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Abstract

This thesis focuses dhe development and conduct of nutrigenetic studies: beginning with
a literature review of ascorbic acid from a nutrigenetic perspective; to the protocol of an
observational cohort study that could be utilized to find nutrigenetic associations; andténall
results of clinical triainvestigatng the responsiveness of LDL cholesterol to the consumption of
plant sterols within gre-defined genosegbreviously associated with plant sterol resporiges
convergence dargedatases pertaining to variations genetics, nutrient status, and health status
have resulted in an enormous number of putative associations between these variables. Findings
from the literature review of the nutrigenetics of ascorbic acid in human health and disease found
inconsisteneffects of genetic associations related to ascorbic acid status. The likely source of this
issue is that these hypotheses of these genetic associations are often developed and tested from
post hocanalyses of observational cohort studi@ssolution to thee inconsistencies may be to
progress nutrigenetics research into clinical intervention tdasn example a randomized two
period crossover clinical trial usinga priori genetic recruitment of participants etermine if
genotyps were predictive ofa biologicalresponse to nutrients,was conductedin this trial
participants consumed g/day of plant sterolper day or placebo for 28 dagsd low density
lipoprotein cholesterol response was measured. The hypothesis was that the cdRiahed
( U 3)arndCYP7ALT/T) genoset would predict neesponse of LDL cholesterol to plant sterol
consumption. 42 participants of 23 to 68 years of age completed the trial. Reductions in LDL
cholesterol were consistent across all genoset groups indicating thaP®E( U3/ U 3) and
CYP7AL(T/T) genoset is not predictive of noesponse of LDL cholesterol to plant sterol
consumption. Recruitment of participants that were genotggabri into a randomized clinical
trial wasunable to validate previowbservationsvith respect to tasegendypes likely indicating
that the initial associati&werespurious.
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Chapter 1
Overall Introduction
1.1 Introduction

Since the completion of the Human Genome Project in 2003 advancements in DNA
sequencing and other technologies have enabled researchers to begin asking very specific
guestions regarding what our genome means. In the field of human nutrition, this has led to the
creation of two primary fields connecting human genetics, nutritiod, health. The first is
nutrigenomics which is the study of how nutrients affect the expression of our genome; the second
is nutrigenetics which investigates the role that genetic variations related to nutrient metabolism
affect health and disease.[1] Threntbined goal of these fields is to allow the creation of a diet or
nutrient prescription for an individual based on their personal genome in hopes of optimizing their
health status, this is called precision nutrition.[2] The two nutrients that will h@ithary focus
of this thesis are ascorbic acid (AA), also known as vitamin C, and compounds which are
collectively known plant sterols or stanols (PS).

Ascorbic acid is a water soluble vitamin found in fruits and vegetables including peppers,
acerola, roships, guava, currants, kiwifruit, citrus fruits, mustard spinach, kale, and broccoli.[3,4]
While many eukaryotes have retained the ability to synthesize AA, many species have lost this
ability, namely homo sapiens.[bhe inability to synthesize AA is due the loss of seven of the
twelve exons due to the accumulation of numerous mutations in-thioholactone oxidase
(GLO) gene that is responsible for catalyzing the synthesisgufltnc1,4-lactone to Lascorbic
acid.[6] Physiologically, AA acts as atectron donor and is known to be a cofactor for at least 15
different enzymes, including prolyl hydroxylase, lysyl hydroxylase, and prelydéoxlyase
which are involved in collagen synthesis.[7,8,9,10,11] Nutritionally, AA deficiency can result in
scuvy, which can often present with ngpecific symptoms such as weakness, reduced
ambulation, depression, joint pain, and halitosis.[12] Eventually, due to the role of AA in collagen
synthesis, deficiency of AA can results in the development of rashe skih and hair including
petechiae, perifollicular hemorrhage, follicular hyperkeratosis, curled hairs, purpura, ecchymoses,
gingivitis, anemia, and loss of teeth.[13,14,15,16] The mechanisms of transport of AA across the
apical intestinal epithelia ocauvia SLC23A1.[17] Transport of AA by SLC23A1 and SLC23A2
is sodiumdependent.[18] Nutrigenetically, AA is of great interest due to genetic variations in these

transporters that have been associated with a range of diseases. Variations in SLC23Ahhave bee



i mplicated in follicular | ymphoma and chronic
disease (rs10063949), while variations in SLC23A2 have been associated wittoahgiin
lymphoma (rs6133175, rs1715385, rs1776948, rs6139587), gastric and blcalueer
(rs12479919) primary opeangle glaucoma (rs1279683).[19,20,21,22,23] Of these variations,
rs6596473, rs12479919, rs1279683 have been associated with lower concentrations of plasma
AA.[24] Based on this evidence, there is great research intereéisiaterl to elucidating these
putative nutrigenetic disease associations of AA.

Given the size of the human genome, approximately 3 billion base pairs, it would be a near
impossible task to test the effects of each nucleotide variation, which are estomaietber over
150 million, let alone all the possible combinations of these variations.[25,26] A single nucleotide
polymorphism (SNP) is a variation in a single nucleotide, adenine, guanine, thiamine or cytosine.
Depending on the frequency of the variatithese variations are classified as either SNPs if they
are found in 1% or more of the population; if the variation is found in less than 1% of the
population, it is referred to as a single nucleotide variation (SNV). The use of rapid genomic
sequencingechnology and crossectional, observational studies have been utilized to circumvent
this problem.[27] Genomwide association studies (GWAS) involving mass data gathering of
genomic and health information have created an abundance of associatiorestigate. User

friendly databases such as the GWAS cataldtpg://www.ebi.ac.uk/gwas/homdave been

created to facilitate the examination of publications that have reported-ngerent
associations.[28]

One shortcoming of these bulk data collection studies is that they often omit the collection
of dietary information altogether. This has contributed to the replication crisis in nutrigenetics
since biomarkers related to a gendrient interaction may ndie detected outside of a deficiency
or intervention of that nutrient to create a sufficient signal that can be measured. The other issue
when the collection of dietary intake has been included in a study, is that unreliable tools such as
self-reported 24hour dietary recalls or food frequency questionnaires are often utilized and have
led to widespread misreporting and implausible results of dietary and nutrient intakes.[29] The
utilization of metabolomic technologies to develop food signatures from bloodatkers to
provide accurate nutrient intake data is one proposed solution that is currently in

development.[30,31]


https://www.ebi.ac.uk/gwas/home

Unfortunately for nutrigenetic research,
regardless of the subject being referenced. The tioitiaof research projects based on the false
premises detailed above has resulted in nutrigenetic research that is fraught with inconsistent
findings when it comes to gemaitrientdisease associations. The common pattern has been the
discovery of a genautrientbiomarker association, followed by one or more publications not
observing that same association under similar conditions and within similar populations. With
respect to the contents relevant to this thesis, this pattern has been observed witbwtimeg) f
variants related to LDIC response to plant sterol (PS) consumption: rs3808607, rs4148217,
rs5882, rs2072183.[32,33,34,35]

The ability of PS to reduce cholesterol i n
then, research has sought to further elucidate the dose of PS required to elicit an effective reduction
in blood cholesterol, the mechanisms by which PS affects loloolésterol, as well as the genes
and their variations that may affect this response.[36] In Canada it is estimated that up to 2.4
million people have coronary heart disease (CHD) creating a cost of $22.2 billion per year when
factoring in physician serves, hospitalizations, lost wages, and decreased productivity.[37,38]
Given the role of elevated ledensity lipoprotein cholesterol (LDC) in CHD risk, and the
association of a reduction in LBC with reduced risk of CHD and cardiovascular mortalitys it i
imperative that interventions are applied to curtail the burden of CHD.[3®/A0¢ statins are
the recommended treatment for dyslipidemia in Canada, some patients experience musculoskeletal
and possible diabetogenic side effects, creating an intemestltéernative and adjunctive
treatments.[41,42,43,44] Plant sterols (PS) have been assessed to be an economically feasible
solution to address the healthcare costs of cardiovascular disease in Canada and the literature
supports the efficacy of PS in congiion with statin therapy.[45,46] Consumption of 2 g/day of
plant sterols/stanols (PS), have not been shown to reduce CHD mortality, but have been shown to
safely reduce LDIC by 5 to 15%.[47,48In 2010, die to the safety track record and consistent
efficacy of PS in reducing LDIC Health Canada approved a health claim for PS.[49] The
mechanism that PS reduce LEL is through inhibiting the absorption of cholesterol in the
intestine.[50]In vitro and animal studies of PS have also observed the inductitre cATR
binding cassette A1 (ABCA1) transporter resulting in the efflux of cholesterol from intestinal
enterocytes into the lumen.[51,52,53,54] The effect of PS consumption on blood cholesterol

concentrations is dogesponsive.[55] However, there is apper limit to the safety of plant



sterols where fat soluble nutrients can become reduced, as well as a ceiling effect on blood
cholesterol lowering beyond a dose of 3 g/day of PS.[56]

Despite the proven effectiveness of PS acting in a-gesgmnse fashioio reducing blood
cholesterol, there exists numerous reports of a highly variable responsiveness to PS consumption,
from no response to increasing LEL.[32,57,58] One potential explanation for the variation in
the response to PS is interindividual varidbi t y due t o an individual 6s
is transported across the enterocyte apical membrane in the small intestine via the Negrkann
Cl Like 1 (NPC1L1) membrane protein.[59] From
into chylomicrons, very lowdensity lipoproteins, or highensity lipoproteins for basolateral
release into the bloodstream and lymph.[60] Previous studies investigating single nucleotide
polymorphisms (SNPs) i€YP7Al(cholesterol 7 alphahydroxylase, rs38086074nd APOE
(Apolipoprotein E, rs7412 and rs429358) have observed variability in the responsiveness of
cholesterol to PS.[32,61,62,63] CYP7A1 encodes the protein that is tHenititey step of bile
acid synthesis, while APOE encodes a glycoprotein ingbirecholesterol transport signaling in
LDL-C.[64,65] A previous trial investigating the effects of PS in hypercholesterolemic individuals
found an association betweddYP7A1rs3808607T/T and APOEU3/ U3 homozygot e
cholesterol nowresponsiveness td&H32] For the study in this thesis (Chapters 4 and 5), we chose
to investigate these genosets inampriori fashion to determine if the association with non

responsiveness can be replicated in a randomized clinical trial.

1.2 Rationale

The rationale in the outline and contents of this thesis is a demonstration of the processes involved
in nutrigenetic research. The first manuscript (ChapteDBtary Health and Vitamin Cis a

review of the literature regarding the physiology of Aletdry and epidemiological data of AA

with respect to the Canadian population, and data related to the nutrigenetics of AA from
observational and interventional studies including the exploration of genetic associations between
AA status and health statushd collection and assessment of information in that review is a
necessary step prior to nutrigenetic research to get a grasp of what is and is not known of a
particular subject. The second manuscript (Chapter 3) is the protocol paper from The Manitoba
Peronalized Lifestyle Research Study (TMPLR), which was a esesional observational

cohort study involving the gathering of participant data, such as: dietary, early life, lifestyle,



medical, physical activity, socioeconomic, sleep, and stress. Thariamdscript (Chapter 4) is

the protocol paper from the GenePredict Plant Sterol study (GPS). The presentation of this
manuscript subsequent to the observational cohort study is to provide an example of how a
nutrigenetic study can be designed and executedadre specifically test a putative nutrigenetic
association, with respect to that chapter whether the genoset@Y BREAISNP rs380860(T/T)
andAPOEU3/ U3 wi | tresponse of iLRLE to plannsterol consumption. The final
manuscript (Chapter 53 the results from GPS study. Since research investigating nutrigenetic
associations of LDIC to PS have been inconsistent, a hypothesis was put forth that perhaps the

genoset mentioned above might be able to predict-CDesponse to PS consumption.

1.3 Objectives

The primary objective of this thesis is to describe the methodslofnutrigenetic research, from

the question and hypothesis phase involving the examination of the literature to the design and
execution of research studies to gather dataditrigenetic research and finally to the results of a
nutrigenetic study. Within that final study, the objective was to determine whether the genoset of
SNP rs3808607/T-APOEU 3 / U3 p rresdanse bf $ DD to plant sterol consumption.

1.4 Hypothesis
The final manuscript in Chapt&fl is the only one with a hypothesis: that the genoset of SNP
rs3808607T/T-APOEU3 / U3 wi | -tesppnsesotiLDKE to pland sterol consumption.
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2.1 Abstract

Vitamin C is essential to prevent scurvy in humans, and is implicated in the primary
prevention of common and complex diseases such as coronary heart disease, stroke, and cancer.
This chapter reviews the latest knowledge about dietary vitamin C in hunadth gth an
emphasis on studies of the molecular mechanisms of vitamin C maintenance as well as gene
nutrient interactions modifying these relationships.

