatment oils on endpoint measures and reduces confounding influences of the
antecedent diet. Moreover, the crossover design limits the influence of genetic, metabolic
and other interindividual variations. A suggestion is for fusiuglies to consider the

present study design at several research centres simultaneously. Multicentre trials allow
for a larger, more diverse subject population, including a wider range of baseline and
genetic characteristics. Furthermore, multicentrestaakist in increasing the

generalizability of the study. Finally, as stable isotope tracers remain a more precise
surrogate measure of desaturase activity, future studies should consider their use when
investigating ALA metabolism to LCPUFA, howeyeonsdering the high cost of stable

isotopes the use of a subset study population is recommended.

7.3 FINAL CONCLUSION

The prevalence of CVD in North Americaay bemodifiable through changes in dietary

fat quality. Todayods h ewytddetary ccommendatonss ¢ on s
emphasizing cardiovascular benefits from replacement of SFAunwghturated fatty

acids ancenhancing f8 PUFA intakes. In parallel, the edible oilseed industry has

responded bincreasng production of traditional and novélearthealthydietay oils

for use in food productigmamely flaxseg oil and higholeic canola oil The totality of

the present research is the first to demonstrate the efficacy ebleighcanola oil for

CVD risk reduction in humans. More specifigalhigh-oleic canola oiexhibits
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cardioprotective benefits via lipidwering effects and favourable changes in plasma
fatty acid profiles, while maintaining energy and weight balance. In addition, the present
research advances our understanding of thtaloéc mechanisms underlying the health
benefits associated with comsption of ALA-rich flaxseed oil Incorporation of flaxseed

oil into thediet effectively targetfraditional and emerging biomarkers of CVD risk by
reducing serum lipid concentratiomgcreasing Eelectin leved, and increasing plasma
n-3 PUFAstatus. Furthermore, tipgesentesearch findings demonstrate that ALA
conversion to LCPUFA is influenced not only by dietary fatty acid composition but also
genetic variants in the FADSEADS2gene cluster. Accordingly, these results have
important implications for individuals with unfavourable alleles for FADS1 and FADS2
revealing that increased consumption of ALA will provide cardiovascular benefits
associated with an increase in EPA stafiadken together, substitution of dietary fats
common to the Western diet with both higleic canola and flaxseed sikepresents.
feasible option to target dietary recommendations, biomarkers for CVD risk reduction,

and ultimately, improve population hdabnd wellness.
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ETHICS APPROVAL FOR STUDI ES CORRESPONDING TO CHAPTERS IV, V,

AND VI
BANNATYNE CAMPUS z}zam Bannatyne Avenue
Research Ethics Boards mipey. Makkobs

Canada R3EOW3

Tel: (204) 789-3255

UNIVERSITY Fax: (204) 789-3414
of MANITOBA

APPROVAL FORM JUN 22 2007

Principal Investigator: Dr. P. Jones Protocol Reference Number: B2007:071
Sponsor: Flax Canada 2015 Date of REB Meeting: April 30, 2007
Date of Approval: June 19, 2007
Date of Expiry: April 30, 2008

Protocol Title: “Efficacy of Consumption of Canola and Flax Oils in Management of Hypercholesterolemia and
Other Disease Risk Factors™

The following is/are approved for use:

« Protocol dated June 7, 2007

« Research Participant Information and Consent Form, Version dated June 7, 2007
« Advertisement dated April 16, 2007

The above was approved by Dr. Nicholas Anthonisen, Chair, Biomedical Research Board, Bannatyne Campus, University
of Manitoba on behalf of the commitlee per your letter dated June 7, 2007, The Research Ethics Board is organized and
operates according to Health Canada/iCH Good Clinical Practices, Tri-Council Policy Statement, and the applicable laws
and regulations of Manitoba. The membership of this Research Ethics Board complies wilh the membership requirements
for Research Ethics Boards defined in Division 5 of the Food and Drug Regulations.

This approval is valid for one year from the date of the meeting at which it was reviewed, A study status repon
must be submitted annually and must accompany your request for re-approval. Any significant changes of the protocol
and informed consent form should be reporied to the Chair for consideration in advance of implementation of such
changes. The REB must be notified regarding discontinuation or study clesure.

This approval is for the ethics of human use only. For the logistics of performing the study, approval should be sought
from the relevant institution, if required.

Sincerely yours,

Nicholas Anthenisen, MD, Ph.D
Chalr,

. Biomedical Research Ethics Board
Bannatyne Campus

Please quote the above protocol reference number on all correspondence.
Inquiries should be directed to the REB Secretary
Telephone: (204) 789-3255/ Fax: (204) 789-3414
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BANNATYNE CAMPUS P126-770 Bannatyne Avenue

. Winnipeg, Manitoba
Research Ethics Boards Coiredi RO OWS

Tel: (204) 789-3255

. Fax: (204) 789-3414
VERSITY .
UNI AUG 03 201
0fF MANITOBA
APPROVAL FORM

Principal Investigator: Dr. P. Jones Protocol Reference Number: B2007:071
Sponsor: Flax Canada 2015 Date of Approval: July 31, 2007
Protocol Title: "Efficacy of Consumption of Canola and Flax Oils in Management of Hypercholesterolemia

and Other Disease Risk Factors™
The following is/are approved for use:

« Protocol Amendment dated July 20, 2007

« Research Participant Information and Consent Form, Version dated July 20, 2007
« Advertisement dated July 20, 2007

The above was approved by Dr. lan Madiean, Acting Chair, Biomedical Research Board, Bannatyne Campus, University
of Manitoba on behalf of the commitiee as per your letter dated July 20, 2007. The Research Ethics Board is organized
and operates according to Health Canada/ICH Goed Clinical Practices, Tri-Council Policy Statement, and the applicable
flaws and regulations of Manitoba. The membership of this Research Ethics Board complies with the membership
requirements for Research Ethics Boards defined in Division 5 of the Food and Drug Regulations.

A study status report must be submitted annually and must accompany your request for re-approval. Any significant
changes of the protocol and informed consent form should be reported to the Chalr for consideration in advance of
implementation of such changes. The REB must be notified regarding discontinuation or study closure.

This approval is for the ethics of human use only. For the logistics of performing the study, approval should be sought
from the relevant institution, if required.

Sincerely yours,

lan Madlean, Ph.D

Acting Char,

Biomedical Research Ethics Board
Bannatyne Campus

Please quote the above protocol reference number on all correspondence.
Inquiries should be directed to the REB Secretary
Telephone: (204) 789-3255/ Fax: (204) 789-3414

www.umanitoba.ca/faculties/medicine/research/ethics
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BANNATYNE CAMPUS P126-770 Bannatyne Avenue
. Winnipeg, Manitoba G
Research Ethics Boards Canada  ROE OWS p :
Tel: (204) 789-3255
Fax: - 1
UNIVERSITY e
oF MANITOBA o
T22
APPROVAL FORM ZM7
Principal Investigator: Dr. P. Jones Protocol Reference Number: B2007:071
Sponsor: Flax Canada 2015 Date of Approval: October 9, 2007

Protocol Title:

“Efficacy of Consumption of Canola and Flax Oils in Management of Hypercholesterolemia
and Other Disease Risk Factors"

The following is/are approved for use:

. Protocol dated October 2, 2007
. Research Participant Information and Consent Form, Version dated July 20, 2007

The above was approved by Dr. Nicholas Anthonisen, Chair, Biomedical Research Board, Bannatyne Campus, Unsversily
of Manitoba on behalf of the committes as per your letter dated October 2, 2007. The Research Ethics Board is organized

A study status report must be submitted annually and must accompany your reques! for re-approval. Any significant
changes of the protocol and informed consent form should be reported to the Chak for consideration in advance of
implementation of such changes. The REB must be notified regarding discontinuation or study closure.

This approval is for the ethics of human use only. For the logistics of performing the study, approval should be sought
from the relevant institution, if required.

Sincerely yours,

Nicholas Anthonisen, MD, Ph.D

Chair,

Biomedical Research Ethics Board

Bannatyne Campus

Please quote the above protocol reference number on all correspondence.

Inquiries should be directed to the REB Secretary

Telophone: (204) 789-3255/ Fax: (204) 789-3414

www.umanitoba.ca/faculties/medicine/rescarch/ethics
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BANNATYNE CAMPUS

< > Wang "y,
Rescarch Frhics Boards :

Canadi Kaf

Bl 1 2000 Tx 405
UNIVERSITY | Fax: (307 T5eh s 14
MaNITOEA |
APPROVAL FDim
Principal Investigator:  Dr. P Jones Protocol Reference Number B2007:071
Sponsor: Flax Canada 2015 Date of Approvai: Docember 5. 2007
Protocol Tile “Efficacy of Consumption of Canola and Flax Qils in Management of Hypercholesterslemia
and Othor Disease Risk Factars™

The following islare approved for use:
. Amendment dated November 15, 2007
. Research Participant information and Consent Form, Version dated November 19, 2007

s anproved by Dr Nichotas Anthanssen Charr. Biomedica! Research Board, Bannatyne Campus Universay
i behalf of the commitee as per your letiers dated November £5, 2007 and Decembor 5 2007 The
s Boara is orgamized an nperstes according 16 Health Carsada/\CH Goad Clinicad Pracuces. TrCourcil
Palicy Statemen; and the apphcabie laws and regutatons of Manitoba, The membership of this Research Fives Boare
COMMEes with: the membership requirameants for Research Elhics Boards defned in Division 5 of the Food ant Drug
Regulatons

A study stais report must be submited annuatly and must #ecompany your request for re-approval - Any signdicant
changes of the protocel and intarmed consen: form should be reporied o the Charr for consateration in acvance of
Mmplemeaniation of such changes. The RER must be notfied regarding discontinuation or Shagdy closure

THes appre
from the re

et
ra

or the ethics of human use only  For the fogistics of pedormmg the Sty appvoval shoule be say
stiution. f requared

evar

Sancerely yours

Nicholas Anthonisen MD. Ph.O
Chair,

Biomedai Fesewch Ethics Boara
Bannatyne Campus

Please gquote the above protocol reference number on all correspondence.

Inguanes shousc be directed 1o the RER Secretary
Telephone (204) 789-3255/ Fax: (204) 788.3414

wwwamanitoba G facalises medic nelrescarchicthins
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BANMNATYNE CAMPUS F126-770 Baxmatyne fAven
. Winnipeg. Manitoha
Research Ethics Boards Canada R3E 0W3
Tel: {204) 789-3255
UNIVERSITY | Fux: (204) T85-3414
oF MANITOBA RECE -«
APPROVAL FORM MAY 06 09
Principal Investigator: Dr. P. Jonas Ethics Reference Humbear: B2007:071
Sponsor: Flax Canada 2015 Date of Approval: April 30, 2000

Date of Expiry: April 30, 2010

Protocol Title: Efficacy of Consumption of Canola and Flax Oils in Managemeant of Hypercholesterolemia and
Other Disease Risk Factors

The following isfare approved for use:
« Annual Approval

Tha above was approved by Dr. Nicholas Anthonisen, Chair, Blomedical Research Board, Bannalyne Campus, and
University of Manitoba on behalf of the commitiee per submission dated April B, 2008, The Research Ethics Board Is
arganized and operates according to Health Canada/ICH Gaod Clinical Practices, Tri-Council Policy Statement, and the
applicable laws and regulations of Manitoba. The membership of this Research Ethics Board complies with the
membership reguiraments for Research Ethics Boards defined in Division 5 of the Food and Drug Regulalions of Canada.

This approval |s valld until the expiry date only. A sludy stalus report must De submitted annually and must
accompany your request for re-approval.  Any significant changes of the protocol and informed consent Torm should be
reported to the Chair for consideration in advance of implementation of such changes. The REB must b nofified
regarding discontinuation or study chosure,

This approval is for the ethics of human use only. For the logistics of performing the study, approval should be sought
from the relevant institution, i required,

Sinceraty yours,

Michaolas Anthonisen, MD, Ph.D
Chalr,

Biomedical Research Ethics Board
Bannatyne Campus

Please quote the above Ethics Reference Number on all correspondence.
Ingquiries should be directed to the REB Secretary Telephone: (204) 789-3255/ Fax: (204) TB0-3414

v umanitobia,cadEoulties'medicineresearch/ethics
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BANNATYNE CAMPUS P126-770 Bamnatyne Avesse
Winnipeg, Manitoba
Research Ethics Boards Canada RSEOW3

UNIVERSITY e 20 702
oF MANITOBA ‘

ApprovaL Form

Principal Investigator: Dr. P. Jones Ethics Reference Number: B200T:071
Sponsor: Flax Canada 2015 Date of Approval: April 30, 2010
Date of Expiry: April 30, 2011

Protocol Title: Efficacy of Consumption of Canola and Flax Olls in Management of Hypercholesterolemia and
Other Disease Risk Factors

The following isfare approved for use:

+  Annual Approval

The above was approved by Dr. Nicholas Anthonlsen, Chair, Biomedical Research Board, Bannatyne Camgus, and
University of Manitoba on behalf of the commitise per your letter dated April 1, 2040, The Research Ethics Board s
organized and operates according to Health CanadafICH Good Clinical Practices, Tri-Counci Policy Statement, and the
pplicable [aws and reguiztions of Manfioba, The membership of this Research Ethics Board comples with the
fiémbarship requirements for Research Ethics Boards defined in Division 5§ of the Food and Drug Regulations of Canada.

This approval is valid until the expiry date only. A study status report must be submitted annually and must
accompany your request for re-approval, Any significant changes of the protocol and informed cansent form should be
reporfed to the Chalr for consideration in advance of implementation of such changes. The REB must be notifisd
regarding discontinuation or study closure,

This approval is for the ethics of human use only. For the logistics of parforming the sludy, approval should be sought
from the relsvant institution, if reguined,

Sincaraly yours,

/A

MNicholas Anthonisen, MD, Ph.D
Chair,

Biomedical Research Ethics Board
Bannatyne Campus

Please quote the above Ethics Reference Number on all correspondenca.
Inquiries sheuid be directed to the REE Secretary Telaphone: (204) 780-3265/ Fax: (204) TEB-3414

wiww. umanitebacafaculties/medicine research/ethics
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BANNATYNE CAMPUS Winnipeg, Maniaba
Research Ethics Boards | Canada R3E0W3

Tel: (2064) TEH-3255

UNIVERSITY | Fans (204) THA-3414

ofF MANITOBA

APFROVAL FORM

Principal Investigator: Dr. P. Jones Ethics Reference Number: B2007:071
Sponsor: Flax Canada 2015 Date of Approval: April 30, 2011
Date of Expiry: April 30, 2012

Protocol Title: Efficacy of Consumption of Cancla and Flax Qils in Management of Hypercholesterolemia and
Other Disease Risk Factors

The following islare approved for use:
« Annual Approval

The above was approved by Dr. Nicholas Anthonisen, Chair, Biomedical Research Board, Bannatyma Campus, and
University of Manioba on behalf of the commitiee per your lefter dated April 20, 2011, The Research Efhics Board is
organized and operates ascording to Heabh CanadallCH Good Clinical Practices, Tri-Councdl Paolicy Statement, and the
applicable laws and regulations of Manitoba, The membership of this Reassarch Ethice Board complies with the
membership reguirements for Research Ethics Boards defined in Division § of the Food anpd Drug Regulations of Canada.

This approval is valid until the expiry date only. A study status report must be submitted annually and must
accompany your request for re-approval. Any significant changes of the protocol and informed consent form should be
reported to the Chair for consideration in advance of mplementation of such changes. The REB must be notified
regarding discontinuation or study closure

Thiz approval is for the ethics of human use only. For the logistics of performing the stedy, approval should ba sought
from the relevant institution, if requined.

Sinceraly yours,

...

Nicholas Anthonisen, MD, Ph.D
Chair,

Blemedical Research Ethics Board
Bannatyne Campus

Please quote the above Ethics Reference Number on all correspondence,
Inquiries should ba directed to the REE Secratary Telephone: (204) T89-3255/ Fax: (204} 789-3414

wwnw. umanitoba.cafmedicine/ethics
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()

wee St-Boniface o DEC 2 0 2007

Research Review Committee
Approval Form

Principal Investigator: Peter Jones, PhD
RRC Reference Number:  RRC/2007/0862
Date: December 14, 2007

Protocol Title: Efficacy of Consumption of Canola and Flax Oils in Management
of Hypercholesterolemia and Other Discase Risk Factors

The following is/are approved for use:

* Protocol dated October 2, 2007
* Research Participant and Information Consent Form dated November 19, 2007
*  Advertisement dated July 20, 2007

The above was approved by Dr. B. Light, Chaimperson, Research Review Committee, St. Boniface General
Hospital, on behalf of the Committee, As the recommendations by the Research Review Committee have
been met, final approval is now granted,

Any significant changes to the study Protocol and Informed Consent Form, must be reported to the
Research Review Committee along with any other documents required as per Standard Operating
Procedures for Clinical Investigators.

Sincerely yours,

Dr. B. Light
Chairperson, Research Review Committes
St. Boniface General Hospital

Please quote the above reference number on all correspondence.
Inquirves should be directed to the RRC Secretary

Telephone: (204) 235-2623  Fax: (204) 237-9860

N1004 — 409 Taché, Winnipeg, MB, Canads R2H 2A6

409 Taché, Winnipeg, Manitoba, Canada R2H 2A6
Tel (204) 233-8563  Wibsite: www.sbghmb.ca

A Grey Nun Carparation/Ure corporation des Soeurs Grises
Affiliated with the Usiversity of Manitsha/A i & I'Universisé du Manitobs
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[RECEIVED

MOV 04 2009
ﬁl’-,._ e BANNATYNE CAMPUS . fvlifn'{;f;{"m’f’ﬂ:m”””
Research Fthics Boards Canada R3E 0W3

TUNIVER SITY Tel: (204} 7RS-3255
Fax: (204) 789-3414
OF MANITOBA ‘
APPROVAL FoRrmM
Principal Investigator: Dr. P, Jonas Ethics Reference Number: B2009:129

Sponsor: CIHR Date of Approval: October 20, 2008
Date of Expiry: October 20, 2010

Protocol Title: Genetic Basis for Heterogeneity in Response of Plasma Lipids to Plant Sterols St_lpplnmuntarﬂnn

and Fatty Acid Dietary Modification: Freezer Study y ” (_Q
i f A
The following isfare approved for use: /)-'L} f 'LS‘F B },1.
(| + !
. Protocol submitted Septomber 25, 2000 jﬁf
. Research Subject Information and Consent Form, Version dated 10/9/2009 / ( fUJ
. Cover letter to participants submitied October 8, 2000

The above underwent expedited review and was spproved as submitted on Octabar 20, 2008 by Dr. Micholas Anthonisen,
Chalr, Biomedical Research Board, Bannatyne Campus, University of Manitoba on behall of the committee per your latter
dated October 8, 2009, The Research Ethics Board is organized and operates according ta Heslth CanadaliCH Good
Ulinical Practices, Tri-Councll Palicy Statement, and the applicable laws and regulations of Manitoba. The membarship of
this Research Ethics Board complies with the membership requirements for Research Ethics Boards defined in Division 5
of the Foad and Drug Reguiations of Canada,

This approval is valid for one year only. A study status report must be submitted annually and must accompany your
request for re-approval.  Any significant ehanges of the protoco? and Informed consent form should be reported to the
Chair for consideration in advance of implementation of such changes.  The REB must be noffied regarding
discontinuation or study closure,

This approval [s for tha sthics of human use only. Far the logistics of parforming the study, approval should be sought
from the relevant institution, If required.

Sinceraly yaurs,

Micholas Anthonisen, MD, Ph.D
Chalr,

Blomedical Research Ethics Board
Bannatyne Campus

Please quote the above Ethics Reference Number on all correspondence,
Inquiries should be directed to the REB Secretary Telephone: (204) TEI-3256/ Fax: (204) T89-3414

wwwumanitoba, caffaculties/medicine researchyethics
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APPENDIX I'l
FORMS CORRESPONDING TO STUDIES DESCRIBED IN CHAPTERS IV, V,
AND VI

STUDY ADVERTISEMENTS 7 POSTER 1

N - 1 - Richardson Centre for Functional Foods
UNIVERSITY and Nutraceuticals

s OF MANITOBA 196 Innovation Drive, SmartPark,
University of Manitoba, Winnipeg, MB
R3T 6C5 Canada

Want to lower your cholesterol?

The Richardson Center for Functional Foods
and Nutraceuticals, University of Manitoba is
conducting a study to investigate the effects
of canola and flax oils on body weight
regulation and blood lipid levels.

The study is open to men and postmenopausal
women who meet the following criteria:

* Aged 20-60

* Slightly overweight

* Have elevated cholesterol levels

* Not taking medication to lower blood lipids

Volunteers will be provided with the supplements and
daily meals for three phases of four weeks.

Volunteers will be compensated for their
participation.

Please call: (204) 474-9787

Dr. Peter Jones, Principal Investigator

16/04/2007
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POSTER 2

o

iﬁm“;‘

UNIVERSITY
ofF MANITOBA

Worried about your CHOLESTEROL?
Want to improve your HEALTH?

We are conducting a study to investigate
the health benefits associated with
CANOLA OIL and FLAX OIL
consumption.

Are you eligible?

Open to men and women, 18-65 years
Not taking medication to lower blood fats
Non-smoker

Dedicated to learning about nutrition and health

How will you benefit?

All meals provided for duration of study

Lower your cholesterol and improve your health
Receive personalized health information
Receive compensation for your participation

N

Please call: (204) 272-1551
Ask for Leah

Dr. Peter Jones, Principal Investigator

Richardson Centre

for Functional Foods
and Nutraceuticals

Juby 20, 2007
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RCFFN WEBSITE AD

EFFICACY OF CONSUMPTION OF CANOLA AND FLAX OILS IN
MANAGEMENT OF HYPERCHOLESTEROLEMIA AND OTHER DISEASE
RISK FACTORS

The Richardson Centre for Functional Feods and Nutraceuticals at the University of
Manitoba is conducting a study to learn more about the efficacy of consuming canola and
Max oils in managing hypercholesterolemin and other discase risk factors,
The study 15 open to men and postmenopansal women who meet the followimg eritena;

*  Between 20-60 yvears

= Borderhine hypercholesteroleme (low densily lipoprotein cholesterol (LOL-CY = 3.0

mmal/L)
*  Are mos taking medication to lower blood lipid levels
*  [Dwoomor have hypertension

We will provide valuntears with 3 meals a day fer 3 one menth et perods, each 1est month will
he followed by a one month period during which volumeers may consumer therr normal dizts,

For more information about the study, please see the additional information sheet.
Falunieers will be compensated for their participaion,
If Interested, Flease Call: (204) 474-9787

Dr. Peter Jones, Principal Investigator

22¢
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CTV NEWS CLIP

r'% I

U OF M LOOKS FOR HEART-SMART OILS
A research team at the University of Manitoba is studying the effects of la and fl d ods on chol

levels, Every day, 21 people eat breakfast fogether, and then get to take home a kit filed with a pre-made Iunch and
dinner. One group is eating meals with cancla and flax ods, while another group is eating meals with no ods, The
study will determine whether canala lowers cholesterol and whether it should be deemed a heart-emart oil. Results
from the study should be known within the next year.

NEWAS......

November 16, 2007
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GENERAL INFORMATION FORM

Canola and Flax oils Nutrition Study*
Additional Information
August 2007

The Richardson Centre for Functional Foods and Mutraceuticals 1_“ CFFMY s located in the
SmartPark at the Fort Garry Campus of University of Manitoba.

General information

Canola oil and flax oil both contain an essential omega-3 fatty acid, alpha-linolenic acid (ALA).
*Essentiol” means that the human body dees not make this futty acid, so to be beneficial it must
b consumed in the diet. ALA con reduce cardiovascular disease risk by several means, First, il 15
il 51HI1I.I'IE |1-q_ri|1'| 1o make other |'|n:||'r|'u| 'I'all:.' acids i.n|;|||:|i11§ hise :.:|.1mn1|_1n|:.' consumed from fish
oil supplements. Second, it helps maintain healthy outer layers of the cells that make up our body.
Third, it may reduce inflammation which has been implicated in cardiovascular discase.

The Study

The feeding portion of the study is planned to commence in mid September 2007, however
subjects who are unable to start o8 this time but still interested should also inguire further,
Subjects enrolled wall participate for @ total of approximately lve months, consisting of 3 one
ronth treatment phases separated by 4 weeks washout or BREAK phases. During treatment
phases the subjects must only consume food provided by the Centre. During washout or BEEAK
phuses subjects may resume their normal diets, Subjects will receive financial compensation for
participation in the aiudy.

Treatmeent 1 |—r| BREEAK |—:-| Treatment 2 | =+ | BREAK | —+ Treatment 3

The treatment consists of different oils:

1. Control oil {(normal cooking oil such as safflower oil)
2. Canola oil

3. Canola’flax oil blend

The different ireaiment oils are incorporated into the diet. During ireatment phases all meals are
provided by the Centre. Subjects will come to the Centre every morning, between 6:30-9:30am on
weekdays and B-10am on weekends, and consume breakfast here. They will leave with a cooler
containing their food for the rest of the day.

On days 1, 2, 27, 28 and 29 of cach treatment phase subjects will have a 12 hour fasting bloed
sumple taken, Blood will be analyred for ol hpid profile, glocose levels, as well as other
parameters, Once during each ireatment phase subjects will consume ALA that is labeled 1o allow
us to measure the conversion of ALA to other beneficial fatty acids. Additionally, at the
beginning and end of cach treatment phase subjects will undergo 2 procedures to measure the
body compositien and energy expenditure. The first procedure 15 called dual enerpy x-ray
ahsorptiometry (DEXA). [t takes approximately 7 minutes and measures the body fat percentage
and distribution.

The secomd procedure 5 called energy expenditure and requires that the subject remain lving
down for approximately & hours while the air that they breathe out is measured. Subjects may
rend or watch movies during this fime.

August 30, 2007
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Subjects have the option 1o undergs Mow mediated dilation a0 a local hospatal (1o be announced ),
Thig procedure uses an (non-invasive) ultrasound fo assess artery function, looking at both blood
vessgl dismeter and blood flow. Subjects are only eligible for this procedure if they do not have
high blood pressure and are nat on any blood pressure lowening mediconions. Eligible subjects are
|1i.g|1|:,.' tm-g:uun'lgl:d s p:lrlicip:|1u in thiz secion. Addinonal :.:l,1m|'|:1|._-.'.u|!iu|1 for this section 1%
provided.

I you are itgrested in parcipating in this siady contagt the Centre 4749787 or 272-1551,
Interested subjects may come 10 the Richardson Centre for an information session for a detailed
explanation of the study and the centre. To be eligible for the study, subjects must come to the
centre for Blood tests 10 make sure your cholesterol level meets those required for our study. Y ou
st have Fasted for 12 b and had no aleohol for 24 k before this Blood vest.

Frequently asked questions:

Which kind of meals will be served?

A standard Morth American diet including foods such as spaghetti, chicken, ete. The treatment
oils will be used to cook the different foods. During treatment phases the subjects must only
consumse food provided by the Centre. During washout or BREAK phases subjects may resume
their normal diets,

Is the labeled ALA dangerons?
Ma. The labeled ALA is non-radioactive and non-toxic.

How much is the radiation dose that [ will receive for doing the DEX A test?
The amount of radiation that youw will receive tor the DEXA test per scan is 1% of the radiation
dose that vou would be exposed o i1 vou were faking a fMlight across Canada,

If [ already know my cholesterol level, can 1 avoid the 1" blood draw?
M. In order 1o keep our study contrelled, all volunteers have to have their blood tested at the
sime place, since different laboraonies may produce dilferent resulis,

SEFFICACY OF COMSUMPTION OF CANOLA AND FLAX OILS IN MANAGEMENT
OF HYPERCHOLESTEROLEMIA AND OTHER DISEASE RISK FACTORS

August 30, 2007
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SUBJECT CONSENT FORM

H UNIVERSITY |i|
ALrF oF MANITOBA s StBoniface 2

RESEARCH SUBJECT INFORMATION AND CONSENT FORM

Title of Study: Eficacy of Consumption of Canola and Flax Oils in Management of
Hypercholesterolemia and Crther Disease Risk Factors

Invesugator: Peter Jones, PhIY

Richardson Centre for Functional Foods and Nutraceuticals
University of Manitoba

196 Innovation Drive, Smartpark

Winnipeg, Manitoha R3T G5

Phone: 204 474 9787

You are being asked to participate in a research study. Please take vour time o review
this Information and Consent Form and discwss any guestions vou may have with the
study staff, You may take your time 1o make your decision about participating in this
clinical trial and vou may discuss it with vour regular doctor, friends and family, This
consent form mav contain words that vou do not understand. Please ask the study doctor
or study stalf o explam any words or information that vou do not elearly understand.

Purpose of Study

The purpose of the study is to examing how alpha-linelenic acid (ALA), a5 well as ALA
in combination with oleic acid, which are naturally found in canola oil and flax oil, will
affect vour body weight and fat content, blood Tt levels as well as cardiovascular
diseases (CVD) biomarkers. The cancla and Max oils will be supplemented in an oil fomm
and will be added to digts as provided by the metabalic Kitchen at the Richardson Centre
for Functional Foods and Mutraceuticals [RCFFM].

Study procedurcs

If yvou agree 1o take part inthis study, ag part of a pre-screening visit, vou will be asked 1o
have a fasting {nothing to eat or drink 12 hours before the iest) blood sample of
approximately two teaspoons taken to measure vour blood far levels, In addition, your
hlood pressure will be measured. [f you meet eligibility requirements, vou will he invited
back for further screeming where a fasting blood sample of four teaspoons will be taken to
do & complete blood count, and biochemistry profile. All basehne values must be nommal

Page 1 of 7 Initials of Subject;
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Appendix Il: Subject Consent Form

Efficacy of consumption of Canola and Flax Oils in Management of
Hypercholesterolemia and Other Discase Risk Factors

as verified by the study physician prior to enrollment in the study and any abnormality in
tests performed at screening will result in exclusion, An electrocardiogram (EKG) may
be performed at the discretion of the physician in charge. Prior to beginning the study,
you will undergo a physical examination by a physician to ensure that you are in good
health. During the physical examination, the physician will measure your vital signs
examine the normality of body systems and ask you some questions regarding your
medical history, The study physician and or study staff will review medical history and
ask questions to determine whether you are eligible to participate.

If you are female and are not post-menopausal you will be asked to take a pregnancy test
prior to beginning the study and subsequently before each DEXA scan.

Any change in your health status at any point during the study needs to be reported to the
study investigators,

The study will consist of 3 phases of 30 days each during which you will consume a fixed
composition precisely controlled weight-maintaining diet. At the end of each phase, a
washout period of 4 weeks will be followed during which you will consume your habitual
diets, The 3 phases of treatments will include:

1. Control phase: Dietary fat will represent higher saturated fat not
atypical of current North American intakes. Fat will comprise 35% of
total energy and be largely saturated fat with substantial levels of
omega-6 linoleic acid provided

2. Canola oil phase: Dictary fat consumed will provide 35% of total
energy and will be comprised of up to 70% canola oil.

3. Canola’Flax oil blend phase: Dietary fat consumed will provide 35%
of total energy and will be comprised of up to 70% canola and flax oil
blend

This study is with double-blind design which means that neither you nor the study staft
will know which variation of the treatments that you will be receiving. You will receive
all 3 treatments, however, it will be unknown the order you will be given in. In an
emergency, this information will be made available,

Study diets will be prepared in the metabolic Kitchen of the RCFFN. You will consume at
least 1 of 3 daily meals at the RCFFN under supervision. The other meals will be
prepared and packed to be taken out. The treatment oils will be provided as a part of the
meals given as appropriate for each phase. You will be asked to consume only the
prepared meals and not to consume alcohol or caffeinated beverages.

We will measure the amount of fat in your body using a procedure called dual energy x-

ray absorptiometry (DEXA). These analyses will be performed 6 times in total during the
study. once at the beginning of each phase and once at the end of each phase. For this

Page 2 of 7 Initials of Subject:
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Appendix Il: Subject Consent Form

Efficacy of consumption of Canola and Flax Oils in Management of
Hypercholesterolemia and Other Discase Risk Factors

procedure, yvou will need o lie in a horizontal position for about 5- 10 minutes while the
scan amm passes from your head to your feet, The radiation from this test is very low
dosage (equivalent to approximately 1 day of natural background radiation). The dosage
15 1000 fimes less than the limit for tnvial exposure. You will be asked not to wear
anything metal {metal may affect bone density values which will affect body composition
calculations), In addition, you will need to ensure that you will not undergo barium
tests'gxams, oF a nuclear medicing scan or injection with an x-ray dye within two weeks
prior to yvour DEXA scan.

During the first and fourth week of each dietary phase, vou will have your energy
expendiiure measured using a canopy hood ventilation system. Y ou will have a plexiglass
canopy placed over vour head for 30 minutes before breakfast as the first measurement,
and 5.5 hours after breakfast as the second measurement. You will be asked to consume
break fast within 30 minutes in between the first and second measurements. Since the air
m the romm 15 directed through the hood, you can therefore breathe normally dunng the
tesi. The rate at which your body is burning calories will be determined by measuring the
rate of oxygen that you consume and the carbon diexide that vou produce while the
ventilation system 15 in operation,

During the first and fourth week of each dictary phase, vou will undergo endothelial
health assessment using the ultrasound approach which will measure arterial function and
vascular reactivity, The ultrasound sessions will be condweted at the local clinical
facilities in Winnipeg area,

[During days | and 28 of cach four-weck test phase, you will undergo pulse wave analysis
after 10 minutes of rest in supine position.  Pulse wave analysis consists of a noninvasive
pressure sensor lightly applied to the radial artery held by a wrist band for 90 secomds,
Pulse wave analysis can noninvasively evaluate cardiac information including pulse,
systolic pressure, diastolic pressure and other cardiovascular parameters,

During days [, 2, 28, 29 and 30 of each four-week test diet phase, fasting blood samples
{approximately 6 teaspoons) will be obtained for assessment of blood fat, fatty acid
profile and other CVD biomarkers including insulin glucose concenirations and
inflammatory markers, oxidative stress markers and markers of adiposity. On day 28, vou
will be required to consume a small guantity of carbon-labeled fatty-acid. The labeled
fatty acid is almeost identical to regular fatty seid, except that a small amount of carbon in
the faty acid is being replaced with a heavier form of carbon. The conversion of certan
fattv acids natueally found in the body will be analyzed using the fate of the tagged fatty
acid being converted. This leheled farty acid is non-radioactive and not toxic

Each blood test will take approximately 5 minutes. The total amount of blood drawn

during each phase of the study will be approximately 10 tablespoons. The total blood
voluime required for this tial will be approximately 2 cups.

Page 30f 7 Initials of Subject;
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Efficacy of consumption of Canola and Flax Oils in Management of
Hypercholesterolemia and Other Discase Risk Factors

Risks and Discomforts

As with any clinical trial, there may be as yet unknown or unforeseen risks of taking part,

The canola and flax oils contained within the meals at the proposed level has been shown
to have no known direct negative side effects on health in several dozen existing animal
and human experiments. Some known risks, although rare, are associated with placing a
needle into a vein. These include the possibility of infection, perforation or penetration of
the needle through the vein, and bleeding, pain, or bruising at the site. In case you feel
any discomfort during the experimental trial a physician, Dr. Kesselman, will be
available to contact at any time. Dr. Kesselman can be reached at 204 954 4486,

Benefits

You may not benefit from participation in this research; however, the study should
contribute to a better understanding of the effects of canola and flax otls on body weight
and blood fat levels as well as cardiovascular diseases (CVD) biomarkers. You will also
receive access Lo your test results when they become available.

Costs

All clinic and professional fees, diagnostic and laboratory tests that will be performed as
part of this study are provided at no cost to you. There will be no cost for the study
treatment that you will receive.