Epidemiological evidence indicates 5% prevalence for vitamin C deficiency and 13%
prevalence for sudptimal status even in industrialized countries. The daily intake (dose) and the
corresponding systemic concentrations (response) are related in a saturable relationship, and low
systemic vitamin C concentrations in observational studies are associdtedegdtive health
outcomes.

However, there is no evidence that vitamin C supplementation impacts the risks for all
cause mortality, impaired cognitive performance, reduced quality of life, the development of eye
diseases, infections, cardiovascular diseand cancers. This might be related to the fact that
prevention would not be realized by supplementation in populations already adequately supplied
through dietary sources.

Recent genetic association studies indicate that the dietary intake might thet e
determinant of systemic concentrations, since variations in genes participating in redox
homeostasis and vitamin C transport had been associated with lowered plasma concentrations.
However, impact sizes are generally low and these phenomenaonighdaffect individual of
suboptimal dietary supply.

Keywords: ascorbic acid status, complex diseases, supplementation, genetic variation.
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2.2 Introduction

Vitamin C, existing in the two main forms of ascorbic and dehydroascorbic acid, is a
ubiquitous metabolite in plants and animal. Eukaryotes, plants, fungi, and most animals can
synthesize tascorbic acid(Drouin et al., 2011) Anthropoid primates, teleost fish, bats,
passeforme birds, and guinea pigs have lost this ability, and for these species it is an essential
dietary componen{Menniti et al., 1986, Ohta and Nishikimi, 1999 humans, the abilityot
synthesize vitamin C was lost due to mutations in tHgeilonolactone oxidas&€s(O) gene, that
is responsible for catalyzing the synthesis eddcorbic acid from igulono1,4-lactone, the last
step in the ascorbic acid synthesis pathway in mamgN#kikimi and Yagi, 1991)A profound
lack of dietary supply will result in the deficiency disease scurvy, which can béRatidyatty
and Levine, 2016)

Due to the presence of scur vy, vitamin CO
discovery. In his 1753 worK,reatise of the Scurvyames Lind noted that consumption ofust
fruit prevents scurvy, also known in Latin as scorbBertholomew, 2002)Hence, ascorbutus
was the lack of scorbutus (scuryynd the molecular name of ascorbic acid originates there
(Grzybowski and Pietrzak, 2013Jhe water soluble dascorbic acid was discovered by Albert
SzentGyorgyi in 1928, and characterized as the antiscorbutic factor by-Gyéngyi and King
in 1932(King and Waugh, 1932; Svirbely and Sz&yorgyi, 1932) The chemical structure of
ascorbic acid was deduced by William Norman Haworth in {@€38penter2012) Since then
vitamin C has been extensively researched with speculations regarding its many beneficial
functions in the maintenance of health and the curing of digPasayatty et al., 2003; Padayatty
and Levine 2016)

This chapter aims to update on the latest knowledge about digtanyin C in human
health. The many epidemiological or dietary intervention studies scrutinizing the effects of vitamin
C consumption and/or supplementation on physiological parameters, biomarkers and clinical end
points are not being reviewed in greatailesince they have been reviewed elsewhere. For reviews
on technical issues of research on vitamin C, such as adequate sampling and sensitivity of assays
refer to Levine et a(1999) on the role as a physiologic antioxidant refer to Padayatty(208I3)
The main emphasis is placed on studies of the molecular mechanisms of vitamin C maintenance

as well as geneutrient interactions modifying these retatships.
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2.3Vitamin C: Basic Physiology

The biological functions of vitamin C revolve around its ability to alter its redox state, which
enables it to function as a-factor for eight known human enzymes and as a vaieble
antioxidant(Padayatty and Levine 2016At the physiological pH of 7,4itamin C exists as the
ascorbic acid aniorF{gure 2.1) (Padayatty et al., 2003; Padayatty and Levine 2016)

The reduced ascorbic acid loses electrons sequentially, with the loss of one electron forming
the ascorbic acid radical. Compared to other radical species it has a lolifg lo&lmany seconds
to minutegBuettner, 1993and has been measured in blood and extracellular fluid sa(@ples
et al., 2007) The oxidized form of vitamin C, dehydroascorbic acid, results from the loss of a
second electron, an@ue be recycled into the reduced form through enzyme mediated or reductive
metabolic pathway&hariwal et al.1990, 1991; Wang et al., 199 Dehydroascorbic acid has a
half-life of only minutes, after which it undergoes hydrolytic ringpture, the resulting 253
diketogulonic acid cannot 4ferm its precursor and is unable to continue its role in vitamin C
metabolism. Ascorbic acid and dehydroascorbic acid utilize distinct pathways for cellular entry,
while ascorbic acid utilizes sodiumlependent membrane transporters, dehydroascorbic acid
utilizes facilitative glucose transporters.

Eight human enzymes are known to utilize ascorbic acid as a cofactor, three participate in
collagen hydroxylatior{Kivirikko and MyllylA, 1985; Peltmen et al., 1985; Peterkofsky 1991;
Prockop and Kivirikko, 1995and two in carnitine biosynthegBunn et al., 1984)Of the three
enzymes which participate in collagen hydroxylation, one is necessary for biosynthesis of the
catecholamine norepinephrine (noradrenal{if&ufman et al., 1991; Levine et al., 1998he is
necessary for amidation of peptide hormoftgigper et al., 1992, 1993and one is involved in
tyrosine metabolisr(Lindblad et al. 1970; Englard and Seifter, 19&#tails about these enzymes
and their functional role are described by Padayatty and L&)
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Figure 2.1 The three states of vitamin C. The reduced ascorbic acid exists at the physiological
pH of 7.4 as the ascorbic acid anion. The ascorbic acid radical results from the loss of one
electron and is a stable radical species, indicated by the dot. Dehydraaacuatlvesults from

the loss of another electron, and is the oxidized form of Vitamin C, which can be recycled into

ascorbic acid through reduction by glutathione or glutathione utilizing enzymes.

As a major watesoluble antioxidant in mammalian phyisigy, ascorbic acid scavenges
potentially harmful oxidizing free radicals and can be irreversibly oxidized in this process, unless
it is recycled(Frei et al., 1989, 1990yvhich leads to increased dietary requirements in situations
of oxidative stress. Through redox sensing it also contributes to differential gene expression and
MRNA translation, which could also contribute to the prevention of oxidative damage of
intracelular proteins and DNAHitomi and Tsukagoshi, 1996; Padayatty et al. 2003; Qiao and
May, 2011; Sram et al., 201Blasma ascorbic acid contributes to the reduction of extracellular
oxidants, increased endothelitdependent vasodilatation, and reduced low density lipoprotein
oxidation (Polidori et al., 2004; Trady and Stevens, 2011; Ceriello et al., 2013; Richards et al.,
2015)

In the intestinal tract ascorbic acid increases-tnansferrin mediated absorption of iron

by reducing ferric iron (F&) to ferrous iron (F&), and also enhances transfemediated uptake
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of iron via intracellular reduction of irofHallberg et al., 1989; Lane et al., 2013ne and
Richardson 2014)

Related to the above describedlbgical functionsvitamin C has a role in energyelding
metabolism, collagen synthesis, Ao@me iron absorption, and normal functioning of the nervous
system. In spite of our knowledge on vitamin C physiology, significant uncertainties remain in the
guest to link individual variability in vitamin C metabolism to improved and individualized
recommendations. This chapter will update the latest knowledge on the genetic variability
influencing Vitamin C utilization and therefore recommendations.

It is wdl established that a severe dietary undersupply of vitamin C will result in scurvy,
and many deficiency symptoms are reflected in the functions of ascorbic acid dactocof
known enzymes, such as defects in collagen leading to structural weakenorgective tissue
(Padayatty and Levine, 201@jowever, ascorbic acids role in the prevention or treatment of
common and complex diseases is still uncertain. Even the widely held assumption that ascorbic
acid is one of the major biological antioxidants and therefore has a prominent role in disease

prevention has not been definitively validat@hdayatty et al. 2003; Padayatty and Levine 2016)

2.4 Current Benchmarks of Vitamin C Status and Dietary Recommendations

Plasma concentrations serve as the most readily available biomarker for vitamin C status.
Val ues bel ow 11 iciencywdoihclde vatlp e glidficgl sydhptdms of scurvy
(Lykkesfeldt and Poulsen, 2010, Robitaille and Hoffer, 20I8)e highest concentrations
observed in pharmacokinetic studies are betweeh @0 ¢ nfleevine &t al., 1996, 20013eldom
more than 100 ¢ mdPadalattyhands evine 20h@nd conrentratioasplateau
in that range even during very high dietary supplementation. However, concentrations as low as
2 8 ¢ maelcandideradradequatdoffer, 2000) and consequently val ues
and 28 emol /L indicat trrettmashypoviaminasdie@),iwberesaureyy ( o f
is absent but the risk for chronic diseases is elevated.

The recommended dietary allowance (RDA) for vitamin C has been developed over the
years, and the current recommendations in the US and Canada ar@0setgiaay for adult men
and 75 mg/day for adult women. They are based on maintainingmaeamal neutrophil
concentrations and to elicit antioxidant protect{donsen, 200Q0)Recommendations stratified

by age and metabolic status are summariz8abie 2.1.
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Table 2.1. Recommended Dietary Allowances (RDAs) for Vitamin C in the US and Canada

Age Male Female | Pregnancy Lactation
0i 6 months| 40 mg* | 40mg* n/a n/a
7112 month; 50 mg* | 50 mg* n/a n/a
1i 3 years 15 mg 15 mg n/a n/a
4i 8 years 25 mg 25 mg n/a n/a
9i13years| 45mg 45 mg n/a n/a
14i 18 year§ 75 mg 65 mg 80 mg 115 mg
19+ years 90 mg 75 mg 85 mg 120 mg

Smokers Individuals who smokeequire 35 mg/day

more vitamin C than nonsmokers.

Recommended dietary allowances (RDAS) are issued if a strong scientific basif\vistsn,
2000)

* Adequate Intake (Al) are issued on a less validated scientific basis.

RDAs differ widely across the world, however, which reflects the lack of underlying
scientific evidence. For example, for adults in the United Kingdom 40 mg/day are recommended
while in France and Belgium the benchmark lies at 110 mgRidpuezAragon et al. 2001 )and
in Germany at 110 mg/day for males and at 95 mg/day for feifizdetthold et al., 2015)

Due to the large variability in RDAs worldwide, it has been suggested that vitamin C
intakes above current RDAs could contribute to the prevention of chronic diseases, in particular
cardiovascular diseases (CMDprincipally coronary heart disease (CHD) and stfkad

certain cancer@-rei et al., 2012)

2.5Vitamin C Status in the General Population

Studies describing the relationship between dietary intake and the plasma concentrations
of vitamin C generally show that botlow intake and plasma concentrations are common.
Avail able data from the US show mean pl asma as
and 54. 8 ¢ mdSchleicher ehal.,f2@08HaWeees, 8.2% of males and 6% of females

had plasma vitamin C concentrations below the defi ency t hreshol d of 11 ¢

22



18% of smokers had values below this threshold while only 5.3% emakers had such low
values. Among women, 15.3% of smokers and 4.2% ofsmookers had similarly low values
(Schleicher et al., 2009)

Around 5.5% of the Canadian general papgon who did not use supplements had
deficient plasma vitamin C I[Egure22haglos,tCoopens of
et al. 2016)while approximately 11.6% of smokers, 5.8% overweight individuals had deficient
vitamin C concentrations. About 13.5% of reupplement users had marginal deficient plasma
vitamin C concentrations between-218 ¢ mo | /1L.6% ofvsmokerg 9% of nesmokers,

17% of obese individuals, 8.2% of overweight individuals had marginal deficient plasma vitamin
C concentrationfLanglois et al., 2016)
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Figure 2.2. Plasma vitamin C concentrations of Canadians. Data sourced from the 2012/2013

Canadian Health Measures Surgegnglois et al., 2016)
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Even in industrialized countries, marginal deficiency or hypovitaminosis C can have a
prevalence of about 15% of thengeal populationLindblad et al., 2013)30% of cigarette
smokerqgSchectman et al., 1991, Pfeiffer et al., 20BB)d 60% of hospitalized individugldunt,
Chéekravorty et al. 1994, Teixeira, Carrie et al. 2001, Fain, Paries et al. 2003, Gariballa and Forster
2006, Gan, Eintracht et al. 2008, Evdbislers, Eintracht et al. 2009, Zhang, Robitaille et al. 2011,
Wang, Liu et al. 2013)r'he exact health implications of marginal deficient vita@istatus remain
unknown, but clinical symptoms may include fatigue or mood disrug@oandon, Lund et al.
1940, Zhang, Robitaille et al. 2011, Wang, Liu et al. 20#i8reased immunitfAnthony and
Schorah, 1982; Hunt et al., 1994; Hemila and Louhiala, 2@@ppired wound healin@.und and
Crandon 1941; Sorensen et al., 2010; Blass et al., 20t3)ized pair(Shibuya, Humphers et al.
2013)and cardiovascular diseaféita et al., 1998; Padayatty and Levine 2000, Frei, Birlouez
Aragon et al. 2012, Juraschek et al., 2012; Rodrigo et al., 2013)

2.5.1Associations of Vitamin C with Health Outcomes in Observational Studies
Since outcomes in major common and complex diseases are potentially modified by the
Vitamin C status, large scale observational studies have examined these stajagion the
following sections the major observations for the most detrimental common and complex diseases,
namely cardiovascular disease and cancers, are summarized. It should be noted that men with
marginal deficient serum vitamin C concentrationswelo2 8 e mol / L had a 57 % h
cause mortality after 126 years of followup than men with the highest vitamin C concentrations
above 74 emol /L, creating the rationale to tr
Many observational studies assessed the association between dietary vitamin C intake and
the risks of common and complex diseases. However, some of these observational studies did not
consider biomarkers of vitamin C status such as plasma concentratienfol[dwing section
summarizes studies reporting on the biomarkers of vitamin C status, thereby eliminating the

uncertainty of dietary assessments.