Pavmen b naciitings:

You will receive up to a maximum of $1000 at completion of this study for your time and
inconvenience of the study schedule. This amount will be divided into 3 equal portions
and I portion given after cach phase. If you withdraw carly from the study. you will
receive an appropriate pro-rated fraction of this amount.

You do not have to participate in this study. The study coordinators, physician and
principal investigator will answer any questions you have about the experimental group
of this study. You should be aware that lipid lowering medications exist as an alternative
to lowering blood cholesterol levels.

Confidentiali

Medical records that contain your identity will be treated as confidential in accordance
with the Personal Health Information Act of Manitoba. The RCFFN staff involved with
your care may review/copy medical information that may reveal your identity. With your
permission, the study doctor will also write to your Family Doctor to tell him/her that you
are taking part in a study or to obtain further medical information. The Biomedical

Page 4 of 7 Initials of Subject:
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Appendix Il: Subject Consent Form

Efficacy of consumption of Canola and Flax Oils in Management of
Hypercholesterolemia and Other Discase Risk Factors

Research Ethics Board at the University of Manitoba may also review yvour research-
related records for quality assurance purposes. 1f vou are & research subject from S,
Boniface CGieneral Hospital, your rescarch related records may be reviewed by St
Boniface General Hospital for quality assurance purposes. If the resulis of the inal are
published, vour identity will remain confidential. Personal information such as vour
name, address, telephone number and/or any other identifving information will not leave
the Richardson Centre for Functional Foods and Nutraceuticals.

Study samples will be stored in the freezer at the RCFFN, Only the study coordinators
and the principal investigator will have access o the samples. Your samples will not be
used Tor any additional analyses, nor stored for any longer than 2 vears, nor shared with
any other group, other than is indicated in the protocol, without your specific consent,

Voluntary ParticipationWithdrawal From the Study

Your decision 1o take part in this study is voluntary. ¥ ouw may refuse o participate or vou
may withdraw from the study al any tme. Your decision to notl participate or (o withdraw
from the study will not affect vour other medical care.

Your participation in this stedy may be terminated without your consent by the study
coordinators, physician or principal mvestigator. The study staff will withdraw you if
he/she feels that participation is no longer in your best interest, or if vou fail to follow the
directions of the study staff.

If vou decide to participate, you will agree to cooperate fully with the sudy visit
schedule, and will follow the study staft's instructions.

We will tell you about new information that may affect your health, welfare, or
willingness o stay in this study.

Should you wish o withdraw vour participation from the stidy, you must inforim the
study coordinators so that your file can be officially closc.

Medical Care for Injury Belated to the Study

In the event of an injury thal occurs o vou as a direet resull of participating in this study.
or undergoing study procedures vou should immediately notify the stwdy physician, Dr.
Kesselman at 204 954 4486 or go to your nearesi emergency room Lo receive necessary
medical treatment. Y ou are not waiving any of your legal rights by signing this consent
form nor releasing the investigator or the sponsor from their legal and professional
responsibilities. 10 any health abnormalites are identified in the clinical tests conducted
during this experiment, Dr. Kesselman will be contacted, who will inform vou of the
results,
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Appendix Il: Subject Consent Form

Efficacy of consumption of Canola and Flax Oils in Management of
Hypercholesterolemia and Other Discase Risk Factors

SLIOS

You are free to ask any guestions that you may have about vour treatment and vour rights
us @ research subject. If any questions come up during or after the study or iF you have a
research-related njuey, contact the study doctor and the study stall.

Investigzator: Dr. Peter Jones Tel Mo 204 474 97RT
. . ) - : 204 272 1551 or
Coordinator; Leah Gillingham Tel N, 304 474 8381

Study Physician:  Dr. Edward Kesselman  Tel Mo, [ 2049544456

For guestions about your rights as a research subject, you may contact:
The Biomedical Research Ethics Board, University of Manitoba at 782-3380

Do mot sign this consent form unless vou have a chance to ask questions and have
received satisfactory answers to all of your questions,

Consent

1 agree 1o allow the study dector to inform my family doctor that [ am participating in this
study or to obtain information regarding my medical history,

Yes No
1. 1 have read and understood this Information and Consent Form, and | freely

and voluntarily agree (o take part in the clinical trial (research study)
described above,

[

I understand that 1 will be given a copy of the signed and dated Information
and Consent Form. | have received an explanation of the purpose and duration
of the trial, and the potential risks and benefits that [ might expect. [ was given
sufficient time and opportunity to ask questions and to reflect back my
understanding of the study to study personnel. My questions were answered o
my satisfaction,

3. lagree to cooperate fully with the study doctor and will tell him if 1
experience any side effects, symploms or changes in my health.

4. lam free to withdraw from the study ot any tme, for any reason, and without
prejudice to my future medical treatmient.

Page 6of' 7 Initials of Subject;
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Appendix Il: Subject Consent Form

Efficacy of consumption of Canola and Flax Oils in Management of
Hypercholesterolemia and Other Discase Risk Factors

5. Dhave been assured that my name, address and telephone number will be kept
confidential to the extent permitted by applicable laws and/or regulations,

&, By signing and dating this document, | am aware that none of my legal nights
are being waived.

Signature: Date/Time:

Printed name of above:

1 confirm that 1 have explained the purpose, duration ete of this clinical tnal, as well as
any potential risks and benefits, to the subject whose name and signature appears above. |

conficm that [ believe that the subject has understood and has knowingly given their
consent o participate by his'her personally dated signaiure.

Signature: DateTime:
Printed name of above: Study role:
ALL SIGNATORIES MUST DATE THEIR OWN SIGNATURE

Efficacy of Consumption of Canola and Flax Oils in Manageinent of
Hypercholesterolemia and Other Discase Risk Factors
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Appendix Il
SUBJECT CONSENT FORM CORRESPONDING TO GENETICS STUDY

DESCRIBED IN CHAPTERS VI

October &, 2009
El [UNIVERSITY e

Eiﬂ of MANITOBA
RESEARCH SUBJECT INFORMATION AND CONSENT FORM

RESEARCH SUBJECT INFORMATION AND CONSENT FORM FOR GENETICS
ANALYSIS

Title of Study: Genetic Basis for Heterogeneity in Response of Plasma Lipids to Plant
Sterols Supplementation and Fatty Acid Dietary Modification:
Freezer Study

Investigntor: Peter Jomes, PhD
Richardson Centre Functional Foods and Nutraceuticals
Lniversity of Manitoha
196 Innovation Drive, Smartpark
Winmipeg, Manitoba B3T 6C5
Phone: (204) 474-9787

You are being asked to participate in a research study using samples collected in
previous climeal tnals. Participation 15 voluntary and you do not need to consent to the use of
your biological samples in this study. Please take vour time 0 review this Information and
Consent Form, You may take your time to make vour decision about participating in this
research study and vou may discuss it with your regular doctor, friends and family, This consent
form may contain words that vou do not understand. Please ask the study staff o explain any
wiords or information that you do not clearly understand.

NATURE AND DURATION OF FROCEDURE

We waould like to investigate genetic variability in the responses of individuals to certain
trial interventions by combining data collected from numerous previously completed clinical
trials. From the blood drawn dunng one of the following chimical studies:

1) Evaluation of Plant Sterol and Chalesterol Absorption in Overweight
Hypercholesteralemic Men with or without Coronary Heart Discase, REB £12005:144,
Liniversity of McCsill

1) Relative Efficacy of Plant Sterols Given One or Three Times per Day in Management of
Hypercholestervlemia, REB £J2005: 148, University of MeGill

3) Efficacy of Sterol Fortified Low Fat Soy Beverage on Cholesterol Metabolism,
Inflammation and Oxidative Status in Humans — Study 1, REB# 2007:110, University of
Maniteba

4) Efficacy of Sterol Fortified Low Fat Sov Beverage on Cholesterol Metabolism,
Inflammation and Oxidative Status in Humans — Study 11, REB# 2007:110A, University of
Manitoba

5) Efficacy of Consumption of Canola and Flax oils in the Management of
Hypercholesterslemin and Other Disease Risk Factors, REB# 2007:071, University of
Manitoba

Page 1ol 3
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Research swhject ICF for genetic analysis Orctober 8, 2004

We would like 1o extract DNA and perform genetic analvses using a laboratory technique
that recognizes specific genes to determine why some people decrease their cholesterol levels
better than others in response to different diets, DINA is a molecule found in the cells of your
body that is organized into genes that contain all of the information needed to make the proteins
that perform specific biological functions in your body. As this analysis will be camied out on
previcusly collected bological samples no additional visits to the rescarch facility or from study
staff will be required for this sdy.

CONFIDENTIALITY AND SAFEKEEPING OF DNA SAMPLES

All of the mformation obtamed about you and the resulis of the research will be treated
confidentially. We will protect vour confidentiality by assigning vour DNA sample 1 specific
code. This code will hink you to vour DNA sample and can only be decoded by the principal
researcher or an mdividual authonzed by the latter, Samples of vour DNA will be kepl al the
Richardson Centre for Functional Foods and Mutraceuticals, University of Manitoba, under the
supervision of Dr, Peter Jones for a Z-vear peniod following the end of the research project. Alter
this time, all somples will be destroved. Your DMA samples will only be used for the purpose of
this research project.

Your participation and the results of the research will not appear in your medical record.
Although the results of this study may be published or communicated in other ways, it will be
impossible o wentify vou, Unless you have provided specific authorization or where the law
permits or a court erder has been obtained, vour personal resulis will not be made available (o
third parties such as emplovers, government organizations, insurance companies, or educational
institutions, This also applies (o vour spouse, other members of vour family and your physiciamn,
However, for the purposes of ensuring the proper management of research, it is possible that a
member of an ethics committee, or a representative from the Richardson Center for Functional
Foods and Mutraceuticals, may consult vour research data and record. You can communicate
with the research team to obtam imformation on the general progress or the results of the rescarch
project.  Project updates will be mailed at the end of the project. However, we will not
communicate any individual results to you.

POTENTIAL RISKS AND/OR BENEFITS

As the DNA will be extracted from blood samples that have alveady been taken, there is
e additional invasive procedure 1o undergoe and no physical risk to you, However, when vou
donate blood or tissue for genetic testing or research, vou are sharing genetic mformation, mot
only about yoursglf, but also about biological {Blood) relatives who share your genes or DNA,
There is a potential risk that information gained from genetic research could eventually be linked
1o vou, You should be aware that genetic information canmet be protected from disclosure by
court order, This potential re- identification of the information {2.g., to an employer or insurer)
could lead to loss of privacy and to possible fiuture discrimination in emplovment or insurance,
against vou or vour biological relatives. Due o the rapid pace of technological advances, the
potential future use of genetic nformation 15 unknown and therefore the potential future nsks are
also unknown.
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Research swhject ICF for genetic analysis Orctober 8, 2004

While there may be no direct benefits to vou for taking part in these additional analyses, we hope
that these results will provide us with the information on genetic characteristics of people in
which dietary strategies results in an enhanced or inferior cholesterol-lowering capacity.

QUESTIONS

If wou have any questions or concerns regarding this study (REB# B2009:129) please do
not hesitate to contact;

Dr. Peter Jones,
Richardson Center [or Functional Foods and Nutraceuticals
Phone # 1-204 474-9787

or

The Bannatyne Besearch Ethics Board.
Bannatyne Campus, University of Mamitoba
Phone # 1-204-TES-338%

SIGNATURE OF PARTICIPANT

The procedures associated with this research study have been outlined to me in this
consent form. | have had the opportunity to contact study staff and ask questions concerning any
and all aspects of the project and procedures involved, and may continue n the future to ask
further questions at any time, as it is my right to do so. 1 am aware that 1 may refuse (o
participate as well as withdraw my consent at any time, 1 acknowledge that no guarantce or
assurance has been given by anyone as to the results to be obtained and that my participation in
this study is completely voluntary. Confidentiality of records concerning my involvement in this
project will be maintained in an appropriate manner. Samples will not be ulilized for any
additional analvses, nor stored for any prelonged period, nor shared with any other group, other
than is indicated in the protocol, without my specific consent.

L . have read the above description. [ have been made aware of
all the procedures, advantages and disadvantages of the study, which have been explained to me.

Signature of Subject Date
By signing this consent form, you have not waived any of the legal rights that you have asa
participant in a research study.

Signature of clinical coordinator Date
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SUBJECT SCREENING FORM

Mame:

How did you hear about the study?

Kidney discasc
Liver disease
Heart disease

el
FrrrREEE

[Hk Leave a message” Y...N
W)
E-mail:
Sex: M, F Postmenopausal: Y., N
Age (18-65) [HH:
Weight: Ihs Kg  Cmuick BMI:
Height: o " m
BMI (kg/m2}:
Cholesteral lowering medication? Y...N
Medication that affects lipid metabolism?  Lipitar
{in the last 3 months) Chaolesiyramine
Colestipol
Fish il capsules
Plant sterols
Onher
Do you have high blood pressure? ¥ (controlled, uncontrolled). . N
Type of medication?
‘What is vour BPY
Smoker
Aldcohol fday, fwk
Drabetes mellitus
Thyroid disease Stable doses of medication” ¥ .M

Other medications

z

Speoify

Witamin, Mineral supplement

Specify

Herbal, food supplement

Specify

Laxatives, Stool Softners

Fiber

Allergies (food)

Specifly

Lactose Intolerant

| Vegetarian

Any metallic bene componenis

Exercise

|| | | | |t | |t
zlzlzlz|z|zlz|2|Z

hirsfwhk types

Other

=1/2-=

Appendix |

NOTES:
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Appendix Il: Subject Screening Form

First blood sercening:

Date:
Time;

Second blood screening:
Dhate:
Time;

Medical exam:

[Drate:
Time:;

ELIGIBLE: Y...N

Start date:

Subject code:

**Please refrain from fish oil capsuoles, flax oil, omega-3 supplements and fish 2 month before the start of
the study and 2 weeks before screening

“*Please fast for 12 hours from foed'beverage, 24 hours from alcohol before screening

T
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MEDICAL SCREENING FORM

lof3

Flax/Canola Study 2007
Screening Medical Examimation Form

Phase Study Physician Subject Code
screening Dr. Edward Kesselman
Date of Visit Investizator

D, Peter Jones

i 1| DD YH

COMPLETE PHYSICAL EXAM

Body Weight: Ibs kg Heighi: cm
Respiration:
Blood Pressure (seated): mmHg Heart Rate: bpin

systolic  diastolic

Race/Ethmic COhrigin:
Caucasian African-American/Canadian Asian Other:

1S [Check the appropoate box al organ system wias examined. 11 not doae, winibe 300 a0 the bax)

Mormal Abnormal *Details of abnormal finding

1y Ears, Mose, Throat
2} Eves

3} Dermatological

4} Musculozkeletal
5} Lymph Nodes

6} Mewrological

T} Cardiovascular

3} Respiratory

91 Endocrine

10) Urogenital
11} Crastrointestinal
{complete section C)

strointestinal Cont
Bowel Hahits:  Frequency (Day Urination: Frequency Day
Consistency MNocturia Might
Medications:
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Appendix Il: Medical Screening Form

Jall
Flax/Canola Study 2007
Serceming Medical Examination Form

Hospitalizations:

Family History:

al History Exclusion Critena Screening (Juestionnaire

YES NO

Have you taken a medication affecting lipid metabolizsin (cholestyraimine,
colestipol, niacin, colfibrate, gemfibrozil, probucol, HMG-CoA reductase
inhibitors, and high-dose dietary supplements, plant sterols or fish ol
capsules) within the past 3 months?

Do you take any natural or pharmaceutical weight loss supplements or
products?

Do you smoke?

Do you consume large amounts of alcohol?
{maore than 2 drinks per day or 12 drinks per week)

Do you have diabetes mellius?

Do you have kidney discase?

Do you have liver discase?

Do you have heart disease?