2.5.2 The relation of vitamin C to cardiovascular diseases in human observational studies
SerumvitamiC concentrations above 45 emol /L (45
of cardiovascular disease by about 25% compared to individuals with concentrations under 23

€ mo | (%irhon et al., 2001)Similarly, a 33% lowered risk for coronary heart diseases was
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associated in subjects with mean plasma vitami
wi t h 27 (Beekholdt & &l., 2006) Moreover, plasma vitamin C concentrations were
inversely related to mortality from all causes and Q¥baw et al., 2001) wher e each 20
increase in plema vitamin C was associated with a 20% and 30% reductiondawae and CVD

mortality, respectively. Concurring evidence was reported for associations of increased vitamin C

pl asma or serum concentrations ( mereasesdlCYyDangi ng
risks (Nyyssonen et al., 1997; Simon et al., 1998; Langlois, Duprez et al.. Z0@3istent with

these findings, in young Type 1 diabetic patients, poor vitamin C status was found to be associated
with an increase in severanty cardiovascular risk markef®dermarsky et al., 2009)

A recent systematic review on the relationship between vitamin C and heart health
concluded that in populations with already adequate vitamin C intake, further supplementation
with vitamin C did not correlate with the risk of C\Dloser and Chun, 2016jowever, if dietary
supply was suboptimal, risks for CVD were elevatddser and Chun, 2016)

Ol der adults with plasma vitamin C concent
from strokes(Gale et al., 1995)and a 42% lower incidence of stroke occurred when plasma
concentrations were above 66 emol /L daesmpared
bel ow 4 IMyistmtall, 2008) Similarly, subjects with vitamin C concentrations above 64
emol /& &HaAa% | ower risk of stroke t h(dokoyamhets e wi I
al.,20000 Echoing these data, individuals with pl a
fold increased risk of stroke compared to ind

Contrary to the positive effects repeat, cardiovascular disease mortality increased upon
vitamin C supplementation in postmenopausal women with diafiete<et al., 2004 )indicating
that cases dagpecific pathologies should be viewed separate from the general population.

In conclusion, observational studies have produced mixed results regarding the relationship
of vitamin C and cardiovascular diseases. Generally, no relationship between vitaammh C
cardiovascular disease risk was observed at optimal plasma vitamin C concentrations, but

suboptimal concentrations seem to be associated with elevated cardiovascular disease risks.

2.5.3 The relation of vitamin C to cancers in human observational stdies
More limited evidence exists for a relationship between vitamin C status and the prevention

of certain cancers. In a casentrol study, individuals with plasma concentrations above 51
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emol /L had a 45% | ower r i s kualsWwith goacentrationsbelova n c e r
2 9 ¢ nikehab, Riboli et al. 2006)len with serumvitamn C concentrations b
had a 62% higher risk of canesrlated deaths after 126 years of followup than men above 73.8
€ mo I(Lbrla et al., 200Q)Men with mean plasmavitam@ concentr ati ons of 7
53% reduced cancer mortal i(Kkhgwetab,B@ar ed t o t hos
Very low vitamin C status was also reporfedcases of multiple myelon{&harma et al.,
2009)and unspecified advanced cancers,nalitewas associated with increased inflammation and
lower survival(Mayland, Bennett et al. 200Q5However,in those caseontrol studies it was
undetermined if reduced concentrations are the consequence of rather than the cause of the reported
associations.
In conclusion, observational studies indicate that vitamin C plays a role in the prevention
of gastriccancer, while the role in the prevention of other cancers is indicated, but requires further

validation.

2.5.4Human Intervention Studies Supplementing Vitamin C

The epidemiologic associations between adequate vitamin C status and decreased risk of
CVD and cancers inspired controlled intervention studies to determine if a causal relationship
exists. Those intervention studies regularly used vitamin C supplementation in combination with
ot her fAantioxidant vi t ararotend), ogds peot ofta maltivitareim vi t a
mineral mix, which would complicate the interpretation of positive findings. However, if
intervention studies report no effect of vitamins supplementations then they would be considered
ineffective.

Many trials have used interventions with vitamin C in relation to specific outcomes in
patients populations, such as Hi@uwatudde et al. 2015)ype 2 diabetetShateri, Keshavarz et
al. 2016) depressive disorde(Sahraian et al., 2015and endstage renal diseas@Biniaz et al.,
2014; Shateri et al., 2016)hose small and targeted studies will not be discussed in this chapter,
which rather focuses on largeale longterm studies on health outcomes in the general
populaton. Within these intervention studies, cardiovascular outcomes and cancers had been a

targeted most often.
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2.5.5Human intervention studies and health outcomes in common and complex diseases

Major human intervention trials with vitamin C did not shamprovements in altause
mortality (Hercberg et al., 2004)eye health (ageelated macular degeneration, agkated
cataract, lens opacity, or visitoss)(Age-Related Eye Disease Study Research, 2001; Christen et
al. 2012) cognitive performancéGrodstein, O'Brien et al. 2013)pfections(Girodon, Galan et
al., 1999; Graat et al., 2002; Avehet al., 2005)and overall quality of lif¢Avenell et al., P05).

One clinical trial of moderate size reported the improvement of serum pepsinogen (PG)
concentrations, which serve as a biomarker for the progression of gastric mucosal atrophy during
Helicobacter pylorinfection in a group highly supplementedhwitamin C (500 mg/day) versus
the low supplemented group (50 mg/déyasazuki et al., 2003)

In conclusion, vitamin C supplementation did not modify-allse mortality, cognitive
performance, overall quality of life, the development of eye diseases, and infections.

2.5.6Human intervention studies and cardiovascular outcomes

Major coronary events and fatal or rfatal vascular eveni®002)as well as incidences
of myocardial infarction, stroke, coronary revascularization, or CVD death were not affected by
suppl ement ati on wiicdrotengCook e ali 2067)Si@ilartsupfementation
wi t h vit amtcamotgne@ Zn+ Sé@id net prbtect from ischemic cardiovascular disease
and altcause mortalityHercberg et al., 2004¥itamin C combined with vitamin E did not reduce
any cardiovascular events, myocardial infarction, stroke, or death from cardiovascular diseases
(Sesso et al., 2008and did not affect atherosclerotic lesions and carotid artery mietha
thickness(Salonen et al., 2003)r changes in minimum lumen diameter of coronary arteries
(Waters et al., 2002)Moreover, cerebrovascular diseases were not reduced upon daily
supplementation with 14 vitamins and 12 minefhist al., 1993)

Overall, the attempt to prove causal relationships in controlled clinical feeding trials have

negative results for cardiovascular disedddsser and Chun, 2016)

2.5.7Human intervention studies and cancer outcomes
Vitamin C supplementation did not affect incidences or outcomes for major gastrointestinal
cancers or overall cancer mortalitieghie majority of studies. Specifically, supplementation with

vitamin C and molybdenuriBlot etal., 1993) or v i t a Ataroiene #Zine+ Selenium b
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(Hercberg et al., 2004Jid not reduce overall cancer incidence and disspseific mortality.
Similarly, intervent i ecaratensvandsklenwum didenatredges@ic vi t al
cancer and overall cancer mortal{tyou et al., 2001)Daily supplementation with 14 vitamins
and 12 minerals did reduce esophageal and gastric cancer deaths or total cancer irfcicgnces
al., 1993) Occurrences of colorectal adenoni@seenberg eal., 1994; Gaziano et al., 201&)
the progression of multifocal nemetaplastic atrophy or intestinal metaplg€larrea et al., 2000)
were not correlated with multivitamimi n e r a-tarotare @ vitdmins C + E supplementation,
respectively.

Vitamin C combined with vitamin E did not reduce tieks for prostate and total cancer
(Gaziano et al., 20093imilarly, multivitamin supplementation did not reduce the risk for prostate,
colorectal and other site specific cancers, however, egblihhe risk of total cancéGaziano et al.,
2012)

One solitary study reported that the positive association between red and processed meat
intakes and breast cancer risk was &eliminatec
carotene + Zinc + Seleniu(Roucheu et al. 2014)Otherwise, all major intervention studies failed

to prove a positive modification of cancer incidences and outcomes.

2.5.8Human intervention studies and the importance to consider the dosmncentration
relationship for vitamin C

Most evidence reported from large epidemiological cohorts, dietary intervention studies,
as well as metanalyses remain ambiguous, with many reporting that vitamin C supplementation
had little or no effect on outcome measuysser and Chun, 2016; Padayatty and Levine, 2016)
Specifically, most intervention studies do not show positive effects, while low systemic vitamin C
concentrations in observational studies are associated with negatit batcomes. The
explanation for this phenomenon might lay in the saturable relationship between daily intake
(dose) and the corresponding systemic concentrations (response). In individuals with depleted
plasma vitamin C, concentrations increased onlygesty after small doses of up to 30 mg/day
but increased more rapidly upon larger doses up to 100 mg/day reaching a plateau at about 200
mg/day Figure 2.3). Consequently, in studies where the control and treatment groups already
have an adequate supphbaseline, plasma and cellular concentrations might not differ even upon

interventions with high doses of vitamin C, eliminating the chance of any demonstrable effects.
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Therefore, the effect of any supplementation would only be observed in groups upliedsup
through the basal diet.

This phenomenon is exemplified by a recent raetalysis on the effects of vitamin C
supplementation on glycemic control, where overall no effects were observed on biomarkers of
dysglycemia, as measured by glucose, HbAlc,imasdin concentration§Ashor, Werneret al.

2017) However, in patients with type 2 diabetes, the high blood glucose concentrations were
reduced upon vitamin C supplementatighkshor et al., 2017)which could be attributed to
improvements in the low vitamin C status of diabetic individ@lsen et al., 2006; Tu et al.,
2015)
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Figure 2.3. Vitamin C concentrations as a function of the daily daswine et al., 2001)

2.6 Geneticlnfluences on Vitamin C Metabolism and DiseasBathology

An individual s vitamin C status depends o
of ascorbic acid where all of these processes may differ depending on genetic variations. Two
genes encoding sodiudependent ascorbic acid transporters ehdween identified and
polymorphisms in these have been associated with reduced systemic vitamin C concentrations and
several diseases. The associations of polymorphisms in the ascorbic acid transporter genes to
biomarkers of the vitamin C status and thsedse associations will be discussed in separate

sections, since it is currently unclear how they correlate. Polymorphisms in two glutathione S
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transferases and haptoglobin had been associated with reduced vitamin C status and those will be
summarized in eparate sections; however the disease associations for these genes will not be
discussed, since their direct involvement in the ascorbic acid metabolism is unclear and

correlations to the vitamin C status speculative at best.

2.6.1Genetic variations inthe SLC23A1 gene associated to altered vitamin C status

The SLC23Algene encodes the soditdependent ascorbic acid transporter SVCT1
(SLC23A1) which plays a key role in the renal reabsorption of vitanm(DaCuwala et al., 1999;
Tsukaguchi et al., 1999; Wang et al., 20@Bgnetic variations i8LC23Alcould lower the renal
threshold for ascorbic acid reabsorption and therefore increase urinary lossesrandaisteady
state plasma and body vitamin C concentrat{@uspe et al., 2010)

Five alleles of single Nucleotide Polymorphisms (SNPs, variations with frequencies over
1%) inthe SLC23Algene have been associated with lowered serum ascorbic acid concentrations;
however some genotypes associated differentially, being associated to elevated concentrations in
one study and decreased concentrations in others.

The average serum asbic acid concentrations were 5.3 pymol/L lower for SNP
rs4257763GG homozygotes in a setting indicating suboptimal values across this (Chbifl
and EtSohemy, 2009)Moreover, the SNP rs33972383 rs1006394A, and rs659647-&
alleles were associated with. 2 e mol / L, 2.9 emol /L, and 2 &m
concentrations of dascorbic acid, respective(ffimpson et al., 2010)These findings could not
be replicated for the SNP rs1006394%llele, but were replicated for the rs33972&.3and
rs6596473C alleles with assoi at ed reductions of 8.3 emol /L
(Timpson et al., 2010A subsequent pooled analysis across 5 studies associated each additional
rs33972318 al l el e with a 6 emol/L reduction in ci
results, the rs33972313@ al | el e was associated with a 3.1 .
concentrationgKobylecki et al., 2015)where GG homozygotes showed @ s es of 7. 3 ¢
and AG heterozygotes 4.1 emol /L plasma vitam
rs33972313G homozygotes had plasma ascorbic acid ¢
of GA heterozygotes, while AA homozygotes were foumthis study(Duell et al., 2013)
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SNP rs11950646 G homozygotes had 8 ¢ @oohcertratibone wer p
compared to AA heterozygotes, while a 3 emol/
was observed in GA heterozygo{€&siell et al., 2013)indicating an allele dosage effect.

To conclude, emerging evidence indicates a role of genetic polymorphisms in the
modulation of biomarkers of vitamin C status. However, the inconsistendiss iasults need to

be addressed in future controlled trials.

2.6.2Genetic variations in the SLC23A1 gene associated with common and complex
diseases

Several variations in tieLC23AIgene have been associated with increased risks of certain
types of ¢ anc espentane@us mrdiemddelivedyid sggrassiee periodontitis.

An 80% elevated risk of NeRlodgkin lymphoma was demonstrated for homozygotes for
rs6596473CC and r§1950646GG (Skibolaetal.,2008A1 50 % i ncrease in the
disease was associated with the rs1006398%eterozygotes and a 307% increase with GG
homozygotes, clearly showing an allele dosage effenir Shaghaghi, 2014 ertain haplotypes
in SLC23Algene were associatedtlwincreased risk of spontaneous preterm deliyErnchsen
et al., 2006)The rare alled of rs6596473 was associated with aggressive periodditéisong
et al., 2014)

Overall, evidence of associations in 8ieC23Algene with commiw and complex diseases
is currently emerging but lacks enough depth to conclude on the validity.

2.6.3Genetic variations in the SLC23A2 gene associated to altered vitamin C status

Three SNPs in thELC23A2Qyene have been associated with lowered serum ascorbic acid
concentrations. Plasma vitamin C concen-tratio
CC homozygotes and 4.3 emol /L in CTlDudletaler ozyg:
2013) They were also decreased by -Aallete(@odlétL i n ¢
al., 2013) Moreover, rs1279386 G homozygotes had approxi matel
vitamin C concentrations than tbéher genotype§&ZanorrMoren et al., 2011)

Current evidence might indicate a role ifC23A2polymorphism in the regulation of
steady state plasma vitamin C concentrations, but at present, research is only emerging thus it is

prematured make any conclusions.
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2.6.4Genetic variations in the SLC23A2 gene associated with common and complex
diseases

Several variations in th8LC23A2gene had been associated with the risk of six types of
cancer, birth complications, coronary heart diseaiseé,glaucoma.

Reduced risks for gastric cancer were reported for &1P479919AA homozygotes
(Wright et al., 2009)and a haplotype for the commalteles of SNPs rs6139591 + rs2681116 +
rs14147458 was inversely associated with gastric caiWwaght et al., 2009) Similarly, the
genotype rs6116568T and the two haplotypes, CGTC (rs6052937, rs3787456, rs6116569,
rs17339746) and ATC (rs6139587, rs6053005, rs23265vVtheSLC23AZ)ene were associated
with the risk for gastric cancébuell et al., 2013)

The haplotype GC for SNPs rs4987219 +rs1110277 was associated with a reduction in the
risk of colorectal adenom&richsen et al., 2008)

SNP rs1247991€T heterozygosity interacted with SCARB1 (scavenger receptor class
B1) rs4765621 genotypes to elevate the risk for bladder céedrew, Gui et al. 2009)

The risks for NorHodgkin lymphomas were elevated by 80% for genotypes rs61336G/5
rs1715364CC,rs1715385AA, rs1776948AA, and rs613958AA, as well as théwo haplotypes
rs1776948 + rs6139587 AA and rs1715385 + rs6133175 + rs17153643\#idla, Braccet al.
2008) The alleles rs6133176 and rs1776948 elevated the risk for chronic lymphocytic
leukemia by about 20%Casabonne et al., 2017 he haplotype analysis of rs1715364 +
rs61331% supported the genotype results.

The risk of head and neck cancer following HPV16 infections was decreased for
rs4987219CC homozygotefChen et al., 2009)

Elevated risks for spontaneous preterm birth were obsenezdrier of the minor T allele
of SNP rs6139591, showing ¥#@ld and 2.7fold elevations for heteroand homozygotes,
respectively(Erichsen et al., 2006)

A 5.4-fold elevated risk of acute coronary syndrome was reported in women with the
rs6139591TT genotype with low dietary vitamin C intaK®algard et al., 2013)Moreover,
women carrying rs177696HT at high intake of vitamin C had a Jdld increased risk of acute
coronary syndrome, compared with ®Gmozygotes with low intake. This might indicate that the
genotype effects may not be comigly compensated bg high dietary intake of vitamin C
(Dalgard et al., 2013)
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The risk for operangle glaucoma was elevated Hy7-fold in rs1279386GG
homozygotes, potentially echoing the lower plasma vitamin C concentration observed for this
genotypgZanon-Moreno et al., 2011)

To conclude, reports on genetic associations inSh€23A2gene mostly consist of
observation from single studies, which sdbr replications in similar or larger studies in order to

validate those results.

2.6.5Genetic variations in the GSTM1 and GSTT1 genes associated to altered vitamin C
status

Glutathione Sransferases (GSTsre phase 2 enzymes which conjugate glutathione to
xenobiotics for the purpose of detoxificatidrhe two major isoforms, GSTT1 and GSTM1, are
involved in oxidative stress pathways through the utilization and conjugdtiputathiongBlock
et al., 2011)and their genes are deleted)a0% and50% of the human population.reeds to
be noted, that a capacity to recycle dehydroascorbic acid has been demonstrated fiErO
and Van Schaftingen, 20Q®ut the participation of the GSTT1 and GSTML1 in the recycling of
dehydroascorbic acid have not been proven. However, if they do not participate directly, they could
spare the iochemical ascorbic acid consumption indirectly through recycling of other
antioxidants.

For individuals carryingsSTT1andGSTM1null genotypes*0/*0 gene is noffunctional)
a rare diegene interaction was reported: individuals had an increased ngkmin C deficiency
when their dietary supply did not meet current recommendgi@atsll et al., 2009)Specifically,
the risk of serum ascorbic acid deficiency in marginal vitamin C supply was elevated
approximately 1Zold for theGSTT1*0/*0genotype, but was only increased approximatdty@
for carriers of theGSTT1*1allele. Moreover, the risk of serum ascorbic acid deficiency with
marginal vitamin C intake was approximatelyodd elevated for th&STM1*0/*0homozygotes,
while it was aproximately 2fold for carriers of theGSTM1*1allele. Individua$ with both
nonfunctional genotypes had an approximatelyfd® elevated risk of serum ascorbic acid
deficiency in marginal vitamin C supply compared to an approximately 2 fold risk fagcssibj
with both functional genotypes. Serum ascorbic acid concentrations were decreased by
approximately10e mo | / L f or h o m@&SZHP/B0andGSTWMIO/F0 ndnturictional
genotypes in marginal suppl€ahill et al., 2009)
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Plasma vitamin C concentrations @STM1*0/*0 homozygotes were decreased by 2.1
emol /L in the g¢gen®3ano lipakhesios tattoryavorke@slorska b 3.,

2011) In workers of a rock wool plafBSTT* 0/ *0 homozygotes showed

concentrationsHomozygotes folGSTMIGSTT1deletions had a vitamin C level that was 6.4

emol / L | ower .

In direct contrast to the above reported results, serum vitamin C concentrations were 5

e mo lhigher inGSTM0/*0 homozygotegBlock et al., 2011)However, the dual deletions of

GSTMZX0/*0 andGSTTFO/*0 were not associated with altered serum vitamin C concentrations.

The association of vitamin C concentrations with the pritibabf being GSTM*0/*0 was allele
dosage dependerkiQure 2.4), where subjects in the highest quartile of vitamin C concentrations
were 2.6 times as likely to K@STMZ0/*0. SNPs did not modify any associations between dietary
vitamin C intake and semu ascorbic acid, as reported in the previous paragi@phill et al.,
2009, Block et al., 2011JFurthermore, no associations with plasma vitath@oncentrationkave

been reported faBSTM1/T IpolymorphismgYuan et al., 2012)

3 2.60

Odds Ratio

Q1 (Low) Q2 Q3 Q4 (High)

Quartile of Serum Vitamin C
Figure 2.4. Odds ratios for beinGSTM1null, by quartile (Q) of serum vitamin C, adjusted for
age, sex, and BMI. 95% Cls: Q2 (0.80, 2.58), Q3 (1.04, 3.40), Q4 (1.46, 418&)dP- 0.001.
Medi an serum vitamin C: Q1 (41. 46 /L) (8203 ) ,
e mo | (Blbcketal., 2011)
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Conflicting results of theassociations ofGSTT1and GSTM1 null genotypes with
circulating ascorbic acidoncentrationdo not allow deducing any causal relationships. In contrast
to GSTOand glutaredoxin, the participation of t8&TTlandGSTMlenzymes in the recycling
of dehydroascorbic acid have not been prqi@mster and Van Schaftingen, 20QRApwever, such

a proof is necessary to illuminate any mechanistic relevance of the reported genetic variations.

2.6.6Genetic variations in the Haptoglobin gene associated to altered vitamin €atus

The haptoglobin protein binds free hemoglobin in the plasma, inhibits its oxidative activity
and therefore acts as an antioxidant. The haptoglobin geneHfizleomprises a 1.7 kb partial
duplication which does not have the same potency as#iphieallele, and its presence could
therefore cause excessive metabolic consumption of ascorbi@aditie & al., 2014)

A12e mo lddcrease in serum ascorbate concentrations in the general population has been
reported foHp2-2 homozygotes regardless of gen{l@elanghe et al. 1998)vhile a reduction of
approximately 4@ rol/L was reported for male but not for femélp2-2 homozygote¢Na et al.,

2006) Similarly, serum ascorbic acid concentrations in HIV patients were approximately 11
emol / L IHp22 @amozigotegDelanghe et al., 1998Yhe reduction in serum ascorbate
concentrations were limitetb Hp2-2 homozygotes and no differences were observed between
subjects with thédp2-1 andHp1-1 alleles(Delandhe, Langlois et al. 1998, Na, Delanghe et al.
2006) In contrast, haptoglobin genotypes were not associated with vitamin C concentrations in
another cohort{Guthrie et al., 2014)

For individuals carrying thélp2-2 genotype,a rare diegene interacbn was reported:
they had an increased risk of vitamin C deficiency when their dietary intake did not meet current
recommendationéCahill and EdSohemy, 2010 Of the subjects who reported not meeting the
RDA for vitamin C, those with thelpZi2genot ype had 5.7 emol /L | owel
acid concentrations than individuals with thipl allele. Hp2-2 homozygotes had a 4f@ld
elevated risk for defiency when they did not meet their RDA while this wasfbld for carriers
of theHp1lallele.

In conclusion, ascorbic acid oxidation might be increasedHp2-2 homozygotes.
However, the correlations with impaired iron status and lowered vitamin concentrations are

unclear, and diegene interactions of haptoglobin alleles may extend beyond vitamin C regulation
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and should be examined with respect to the role pfdgdobin in iron status as wegMichels et
a., 2013)

2.6.7Conclusions from Large Scale Observational, Intervention, and genetic Association
Studiesi Implications for Future Research

Around 5% of the general population in industrialized countries has deficient plasma
vitamin C concentrationsand about 13% have marginal deficient concentrations. Severe
deficiency will lead to scurvy, while marginal deficiency is associated to elevated risksafisd
mortality, cardiovascular disease, and gastric cancer in observational studies.