Do you have uncontrolled thyroid discase or hypertension? { Suhject will be
accepted if she 15 on a stable dose of a thyroid or bleod pressure medication
that has no known effects on blood lipid metabolism. )

Are you pregnant or do vou intend to become pregnant®

24%



Appendix II: Medical Screening Form

Jofl

Flax/Canola Study 2007
Screening Medical Examimation Form

Based on the inclusion and exclusion criteria above, and the medical exam is the subject
cligible to participate in the study protocol (circle one):

YES N

Physician's Signature:

Date:
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SUBJECT STUDY PROGRESS FORM

Patient Study Progress

Study 1D:
PHASE 1
1. Day 1 (mm/dd/yyyy): _/ / 0O
+ DEXA

= Blood 2 EDTA, 2 Serum, 2 Heparin

2. Day 2 (mm/dd/yyyy): __/ /0O
+* Blood 2 EDTA, 2 Serum, 2 Heparin

3. Week | (mm/dd/yyyy): _ / /0O
*  Energy Expenditure
*  Rreath Collection during EE

4. Week 1 Side Effects Questionnaire: _ / /[0

5. Day 27 (mm/dd/yyyy): __/ /0O
*  Flow Mediated Dilation @ Health Sciences Centre O
* Blood 2 EDTA, 2 Serum, 2 Heparin
» “C-ALA administration (before blood) Time:

Give Breath Sampling Kits to Subjects

6. Day 28 (mm/dd/yyyy): / / 0O
= Flow Mediated Dilation @ Health Sciences Centre O
« Blood 2 EDTA, 2 Serum, 2 Heparin (24hr "C- ALA) Time: 2
= Collect Breath Sampling Kits from Subjects
+  Side Effects Questionnaire

7.Day 29 (mm/dd/yyyy): __/ [/ 0O
* DEXA before breakfast
= Blood 2 EDTA, 2 Serum, 2 Heparin (48hr "C- ALA) Time:
+  Side Effects Questionnaire

8. Week 4 (mm/dd/yyyy): __ / /0O

*  Energy Expenditure

9. Week 4 Side Effects Questionnaire: __ / /O




Appeandix II: Subject Study Progress Form

PHASE 2

10. Day 56 (mm/dd/yyyy): __ / /O
* DEXA
* Blood 2 EDTA, 2 Serum, 2 Heparin

11. Day 57 (mm/dd/yyyy): / / 0O

= Blood 2 EDTA, 2 Serum, 2 Heparin

12. Week 1 (mm/dd/yyyy): __ / /0O

* Energy Expenditure
*  Breath Collection during EE

13. Week 1 Side Effects Questionnaire: / / O

14. Day 83 (mm/dd/yyyy): __ / /0O
= Flow Mediated Dilation @ Health Sciences Centre O
* Blood 2 EDTA, 2 Serum, 2 Heparin
BC-ALA administration (before blood) Time:
= Give Breath Sampling Kits to Subjects

15. Day 84 (mmv/dd/yyyy): __/__/__ O
Flow Mediated Dilation (@ Health Sciences Centre O
* Blood 2 EDTA, 2 Serum, 2 Heparin {24hr "C- ALA) Time:
*  Collect Breath Samphng Kits from Subjects
*+  Side Effects Questionnaire

16. Day 85 (mm/dd/yyyy): _/ / O
* DEXA before breakfast
+ Blood 2 EDTA, 2 Serum, 2 Heparin {48hr ""C- ALA) Time:
*+  Side Effects Questionnaire

17. Week 4 (mm/dd/yyyy): /[ [/ O

*  Energy Expenditure

18. Week 4 Side Effects Questionnaire:  / /0O
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Appeandix II: Subject Study Progress Form

PHASE 3

19. Day 112 (mm/dd/yyyy): __ / /0O
* DEXA
* Blood 2 EDTA, 2 Serum, 2 Heparin

20. Day 113 (mm/dd/yyyy): __ / /0O

* RBlood 2 EDTA, 2 Serum, 2 Heparin

21. Week 1 (mm/dd/yyyy): __/ /0O

*  Energy Expenditure
*  Breath Collection during EE

22. Week 1 Side Effects Questionnaire:  / / O

23. Day 139 (mm/dd/yyyy): / / O
*  Flow Mediated Dilation @ Health Sciences Centre O
= Blood 2 EDTA, 2 Serum, 2 Heparin
= “C-ALA administration (before blood) Time:
* (ive Breath Sampling Kits to Subjects

24, Day 140 (mm/dd/yyyy): __ / /0O
*  Flow Mediated Dilation @ Health Sciences Centre O
* Blood 2 EDTA, 2 Serum, 2 Heparin (24hr PC- ALA) Time: ¢
= Collect Breath Sampling Kits from Subjects
= Side Effects Questionnaire

25. Day 141 (mm/dd/yyyy): __ / /O
* DEXA before breakfast )
* Blood 2 EDTA, 2 Serum, 2 Heparin (48hr PC- ALA) Time: ¢
+  Side Effects Questionnaire

26. Week4 (mm/dd/yyyy):  / /0O

* Energy Expenditure

27. Week 4 Side Effects Questionnaire: __ / /[

24¢



Appendix Il

SUBJECT MENSTRUAL CYCLE CHECKLI ST

Canola Flax Study 2007/2008
MENSTRUAL CYCLE CHECKLIST

PHASE 1
Start (Day 1)
<Dt (bl mmdyyyy) -

-Day | of Last cycle (dd/mm'yyy v
4

-Caleulated Day 14 of cyele (dd'mmiyyyy)

-Pregnancy Test (pre-DEXA) _ Yes _ Mo

=Results _ Positive  _ MNepafive
PHASE 1

Start (Day 1)

-Date (dd'mmiyyyy)  _ f F

Dy 1 of last eyele (dd/mmiyyyyh
L

-Caleulated Day 14 of cyele (dd'mmiyvyyy)
D

- Pregnancy Test (pre-DEXA) _ Yes _ No

-Results — Positive Megative
PHASE 3

Start (Day 1)

-Date (dd'mmiyyyy)  _ F F

-Dray 1 of Llast cycle (dd'mm'yyyy)
S

-Caleulated Day 14 of cyele (dd'mmiyvyyy)

= Pregnancy Test (pre-DEXA) _ Yes _ No

-Results _ Positive _ Megative

End (Day 28)
<Drvie (dd'mmdyyyyr S

-Day | of last cycle (dd/mmdyvyy)
I

-Calculated Day 14 of cycle (dd'mmiyyyy)
4

-Pregnancy Test (pre-DEXAT _ Yes Mo

=Results _ Positive  _ Nepative

End (Day 18)
-Date (dd'mmm'yyyy) 4

=Dy 1 of last evele (dedimmiyyyy)
L

-Calculated Day 14 of cycle (dd'mmiyyyy)
o

- Pregnaney Test (pre-DEXA) _ Yes _ No

-Results  Positive Negative

End (Day 28)
-Date {dd'mm'yyyy) )

-Day | of last eycle (dd'mmyyyy)
S

-Caleulated Day 14 of eyele (dd'mmiyyyy)

= Pregnancy Test (pre-DEXAY _ Yes _ No

-Results _ Positive  _ Negative

Srudy Co-ordinator Signature:
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Appendix Il

ENERGY EXPENDITURE TRACKING FORM

Phase: Week: Day: Meal: Date:

ENERGY EXPENDITURE TRACKING FORM

Patient: Patient:

Time Status Time Status
i ON o On
—*— | Meal Bf/Din| —°— | Meal Bf/ Din
— First Bite — First Bite
—— ON — ON
e OFF —_— OFF
—_—— ON —_— ON
R OFF R OFF
e ON — ON
A OFF RS OFF
—_— ON —_ ON
e OFF — OFF
A ON — ON
e OFF — OFF
—_—— ON _—— ON
e OFF RS OFF
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Appendix Il

BREATH SAMPLING FORM

FLAX-CANOLA STUDY 2007-2008

SUBJECT CODE: DATE:
PHASE: DAY:
HEIGHT: WEIGHT:

*TRACER (name/amount): U- 13Cm-.ﬂ.lpha-Lim:nler'lic Acid ([omega-3) / 45mg

THEORETICAL TIME REAL TIME TUBE #| Comments
0

*BREAKFAST -

1

2

LUNCH (first bite) -

DINMNER -

COMMENTS:

***REMEMEBER TD FAST 12hrs BEFORE DAY 2B BLOOD DRAW AND DEXA
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Appendix Il

COORDI NATOR6S NOTES FORM

Coordinator's Notes

FLAX/CANOLA Study 2007
Subject 1D: Phase. Date:
Subject 1D: Phase: Date:
Subject ID: Phase: Date:
Subject ID: Phase: Date:
Subject 1D: Phase: Date:
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Appendix Il

STUDY CALENDAR

Wd 61:p S00Z/10/12 1 waybugs yea
LT v SUS T Hd &
Lo
| T3SVHd 40 ON3 YMd + VX3 E
Meig poora g poors £
[ sebZf20u. || [ ssZheg.. | |7
1-aeW 62 82 w7 9z 13 (23
jwes yieaug+adojosy W
mriq poolg =
[ eedzKaGue "] | |1 s0 uar /i 400G - (WASTZT-WROELT) pUnoseAIn PO - XeHuoRTS ™
4] 20 LB LIAM 319 31 40O - YT 94 UG 03 6T qa4 San - (Imoy §'9) aumypuadiy ABisuj wepT-6 isepedg
€2 73 12 0z 13 81 3]
=
7
s
=
WROT-§ 1Sepeang wepT-6 SRpENg
91 33 ¥l €1 33 13 o1
&
W
N 4Q S eopshid ©
WeoT-g sepeng WROT-§ Ieppeag
6 [] L 9 s v £
pﬂ m ~ v:ﬁu 2
a2 - o~
WITE S o= WO\ | g
| ¥Md +vXIa S
Meiq poolg Mg poolg g
WROT-g IRy [ eeZR90eas | [ eneTARGees ]| 0ee 9.dNOUD aue e
2z 1-qo4 1€ 0f 62 8z L2-uer
T Mepuy Appaanyy Aepsacoary, Appsang ARpuOyy Aspung
it o
® W [ o St m R R ® g « < ~N
& w oo ot " 4 " 0w o it w8l sl o
st ”n 11 149 11 ® ¢ ®wu S 1 a0 I o
A SE IS I N S ﬁUlW/\J/\/w(l
= u w. . oW g WM ML AWM L oW s 1 b
(8 L Sgr wc QEDQE

254




Appendix Il

SMOOTHIE INSTRUCTIONS

How to Make the Flax Study Smoothies:

Treatment A and C Smoothies:

Equipment:

tall plastic measuring cup
PC hand-held blender
spatula

paper cup with lid

scale

Ingredients: frozen fruit, sherbet, FAT-FREE SKIM milk, treatment oil in brown glass bottle

How to make:

1
2
3
4
5.
B
7
-1
9

Flace tall plastic measuring cup on scale, then ZERQ/TARE

. Add frozen fruit to the nearest 1g, then ZERO/TARE
. Add sherbet to the nearest 1g, then ZERQ/TARE
. Add FAT FREE 5KIM MILK to the nearest 1g, then ZERO/TARE

Add treatment oll SLOWLY to measure to the nearest 1g

. Using hand-held blender, blend all the ingredient wuntil COMPLETELY blended

. Detach blender arm and scrape blade and head with spatula as much as possible
. Scrape the smoothie into the paper cup

. Put lid on TIGHT and label with subject code, “F" {for FLAX), breakfast

10.

Rinse all pieces before next smoathie
***Please ask manager if you have any questions about eguipment, ingredients ar

preparation
***If a mistake happens, don't be shy, let manager know
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Appendix Il

SMOOTHIE INSTRUCTIONS

How to Make the Flax Study Smoothies:

Treatment B Smoothies:

tall plastic measuring cup
PC hand-heald blender
spatula

paper cup with lid

scale

Ingredients: frozen fruit, sherbet, FAT-FREE SKIM milk, unsalted butter, lard, extra virgin olive oil,

sunflower oil

Prepare Qil:

Heat a bowl of butter in the microwave until it just turns to liquid
Heat a bowl of lard in the microwave until its just turns liguid
*MAKE SURE BUTTER AND LARD ARE MELTED COMPLETELY BUT DO NOT OVER HEAT

How to make:

1
2
3
4
&,
[
7
B
9

11.
12,
13.
4.

Place tall plastic measuring cup on scale, then ZERO/TARE

. Add frozen fruit to the nearest 1g, then ZERD,/TARE
. Add sherbet to the nearest 1g, then ZERD,/TARE
. Add FAT FREE SKIM MILK to the nearest 1g, then ZEROYTARE

Add alive oil SLOWLY to measure to the nearest 1g, then ZERC/TARE

. Add sunflower cil SLOWLY to measure ta the nearest 1g, then ZERO/TARE
. Use a spoon to add liguid lard to the nearest 1g, then ZERO/TARE

Use a spoon to add liguid butter to the nearest 1g, then ZERG/TARE

. HEErMicrowave all ingredients in the plastic measuring cup for 30 seconds****
10

Using hand-held blender, blend all the ingredient until COMPLETELY blended [make sure all the butter
and lard is blended and there are no large chunks!!!)

Detach blender arm and scrape blade and head with spatula as much as possible

Serape the smoothie inte the paper cup

Put lid on TIGHT and label with subject code, "F" {for FLAX), breakfast

Rinse all pieces before next smoathie

***please ask manager if you have any guestions about equipment, ingredients ar preparation
***If a mistake happens, don't be shy, let manager know
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Appendix Il

PUDDING INSTRUCTIONS

How to Make the Flax Study PUDDINGS:

**SEPARATE DIET CARDS INTO GROUPS AND DO OMNE TREATMENT AT A TIME™**
Equipment:

= Small round plastic container with lid
* Large Spoon and Large Fork (for Treatment B Puddings)

Treatment B PUDDINGS:

Ingredients: prepared pudding (following exact instruction on the pudding box), unsalted butter, lard, extra
virgin olive oil, sunflower oil

Prepare Oll:

- Heat a bowl of butter in the microwave until it just turns to liquid
- Heat a bowl of lard in the microwave until it just turns to liguid

*MAKE SURE BUTTER AND LARD ARE MELTED COMPLETELY BUT DO NOT OVER HEAT
How to make Treatment B puddings:

1. Place small round plastic container with lid on scale, then ZEROQ/TARE

2. Add prepared pudding FIRST!, then ZERO,/TARE

3. 1™ add olive oil SLOWLY to measure to the nearest 1g, then ZERO/TARE

4. 2" add sunflower oil SLOWLY to measure to the nearest 1g, then ZERO/TARE

5. 3™ Use a spoon to add liguid lard to the nearest 1g, then ZERO/ TARE

6. 4" Use a spoon to add liguid butter to the nearest 1g

7. Use a fork to mix the pudding immediately after adding butter and lard. If butter and lard gets hard,
put in microwave for 30 seconds before mixing.

8. Putlid on TIGHT and label with subject code, “F” ifor FLAX), breakfast

Treatment A and C PUDDINGS:

Ingredients: prepared pudding (following exact instruction on the pudding box), treatment oil in brown glass
bottle

How to make Treatment A and C puddings:

1. Place small round plastic container with lid on scale, then ZERO/TARE

2. Add pudding FIRST!, then ZERO/TARE

3. Add treatment oil SLOWLY to the nearest 1

4. DOMNOT mix treatment A& or C pudding with a fork, they will get mixed in the merning instead
S. Put lid on TIGHT and label with subject code, “F" {for FLAX), breakfast



Appendix Il

SUBJECT DAILY ENERGY EXPENDITURE CALCULATOR

Patient Total Energy Expenditure Calculator

Mifflin Equation
Patient: XX400 PHASE: 2
Date (mm/dd/yyyy): 10-Mar-08

Men RMR = (5.99 x Wt} + (.25 x Ht) - [4.92 x age) + §
Wi{kg) 0.0
Ht(cm) o
Age o
Resting Metabolic Rate 5 kcal
Activity Factor 1.7
Total energy expenditure 8.5 Kcal
Waomen RMR = (5,99 x Wt} + (6.25 x Hi)- (4.92 x age) - 161
Wi{kg) 818
Htfem) 1625
Age 56
Resting Metabolic Rate 1386447
Activity factor 17
Total energy expenditure 2356.96 Kcal
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Appendix Il

SUBJECT DIET CARDS

PATIENT XX400
DAY 1 PHASE: 2
Taotal Cal 3000 keal Mday
BREAKFAST Grams Grams
cana Drange Julca FFRE]
Scrambled Eggs Dish
Large Whele FreshEgg-Raw-Each e
[Renw Egg White-Fresh-Cup Measure 178.1
Tomaloes-Chopped!Shced Red Raw, Ripe-Cup B4.7
Bacel - Original .0
Bagel and Jam
Whole Wheal Bagel (4 1/2” diameter) 44.8 TREATMENT
Krafl Strawberry Jam KFT 18.8
PATIENT AXA00
DAY 1 PHASE: 2
Taotal Gal 3000 keal Mday
LUNCH Grams _ Grams
Dole CrangaStrawbemyBananaluice-RTD TRO 2239 Cucumber and Tomato Salad
Cucumber-Peeled, Chopped Be.5
Pita Pizza Tomatoes-Chopped 88.5
Wehole Wheal Pila Packel Bresd 6 1527 108.5 SEW Whila Distilled Vinegar-Th 4.0
Contading Pizza Sauce-Original DLM 4.7 Canala Cil 5.0
Chicken Breast-wio Skin-Boneless-Roasted 2.8
Bushrooms-White-Faw MUC 44.8
Sweet Green Bell Peppers-Faw-Ring 6.8
Baby Zucchini Squash-Raw x9.8
Whita Onions-Raw-Chopped-Cup 24.9
Muozzaralla Ghesse-Part Skim-Shreddad 2549
TREATMEMNT
PATIENT XX400
DAY 1 PHASE: 2
Taotal Gal 3000 koal Mday
DINMNER Grams Grams
Apple Juite + Wit G-LndiBottad, Unsw 2369
Chicken Dish
Chicken Breashkwio Skin-Boneless-Roasted 114.5
Cranbermy Sauce-Canned, Sweataned-Cup 547
Butier-Salied LOL 1na
[Paaled Potato-Bodad wio Skin-Each 1463 ITREATMEMNT
Whode Carrots (7.5° Long-Reaw-Each bes




Appendix Il: Subject Diet Cards

PATIENT XX400
DAY 2 PHASE: 2
Tatal Cal 000 keal iday
BREAKFAST Grams Grams
“Fruit Dish
Dvied Agricole DFA 2.9
Seedless Raisins-Cug-Unpacked ma
French Toast Dish
Maple Syrup 0.9
Canola Ol 5.0
RCFFM French Toast Mix 210.3
Whole Wheat Bread T
TREATMENT
PATIENT HKX400
DAY 2 PHASE: 2
Total Cal 3000 local iday
LU NCH Grams Grams
Tropicana Orange Jice BRL 2202
Ham Sandwhich
Whale Wheat Bread 4.7
“fallow Mustard-Prap 14.95
Ham, slicad, exira lean, (5% fat}-Slice 9.8
Chessa, Low Fal, Cheddar-Slice 249
Leal Lelluce-Raw, Shredded FDA 249
Large Swaet Groen Ball Peppars-Raw-Each 19.9 TREATMENT
Tormatoas-ChoppediSliced, Red Raw, Ripe-Cup 249
RCFFN Cream of Brocooli Saup vt
PATIENT XX400
DAY 2 PHASE: 2
Total Cal 000 kcal fday
DI N N E R Grams Grams
Spaghetti Dish
Spaghel Moodles-Enr-Chd 224.2
RCFFM Spaghatli Sauce 23r.2
Parmasan Cheasa-Grabad 140
1% Fat Cottage Cheese 44.8

TREATMENT
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Appendix Il: Subject Diet Cards

PATIENT XXA400
DAY 3 PHASE: 2
Tolal Cal Jamg wcal May
BREAKFAST Grams Grams
Fruit Dish English Muffin Dish
Paachas in Juisa-Cnd-HakesdSlicas-Cup E5.7 Whiohs Wheal Engliah Multin-Teasle 59.7
Florida Qrangs-Gup 5.7 Fraft Strawbarry Jam KFT 9.9
Banana Slices-Cug 49,8
1% Fal Callags Chasse o5
Sorambed Egg Dish with CHEESE
Lerpa Whale FreshEpg-Raw-Each 19.9
Large Raw Egg White-Fresh-Each 134.4
Buber-Saked LOL a0
Chease, Low Fat, Chedgar-Shredded-Cup 19.9
ITREATMENT
PATIENT KX400
DAY 3 PHASE: 2
Total Cal 0 kcal May
LUNCH Grams Grams
Tropecs Cranga Kia Passeruice-R 10 TR0 248 4
Chicken Fajitas Dish
RCFFM Ghickan for Fajitas B4 6
RCFFHN Vagetshles for Fajitas 124.4
Flowr Torslla-10 inch BO0.7
Dessort
Tropesal Frust Satad-LighlSynip-Cid DLM BO.57 ITREATMENT
PATIENT READD
DAY 3 PHASE: 2
Total Cal 300 kcal May
DINNER Grams Grams
Agple Jice-Cannad'Botthed. Unaweetanad 2080
Soup Dish
Canala Ol 5.0
REFFM Soup Tomate Macaroni 2806
Beef Stirfry
Long Grain Whits Rize-Enr-Chd 1742
Carrots+Calery for StirFry 50.7 ITREATMENT
Baal lor StirFry Mas
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STUDY 1D DATE:

Appendix Il

STUDY END QUESTIONNAIRE

CANOLA FLAX STUDY 2007/08 EXIT QUESTIONNAIRE

***Please answer the following questions honestly and to the best of your ability.

Treatment Sensory Questionnaire

PHASEL

1.