Supplemerdtion of Vitamin C did not reduce the risks for-edluse mortality, impaired
cognitive performance, reduced quality of life, the development of eye diseases, infections,
cardiovascular diseases, and cancers. It is suggested that these results retetedctothat
additional supplementation did not elevate systemic vitamin C level in individuals already in
optimal supply.

Recent genetic association studies indicate that dietary intake is not the sole determinant
of systemic vitamin C levels. Polymorghs in two ascorbic acid transporter gerf&isG23A1
andSLC23A2 are associated with lower system ascorbic acid concentrations. Common variations
in three genes participating in the redd@S(TM1and GSTT) and antioxidant metabolism
(haptoglobir) are als@associated with lower system ascorbic acid concentrations. The impact sizes
are moderate, with reductions ranging betwed®% mol / L, whi ch | eads to
these variations would only be relevant in situations of suboptimal dietary intallefiaed by
the current RDAs. However, although impact sizes of common polymorphism are expected to be
low, epistatic interactions of multiple common variants can dramatically increase effect sizes
(Abdullah et al., 2015)

It is anticipated thatuture research will address these relations, specifically if epistatic
effects of common polymorphism will predispose individuals to marginstesyic vitamin C

concentrations even if they achieve current intake recommendations.
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Bridge to Chapter 11 |

The following chapter comprises a manuscopthe study protocol fohe Manitoba
Personalized Lifestyle ResearCAVIPLR) study The manuscript details the rationale, methods,
and data that will be captured in the areas of diet, physical activity and sleep, genetic and gut
microbiome profiles, and healthcare usage data linkEtge.chapter is an introduction to thee
of observationatohort studies to generate big datasetsealth further policymaking and generate
hypotheses to investigateylan MacKay and Rebecca Mollard developed the original concept of
the study for the original grant application with inpubrfr coinvestigators. Dylan MacKay
prepared the drafts of the study protocol manuscript and compiled feedback and changes from
other authors. Rebecca Mollard avdtthew Granger assisted in the preparation of the study
protocol manuscript and was a researclassistant involved in the processing and collection
of data from participants during TMPLR study . PF developed the branding and logo for
TMPLR study, and the manuscript figures and tables. NCH prepared the data model and was
involved in the public engagent. SB (project lead, indigenous health), HB (project lead,
nutrition), JC, TAD (project lead, physical activity), PKE (project lead, genetics), EK (project lead,
gut microbiome), LML (project lead, biostatistics), DEM (project lead, sleep), SBM, AR, NT,
MBA (project lead, developmental origins of chronic disease), and PJJ (Director) are study co
investigators, and were all involved in writing the original grant application. All authors have

carefully read, contributed to, and approved the final versitimeo$tudy protocol manuscript.
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3.1 Abstract

Introduction

Lifestyle factors, such as diet, physical activity and sleep, are associated with the development of
many chronic diseases. The objective of The Manitayadnalized Lifestyle Research study is

to understand how these lifestyle factors interact with each other and with other factors, such as an
individual 6s genetics and gut microbiome, to
Methods

An observational study of adults, with extensive phenotyping by objective health and lifestyle
assessments, and retrospective assessment of early life experiences, with retrospective and
prospectivautilization of secondary data from administrative headtbords.

Study population

A planned norrandom convenience sample of 840 Manitobans agéd63fecruited from the
general population, stratified by sex (equal men and women), body mass index (BMI; 60% of
participants w)anchgeograpByM25%@brurd aréas). These stratifications

were selected based on Manitoba demographics.

Measurements

Lifestyle factors assessed will include dietary pattern, physical activity, cardiovascular fitness, and
sleep. Factors such as medical history, socioecanstatus, alcohol and tobacco consumption,
cognition, stress, anxiety, and early life experiences will also be documented. A maternal survey
will be performed. Body composition and bone density will be measured by dual eneagy X
absorptiometry. Bloodnessure, pulse wave velocity, and augmentation index will be measured
on two consecutive days. Chronic disease risk biomarkers will be measured in blood and urine
samples. DNA will be extracted for genetic analysis. A faecal sample will be collected for
microbiome analysis. Participants may provide their Manitoba personal health information number
to link their study data with administrative health records

Ethics and dissemination

Ethics approval has been obtained from the University of Manitoba HealdaRRé Ethics Board
(protocol # HS18951; 05/01/2016). Data analysis, release of results and publication of manuscripts
are scheduled to start in early 2019. Additional informatiomvatv. TMPLR.ca

Trial registration number
NCT03674957; Preesults.
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3.2 Strengths and limitations of this study

1 The study is designed to capture extensive phenotyping of participants in the areas of diet,

l

physical activity, sleep, genetic, gut microbiome profiles, and hea#thusage data
linkage

The use of a mobile research unit to access rural populations makes the study unique as
geographic setting can strongly influence heedtlated behaviours. The study uses-non
random convenience sampling for feasibility reasonschvban introduce selection bias

and limit generalizability.

Some of the questionnaires used in The Manitoba Personalized Lifestyle Research
(TMPLR) have not previously been validated, or not validated in the specific TMPLR
study population.

The study sampl size of 840 individuals was not selected to power a specific primary
hypothesis and therefore should be considered exploratory in nature.
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3.3Introduction

Manitoba is a province located in central Canada with a population of justov&® mi | | i or
peopl e. Most Manitobans (~60%) I|ive in Wi nnip
living in rural areas. Approximately half of Manitobans are living with at least one of the
following chronic conditions: obesity, hypertension,gypdiabetes (T2D), cardiovascular disease
(CVD) or chronic kidney disease (CKB)Additionally Manitoba has the highest incidence and
prevalence of end stage renal disease in Canada, partly because of the high burden of diabetes.
The consequences of tleeshronic conditions are substantial and the financial burden, both
personally and societally, is enormous. In the province of Manitoba, which has a universal
healthcare system, over 40% of total provincial revenues are spent on hedlffeatsurden of
conditions including T2D and CKD is not unique to Manitébaherefore the primary and
secondary prevention of these chronic conditions is a major international health researctf priority.

It is well established that diet, physical activity and sleepémice health and mortality.
10 Evidencebased guidelines pertaining to nutrition, physical activity, and sleep exist to educate
the public on healthy lifestyle choices. However, most current lifestyle guidelines follow a one
sizefits-all format, even though they are intended for papahs comprising individuals with
diverse and complex health circumstances and unique factors influencing their ability to follow
the guidelines. This format may be a contributing factor to the poor adherence to lifestyle
guidelines. For example, althougiost people are aware that physical activity is important for
health, only 15% of the Canadian population achieve the national recommentfa8omiarly,
it is estimated that 50% of women and 70% of men in Canada have energy intakes that exceed
their energy needs, while 5080% have deficiencies in calcium and vitamid?D.

There is now an increasing interest in the creation of lifestyle strategies or guidelines for
specific subpopulations or groups of individuals with specific charactertétiest is hoped that
such tailored recommendations will be more effective, and that barriers to healthy lifestyle
practices can be ameliorated through personalisation. Curressizafés-all recommendations
and strategies may not be effective due to (1) sigamti interindividual variability or (2) shared
circumstances, such as geography, sleep/wake patterns or socioeconomic status, of a particular
group.

We hypothesise that an individual ds | ifest

and geography, anhwill interact with their genotype and gut microbiota to affect he&fth.
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Accordingly, The Manitoba Personalized Lifestyle Research (TMPLR) study will involve the
coordinated collection of data related to socioeconomic status, geography, nutritisicaphy
activity, sleep, early life experiences and health systems usage, in conjunction with the analysis of
genetics, gut microbiota and risk factors for chronic conditions such as obesity, hypertension, T2D,
CVD and CKD. After establishing the baselin@cdcteristics of this study cohort, administrative
health records will be used retrospectively to examine the developmental origins of health and
diseasé? and prospectively to track and investigate the development of chronic disease in the
future,stasthg at 5 years after the initial study i s
study participants for further clinical assessments, contingent on future funding.

Data from this study will provide an ideal opportunity for the exploration and paltenti
discovery of new interactive mechanisms through which lifestyle factors affect health. We will be
looking to collaborate with other existing stud&€ with overlapping measures to replicate such
findings, or increase sample size. Findings from #gsarch may be useful in guiding both clinical
and health policy decisions, and will also facilitate the design and testpersinalizedhealth
promotion strategies. For example, if we are able to identify interactions between lifestyle factors
and disease risk, such as a genetic variant that associates with short sleep to negatively impact
health, a followup study could be designed longito improve sleep hygiene specifically in the

group with the risk variant.

3.4 Methods
3.4.1Design
This is an exploratory observational cohort study with retrospective and prospective
utilization of secondary data from administrative health recofitgu¢e 3.1). The Strengthening
the Reporting of Observational Studies in Epidemiology guidelines were followed where

applicable in the development of this protocol manuséfipt.

61



= ‘.S‘ PHYSICAL

ACTIVITY

& ®
<)
N ® EARLY
MICROBIOME &B0o a s
BODY $ SOCIOECONOMIC
COMPOSITION STATUS
HEALTH STATUS QS\ Illi ::\I!’ilé:ltr\;

Bi-directional study design:
Administrative health data used
retrospectively and prospectively

Figure 3.1.The Manitoba Personalized Lifestyle Research study overview.

3.4.2Setting
Urban (Winnipeg) and rural (Morden, Winkler, Carman and Steinbach) areas with road
access in southern Manitoba, Canada.

3.4.30bjectives of the study

The objective of thisstudy is to explore the complex interactions that exist between
lifestyle, genetics and gut microbiota, and how these relate to risk factors for chronic conditions,
especially obesity, hypertension T2D, CVD and CKD in Manitoba.

3.4.5Inclusion and excluson criteria

A sample of 800 Manitobans agedi 36, stratified by sex, body mass index (BMI) and
geography Table 3.1) are being recruited. Participants must have lived in Manitoba for a
mi ni mum of 5 years. Women who a@le ¢o particieaten an't
Additionally, because it is expected that very few of the 800 Manitobans who join TMPLR study
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wi |

have

reduced

from Manitoba (20 women, 20 men, with no set gicattion based on BMI or geography) who

have severely reduced kidney function are being recruited from the renal health clinic at Seven
Oaks General Hospital (SOGH), Winnipeg, Manitoba. Therefore, the study has a recruitment goal

of 840 participants.

Table 3.1 The Manitoba Personalized Lifestyle Research study recruitment targets hy strata

Age 30-46 years
n =800

Sex 400 Men 400 Women
50% Men
50%
Women
Geography 288 Urbammen 112 Ruralmen 288 Urbanvomen | 112 Ruralwomen
72% Urban
28% Rural
BMI 116 172 45 67 116 172 45 67
40% Normal| Urban | Urban Rural Rural Urban | Urban | Rural Rural
(BMI<25) men men men men women | women | women | women
60% BMI<25 | B M1 O| BMI<25 | B M| O|BMI<25 | B M| O|BMI<25 | B MI O
Overweight
( BMI 02

1 +40 Participants with severelye duced ki dney functi on

20 men, with no set stratification based on BMI or geography.

1 BMI, body mass index.

3.4.6Recruitment

Participants are recruited through the use of printed flyers, online advertisements purchased

via Google, Facebook and Twitter ad platforms and social media accounts, appearances in local

TV, radio and print media, and direct contact with community grosyos) as churches, sports

leagues and community clubs. All patients who receive care in the SOGH renal health clinic, who
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are aged 304 6 , have been I iving in Manitoba for a n

provide informed consent are approathe enroll in the study as well.

3.4.7Sample size

The sample size of TMPLR study was selected based on considerations of feasibility of
recruitment, costs and logistics. However, given established values from other Saurdesur
anticipated samplsize of 840 participants, we estimate that we will have an 80% power (5%
significance, twesided) to detect a minimum body fat difference of 2.5% for rare exposures (ie,
experienced by 10% of participants, such as smoking) and 1.7% for more common exposure
(experienced by 25% of participants, such me
moderateto-vigorous physical activity). Additional estimated minimum detectable differences are
presented i able 3.2. These lower limits should allow for tldetection of clinically meaningful

changes in these outcomes.
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Table 3.2 The Manitoba Personalized Lifestyle Research study estimated minimum detectable

differences.

\Variable Mean or SD Minimum Minimum Reference
median used difference at difference at
used 10% exposure | 25% exposure
(percentage of | (percentage of
mean) mean)
Body fat (%) 41.3% 7.7% 2.5% (6.0) 1.7% (4.0) 23
Women 6.6%
27.8%
Men
Lumbar bone 1.042 0.121 0.041 (3.8) 0.028(2.6) 71
mineral density Women 0.127
(g/cn?) 1.058
Men
Glomerular 107.6 16.8 5.4 (5.0) 3.8 (3.5) 72
filtration rate
(mL/min per
1.73 m
Systolic blood 116 12 6.5 (5.6) 4.5 (3.9) 73
pressure
(mmHg)
Fasting glucose 4.94 0.61 0.20 (4.0) 0.14 (2.8) 73
(mmol/L)
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Variable Mean or SD Minimum Minimum Reference
median used difference at difference at
used 10% exposure | 25% exposure

(percentage of | (percentage of

mean) mean)
Fasting insulin 7.83 7.50 2.40 (30) 1.67 (21%) 74
(UIU/mL)
LDL cholesterol 2.79 0.67 0.22 (7.8) 0.15 (5.4) 73
(mmol/L)
Waist 80 10 3.2 (4) 2.2 (2.75) 73

circumference

(cm)

3.4.8Data Collection and Assessments

On two consecutive days, participants come to either the urban TMRIdR site at the
Ri chardson Centre for Functional Foods and Nu:
mobil e research wunit which travels to other a
mobil e research wuni t absvhicais equigpedovith pblabotdmy areg,2a m m:
dualenergy Xray absorptiometry (DXA) and a bicycle ergometer with a metabolic cart. During
this visit, participants complete questionnaires, undergo various health assessments, provide urine
and faecal samplesnd have fasting blood samples takEigyre 3.2, Table 3.3). The same

protocols were followed at both sites.
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The Manitoba Personatized
Lifestyle Research Program

TMPL

PARTICIPANT SCHEDULE

CONSENT PROCESS (completed before Day 1 activities)

Day 1 (est. 2 hours)

1
(2]
©
(4]
(5
(6
&

Collect link to administrative health records

Anthropometric measurements
PWA/PWV & blood pressure

Fasting blood samples

Oral administration of deuterium

Dual energy x-ray absorptiometry (DXA)
Fecal & urine sample kits

Day 2 (est. 2 hours)

Fecal & urine collection

PWA/PWV & blood pressure

Fasting blood samples

Physical capacity testing

Sub-maximal cardiorespiratory fitness test

Q00000

Start of activity monitoring (return accelerometer after 7 days of tracking)

Take home activities

€) Questionnaires via website
@) Complete three automated 24-hour dietary recalls

18.02.12-01

Figure 3.2. The Manitoba Personalized Lifestyle Research study participant schedule.
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Table 33. The Manitoba Personalized Lifestyle Research (TMPLR) study data, assessment tools

and biological samples

Characteristic

Data

Method, instrument or source

Sociodemographic

Date of birth, sex, ethnicity,

marital status

TMPLR StudyQuestionnaire

Medical

Personal medical history,

family medical history,

medication(s), pregnancy
history

TMPLR Study Questionnaire,

administrative health records

Cognition

Montreal Cognitive Assessméht

Lifestyle

Tobacco/smoking/vaping use,
alcohol use, unintentional
weight loss, exhaustion,

depression

TMPLR Study Questionnaire

Physical activity

Frailty

Modified Fried Criterid’

Physical activity

Paffenbarger physical activity inde
Actigraphytt42

Predicted VO max

Modified YMCA bike test with

metabolic cart

Nutrition

Dietary patterns and habits

Mindful Eating
Questionnairé? Threefactor Eating

Questionnairé® automated 2our
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Characteristic

Data

Method, instrument or source

dietary recall® Canadian Dietary

History Questionnairé

Early life

Childhood health,
sociodemographistatus and
sociceconomic status; parenta

employment history

Childhood Retrospective
Questionnaire, adapted from the

Panel Study on Income Dynamig

Maternal: pregnancy events,
obstetrical history, infan
feeding

TMPLR Mot her 6s
Childhood Questionnaire, adapte
from the Nurses Health Stutdy

Socioeconomic

Employment, home ownership

educational attainment, incomé

TMPLR Study Questionnaire

Sleep and stress

Duration of sleep

Actigraphyt®

Sleep quality

Pittsburgh Sleep Quality Ind&x

Perception of stress, daily life

Communitybased stress and cop

stressors survey
Anthropometric Height Wall-mounted stadiometer
Weight Digital scale

Waist circumference, hip

circumference

Tape measure
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Characteristic Data Method, instrument or source

Body fat, lean mass, bone Dual energy Xray absorptiomets}

mineral density

Blood pressure Systolic and diastolic Automated sphygmomanomete

Pulse wave velocity, Mobil-O-Graph oscillometéf

augmentation index

Biomarkers Blood clinical chemistry and Fasting blood samples
biomarker assays

Urinary clinical chemistry and Urine samples

biomarker assays

Microbiome 16S RNA Faecal sampfé

sequencing

3.4.9Questionnaires

Questionnaires capturgociodemographic characteristics, personal and family medical
history, smoking (including electronic cigarette use), current diet (three Automated Self
Admini stered 24 hours (ASA24) Di etary Asse
Questionnairé* Diet History Questionnaire (DH3) and The Thredactor Eating
Questionnair®), alcohol consumption, physical activities, frailty using the Modified Fried
Criteria?’ stress, sleep (Pittsburgh Sleep Quality Ifflexcognition (Montreal Cognitive
Assessment Questinairé®) and childhood retrospective circumstances (adapted from the US

Panel Study on Income Dynamif)s
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3.4.10Anthropometric assessment

Weight is measured after participants change into lightweight scrub tops and bottoms, with
shoes removed, to thee ar e st 0.1 kg wusing a digital cal
Precision Products, Oak Brook, lllinois, USA). Height is measured, without shoes, to the nearest
0.1 cm using a stadiometer (Model 206, sSSECA N
calculated in kg/rh Wai st circumference is measured in
umbilicus, between the last rib and the iliac crest using a fibreglass tape measure. Hip
circumference is measured in triplicate at the widest portiothefouttocks and hips using a
fibreglass tape measure. Body composition including fat mass, lean mass, per cent body fat,
visceral adipose tissue and bone mineral density are assessed using DXA (Lunar Prodigy Advance,
GE Healthcare, Mississauga, Ontarian@da)! Scans are taken of the whole body, femoral neck,
L1i L4 of the spine and the natominant forearm.

3.4.11Clinical health assessment

Participantsodo systolic and diastolic blood
dominant arm in a gihg position using a validated oscillometric blood pressure monitor
(BP760CAN, Omron, Burlington, Ontario, Canada). Participants are required to réist for 5 mi n
before taking the measurement. Pulse wave velocity and augmentation index are measered on th
non-dominant arm in a sitting position using a MeBGraph PWA Monitor and the HMS Client
Server Software (I EM GmbH, Stol ber g, Ger many)

two consecutive day¥.

3.4.12Collection of bio-specimens

Blood, urine and faecal samples are obtained from study participants (online
supplementary protocols). Fasting blood samples are collected on two consecutive days via
venipuncture by trained phlebotomists. Two blood samples on consecutive days are required to
undertale the isotopic assessment of fractional cholesterol and triglyceride synthesis rates.
Participants are asked to collect two urine samples at home; one sample is obtained prior to going
to bed, and a second of the first morning void on waking up. Partisigdso collect a faecal
sample; they are provided a collection kit and instructed to collect a single sample from three

separate places on the stool using a spoon attached to the cap of the collection tube. Participants
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are instructed to store the colledtfaecal samples in their houseHd®8°C freezer with a provided

ice pack, and urine samples in the fridge, until transport back to the study centre, using provided
ice pack for temperature control, where they are aliquoted and then std@@f@tfor uture
analysis®

3.4.13Clinical chemistry in blood and urine

Clinical chemistry, including lipid profile, glucose, insulin and renal and liver profiles will
be measured via automated clinical chemistmalyzers(Cobas C111, C311 and e411, Roche
Diagnostics Laval, Quebec). Blood and urine biomarkers such as @pttagon and melatonin
will be measured via a ligand binding assay or ELISA. Red blood cell and plasma fatty acids will
be measured by gas chromatography with flame ionisation detectieRI{HE* Non-cholesterol
sterols will be measured in plasma using-BID and mass spectromeffy.Vitamin C

concentrations in the blood will be measured by high pressure liquid chromatogfraphy.

3.4.14 Mcrobiome analyses in fecal samples

Faecal samples will be subjected to genomic DNA extraction (Zymo Research, Galiforni
USA) following the manufacturerdos protocol. E
extraction protocols to confirm the reliability and consistency of the extracted nucleic acid. The
V4 hypervariable region of 16S rRNA gene will be amplifidtek sequencing library will be
generated as described previodsind sequenced at the Gut Microbiome Laboratory, University
of Manitoba. Samples will be multiplexed at the rate of 200 per run aiming for an average
sequencing dept h redmplé The SeqQuéncisgalatauell e depositgd énto the

Sequence Read Archive of NCBIt{p://www.ncbi.nim.nih.gov/shaand accession numbers will

be provided for future access.

3.4.15Deuterium oxide administration

After the blood sample collection on day 1, participants are given 0.7 g of deuterium
oxide/kg of estimated body water to drink. Body water is estimated as body weight (kg)x0.60.
This deuterium admini str at ieopool forsthe assessinentad enr

fractional cholesterol and triglyceride synthesis rafés.
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3.4.16Physical activity and capacity testing

Physical activity level in TMPLR study participants is assessed using accelerometers
(Actigraph GTX3bt, Pensacola,dck i da, USA) % Musclefstemgth is measueck .
using a hand grip dynamometer. Cardiorespiratory fithess is assessed using a submaximal bike
protocol which includes heart rate monitoring, and a metabolic cart (VMAX Encore, Carefusion,
Unionville, Ontario, Canada) to measure oxygen consumption and CO2 output. Functional
wal king ability i s assessed using a 5 m gait ¢
history, frailty, low physical activity and cognitive impairment are assessedalidated

questionnaire&¥4°

3.4.17Sleep assessment

Sleep in TMPLR study participants is measured objectively using accelerometers
(Actigraph GTX3bt%) worn for a week and subjectively by questionnaire (Pittsburgh Sleep
Quality IndexX®). While there is a strong relationship between objective and subjective sleep
reports, TMPLR study is collecting both because discrepancies may provide important clinical
information reflecting early dysfunctigii:*®

3.4.18Dietary assessment

Studyparticipants complete the Canadian version of the BH@ich estimates the intake
of common food items and includes portion size and dietary supplement questions. This
guestionnaire is on a TELEform for scanning data entry and creation of the daRdiitespants
also complete the Mindful Eating Questionn¥ireo assess awareness of the physical and
emotional sensations associated with eating, and The -Facter Eating Questionnaffeto
assess dietary restraint, disinhibition and hunger in relaticeating. Participants also complete
three dietary recall surveys using the Automated-8afmi ni st ered 24 hours (
NCI, Rockville, Maryland, USA; http://asa24.¢djlietary assessment tool, a wadsed tool that
enables multiple, automasity coded, seka d mi ni st ered 24 hours recal
from March 2016 to February 2017 used the AS&&hada2014 edition; those enrolled after
February 2017 used the ASAZanada2016 edition. Both ASA2€anada2014 and ASA24

Canada?016 e the same nutrient databases.

73



3.4.19Early life experiences

Early life exposures spanning the critical time windows of fetal development, birth, infancy
and early childhood are documented in three ways: (1) through linkagadmitinistrative health
records (see Linkage to administrative health data section), (2) kepelt and (3) by maternal
report. Administrative health data will provide method of birth, gestational age, birth weight,
diagnosis codes for postdelivery hdapsation and postdelivery drug prescriptions. Mothers of
TMPLR study participants are asked to compl et
t he Nur s e s ¢%cdptarad keyhpreghanayd bjrth and postpartum events such as method
of birth; gestational age and birth weight; socioeconomic status at birth; maternmakgreancy
BMI and gestational weight gain; maternal smoking and diabetes during pregnancy; maternal
prenatal care; breastfeeding initiation, exclusivity and duration; strel&fuévents during
pregnancy and pogtartum; and severe illness requirihngspitalizationduring infancy or early
childhood. Early childhood socioeconomic statd$and stressful life ever®®* are also self
reported by TMPLR participants using theildhood Retrospective Circumstances Questionnaire,

adapted from the US Panel Study of Income Dynaffics.