In Phase 1, considering the FLAVOURS of the OILS added to the PUDDINGS (not the pudding flavours, ie.

pistachio versus chocolate), rank your acceptance of the puddings on ascale of 1 to 9.
(9= "B entremaly™; B o= "B vy mich™; 7 = *like modarately™; 6 = “like slghthy™; 5 = “seithar B nee dislioe™; 4= “diglin slightiy™; 3 = “dslike
meaderately®; 2 = “dislike very mach”™; 1= “dislike estremety®) - Please circle a numiber.

1-2-3-4-5-6-7-8-3

In Phase 1, considering the TEXTURE of the QILS added to the PUDDINGS, rank your acceptance of the puddings

ona scale of 11e 8.
(9= "bke extremely™; 8 = “bke very much®; ¥ = “like moderately™; 6 = “like dighthy™; 5 = “resther ke nor disliks™; 2= “dislice slighty®; 3 = “dslike
milarataly™; 3 = "dislike wery waich™; 1= “dislin aatrenmely™} - Pleass dede a number

1 -2 -3 -4 -5 -6 - 7 - & -9

With the PUDDINGS in Phase 1, did you detect the presence of off tastes/edour on a scale of 1 1o 77
{1 = reo off-tastefodour; 7 = strong off-tastef/odour. Off-taste/odour is defined as “the preserce of wenething agreeable or deagreeable didfering
Froom e typical pudcding dus §o the il added”

1 -2 -3 -4 -5-8-7

In Phase 1, considering the FLAVOURS of the OILS added to the SMOOTHIES (not the smoothie flavours, |e.

raspberry versus mangao), rank your acceptance of the smoothies on a scale of 1 to 9.
(9= "Bk entremaly™; B = ke wery much™; 7 = ke modaratedy™; 6 = “like sighth™; 5 = “reithar e nor dislike”; 4 = “disliva slightly®; 3 = “dislike
moderately®; 2 = “dislike very mach®™; 1= “dislike extremeby”}

1 -2 -3 -4-5-6-7-8-29

In Phase 1, considering the TEXTURE of the QILS added to the SMOQTHIES, rank your acceptance of the
smoathies on a scale of 1 to 9.

(9 ="ke extremeby”; B = “bke very much™; 7 = “liks moderately™; 6 = “like slighthy™; 5 = “resither e noe dislike™; 4= “dislite slighty®; 3 = “dislike
raderately™; 2 = “dislike very mach™; 1= “dislize estremely™)

i -2 -3 -4 -5=-86-7-8-1%

‘With the SMOOTHIES in Phase 1, did you detect the presence of off tastes/odour on a scale of 1o 72

|1 = no ofl-Lastefodouw; 7 = strong off-tastafodour]. Of-taste/odowr is defined as “thea presence of sormething agreeable or

disagreeable differing from the typical pudding due to the oils added"”

1 -2 -3 -4 -5-86 -7

Other Comments:
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Appendix 1I: Study End Questionnaire

PHASE 2

1. In Phase 2, considering the FLAVOURS of the OILS added to the PUDDINGS, rank your acceptance of the
puddings on a scale of 1 to 9.
i = Tlike extremehy®; & = ke very mach®; 7= “Eke modecately™; & = “ke dightly™; 5 = "neither l&e noe diubke”; 4 = “diskke sbghthy™: 3 = “digliks
masderabely™; 2 = "dislike wery much®; 1 = “dislike extremely”|

1 -2 -3-4-5-6-7-8 -2

2. InPhase 2, considering the TEXTURE of the OILS added to the PUDDINGS, rank your acceptance of the puddings

onascale of 1109,
9 = like extremely™; & = “like verg much™; 7= “ike moderstely™; &= “ke dightly®; § = “neither l&e nor disbke®; 4 = “dishke shghtly™; 3 = “diglie
moderately™; 3 = “dislike very much”; 1= “Eslike axtramaly”|

1 -2 -3 <45 -6 -7-8 -8

3. With the PUDDINGS in Phaze 7, did you detect the presence af off tastes fedaur an a scale of 1 te 77
(1 = no off-fastefadour; 7 = srong off-tastefodour), Off-tastefodour i defined a2 “the presence of something sgreestile or disagreeable ciffering
freen the tygical pudding dus 18 1he il added™

1 -2 -3 -4 -5 -6 -7

4. In Phase 2, considering the FLAVOURS of the OILS added to the SMOOTHIES (not the smoothie flavours, Le.
raspberry versus mango), rank your acceptance of the pudding on ascaleof 1to 9.
= = “like extremely™; £ = “like verg much®; 7 = “kke moderately™; & = ke dighty®; 5 = “neither lke nor diskke®; 4 = “disbke shghtly™; 3 = “dislike
maoaderabely™; 1 = “dislibe very muth”; 1= “dalikbe axtromehy”|
1 -2-3 -4 -5 -6-7+-8-28

5. InPhase 2, considering the TEXTLURE of the QILS added to the SMOOTHIES, rank your acceptance of the
smoothles on a scale of 1 to 9.
[ = “like ramaly™; & = “like very much®; 7 = ke modarately™; & = ke sightly™; 5 = *neither ke nor dikke; 4 = “digikn shghtly™; 3 = “dislike
maoderabeky™; 2 = “dislibe very much®; 1= “dedike extremely”|

1 -2 -3 -4-5-6-7-8-239

&, With the SMOOQTHIES In Phase 2, did you detect the presence of off tastes/ocdour on a scale of 1 to 77
i1 = nooff-fastedodour; 7 = strong off-taste/odour). Off-faste/odour s defined as “the presence of something agreeable or disagrecable differing
froen the typical pudding due to the oils added™

1-2-3-4-5-6-7

Other Commenits:

PHASE 3

1. In Phase 3, considering the FLAVOLIRS of the OILS added to the PUDDINGS, rank your acceptance of the pudding
on a scale of 1 1o 9.
(2= "like extremely™; B = "Nke very much®; 7 = "ike moderately™; & = ke sighty”, 5 = “neither e nor disike”;, 4 = “dishe shghtly™; 3 = "dislike
maderately™; 1 = “dislike very muck®; 1 = “dislike axtremaky”|

265



Appendix 1I: Study End Questionnaire

2. In Phase 3, considering the TEXTURE of the OILS added to the PUDDINGS, rank your acceptance of the pudding

onascale of 1to 9,
% = “like extremely™; 8 = "like very much®; 7 = “lke moderately™; 6 = “like lightiy®; 5 = “neither lke nor disbke®; 4 = “diskke shghtly™: 3 = “dislike
mderately™; 1 = “diglike very muck™; 1 = “@Elike extramaly”|

1-2-3-4-5-6-7-8-29

3. With the PUDDINGS in Phase 3, did you detect the presence of off tastes/odour on a scale of 1 to 77
(1= no off-tastefadour; 7 = strong off-taste/odour). Off-tastedodour is defined 25 “the presence of something agreesbils or disagreeable dffering
froen the bypical pudding dus tothe ol added™

1 -2 -3 -4 -5-6 -7
4. In Phase 3, considering the FLAVOURS of the OILS added to the SMOOTHIES (not the smoothie flavours, ie.
raspberry versus manga), rank your acceptance of the pedding on a scale of 1to 8,

% = “like mxiremehy®™; 8 = “like verg much®; ? = “lke moderately™; 6 = “ike dightly®; 5 = “neither lke nor disbke®; 4 = “diskke shghth™: 1 = “dislike
masderabiky™; 1 = “dislibe véry much™; 1 = “@alike extramaly”|

1-2-3-4-5.-6-75-28-138

5 In Phase 3, considering the TEXTURE of the QILS added to the SMOOTHIES, rank your acceptance of the
smoothies on a scale of 1 to 9.
(2= "like eremely”; & = “lke very much™; 7 = “ike moderately™; 6 = "Rke slightiy®; 5§ = “neither e nor disike®; 4 = “diskke shghthy™; 3 = “dislike
misderabeky™; 1 = “dislike very much™; 1 = “delike extremety™|

1 -2 -3 -4 -5 -6 -7 -8 -1

6. With the SMOQTHIES in Phase 3, did you detact the presence of off tastes/odour on a scale of 1 to 77
{1 = no off-tastefodour; 7 = strong off-tastefodour). Off-tastefodour is defined as “the presence of something agrecable or disagrecable ditfering
froem the bypical pudding due to the oils added ™

Other Comments:

Can you guess what treatment ails you were an during sach phase? Please write the appropriate letter associated with
the oil beside each of the 3 phases:

X - canola il Y - Cancla/Flax Qil Blend Z - nverage American il Blend

PHASE 1 PHASE 2 PHASE 3

Any General Comments on the Treatment Smoothies and Puddings:
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Appendix 1I: Study End Questionnaire

Treatment Side Effects:

1 Did you experience any gastrointestinal side-effect(s) during any of the phases such as diarrhea,
constipation, increased flatulence, cramping, nausea?

3. YES
b. O

c.  If YES, please indicate which phase, what side-effect(s), duration of side effect (i.e. 1-2 days, 3-5
days, 1 weeks, =1 week), and did you take any pharmacological treatments to resolve the side-effect

PHASE SIDE EFFECT(S) l.e. darhea, constigaries, | DURATION Medication to treat
moreased flatulence, cramping, rausea, other e, 1-7 days, 3-5 days, 1 week, 21
e
PHASE 1
PHASE 2
PHASE 3

Other Comments:

2 Did you experience any other side effects, positive or negative, such as softer skin, more energy, etc?
a. YES
b. MO

c. If YES, please give details and indicate the phase:

supplements, Medications and Foods:

1. Please list the natural health products or supplements that you were taking during the study:

26%



Appendix 1I: Study End Questionnaire

2. Did you consistently take these supplement(s) throughout each af the 3 phases?

a. YES

h. HO

If NO, please indicate which phase {i.e. 1, 2, or 3] where there was a change in supplaments and what
the change was.

3. Please list the prescription medication(s) that you were taking during the study {not including short term
madications like Tylenol for 1 day):

4.  Did you consistently take these medication(s) throughout each of the 3 phases?
a. YES

[

If MO, please indicate which phase (e, 1, 2, or 3] where there was a change in medication(s} and what
the change was.

5, Did you consume any emiega-3 fich faeds during the washout periods, such as ground flaxseed, laxsesd ail,

omega-3 supplements or oils {including fish oil pills), fish (more than 1 time per week), large amounts of canola
ol [i.e. more than 2 tablespoons per day)?

a, YES
b, NO

c. |fYES, please indicate what foods and approximate quantity per day or week,

Any General Comments on Side-effects, supplements, medlcations:
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Appendix 1I: Study End Questionnaire

Physical Activity;

Light Physical Activity
1. When you are at work/school, which of the following best describes what you do?
a. Mastly sitting or standing
b.  Muostly walking
c.  Mostly heavy labour or physically demanding work

2. Was this activity level consistent throughout each of the 3 phases?
a.  YES
b, NOD
c.  If NQ, please indicate which phase your activity level changed and if it was an increase or decrease in
activity? [Circle the appropriate PHASE and ARROW]),
. Phasel - | or T
ii. Phase? - J or T
ili. Phased - | or T

Moderate Physical Activity
1, Do wou do moderate activities for at least 10 minwtes at a time, such as brisk walking, bicycling, vacuuming,
gardening, or anything else that causes a small increase in breathing or heart rate?
& YES
b, NOD

4. How often a week do you do these activities for at least 10 minutes at a time?
a heurs andfor minutes per day
b days per week

5. Was this activity level consistent throughout each of the 3 phases?
a  YES
b, WO
.. If NO, please indicate which phase your activity level changed and if it was an increase or decrease in
activity? [Circle the appropriate PHASE and ARROW).
i. Phasel - .| or T
ii. Phase? - .| or T
lil. Phase3 - J) or T

Vigorous Physical Activity
6. Do wou do vigorous activities for at least 10 minutes at a time, such as running, aerobics, heavy yard work, or
anything else that causes large increases in breathing or heart rate?
a YES
b WO

7. How aften do you do these activities for at least 10 minutes at a time?
a. hours and/far minutes per day
b. days per week



Appendix 1I: Study End Questionnaire

B, Was this activity level consistent thraoughout each of the 2 phases?
a. YES
b WO
c.  If NO, please indicate which phase your activity level changed and if it was an increase or decrease in
activity? [cirche the appropriste PHASE and ARROW)
i. Phasel - - or T
il. Phase2 - J. or +
jii. Phased - J| or T

Please give us any other general comments, feedback or suggestions:

Thank you sa much for taking the tirme to complete this guestionnaire! Please return to Leah &
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APPENDIX Il
ADDITIONAL RESULTS AND TABLES CORRESPONDING TO STUDIES

DESCRIBED IN CHAPTERS V AND VI

CHAPTER V SUPPLEMENT
Assessment of Sensory Characteristics and Side effects
Methods
For each treatment, milkshakes and puddings containing the experimental oils, subjects
completed a short sensory questionnaitda end of each study phase. Flavour and
texture was assessed using@®i nt hedonic scale (9 = dAlike
mucho; 7 = Alike moderatelyo; 6 = ndlike s
Adi sl i ke sl ightrlaytoe;l y30 ;= 2f d=i sildiiksel inkoedevery n
e xt r e me Isgrildedl by Perymm ahd Girardot.(Eurthermore, the presence of-off
taste/odour for each treatment was evaluated usiAgoent intensity scale (1= no off
taste/odour; 7 = strong eflstebdour), as decribed by Lawless and Heymann.(2)
Subjects were asked to report if they experienced side effects (1 = yes; 2 = no) from
consumption of the experimental diets containing the treatment milkshakes and puddings
at the end of each study phaSeores after each phase were compiled for statistical

analysis using linear mixed model analysis of covariance (ANCOVA) and presented as

mean + SD. Statistical significancewass®®@ . 05 for all anal yses.

Results

The supplemental tab{@able 111.1) outlines the sensory characteristic ratings after



consumption of the treatments at the end of each phase. The majority of subjects reported
no side effects from consumption of the experimental diets. The reported side effects
included gastrantestinal irreglarities, namely constipation, followed by diarrhea and
flatulence for an average duration @63days. Finally, side effects did not differ between
treatment groups, and therefore, may have been a result of the controlled background
experimental diet.

Table Ill.1: Comparison of sensory characteristics and side effect ratftegs
consumption of pudding and milkshake treatments.

Flaxseed and

High-oleic high-oleic

Western diet canola oil diet canola oil diet P-value
Pudding flavour 58+1.9 7.0+18 59+24 0.002
Pudding texture 42+23 72+1.86 6.7+1.6 <0.001
Puddingoff-taste/odour 2.6 +2.0 2016 28121 0.057
Milkshake flavour 6.3+ 2.0 73+19 6.9+1.8° 0.005
Milkshake texture 49+26 76+1.2 73+1.2 <0.001
Milkshakeoff- 24+19 1.4+0.8 20+1.4° 0.001
taste/odour
Side effects 1.7+0.5 1.7+0.4 1.8+04 0.568

Values are means + SD; n = 34°Mean values with unlike superscript were
significantly different between treatment groups<(0.05. P-values are shown for the
treatment effect between groups analyzed by mixed model ANOVA (with the Bonfe
post hoc test for multiple comparisons).

References
(1) Peryam DR, Girardot NF. Advanced tastst method. Food Eng 1952;194:58.

(2) LawlessHT, Heymann H. Sensory evaluation of food. New York: Chapman & Hall,
1998.
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Table I11.2 : Serum total cholesterol and LBiholesterol at the end (Day 29) of b@xperimental dietlassified by SNP genotype.