3.4.20Data quality assurance and control

Methods of data collection (questionnaires, anthropometric assessment and clinical health
assessment) wergandardizedacross the urban and mobile TMPLR study sites. Training of
TMPLR study staff involved in data collection and data entry is regularly refreshed and all staff
handling participant data are trained in compliance with the Manitoba Personal Health Information
Act. All data will be entered in the secure digital platform. A TMPLR study data model has been
created to help inisualizingthe different types of data the digital platform will contammli{ne
supplementaryFigure 3.3)

3.4.21Linkage to administrative health data

At enrollment, TMPLR participants are asked to provide their personal health information
number (PHIN) and grant permission to link their study data with administrative health records
(including hospital discharge abstracts, physician lgiltfaims and prescription records). These
data are accessed through the Manitoba Centre for Health Policy (MCHP) Population Research

Data Reposito}? and linkage is achieved using the PHIN, following the standard procedures
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established by the MCHP artde Manitoba Health Information Privacy Committee. The data
linkage is used to capture retrospective information on early life as well as prospective information

on numerous health outcomes, including diagnosis of hypertension, T2D, CVD and CKD.

3.4.22Statistical analyses

Statistical analyses will be undertaken in consultation with biostatisticians from the George
and Fay Yee Centre for Healthcare Innovation at the University of Manitoba. Lifestyle factors will
primarily be used as explanatory variablegith chronic disease biomarkers or disease
presence/absence as outcomes, in multivariable regression models. Moderating or mediating
effects of genetics, gut microbiome, clinical characteristics, socioeconomic status and
environmental factors will be exgaled. The potential confounding effects of health status and
healthcare use on variable relationships will be examined using techniques such as propensity
score or instrumental variable modefs®

Techniques appropriate for higlimensional data will bedopted where needed. For
example, clustering of lifestyle risk factors will be examined using latent variable modelling
techniques (ie, latent class analysis). Dimension reduction techniques for omics data, such as
microbiome and genetic markers, will &eplied>®

The bioinformatics and statistical analyses of microbiome data will be performed as
described previousty and will be updated based on recommendations and technology
advancements between now and the point of processing of samples. Overallata@ommunity
structures, alpha diversity metrics and relative abundances of operational taxonomic units will be
tested for associations with lifestyle and health measures, with appropriate adjustment for multiple
comparisons.

Non-response bias or inalhyl to collect certain data may affect the validity of analyses for
survey data or biological measures, necessitating the use of multiple imputation methods if the
pattern of missing data is deemed to be ignor&dfer nonrignorable missing data, selamtiand
pattern mixture models will be examined in sensitivity anal§sBsie to the use of nerandom
sampling there is a risk of selection bias; survey weights and weighting of responses may be used
to address this bias. Standardisation or adjustmdmtitpees may be used to addressdpecimen

measurement error bi&s.
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Specialised methodological investigations will be conducted for: (1) psychometric
analyses of scales, including testing for differential item functioning and measurement
invariance®® % (2) development of chronic disease risk prediction md&iq3) techniques to
evaluate the quality of linked databases, including their accuracy, reliability and compféteness
and (4) robust statistical methods for the analysis of outcome meastiesornormal (eg,

skewed) distribution&>"°

3.4.23Patient and Public Involvement

Three focus groups, one for healthcare providers and two for general public, and a public
forum were held in the early design stages of this study to obtainfreputManitobans, on the
study design and recruitment strategies. A study advisory board was also formed, and meets on a
bi-annual basis. This advisory board includes healthcare providers, health researchers and
members of the public. The board providesuinpegarding study recruitment, progress and

conduct, and will also provide input and suggestions regarding the dissemination of study results.

3.4.24Provision of clinical results to participants

Individual results of the anthropomorphic measurementsydblpressure, pulse wave
velocity, augmentation index, body composition, bone density, full lipid profile, fasting blood
glucose, and renal and liver profile are to be provided to participants. Participants are referred to
their primary care providers fdurther management if their results are beyond clinical reference

ranges. Participants will not be provided their genetic and microbiome information.

3.4.25Ethics and dissemination

Explicit informed consent is obtained from each individual priopadicipation in the
study. Eligible participants are verbally informed by trained research personnel regarding the
nature and purpose of the study, given time to decide whether or not to participate, and have any
guestions or concerns answered prior tasemt and at any point throughout the study. All
participants are informed that they may withdraw from the study at any time without penalty and
are remunerated for the portion of the study that they have completed up to that point. The full
remunerationdr study participation is $100 Canadian dollars, provided as cash or as a gift card.

Data analysis, release of results and publication of initial manuscripts are scheduled for 2020.

76



Findings will be shared in peeeviewed journals, and at regional, natiband international
scientific conferences. Data and findings will also be presented to healthcare policymakers within
Manitoba, to develop preventive strategies that reduce chronic conditions with the intention of
reducing healthcare costs. Funding aggilons for future clinical follow in this study population
have been submitted starting in 2017.

Data analysis, release of results, and publication of initial manuscripts are scheduled for
2019. Findings will be shared in pe®viewed journals, and atg®nal, national, and international
scientific conferences. Data and findings will also be presented to healthcare policymakers within
Manitoba, to develop preventive strategies that reduce chronic conditions with the intention of
reducing healthcare costunding applications for future clinical follow in this study population

have been submitted starting in 2017

3.5 Discussion

TMPLR study has been uniquely designed to provide «esBonal, retrospective and
prospective observations that witiprove our understanding of how lifestyle factors interact with
each other and factors such as genetics and the gut microbiome to influence health and the risk of
obesity, T2D, CVD and CKD. The coordinated collection of lifesgg@aeenvironment
microbiaa-health data, including objective measurements such as DXA, activity monitoring,
stable isotopic tracer methodologies and direct measurement of physiological biomarkers;
combined with the ability to retrospectively assess and prospectively follow beétimes in
participants using administrative health records, represents an unprecedented opportunity to
collect data which can be used to improve chronic disease prevention and management.

Due to the voluntary nerandom recruitment of participants, theray be an under
representation of those with lower health awareness, financial means, access or time to participate.
Attempts to counteract this are implicit in the stratified recruitment design. Comparisons between
TMPLR study participants and general mtaban population demographics may allow
assessment of potential selection biases. A healthy volunteer effect may impact the ability to detect
weak associations between lifestyle and disease risk, but this may attenuate with longerdollow
using adminigative health data.

Given a projected sample size of 840 participants may be low for some of the research

guestions that will be investigated, therefore harmonisation and linking of data across multiple
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cohorts may be required. We will be looking to otsierdies which have undertaken overlapping
measurements in order to increase sample sizes. The Canadian Longitudinal Study éhtiAging,
Toronto Nutrigenomics and Healthand The LifeLines DEEP studies among others will be
approached regarding the potial of data harmonisation and cresplication. TMPLR study will

also be available to other researchers who are interested in collaboration or using the data for cross
replication.

In summary, TMPLR study will provide a unique platform of extensivdignomtyped
individuals that will be used to explore the interactions between lifestyle factors that associate with
the development of, or protection from, obesity, hypertension, T2D, CVD and CKD. The findings
from this research platform will subsequently bsed to develop and test preventive and
restorative lifestyle and health strategies with the aim of improving the health and reducing
healthcare costs at the individual and population levels.

3.6 Study status
Data collection started in March 2016. Adleé 15 August 2018, data collection is ongoing
and has passed 800 participants. Data collection is expected to end in December 2018.
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3.12 Supplementary material

TMPLR Data Model Linking key: TMPLR 1D #

Data Type Domain Source

Demographics {DM)

. Anthropometric (AN) l

Body Composition (BQ

Clinical Report Form

PHIN

Medical History {MH)

General Background (GB)

Lifestyle (LS)
[ ey N\
Early Life Exposures (EL) //

l‘___ Supplementary
Questionnaires
Accelerometers
Physical Activity (PA)
Fatty acid and Cholesterol
Metabolism (FC)
Energy and Satiety Hormones (ES)
Diabetes and Glucose Metabolism
{DG)
Liver Enzymes (LE) __:_Z' Blood Sample
) ‘l Kidney Function (KF) II
' ‘ immune Function (IF) ’ Urine Sample
Lipidomic Profile (LP)
Genetic Profile (GP)
Blomarkers of Gut Microbiota (GM) Stool Sample

Figure 3.3 TMPLR data model.
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3.130nline Supplementary Protocols

UNIVERSITY %
o TMPLR B

il

 oF MANITOBA kel
'\-3-" Simmimen ;}:ﬁfﬂ’
The Manitoba Personalized Lifestyle Research (TMPLR) Study

Urine Sample Collection Instructions

Please follow these instructions for urine collection. Research personnel will provide you with 2
urine collection cups labeled with time (night and day) and your TMPLR Study ID Number.

1. Check your study ID on the collection tubes. If the study ID is not correct, please corredt it
yourself, and inform a TMPLR dinical coordinator when you return the samples.

2. Collect urine before going to bed tonight in the cup labeled “night”. Please write down the date
and time of the sample was collected. Store the sample in the fridge in the Ziploc bag provided.

3. Cellect urine from the first time you pee after getting up in the morning, in the cup labeled “day".
Please write down the date and time of the sample was collected. Store your samples in the fridge
in the Ziploc bag provided.

4. Please bring the urine samples with you on your day 2 visit. TMPLR staff will collect the samples
from you when you arrive.

If you have any questions, please contact the study coordinator Jeann Buenafe at
tmplrtrial@ urmanitoba.ca or call 204-298-5483,

Thank you for your cooperation!

Version 4, May 317, 2017

Figure 3.4. Urine sample collection instructions.
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The Manitoba Personalized Lifestyle Research (TMPLR) Study

Stool Sample Collection Instructions
1. Freeze the ice packs provided by the study once you get home.

2. Check your study ID on the collection tubes (the two plastic tubes with blue cap). If the study ID
is not correct, please correct it yourself, and inform a TMPLR clinical coordinator when you return
the sample.

3. Empty your bladder. Flush toilet. Place the collection unit under the rear part of the toilet seat
with the round side peointing towards the back.

4. Have a bowel movement. Collect 2 samples, one in each plastic tube, from 3 different places of
the stool using the spoon attached to the cap of the collection tubes. Fill each sample tube about
one third of the tube with stool sample.

5. Close the tube tightly. Place each tube in a Ziploc bag provided. Write down the date and time of
the bowel movement on the bag. Discard the used collection unit.

6. Wrap the collection tubes with the frozen ice packs, and keep them in the paper bag provided.
Keep the collected sample in the freezer.

7. Return the stool samples wrapped with the frozen ice packs on day 2 of the measurements, or as
soon as you can. TMPLR staff will collect the sample from you in the paper bag when you arrive.

If you have any questions, feel free to contact the study coordinator Jeann Buenafe at
tmplrtrial@umanitoba.ca or call 204-298-5483.

Collection Unit Collection Tube with Spoon

Version 4, May 317, 2017

Figure 3.5. Stool sample collection instructions.
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The Manitoba Personalized Lifestyle Research (TMPLR) Study

Biospecimens collection

Blood samples will undergo analysis for numerous established and emerging health biomarkers, these include: total
cholesteral, LDL-C, HDL-C, triglycerides, glucose, AST, ALT, insulin, glucagon-like peptide-1(GLP-1), leptin, c-reactive
protein (CRP), fatty acids, HbAlc, T-regs, serum creatinine, blood urea nitrogen (BUN), non-cholesterol sterals,
adipokines, cytokines,vitamin C, fat soluble vitamins, and lipidomic and metabolomics profiling. Gut microbiota analysis
will be performed on stool samples. The assessment of gut microbiota is critical as increasing evidence suggests that
some of the health effects of physical activity, sleep, and nutrition may be exerted through or modified via the gut
microbiota. Participants’ DNA will be obtained to determine genetic variations associated with chronic condition risk
factors and telomere length measurement.

Urine Collection

Participants will be invited to collect urine from the time subsequent to going to bed (last void at bedtime not
collected), to the first morning void. Urine samples will be received on day 2 (see Urine Sample Collection Instructions).
Urine samples will undergo analysis for glucose, albumin, creatinine, melatonin, total protein and metabolomics
profiling.

Blood collection

Fasting blood samples will be collected on both days (Day 1 and Day 2); they will be identified by participants’ ID and
separated as indicated (Table 5). Participants should come in fasting state (at least for 12h) and shouldn't take any
alcoholic beverage for at least 48h before each visit. A total of 60 mL of blood will be obtained from participants
(Appendix 21). Blood will be drawn by a certified phlebotomist and/or a register nurse.

Stool collection
Participants will be asked to collect stool sample from a bowel movement. After this, they will take samples randomly

from 3 different places of the stool. Sample will be given to research personnel at the beginning of second appointment.

Research personnel will provide instruction to volunteers at the end of the first visit (see Stool Sample Collection
Instructions).