SINGLE NUCLEOTIDE POLYMORPHISM (SNP) TABLES

Appendix 11l

Total Cholesterol

LDL cholesterol

Western Diet

High-Oleic Canola

FlaxseedHigh-Oleic

Western Diet

High-Oleic Canola

FlaxseedHigh-Oleic

(Control) Qil Diet Canola Oil Diet (Control) Oil Diet Canola Oil Diet
n Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM
rs174537FADS1)
Homozygous G/G 14 5.95 0.26 5.54 0.23 5.30 0.23 3.66 0.25 3.20 0.20 3.09 0.23
Heterozygous G/T 18 5.48 0.22 5.08 0.18 4.95 0.18 3.46 0.19 3.01 0.18 3.04 0.16
Homozygous T/T 4 5.36 0.45 5.19 0.40 5.25 0.27 3.45 0.36 3.15 0.23 3.22 0.17
P-Value 0.483 0.408 0.456 0.935 0.726 0.424
rs174545FADS1)
Homozygous C/C 14 5.95 0.26 5.54 0.23 5.30 0.23 3.66 0.25 3.20 0.20 3.09 0.23
Heterozygou£/G 18 5.48 0.22 5.08 0.18 4.95 0.18 3.46 0.19 3.01 0.18 3.04 0.16
Homozygous G/G 4 5.36 0.45 5.19 0.40 5.25 0.27 345 0.36 3.15 0.23 3.22 0.17
P-Value 0.483 0.408 0.456 0.935 0.726 0.424
rs174561(FADS1)
Homozygous T/T 15 5.92 0.24 5.53 0.22 5.34 0.22 3.63 0.23 3.18 0.18 3.13 0.22
Heterozygous C/T 17 5.48 0.24 5.06 0.19 4.89 0.18 3.47 0.20 3.01 0.19 3.00 0.17
Homozygous C/C 4 5.36 0.45 5.19 0.40 5.25 0.27 3.45 0.36 3.15 0.23 3.22 0.17
P-Value 0.519 0.402 0.267 0.970 0.731 0.393
rs174583FADS2)
Homozygous C/C 13 6.03 0.26 5.58 0.25 5.38 0.24 3.73 0.26 3.26 0.20 3.16 0.24
Heterozygous C/T 19 5.46 0.21 5.07 0.17 4.92 0.17 3.41 0.18 2.98 0.17 2.99 0.16
Homozygous T/T 4 5.36 0.45 5.19 0.40 5.25 0.27 3.45 0.36 3.15 0.23 3.22 0.17
P-Value 0.294 0.366 0.256 0.708 0.511 0.372
rs953413ELOVL2)
Homozygous A/A 11 5.39 0.38 5.00 0.26 4.98 0.28 3.39 0.32 2.95 0.22 3.05 0.25
Heterozygous A/G 20 5.77 0.18 5.43 0.18 5.18 0.16 3.65 0.15 3.24 0.14 3.12 0.14
Homozygous G/G 5 5.76 0.32 5.25 0.31 5.18 0.36 3.37 0.40 2.86 0.45 2.98 0.43
P-Value 0.671 0.468 0.732 0.306 0.320 0.775

Values are means + 8E n = 3; P-values are analyzed by Kruskadallis test.



Table Il 1.3: Serum triglyceride and HDktholesterol at the end (Day 29) of eaoiperimental dietlassified by SNP genotype.

Appendix Ill: SNP Tables

Triglycerides HDL
Western Diet High-Oleic Canola  FlaxseedHigh-Oleic Western Diet High-Oleic Canola  FlaxseedHigh-Oleic
(Control) Oil Diet Canola Oil Diet (Control) Oil Diet Canola Oil Diet
n Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM
rs174537FADS1)
Homozygous G/G 14 1.79 0.26 1.96 0.31 1.80 0.30 1.48 0.11 1.45 0.11 1.38 0.11
Heterozygous G/T 18 1.55 0.25 1.74 0.26 1.45 0.14 1.32 0.06 1.27 0.07 1.24 0.07
Homozygous T/T 4 1.48 0.23 1.84 0.19 2.02 0.29 1.24 0.35 1.16 0.17 1.10 0.37
P-Value 0.467 0.541 0.242 0.422 0.253 0.447
rs174545FADS1)
Homozygous C/C 14 1.79 0.26 1.96 0.31 1.80 0.30 1.48 0.11 1.45 0.11 1.38 0.11
Heterozygous C/G 18 1.55 0.25 1.74 0.26 1.45 0.14 1.32 0.06 1.27 0.07 1.24 0.07
Homozygous G/G 4 1.48 0.23 1.84 0.19 2.02 0.29 1.24 0.17 1.16 0.17 1.10 0.18
P-Value 0.467 0.541 0.242 0.422 0.253 0.447
rs174561(FADS1)
Homozygous T/T 15 1.76 0.24 1.93 0.29 1.77 0.28 1.49 0.10 1.46 0.10 1.40 0.10
Heterozygous C/T 17 1.56 0.26 1.75 0.28 1.46 0.15 1.30 0.06 1.25 0.07 1.21 0.07
Homozygous C/C 4 1.48 0.23 1.84 0.19 2.02 0.29 1.24 0.17 1.16 0.17 1.10 0.18
P-Value 0.520 0.543 0.246 0.252 0.165 0.285
rs174583FADS2)
Homozygous C/C 13 1.86 0.27 2.03 0.33 1.88 0.32 1.45 0.11 1.39 0.10 1.35 0.11
Heterozygous C/T 19 151 0.24 1.70 0.25 1.42 0.14 1.35 0.06 1.32 0.08 1.27 0.07
Homozygous T/T 4 1.48 0.23 1.84 0.19 2.02 0.29 1.24 0.17 1.16 0.17 1.10 0.18
P-Value 0.207 0.332 0.146 0.631 0.432 0.615
rs953413ELOVL2)
Homozygous A/A 11 1.49 0.17 1.76 0.16 1.57 0.12 1.34 0.10 1.24 0.08 1.21 0.09
Heterozygos A/G 20 1.62 0.19 1.79 0.23 1.70 0.23 1.37 0.07 1.37 0.08 1.27 0.07
Homozygous G/G 5 1.99 0.86 2.22 0.92 1.64 0.41 1.49 0.21 1.37 0.21 1.44 0.25
P-Value 0.842 0.773 0.817 0.601 0.381 0.488

Values are means + $E n = 3; P-values are analyzed byriskatWallis test.
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Appendix Ill: SNP Tables
Table Ill.4: Serum total:HDLEcholesterol and LDL:HD#cholesterol at the end (Day 29) of eastperimental dietlassified by SNP genotype.

Total:HDL -Cholesterol Ratio LDL:HDL -Cholesterol Ratio

Western Diet High-Oleic Canola  FlaxseedHigh-Oleic Western Diet High-Oleic Canola  FlaxseedHigh-Oleic

(Control) Qil Diet Canola Oil Diet (Control) Oil Diet Canola Oil Diet
n Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM
rs174537FADS1)
Homozygous G/G 14 4.40 0.44 4.19 0.41 4.24 0.45 2.77 0.36 2.46 0.29 254 0.35
Heterozygous G/T 18 4.29 0.27 4.18 0.29 4.19 0.26 2.68 0.17 2.42 0.14 2.56 0.17
Homozygous T/T 4 4.64 0.84 4.68 0.60 5.21 0.97 3.03 0.66 2.89 0.49 3.21 0.63
P-Value 0.7% 0.567 0.432 0.759 0.600 0.391
rs174545FADS1)
Homozygous C/C 14 4.40 0.44 4.19 0.41 4.24 0.45 2.77 0.36 2.46 0.29 2.54 0.35
Heterozygous C/G 18 4.29 0.27 4.18 0.29 4.19 0.26 2.68 0.17 2.42 0.14 2.56 0.17
Homozygous G/G 4 4.64 0.84 4.68 0.60 5.21 0.97 3.03 0.66 2.89 0.49 3.21 0.63
P-Value 0.750 0.567 0.432 0.759 0.600 0.391
rs174561(FADS1)
Homozygous T/T 15 4.33 0.42 4.13 0.39 4.20 0.42 2.71 0.34 2.42 0.28 252 0.33
Heterozygous C/T 17 4.35 0.28 4.23 0.30 422 0.27 2.73 0.17 2.45 0.15 2.58 0.18
Homozygous C/C 4 4.64 0.84 4.68 0.60 5.21 0.97 3.03 0.66 2.89 0.49 3.21 0.63
P-Value 0.638 0.500 0.408 0.604 0.531 0.379
rs174583FADS?2)
Homozygous C/C 13 454 0.45 4.34 0.41 4.39 0.46 2.88 0.3 2.57 0.30 2.64 0.36
Heterozygous C/T 19 4.20 0.27 4.08 0.29 4.09 0.26 2.62 0.17 2.35 0.15 2.49 0.18
Homozygous T/T 4 4.64 0.84 4.68 0.60 5.21 0.97 3.03 0.66 2.89 0.49 3.21 0.63
P-Value 0.797 0.587 0.463 0.828 0.614 0.453
rs953413ELOVL2)
Homozygous A/A 11 4.24 0.46 421 0.36 431 0.41 2.72 0.40 251 0.29 2.68 0.35
Heterozygous A/G 20 4.44 0.26 421 0.27 4.37 0.32 2.84 0.20 2.54 0.19 2.66 0.23
Homozygous G/G 5 4.37 0.95 4.42 0.98 4.16 0.85 251 0.49 2.22 0.33 2.37 0.48
P-Value 0.653 0.978 0.869 0.613 0.816 0.826

Values are means * $E n = 3; P-values are analyzed by Kruskaallis test.
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Table Il.5: Serum glucose at the end (Day 29) of eaxberimental dietlassified by SNP genotype.

Glucose
Western Diet High-Oleic Canola  FlaxseedHigh-Oleic
(Control) Qil Diet Canola Oil Diet
n Mean SEM Mean SEM Mean SEM
rs174537FADS1)
Homozygous G/G 14 4.88 0.10 4.85 0.13 4.79 0.09
Heterozygous G/T 18 5.19 0.29 5.12 0.28 5.15 0.23
Homozygous T/T 4 491 0.40 4.94 0.31 476 0.34
P-Value 0.909 0.979 0.780
rs174545FADS1)
Homozygous C/C 14 4.88 0.10 4.85 0.13 4.79 0.09
Heterozygous C/G 18 5.19 0.29 5.12 0.28 5.15 0.23
Homozygous G/G 4 491 0.40 4.94 0.31 4.76 0.34
P-Value 0.909 0.979 0.780
rs174561(FADS1)
Homozygous T/T 15 4.86 0.10 4.82 0.12 4.78 0.09
Heterozygous C/T 17 5.23 0.31 5.16 0.30 5.19 0.24
Homozygous C/C 4 491 0.40 4.94 0.31 4.76 0.34
P-Value 0.922 0.974 0.638
rs174583FADS2)
Homozygous C/C 13 4.88 0.11 4.80 0.12 4.79 0.10
Heterozygous C/T 19 5.18 0.28 5.14 0.27 5.13 0.22
Homozygous T/T 4 491 0.40 494 0.31 4.76 0.34
P-Value 0.914 0.957 0.809
rs953413ELOVL2)
Homozygous A/A 11 5.09 0.21 5.05 0.23 5.04 0.22
Heterozygous A/G 20 4.87 0.12 4.85 0.12 4.87 0.14
Homozygous G/G 5 5.63 0.95 5.43 0.91 5.21 0.59
P-Value 0.756 0.685 0.697

Values are means + $E n = 3; P-values are analyzed by Kruskaallis test.

Appendix Ill: SNP Tables
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Tablelll.6: Plasma CRP and {6 at the end (Day 29) of eaelRperimental dietlassified by SNP genotype.

Appendix Ill: SNP Tables

CRP IL-6
Western Diet High-Oleic Canola  FlaxseedHigh-Oleic Western Diet High-Oleic Canola  FlaxseedHigh-Oleic
(Control) Oil Diet Canola Oil Diet (Control) Oil Diet Canola Oil Diet
n Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM
rs174537FADS1)
Homozygous G/G 14 2.08 0.49 1.99 0.43 1.69 0.43 147 0.18 1.73 0.28 1.32 0.19
Heterozygous G/T 18 1.26 0.26 1.39 0.31 1.18 0.27 1.37 0.09 151 0.14 1.43 0.15
Homozygous T/T 4 142 0.32 111 0.24 1.28 0.54 141 0.25 1.85 0.69 1.74 0.42
P-Value 0.446 0.336 0.633 0.905 0.991 0.550
rs174545FADS1)
Homozygous C/C 14 2.08 0.49 1.99 0.43 1.69 0.43 147 0.18 173 0.28 1.32 0.19
Heterozygous C/G 18 1.26 0.26 1.39 0.31 1.18 0.27 1.37 0.09 151 0.14 143 0.15
Homozygous G/G 4 1.42 0.32 1.11 0.24 1.28 0.54 1.41 0.25 1.85 0.69 1.74 0.42
P-Value 0.446 0.336 0.633 0.905 0.991 0.550
rs174561(FADS1)
Homozygous T/T 15 1.94 0.48 1.87 0.42 1.58 0.42 142 0.17 1.70 0.26 1.27 0.18
Heterozygous C/T 17 1.33 0.27 1.47 0.32 1.25 0.27 141 0.09 152 0.14 147 0.15
Homozygous C/C 4 142 0.32 111 0.24 1.28 0.54 141 0.25 1.85 0.69 1.74 0.42
P-Value 0.733 0.676 0.934 0.995 0.999 0.344
rs174583FADS2)
Homozygous C/C 13 2.16 0.52 2.06 0.46 1.75 0.47 1.45 0.19 1.54 0.23 131 0.20
Heterozygous C/T 19 1.24 0.25 1.38 0.30 117 0.25 1.38 0.09 1.65 0.19 142 0.14
Homozygous T/T 4 1.42 0.32 111 0.24 1.28 0.54 141 0.25 1.85 0.69 1.74 0.42
P-Value 0.438 0.352 0.697 0.979 0.899 0.523
rs953413ELOVL2)
Homozygous A/A 11 1.37 0.37 1.61 0.48 1.25 0.44 1.23 0.12 1.71 0.32 1.29 0.17
Heterozygous A/G 20 1.94 0.36 1.75 0.32 1.65 0.30 1.62 0.12 1.72 0.18 1.59 0.17
Homozygous G/G 5 0.72 0.15 0.92 0.33 0.64 0.09 0.99 0.13 1.10 0.17 1.02 0.17
P-Value 0.263 0.542 0.245 0.020 0.227 0.282

Values are means + $E n = 3; P-values are analyzed by Kruskaallis test.
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Table I1.7: Plasma VCAM1 and ICAM1 at the end (Day 29) of eaekperimental dietlassified by SNP genotype.

Appendix Ill: SNP Tables

VCAM -1 ICAM -1
Western Diet High-Oleic Canola  FlaxseedHigh-Oleic Western Diet High-Oleic Canola  FlaxseedHigh-Oleic
(Control) Qil Diet Canola Oil Diet (Control) Qil Diet Canola Oil Diet
n Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM

rs174537FADS1)

Homozygous G/G 14 1071.10 41.30 1033.75 44.78 1072.07 33.03 136.79 6.58 142.76 8.16 143.72 6.36

Heterozygous G/T 18 1189.95 64.25 1171.41 60.69 1146.77 56.73 143.72 7.35 148.02 8.26 146.22 8.54

Homozygous T/T 4 946.21 116.61 883.45 98.44 949.25 124.06 137.52 20.33 131.13 2.37 142.40 8.48

P-Value 0.145 0.024 0.303 0.487 0.396 0.988
rs174545(FADS1)

Homozygous C/C 14 1071.10 41.30 1033.75 44.78 1072.07 33.03 136.79 6.58 142.76 8.16 143.72 6.36

Heterozygous C/G 18 1189.95 64.25 1171.41 60.69 1146.77 56.73 143.72 7.35 148.02 8.26 146.22 8.54

Homozygous G/G 4 946.21 116.61 883.45 98.44 949.25 124.06 137.52 10.16 131.13 2.37 142.40 8.48

P-Value 0.145 0.024 0.303 0.487 0.396 0.988
rs174561(FADS1)

Homozygous T/T 15 1078.13 39.08 1048.08 44.09 1091.39 36.31 137.68 6.19 143.95 7.69 145.32 6.14

Heteozygous C/T 17 1190.74 68.14 1166.86 64.19 1134.12 58.66 143.34 7.79 147.28 8.72 144.95 8.95

Homozygous C/C 4 946.21 116.61 883.45 98.44 949.25 124.06 137.52 10.16 131.13 2.37 142.40 8.48

P-Value 0.163 0.041 0.433 0.619 0.446 0.897
rs174583FADS2)

Homozygous C/C 13  1083.06 42.70 1039.17 48.01 1081.21 34.28 136.99 7.11 142.01 8.78 143.79 6.87

Heterozygous C/T 19 1175.51 62.46 1160.45 58.44 1136.58 54.62 143.22 6.97 148.26 7.81 146.04 8.08

Homozygous T/T 4 946.21 116.61 883.45 98.44 949.25 124.06 137.52 10.16 131.13 2.37 142.40 8.48

P-Value 0.224 0.041 0.413 0.573 0.361 0.982
rs953413ELOVL2)

Homozygous A/A 11  1008.10 54.21 996.38 68.69 1008.13 65.49 130.88 7.51 131.13 7.82 131.88 7.97

Heterozygous A/G 20 1184.41 54.45 1144.66 51.88 1152.33 43.25 149.10 5.86 153.96 6.92 154.39 6.49

Homozygous G/G 5 1084.38 122.92 1047.65 108.51 1062.37 92.70 126.06 12.84 133.18 15.33 135.05 13.14

P-Value 0.108 0.241 0.193 0.180 0.174 0.114

Values are means + $E n = 36; P-values are analyzed by Kruskaallis test.



Table I11.8: Plasma Eselectin at the end (Day 29) of eaotperimental dietlassified by SNP

genotype.
E-selectin
Western Diet High-Oleic Canola  FlaxseedHigh-Oleic
(Contraol) Oil Diet Canola Oil Diet
n Mean SEM Mean SEM Mean SEM
rs174537FADS1)

Homozygous G/G
Heterozygous G/T
Homozygous T/T
P-Value
rs174545FADS1)
Homozygous C/C
Heterozygous C/G
Homozygous G/G
P-Value
rs174561(FADS1)
Homozygous T/T
Heterozygous C/T
Homozygous C/C
P-Value
rs174583FADS2)
Homozygous C/C
Heterozygous C/T
Homozygous T/T
P-Value
rs953413ELOVL2)
Homozygous A/A
Heteozygous A/G
Homozygous G/G
P-Value

14
18

14
18

15
17

13
19

11
20

24.29 2.60
26.40 2.72
20.12 1.52
0.541
24.29 2.60
26.40 2.72
20.12 1.52
0.541
23.60 2.52
27.13 2.78
20.12 1.52
0.388
24.10 2.80
26.42 2.57
20.12 1.52
0.492
21.48 2.56
24.95 2.13
32.10 6.44
0.266

23.80 2.98
26.13 2.45
17.54 2.06
0.343
23.80 2.98
26.13 2.45
17.54 2.06
0.343
23.27 2.82
26.73 2.52
17.54 2.06
0.258
23.31 3.17
26.34 2.33
17.54 2.06
0.286
20.17 2.40
24.86 2.15
30.91 6.85
0.237

23.43 2.58
23.89 2.38
19.35 2.10
0.721
23.43 2.58
23.89 2.38
19.35 2.10
0.721
22.91 2.46
24.37 2.47
19.35 2.10
0.637
23.06 2.76
24.12 2.26
19.35 2.10
0.682
19.72 1.94
23.92 2.05
27.99 6.27
0.254

Values are means + $E n = 3; P-values are analyzed by Kruskaallis test.
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Table I11.9: Plasmdinoleic acid and gammeénoleic acid at the end (Day 29) of eaekperimental dietlassified by SNP genotype.

Appendix Ill: SNP Tables

LA GLA
Western Diet High-Oleic Canola  FlaxseedHigh-Oleic Western Diet High-Oleic Canola  FlaxseedHigh-Oleic
(Control) Qil Diet Canola Oil Diet (Control) Qil Canola Oil Diet
n Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM
rs174537FADS1)
Homozygous G/G 14 28.98 0.86 26.65 0.93 27.89 0.99 0.55 0.05 0.55 0.05 0.32 0.04
Heterozygous G/T 18 30.46 0.73 27.74 0.63 29.56 0.55 0.42 0.03 0.46 0.04 0.29 0.03
Homozygous T/T 4 30.99 0.77 27.87 0.85 27.96 1.20 0.21 0.09 0.29 0.10 0.15 0.06
P-Value 0.265 0.622 0.286 0.005 0.082 0.072
rs174545FADS1)
Homozygous C/C 14 28.98 0.86 26.65 0.93 27.89 0.99 0.55 0.05 0.55 0.05 0.32 0.04
Heterozygous C/G 18 30.46 0.73 27.74 0.63 29.56 0.55 0.42 0.03 0.46 0.04 0.29 0.03
Homozygous G/G 4 30.99 0.77 27.87 0.85 27.96 1.20 0.21 0.09 0.29 0.10 0.15 0.06
P-Value 0.265 0.622 0.286 0.005 0.082 0.072
rs174561(FADS1)
Homozygous T/T 15 29.26 0.85 26.76 0.87 28.12 0.95 0.54 0.04 0.54 0.05 0.32 0.03
Heterozygous C/T 17 30.31 0.76 27.71 0.67 29.46 0.57 0.41 0.03 0.46 0.04 0.29 0.03
Homozygous C/C 4 30.99 0.77 27.87 0.85 27.96 1.20 0.21 0.09 0.29 0.10 0.15 0.06
P-Value 0.469 0.750 0.465 0.004 0.093 0.062
rs174583FADS2)
Homozygous C/C 13 28.63 0.84 26.36 0.96 27.40 0.93 0.55 0.05 0.54 0.06 0.33 0.04
Heterozygous C/T 19 30.63 0.71 27.88 0.61 29.81 0.58 0.42 0.03 0.47 0.4 0.29 0.02
Homozygous T/T 4 30.99 0.77 27.87 0.85 27.96 1.20 0.21 0.09 0.29 0.10 0.15 0.06
P-Value 0.112 0.392 0.099 0.007 0.128 0.062
rs953413ELOVL2)
Homozygous A/A 11 30.38 0.63 27.17 0.43 29.10 0.46 0.37 0.06 0.44 0.06 0.24 003
Heterozygous A/G 20 29.37 0.76 27.35 0.74 28.49 0.78 0.49 0.03 0.51 0.04 0.32 0.03
Homozygous G/G 5 31.31 151 27.61 1.90 28.88 1.64 0.43 0.10 0.45 0.10 0.26 0.05
P-Value 0.516 0.849 0.939 0.146 0.608 0.326

Values are means * $E n = 3; P-values are analyzed by Krusk#allis test.
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Table I11.10: Plasma arachidonic acid and arachidewniinoleic acid ratio at the end (Day 29) of eaotperimental dietlassified by SNP genotype.

AA AA/LA Ratio
Western Diet High-Oleic Canola  FlaxseedHigh-Oleic Western Diet High-Oleic Canola  FlaxseedHigh-Oleic
(Control) Qil Diet Canola Oil Diet (Control) Qil Canola Oil Diet
n Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM
rs174537FADS1)
Homozygouss/G 14 7.92 0.37 7.70 0.31 6.08 0.28 0.27 0.01 0.29 0.01 0.22 0.01
Heterozygous G/T 18 6.53 0.24 6.35 0.24 5.38 0.18 0.22 0.01 0.23 0.01 0.18 0.01
Homozygous T/T 4 5.00 0.04 4.75 0.14 3.97 0.17 0.16 0.00 0.17 0.01 0.14 0.01
P-Value <0.001 <0.001 0.003 <0.001 <0.001 <0.001
rs174545FADS1)
Homozygous C/C 14 7.92 0.37 7.70 0.31 6.08 0.28 0.27 0.01 0.29 0.01 0.22 0.01
Heterozygous C/G 18 6.53 0.24 6.35 0.24 5.38 0.18 0.22 0.01 0.23 0.01 0.18 0.01
Homozygous G/G 4 5.00 0.04 4.75 0.14 3.92 0.17 0.16 0.00 0.17 0.01 0.14 0.01
P-Value <0.001 <0.001 0.003 <0.001 <0.001 <0.001
rs174561(FADS1)
Homozygous T/T 15 7.89 0.35 7.67 0.29 6.07 0.26 0.27 0.01 0.29 0.01 0.22 0.01
Heterozygous C/T 17 6.47 0.25 6.30 0.25 5.34 0.18 0.21 0.01 0.23 0.01 0.18 0.01
Homozygous C/C 4 5.00 0.04 4.75 0.14 3.92 0.17 0.16 0.00 0.17 0.01 0.14 0.01
P-Value <0.001 <0.001 0.003 <0.001 <0.001 <0.001
rs174583FADS2)
Homozygous C/C 13 7.88 0.40 7.63 0.32 6.00 029 0.28 0.01 0.29 0.01 0.22 0.01
Heterozygous C/T 19 6.63 0.25 6.47 0.26 5.47 0.19 0.22 0.01 0.23 0.01 0.18 0.01
Homozygous T/T 4 5.00 0.04 4.75 0.14 3.92 0.17 0.16 0.00 0.17 0.01 0.14 0.01
P-Value 0.001 <0.001 0.006 <0.001 <0.001 <0.001
rs9534B (ELOVL2)
Homozygous A/A 11 6.74 0.31 6.48 0.30 5.40 0.22 0.22 0.01 0.24 0.01 0.19 0.01
Heterozygous A/G 20 7.21 0.34 7.05 0.29 5.65 0.25 0.25 0.01 0.26 0.01 0.20 0.01
Homozygous G/G 5 6.03 0.81 5.79 0.94 5.03 0.67 0.19 0.02 0.21 0.03 0.17 0.02
P-Value 0.437 0.367 0.757 0.174 0.080 0.373

Values are means * $E n = 3; P-values are analyzed by Kruskaallis test.
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Table Ill.11: Plasma alphdinolenic acid and eicosapentaenoic acid at the end (Dayf 28cbexperimental dietlassified by SNP genotype.

ALA EPA
Western Diet High-Oleic Canola  FlaxseedHigh-Oleic Western Diet High-Oleic Canola  FlaxseedHigh-Oleic
(Control) Qil Diet Canola Oil Diet (Control) Qil Canola Oil Diet
n Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM
rs174537FADS1)
Homozygous G/G 14 0.74 0.05 0.79 0.05 4.40 0.22 0.66 0.05 0.71 0.06 2.20 0.17
Heterozygous G/T 18 0.72 0.04 0.89 0.05 4.37 0.31 0.50 0.03 0.61 0.04 1.56 0.10
Homozygous T/T 4 0.81 0.06 0.82 0.11 5.04 0.31 0.32 0.07 0.36 0.11 091 0.19
P-Value 0.567 0.291 0.369 0.004 0.035 <0.001
rs174545FADS1)
Homozygous C/C 14 0.74 0.05 0.79 0.05 4.40 0.22 0.66 0.05 0.71 0.06 2.20 0.17
Heterozygous C/G 18 0.72 0.04 0.89 0.05 4.37 0.31 0.50 0.03 0.61 0.04 1.56 0.10
Homozygous G/G 4 0.81 0.06 0.82 0.11 5.04 0.31 0.32 0.07 0.36 0.11 0.91 0.19
P-Value 0.567 0.291 0.369 0.004 0.035 <0.001
rs174561(FADS1)
Homozygous T/T 15 0.74 0.05 0.80 0.05 4.48 0.22 0.64 0.05 0.71 0.05 2.17 0.16
Heterozygous C/T 17 0.72 0.04 0.89 0.05 4.30 0.32 0.50 0.04 0.61 0.05 155 0.10
Homozygous C/C 4 0.81 0.06 0.82 0.11 5.04 0.31 0.32 0.07 0.36 0.11 0.91 0.19
P-Value 0.568 0.442 0.317 0.009 0.045 <0.001
rs174583FADS2)
Homozygous C/C 13 0.75 0.05 0.79 0.05 4.40 0.24 0.66 0.05 0.71 0.06 2.23 0.18
Heterozygous C/T 19 0.72 0.03 0.88 0.05 4.38 0.30 0.50 0.03 0.61 0.04 1.58 0.09
Homozygous T/T 4 0.81 0.06 0.82 0.11 5.04 0.31 0.32 0.07 0.36 0.11 0.91 0.19
P-Value 0.564 0.394 0.367 0.006 0.049 <0.001
rs953413ELOVL2)
Homozygous A/A 11 0.80 0.06 0.88 0.06 431 0.42 0.50 0.04 0.58 0.05 1.47 0.15
Heterozygous A/G 20 0.72 0.03 0.79 0.03 441 0.17 0.59 0.05 0.67 0.06 1.92 0.16
Homozygous G/G 5 0.69 0.08 0.97 0.16 4.98 0.73 0.42 0.09 0.51 0.11 157 0.24
P-Value 0.238 0.303 0.836 0.206 0.698 0.235

Values are means * $E n = 3; P-values are analyzed by Kruskaallis test.
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Table Il.12: Plasma doc@pentaenoic acid amthcosahexaenoarid at the end (Day 29) of eaekperimental dietlassified by SNP genotype.

DPA DHA
Western Diet High-Oleic Canola  FlaxseedHigh-Oleic Western Diet High-Oleic Canola  FlaxseedHigh-Oleic
(Control) Qil Diet Canola Oil Diet (Control) Qil Canola Oil Diet
n Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM
rs174537FADS1)
Homozygous G/G 14 0.57 0.03 0.56 0.04 0.81 0.04 1.57 0.08 1.59 0.08 155 0.07
Heterozygous G/T 18 0.55 0.02 0.55 0.02 0.75 0.03 1.45 0.07 1.52 0.09 1.43 0.06
Homozygous T/T 4 0.42 0.08 0.39 0.10 0.53 0.07 1.47 0.06 144 0.09 1.35 0.08
P-Value 0.218 0.220 0.012 0.531 0.614 0.320
rs174545FADS1)
Homozygous C/C 14 0.57 0.03 0.56 0.04 0.81 0.04 1.57 0.08 1.59 0.08 155 0.07
Heterozygous C/G 18 0.55 0.02 0.55 0.02 0.75 0.03 145 0.07 1.52 0.09 143 0.06
Homozygous G/G 4 0.42 0.08 0.39 0.10 0.53 0.07 1.47 0.06 144 0.09 135 0.08
P-Value 0.218 0.220 0.012 0.531 0.614 0.320
rs174561(FADS1)
Homozygous T/T 15 0.57 0.03 0.56 0.04 0.81 0.04 154 0.08 1.56 0.08 152 0.08
Heterozygous C/T 17 0.55 0.02 0.55 0.02 0.75 0.03 1.47 0.07 154 0.09 1.46 0.06
Homozygous C/C 4 0.42 0.08 0.39 0.10 0.53 0.07 1.47 0.06 144 0.09 1.35 0.08
P-Value 0.222 0.214 0.009 0.836 0.825 0.520
rs174583FADS2)
Homozygous C/C 13 0.57 0.04 0.56 0.04 0.83 0.04 1.57 0.09 1.59 0.09 1.56 0.08
Heterozygous C/T 19 0.55 0.02 0.55 0.02 0.75 0.03 1.46 0.07 1.52 0.08 1.44 0.06
Homozygous T/T 4 0.42 0.08 0.39 0.10 0.53 0.07 1.47 0.06 144 0.09 1.35 0.08
P-Value 0.216 0.210 0.007 0.677 0.694 0.327
rs953413ELOVL2)
Homozygous A/A 11 0.54 0.05 0.53 0.05 0.72 0.05 1.50 0.08 1.51 0.09 1.45 0.07
Heterozygous A/G 20 0.57 0.02 0.56 0.02 0.79 0.03 1.45 0.05 1.52 0.06 1.46 0.05
Homozygous G/G 5 0.46 0.06 0.44 0.08 0.68 0.07 1.69 0.22 1.66 0.25 1.58 0.17
P-Value 0.330 0.377 0.442 0.251 0.699 0.452

Values are means + $E n = 3; P-values are analyzed by Kruskaallis test
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Table I11.13: Plasma eicosapentaendiealphalinolenic acid ratio and total polyunsaturated fatty acids at the end (Day 29) ahgmsimental dietlassified by SNP genotype.

EPA/ALA Ratio PUFA
Western Diet High-Oleic Canola  FlaxseedHigh-Oleic Western Diet High-Oleic Canola  FlaxseedHigh-Oleic
(Control) Qil Diet Canola Oil Diet (Control) Qil Canola Oil Diet
n Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM
rs174537FADS1)
Homozygous G/G 14 0.92 0.07 0.94 0.09 0.53 0.05 43.45 1.11 40.92 1.08 44.84 1.15
Heterozygous G/T 18 0.71 0.05 0.72 0.06 0.38 0.03 42.97 0.88 40.43 0.88 44.97 0.64
Homozygous T/T 4 0.39 0.06 0.41 0.07 0.18 0.04 41.62 0.64 38.31 0.78 41.68 1.30
P-Value 0.002 0.003 0.003 0.444 0.233 0.189
rs174545FADS1)
Homozygous C/C 14 0.92 0.07 0.94 0.09 0.53 0.05 43.45 1.11 40.92 1.08 44.84 1.15
Heterozygous C/G 18 0.71 0.05 0.72 0.06 0.38 0.03 42.97 0.88 40.43 0.88 44.97 0.64
Homozygous G/G 4 0.39 0.06 0.41 0.07 0.18 0.04 41.62 0.64 38.31 0.78 41.68 1.30
P-Value 0.002 0.003 0.003 0.444 0.233 0.189
rs174561(FADS1)
Homozygous T/T 15 0.90 0.07 0.92 0.08 0.51 0.05 43.60 1.05 40.94 1.01 45.07 1.09
Heterozygous C/T 17 0.71 0.05 0.72 0.06 0.38 0.03 42.80 0.91 40.38 0.93 44.77 0.65
Homozygous C/C 4 0.39 0.06 0.41 0.07 0.18 0.04 41.62 0.64 38.31 0.78 41.68 1.30
P-Value 0.004 0.005 0.004 0.386 0.221 0.190
rs174583FADS2)
Homozygous C/C 13 0.92 0.08 0.94 0.10 0.53 0.06 43.03 111 40.51 1.08 44.32 111
Heterozygous C/T 19 0.72 0.05 0.73 0.06 0.38 0.02 43.28 0.89 40.73 0.89 45.32 0.70
Homozygous T/T 4 0.39 0.06 0.41 0.07 0.18 0.04 41.62 0.64 38.31 0.78 41.68 1.30
P-Value 0.002 0.003 0.003 0.429 0.248 0.142
rs%3413(ELOVL2)
Homozygous A/A 11 0.66 0.06 0.66 0.05 0.37 0.04 43.20 0.51 39.92 0.39 44.36 0.74
Heterozygous A/G 20 0.83 0.06 0.87 0.08 0.45 0.05 42.83 0.92 40.83 0.82 44.65 0.85
Homozygous G/G 5 0.66 0.16 0.60 0.16 0.36 0.08 43.30 246 39.61 3.13 44.57 211
P-Value 0.191 0.215 0.590 0.910 0.831 0.897

Values are means * $E n = 3; P-values are analyzed by Kruskaallis test.
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Table Ill.14: Plasma total #6 and n3 polyunsaturated fatty acids at thelgBay 29) of eackxperimental dietlassified by SNP genotype.

N-6 PUFA

N-3 PUFA

Western Diet

High-Oleic Canola

FlaxseedHigh-Oleic

Western Diet

High-Oleic Canola

FlaxseedHigh-Oleic

(Control) Qil Diet Canola Oil Diet (Control) Qil Canola Oil Diet
n Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM
rs174537FADS1)
Homozygous G/G 14 39.91 1.09 37.27 1.10 35.88 1.16 3.54 0.10 3.65 0.11 8.96 0.22
Heterozygous G/T 18 39.75 0.86 36.86 0.83 36.85 0.67 3.22 0.09 3.56 0.10 8.13 0.35
Homozygous T/T 4 38.59 0.55 35.30 0.66 33.85 1.15 3.03 0.21 3.00 0.34 7.83 0.53
P-Value 0.542 0.393 0.189 0.047 0.103 0.123
rs174545FADS1)
Homozygous C/C 14 39.91 1.09 37.27 1.10 35.88 1.16 3.54 0.10 3.65 0.11 8.96 0.22
Heteozygous C/G 18 39.75 0.86 36.86 0.83 36.85 0.67 3.22 0.09 3.56 0.10 8.13 0.35
Homozygous G/G 4 38.59 0.55 35.30 0.66 33.85 1.15 3.03 0.21 3.00 0.34 7.83 0.53
P-Value 0.542 0.393 0.189 0.047 0.103 0.123
rs174561(FADS1)
Homozygous 1T 15 40.12 1.03 37.31 1.02 36.08 1.10 3.49 0.11 3.63 0.10 8.99 0.21
Heterozygous C/T 17 39.56 0.89 36.80 0.88 36.72 0.70 3.24 0.09 3.58 0.10 8.05 0.36
Homozygous C/C 4 38.59 0.55 35.30 0.66 33.85 1.15 3.03 0.21 3.00 0.34 7.83 0.53
P-Value 0.505 0.372 0.232 0.110 0.113 0.068
rs174583FADS?2)
Homozygous C/C 13 39.49 1.08 36.85 1.09 35.31 1.09 3.54 0.11 3.66 0.12 9.01 0.23
Heterozygous C/T 19 40.05 0.86 37.17 0.85 37.18 0.71 3.23 0.09 3.57 0.09 8.14 0.33
Homozygous T/T 4 38.59 0.55 35.30 0.66 33.85 1.15 3.03 0.21 3.00 0.34 7.83 0.53
P-Value 0.471 0.368 0.104 0.061 0.101 0.092
rs953413ELOVL2)
Homozygous A/A 11 39.85 0.52 36.41 0.34 36.42 0.45 3.35 0.13 3.51 0.14 7.95 0.51
Heterozygous A/G 20 39.51 0.92 37.29 0.83 36.07 0.89 3.32 0.08 3.54 0.10 8.58 0.23
Homozygous G/G 5 40.04 2.19 36.03 2.86 35.76 2.26 3.26 0.30 3.58 0.33 8.81 0.48
P-Value 0.940 0.865 0.973 0.998 0.907 0.704

Values are means * $E n = 3; P-values are analyzed by Krusk#allis test.
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Table I1.15: Plasma total saturated and monounsaturated fatty acids at the end (Day 29eapesdatental dietlassified by SNP genotype.

SFA MUFA
Western Diet High-Oleic Canola  FlaxseedHigh-Oleic Western Diet High-Oleic Canola  FlaxseedHigh-Oleic
(Control) Qil Diet Canola Oil Diet (Control) Qil Canola Oil Diet
n Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM
rs174537FADS1)
Homozygous G/G 14 28.98 0.55 26.99 0.51 26.96 0.47 25.14 0.75 29.76 0.82 25.49 0.91
Heterozygous G/T 18 28.19 0.31 25.71 0.34 26.50 0.34 26.54 0.70 31.42 0.92 26.20 0.51
Homozygous T/T 4 27.89 1.18 26.53 1.50 27.59 2.33 28.20 1.03 32.79 1.00 28.06 1.99
P-Value 0.425 0.160 0.789 0.132 0.190 0.503
rs174545FADS1)
Homozygous C/C 14 28.98 0.55 26.99 0.51 26.96 0.47 25.14 0.75 29.76 0.82 25.49 0.91
Heterozygous C/G 18 28.19 0.31 25.71 0.34 26.50 0.34 26.54 0.70 31.42 0.92 26.20 0.51
Homozygous G/G 4 27.89 1.18 26.53 1.50 27.59 2.33 28.20 1.03 32.79 1.00 28.06 1.99
P-Value 0.425 0.160 0.789 0.132 0.190 0.503
rs174561(FADS1)
Homozygous T/T 15 28.78 0.55 26.78 0.52 26.76 0.49 25.18 0.70 29.93 0.78 25.48 0.85
Heterozygous C/T 17 28.31 0.30 25.82 0.34 26.65 0.32 26.59 0.74 31.37 0.98 26.26 0.54
Homozygous C/C 4 27.89 1.18 26.53 1.50 27.59 2.33 28.20 1.03 32.79 1.00 28.06 1.99
P-Value 0.562 0.422 0.921 0.131 0.249 0.483
rs174583FADS2)
Homozygous C/C 13 29.10 0.58 27.11 0.53 27.07 0.50 25.45 0.74 30.11 0.80 25.96 0.84
Heterozygous C/T 19 28.14 0.30 25.70 0.32 26.45 0.32 26.25 0.72 31.10 0.93 25.84 0.60
Homozygous T/T 4 27.89 1.18 26.53 1.50 27.59 2.33 28.20 1.03 32.79 1.00 28.06 1.99
P-Value 0.303 0.130 0.636 0.191 0.298 0.532
rs953413ELOVL2)
Homozygous A/A 11 28.20 0.51 26.56 0.49 26.41 0.55 26.31 0.40 31.19 0.54 26.90 0.65
Heterozygous A/G 20 28.53 0.40 26.26 0.41 26.82 0.32 26.26 0.77 30.57 0.73 25.97 0.72
Homozygous G/G 5 28.75 0.95 25.90 1.25 27.58 1.83 25.56 1.66 31.80 3.09 25.11 145
P-Value 0.946 0.368 0.864 0.793 0.695 0.317

Values are means * $E n = 3; P-values are analyzed by Kruskaallis test.
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Table 111.16: Percent dose of administerE@ recovered in plasnalphalinolenic acidacid 24 and 4thoursafter intake of a single dose BE-ALA in experimental dietslassified

by SNP genotype.
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24hr - ALA PDR

48hr - ALA PDR

FlaxseedHigh- FlaxseedHigh-
Western Diet High-Oleic Canola Oleic Canola Oll Western Diet High-Oleic Canola Oleic Canola Oll
(Control) Qil Diet Diet (Control) Qil Diet

Mean SEM

Mean SEM

Mean SEM

Mean SEM

Mean SEM

Mean SEM

rs174537(FADS1)
Homozygous G/G
Heterozygos G/T
Homozygous T/T
P-Value

rs174545FADS1)
Homozygous C/C
Heterozygous C/G
Homozygous G/G
P-Value

rs174561(FADS1)
Homozygous T/T
Heterozygous C/T
Homozygous C/C
P-Value

rs174583FADS2)
Homozygous C/C
Heterozygous C/T
Homozygous T/T
P-Value

rs953413ELOVL2)
Homozygous A/A
Heterozygous A/G
Homozygous G/G
P-Value

15

12

9.93 2.45
11.58 1.66
16.99 6.44
0.607
9.93 2.45
11.58 1.66
16.99 6.44
0.607
9.78 212
11.79 177
16.99 6.44
0.532
9.93 2.45
11.58 1.66
16.99 6.44
0.607
10.64 3.29
11.79 1.68
14.80 3.57
0.273

12.72 2.88
13.98 2.19
7.00 1.94
0.177
12.72 2.88
13.98 2.19
7.00 1.94
0.177
13.98 2.79
13.35 2.26
7.00 1.94
0.172
12.72 2.88
13.98 2.19
7.00 1.94
0.177
12.62 2.42
10.87 171
16.52 5.63
0.730

16.78 2.15
17.95 2.21
22.99 3.78
0.468
16.78 2.15
17.95 2.21
22.99 3.78
0.468
17.13 1.89
17.84 2.37
22.99 3.78
0.481
16.78 2.15
17.95 2.21
22.99 3.78
0.468
16.98 2.64
18.06 1.70
21.83 5.17
0.925

4.36 1.36

4.05 0.49

6.26 1.67
0.363

4.36 1.36

4.05 0.49

6.26 1.67
0.363

4.21 1.19

4.12 0.53

6.26 1.67
0.356

4.36 1.36

4.05 0.49

6.26 1.67
0.363

4.93 1.16

3.91 0.69

5.01 0.75
0.652

4.84 0.94
4.64 0.65
3.99 0.66
0.922
4.84 0.94
4.64 0.65
3.99 0.66
0.922
4.82 0.82
4.64 0.69
3.99 0.66
0.951
4.84 0.94
4.64 0.65
3.99 0.66
0.922
3.90 0.85
4.60 0.40
5.82 1.53
0.400

6.62 1.86

5.73 0.60

4.95 1.82
0.913

6.62 1.86

5.73 0.60

4.95 1.82
0.913

6.62 161

5.66 0.64

4.95 1.82
0.912

6.62 1.86

5.73 0.60

4.95 1.82
0.913

5.04 1.08

6.78 101

5.05 1.23
0.525

Values are means = 8E n = 28 P-values are analyzed by KrusRNVallis test.
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Table 111.17: Percent dose of administerE@ recovered in plasma eicosapentaenoic 24idnd 4&oursafter intake of a single dose BE-ALA in experimental dietslassfied by

SNP genotype.

Appendix Ill: SNP Tables

24hr - EPA PDR

48hr - EPA PDR

Western Diet
(Control)

High-Oleic Canola

Oil Diet

FlaxseedHigh-
Oleic Canola Oil
Diet

Western Diet
(Control)

High-Oleic Canola

Qil

FlaxseedHigh-

Oleic Canola Oil

Diet

Mean SEM

Mean SEM

Mean SEM

Mean SEM

Mean SEM

Mean SEM

rs174537(FADS1)
Homozygous G/G
Heterozygous G/T
Homozygous T/T
P-Value

rs174545FADS1)
Homozygous C/C
Heterozygous C/G
Homozygous G/G
P-Value

rs174561(FADS1)
Homozygous T/T
Heterozygous C/T
Homozygous C/C
P-Value

rs174583FADS2)
Homazygous C/C
Heterozygous C/T
Homozygous T/T
P-Value

rs953413ELOVL2)
Homozygous A/A
Heterozygous A/G
Homozygous G/G
P-Value

15

12

3.74 0.70

3.42 0.50

0.96 0.11
0.006

3.74 0.70

3.42 0.50

0.96 0.11
0.006

3.83 0.61

3.34 0.53

0.96 0.11
0.006

3.74 0.70

3.42 0.50

0.96 0.11
0.006

2.79 0.62

3.63 0.65

2.53 0.61
0.527

4.77 0.80
4.36 0.63
0.95 0.36
0.006
4.77 0.80
4.36 0.63
0.95 0.36
0.006
4.73 0.70
4.35 0.67
0.95 0.36
0.006
4.77 0.80
4.36 0.63
0.95 0.36
0.006
3.62 0.80
4.42 0.79
3.40 1.03
0.510

2.65 0.36

271 0.30

0.74 0.16
0.014

2.65 0.36

271 0.30

0.74 0.16
0.014

2.57 0.32

2.76 0.31

0.74 0.16
0.014

2.65 0.36

271 0.30

0.74 0.16
0.014

2.20 0.43

2.44 0.37

2.64 0.52
0.894

3.76 0.54

2.75 0.32

0.89 0.28
0.005

3.76 0.54

275 0.32

0.89 0.28
0.005

3.77 0.47

2.67 0.34

0.89 0.28
0.005

3.76 0.54

2.75 0.32

0.89 0.28
0.005

2.77 0.58

2.88 0.46

2.33 0.40
0.912

4.40 0.73
3.72 0.44
1.35 0.37
0.007
4.40 0.73
3.72 0.44
135 0.37
0.007
4.37 0.63
3.69 0.47
135 0.37
0.006
4.40 0.73
3.72 0.44
135 0.37
0.007
3.39 0.51
3.90 0.64
2.93 0.80
0.534

2.76 0.24

2.48 0.25

0.75 0.25
0.014

2.76 0.24

2.48 0.25

0.75 0.25
0.014

2.68 0.22

251 0.27

0.75 0.25
0.014

2.76 0.24

2.48 0.25

0.75 0.25
0.014

1.99 0.41

2.38 0.27

2.64 0.47
0.584

Values are means = 8E n = 28 P-values are analyzed by Kruskadallis test.



by SNP genotype.

Appendix Ill: SNP Tables

Table 111.18: Percent dose of administerE@ recoveredn plasma docosapentaenoic a2itland 4thoursafter intake of a single dose GE-ALA in experimental dietslassified

24hr - DPA PDR

48hr - DPA PDR

FlaxseedHigh- FlaxseedHigh-
Western Diet High-Oleic Canola Oleic Canola Oll Western Diet High-Oleic Canola Oleic Canola Oll
(Control) Oil Diet Diet (Contral) Oil Diet
n Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM
rs174537FADS1)
Homozygous G/G 7 0.99 0.20 1.00 0.19 0.36 0.09 1.10 0.28 1.10 0.26 0.43 0.12
Heterozygous G/T 15 0.66 0.14 0.74 0.12 0.36 0.06 0.76 0.14 0.65 0.11 0.46 0.07
Homozygous T/T 4 0.20 0.15 0.29 0.10 0.21 0.03 0.20 0.14 0.36 0.10 0.19 0.06
P-Value 0.049 0.023 0.400 0.043 0.084 0.145
rs174545FADS1)
Homozygous C/C 7 0.99 0.20 1.00 0.19 0.36 0.09 1.10 0.28 1.10 0.26 0.43 0.12
Heterozygous C/G 15 0.66 0.14 0.74 0.12 0.36 0.06 0.76 0.14 0.65 0.11 0.46 0.07
Homozygous G/G 4 0.20 0.15 0.29 0.10 0.21 0.03 0.20 0.14 0.36 0.10 0.19 0.06
P-Value 0.049 0.023 0.400 0.043 0.084 0.145
rs174561(FADS1)
Homozygous T/T 8 0.92 0.19 0.95 0.17 0.36 0.08 1.06 0.25 1.04 0.23 0.44 0.10
Heterozygous C/T 14 0.67 0.15 0.75 0.13 0.36 0.06 0.76 0.15 0.66 0.12 0.45 0.07
Homozygous C/C 4 0.20 0.15 0.29 0.10 0.21 0.03 0.20 0.14 0.36 0.10 0.19 0.06
P-Value 0.063 0.030 0.385 0.044 0.095 0.153
rs174583FADS2)
Homozygous C/C 7 0.99 0.20 1.00 0.19 0.36 0.09 1.10 0.28 1.10 0.26 0.43 0.12
Heterozygous C/T 15 0.66 0.14 0.74 0.12 0.36 0.06 0.76 0.14 0.65 0.11 0.46 0.07
Homozygous T/T 4 0.20 0.15 0.29 0.10 0.21 0.03 0.20 0.14 0.36 0.10 0.19 0.06
P-Value 0.049 0.023 0.400 0.043 0.084 0.145
rs953413ELOVL2)
Homozygous A/A 9 0.48 0.15 0.68 0.20 0.35 0.09 0.72 0.23 0.68 0.23 0.45 0.10
Heterozygous A/G 12 0.70 0.16 0.82 0.11 0.31 0.05 0.71 0.15 0.82 0.13 0.38 0.08
Homozygous G/G 5 0.98 0.33 0.66 0.26 0.39 0.08 1.00 0.36 0.60 0.23 0.42 0.10
P-Value 0.324 0.398 0.718 0.677 0.320 0.847

Values are means + $E n = 28 P-values aremalyzed by KruskaWallis test.
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Table 11.19: Percent dose of administerE@ recovered in plasnocosahexaenoicid 24 and 4&hoursafter intake of a single dose BE-ALA in experimental dietslassified by

SNP genotype.

Appendix Ill: SNP Tables

24hr - DHA PDR

48hr - DHA PDR

Western Diet
(Control)

High-Oleic Canola

Oil Diet

FlaxseedHigh-
Oleic Canola Oil
Diet

Western Diet
(Control)

High-Oleic Canola

Oil

FlaxseedHigh-

Oleic Canola Oil

Diet

Mean SEM

Mean SEM

Mean SEM

Mean SEM

Mean SEM

Mean SEM

rs174537FADS1)
Homozygous G/G
Heterozygous G/T
Homozygous T/T
P-Value

rs174545FADS1)
Homozygous C/C
Heterozygous C/G
Homozygous G/G
P-Value

rs174561(FADS1)
Homozygous T/T
Heterozygou</T
Homozygous C/C
P-Value

rs174583FADS2)
Homozygous C/C
Heterozygous C/T
Homozygous T/T
P-Value

rs953413ELOVL2)
Homozygous A/A
Heterozygous A/G
Homozygous G/G
P-Value

15

12

0.24 0.10

0.19 0.05

0.02 0.08
0.273

0.24 0.10

0.19 0.05

0.02 0.08
0.237

0.22 0.09

0.20 0.05

0.02 0.08
0.295

0.24 0.10

0.19 0.05

0.02 0.08
0.237

0.16 0.06

0.16 0.07

0.25 0.09
0.622

0.25 0.11
0.16 0.06
0.07 0.22
0.447
0.25 0.11
0.16 0.06
0.07 0.11
0.447
0.24 0.10
0.15 0.06
0.07 0.11
0.455
0.25 0.11
0.16 0.06
0.07 0.11
0.447
0.08 0.08
0.19 0.07
0.26 0.11
0.269

0.20 0.07

0.09 0.06

0.24 0.12
0.257

0.20 0.07

0.09 0.06

0.24 0.12
0.257

0.17 0.07

0.10 0.07

0.24 0.12
0.437

0.20 0.07

0.09 0.06

0.24 0.12
0.257

0.08 0.07

0.15 0.07

0.24 0.09
0.378

0.33 0.14

0.29 0.08

0.04 0.08
0.111

0.33 0.14

0.29 0.08

0.04 0.08
0.111

0.32 0.12

0.29 0.09

0.04 0.08
0.114

0.33 0.14

0.29 0.08

0.04 0.08
0.111

0.22 0.13

0.23 0.09

0.34 0.13
0.655

0.25 0.19
0.22 0.07
0.19 0.09
0.931
0.25 0.19
0.22 0.07
0.19 0.09
0.931
0.26 0.16
0.21 0.07
0.19 0.09
0.769
0.25 0.19
0.22 0.07
0.19 0.09
0.931
0.14 0.04
0.22 0.12
0.37 0.12
0.276

0.16 0.06

0.11 0.06

0.05 0.18
0.521

0.16 0.06

0.11 0.06

0.05 0.18
0.521

0.14 0.06

0.12 0.06

0.05 0.18
0.659

0.16 0.06

0.11 0.06

0.05 0.18
0521

0.02 0.10

0.10 0.05

0.25 0.09
0.324

Values are means + $E n = 28 P-values are analyzed by Krusk#allis test.
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