Figure 3.6. Biospecimen collection instructions.
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The Manitoba Personalized Lifestyle Research (TMPLR) Study

Urine collection processing and collection instructions

Steps

Processing instructions

1

Receive unne sample and store it dirctlyon 4 C

F]

Aliquot tubes should be labeled with participant 1D

3

Number of labels required:
7 — 2.0 mlurine labels (if a urine sample was received)

If & urine sample is received proceed as follows:
» Determine the volume of the wrine
« Poursomeurineg into a sterile container| to kesp)
«  Aliquot uineinto 2 <16 x 100 mm wbes and centrifuge

Aliquot as follows:
5 cryonials — 2,0 mi f vial (Seven Oaks) 2 cryovials —
2.0 ml /vial (McMillan)

Packaging of samples for transport:

These samples must not thaw and must arive frozen at the research lab

Pack a transport box with ice packs and the frozen samples Place the address labal on the box. Ask the courierto
retum the transport box,

Figure 3.7. Urine collection processingstructions.
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The Manitoba Personalized Lifestyle Research (TMPLR) Study
Blood sample processing and collection instructions
Sample Blood Tube Processing Aliquoting Analysis Day)|
collection volume instructions instructions
tube
Sarum Red/ 1x4mL |1 Invert 5 times 1. Aliguot serum into Insulin 1,2
SST tube 2. Room temp for 30 min cryovials' with brown® Lipid profile
3. Spinfor 10 min caps (0.5mL/tube) Glucose CRP
@ 1000 x g 2. Store at -B0°C GLP-1
Plasma CPT tube | 1xBmL [1. Inverttube 8- 10 1. Aliquot entire T-Regulatory cells® 1
(sodium times contents above the
heparin) 2. Spin for 30 min gel and transfer to
@ 1500- 1800 RCF 15 mL Falcon tube
3. Resuspend by 2. Add PBS (wio Ca++ or
inverting Mg++) to make 15 mL
4. After addition of 3. Store 1mL aliquots
PBS spin for 15 min in=T0°C using a
@ 300 RCF Cyro-1*Cimin
5. Aspirate off as much freezing container.
supernatant without
disturbing the pellet
6. Repeat wash in
10mL PES
7. Resuspend pelletin
ImL freezing
medium -10% DSMO
(Sigma), 20% FCS
(JRH Bicscience) in
RPMI1640 (Gibco)
Plasma Green top 1x4mL |1.Invert B imes 1. Aliquot plasma into C-reactive protein 1,2
heparin (lithium 2, 8pin cryovials with g:;«;m1
heparin) immediately for 10 min caps (0.5mL/tube)
@1300 x g 2. Store all fractions at -B0°C
3
RBC 1. Invert 8 imes 1. Aliquot REC into Fatty Acid Analysis 1,2
2. Spin immediately for 10 cryovials with red"
min @1300x g caps (0.5ml/tube)
2. Store all fractions at
-80°C
Whita 1. Invert 8 imes 1. Aliquot WBC (buffy | DNA extraction/ Telomere 1,2
blood 2. Spin immediately for 10 coat) in 1 (one) length
cells min @ 1300 x g Cryo.s™( RNase
Heparin and DNase free

Figure 3.8.Blood processing and collection instructions part 1.
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Plasma Purple 1% 10  [1Invert 8 timesSpin 1. Aliquot  plasma into Ascorbic acid 1,2
EDTA top (K2 mL immediate ly for 10 cryovials with Tallow‘
EDTA) min@1300 x g caps (1.0 mL/tube)
2. Add to 1 plasma aliquot
2.Aftor addition of {o.8M), 1 wvolume of
Methanol! EDTA, spin @ sample to 4 volumes of
16,000g for 10 min. 90%  methanoliwater/1
@1300x g mM EDTA
3. Place on dry ice for § min
4. Store all fractions at -80°C
Plasma 1Invert 8 times 2.5pin 1.Aliguot plasma in Leptin 1,2
EDTA immediately for 10 min cryovials with pur plae' Glucagon
@ 1300 x g caps (0.5ml/tuba) Oxidized phospholipids and
2.5tore all fractions at -80°C oxyliping
Plasma 1.Invert 8 times 2.Spin 1.Aliquot RBC into Non-cholesterol 1,2
EDTA immediately for 10 min leryovials with |::|L|r|::|la5 sterols
@ 1300 x g icaps (0.5mLAube)
2.5tore all fractions at -
|aoec
White 1Invert 8 times 2.5pin lAliquot WBC (buffy coat) in - DNA extraction/ 1,2
blood immediately for 10 min 1 (one) Cryo.s™( RNase and [Telomere length
cells @ 1300 x g DMNase free vials)*
EDTA
2.5tore at -80°C

Figure 3.9.Blood processing and collection instructions part 2.

87



3.13 References

10.

11.

12.

13.

14.

2016 Census profile Manitoba, Canad@®18, Statistic€anada: Ottawa.

Canadian Organ Replacement Register annual report: treatment of end stage organ failure
in Canada, 2001 to 2012013, Canadian Institute for Health Information (CIHI): Ottawa.
HEALTH CARE SPENDING IN MANITOBA 2012 TO 203715, Martioba Bureau of
Statistics Winnipeg Manitoba. p. 10.

Herman, W.H.,The Global Burden of Diabetes: An Overvjew Diabetes Mellitus in
Developing Countries and Underserved Communities Dagogelack, Editor. 2017,
Springer International Publishing: Cham 15.

Glassock, R.J., D.G. Warnock, and P. Delandy& global burden of chronic kidney
disease: estimates, variability and pitfaldature Reviews Nephrology, 201E3: p. 104.
Strong, K., et al.Preventing chronic disease: a priority for ¢glal health.International
Journal of Epidemiology, 20085(2): p. 492494.

Khera, A.V., et al.Genetic Risk, Adherence to a Healthy Lifestyle, and Coronary Disease.
N Engl J Med, 201637524): p. 23492358.

Schwingshackl, L., et alfood groups ad risk of allcause mortality: a systematic review
and metaanalysis of prospective studigsm J Clin Nutr, 20171056): p. 14621473.

Arem, H., et al.Leisure time physical activity and mortality: a detailed pooled analysis of
the doseesponse rdtionship.JAMA Intern Med, 20151756): p. 95967.

Xiao, Q., et al.Sleep duration and total and causpecific mortality in a large US cohort:
interrelationships with physical activity, sedentary behavior, and body mass AaeX.
Epidemiol, 2014180(10): p. 9971006.

Colley, R.C., et al.Physical activity of Canadian adults: accelerometer results from the
2007 to 2009 Canadian Health Measures SurtAmalth reports, 20122(1): p. #14.
Canadian Community Health Survey, Cycle ARtrition (2004) 2009, Health Canada
Publications: Ottawa.

Avilés-Santa, M.L., et al.Personalized medicine and Hispanic health: improving health
outcomes and reducing health disparitiea National Heart, Lung, and Blood Institute
workshop reportBMC Proceedings, 20171(Suppl 11): p. 11.

Bashiardes, S., et alllowards utilization of the human genome and microbiome for

personalized nutritionCurrent Opinion in Biotechnology, 2018L: p. 5763.

88



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Andersen, V., et al.A Proposal for a Stud on Treatment Selection and Lifestyle
Recommendations in Chronic Inflammatory Diseases: A Danish Multidisciplinary
Collaboration on Prognostic Factors and Personalised Medidwarients, 20179(5): p.
499.

Marchesi, J.R., et alThe gut microbiotaand host health: a new clinical frontieGut,
2016.65(2): p. 3309.

Conlon, M.A. and A.R. BirdThe impact of diet and lifestyle on gut microbiota and human
health.Nutrients, 20147(1): p. 1744.

Gillman, M.W., Developmental origins diealth and diseas&.he New England journal

of medicine, 2005353(17): p. 1848.

Raina, P.S., et alT,he Canadian Longitudinal Study on Aging (CLS2gnadian Journal
on Aging / La Revue canadienne du vieillissement, 2088): p. 221229.

Abdelmagid, S.A., et al.,Ethnicity, sex, FADS genetic variation, and hormonal
contraceptive use influence deba and delta6-desaturase indices and plasma
docosahexaenoic acid concentration in young Canadian adults: a-seasi®nal study.
Nutr Metab (Lond)2015.12: p. 14.

Tigchelaar, E.F., et alGohort profile: LifeLines DEEP, a prospective, general population
cohort study in the northern Netherlands: study design and baseline characteBMIts.
Open, 20155(8): p. e006772.

von Elm, E., et a] The Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) statement: guidelines for reporting observational stlidiés.
Epidemiol, 200861(4): p. 3449.

Fan, B., et al.National Health and Nutrition Examination Survelgale-body dualenergy
X-ray absorptiometry reference data for GE Lunar systan@in Densitom, 2014L7(3):

p. 34477.

Framson, C., et alDevelopment and Validation of the Mindful Eating Questionnaire.
Journal of the American Dietetic Associati@009.1098): p. 14391444,

Csizmadi, I., et al.Adaptation and evaluation of the National Cancer Institute's Diet
History Questionnaire and nutrient database for Canadian populatiBoblic Health
Nutr, 2007.10(1): p. 8896.

89



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Stunkard, A.J. an&. Messick,The threefactor eating questionnaire to measure dietary
restraint, disinhibition and hungedournal of Psychosomatic Research, 1286L): p. 71

83.

Saum, K.U., et al.Pevelopment and evaluation of a modification of the Fried frailty
criteria using populatiofindependent cutpoint§.Am Geriatr Soc, 20180(11): p. 2110

5.

Buysse, D.J., et alT he Pittsburgh Sleep Quality Index: a new instrument for psychiatric
practice and researctPsychiatry Res, 19828(2): p. 193213.

Nageddine, Z.S., et all,he Montreal Cognitive Assessment, MoCA: a brief screening tool
for mild cognitive impairmentl Am Geriatr Soc, 20053(4): p. 6959.

Sastry, N., P. Fomby, and K. McGonaglésing the Panel Study of Income Dynamics
(PSID) to Canduct Life Course Health Development Analysisiandbook of Life Course
Health DevelopmentN. Halfon, et al., Editors. 2018, Springer International Publishing:
Cham. p. 57%99.

Ergun, D.L., et al.Visceral Adipose Tissue Quantification Using LuRaodigy.Journal

of Clinical Densitometry, 2013.6(1): p. 7578.

Sarafidis, P.A., et alEvaluation of a novel brachial cuffased oscillometric method for
estimating central systolic pressure in hemodialysis patiémsJ Nephrol, 201440(3):

p. 24250.

Wang, Y., et al.High Molecular Weight Barley bet@lucan Alters Gut Microbiota
Toward Reduced Cardiovascular Disease Risknt Microbiol, 20167: p. 129.
Ramprasath, V.R., et alSupplementation of krill oil with high phospholiptmbntent
increases sum of EPA and DHA in erythrocytes compared with low phospholipid krill oil.
Lipids Health Dis, 201514 p. 142.

MacKay, D.S., et al.,Methodological considerations for the harmonization of -non
cholesterol sterol bi@analysis.J Chranatogr B Analyt Technol Biomed Life Sci, 2014.
957. p. 11622.

Li, H., et al.,Vitamin C in mouse and human red blood cells: An HPLC agsaglytical
biochemistry, 2012426(2): p. 109117.

90



37.

38.

39.

40.

41].

42.

43.

44,

45.

46.

47.

48.

Derakhshani, H., H.M. Tun, and E. KhafipoAn extendedingleindex multiplexed 16S
rRNA sequencing for microbial community analysis on MiSeq illumina platfdrBasic
Microbiol, 2016.56(3): p. 3216.

Jones, P.J., et alHuman cholesterol synthesis measurement using deuterated water.
Theoretical and prcedural considerationgrterioscler Thromb, 1993.3(2): p. 24753.
Leitch, C.A. and P.J. Jonedjeasurement of human lipogenesis using deuterium
incorporation.J Lipid Res, 199334(1): p. 15763.

Leitch, C.A. and P.J. Jonebjeasurement of trigceride synthesis in humans using
deuterium oxide and isotope ratio mass spectromint. Mass Spectrom, 19920(6):

p. 3926.

Trost, S.G., K.L. Mclver, and R.R. Pat€onducting accelerometdrased activity
assessments in fielthsed researctMed Sci Sports Exerc, 20087(11 Suppl): p. S531

43.

Prince, S.A., et al.A comparison of direct versus sed#fport measures for assessing
physical activity in adults: a systematic revidmt.J Behav Nutr Phys Act, 2008. p. 56.
Horne, D., et aJ.Impact of physical activity on depression after cardiac surgéan J
Cardiol, 201329(12): p. 1649%56.

Ell, K., et al.,Routine PH®@ depression screening in home health care: depression,
prevalence, clinical and treatment characteristics and esairgg implementatiortiome
Health Care Serv Q, 20084(4): p. £19.

Bergman, H., et al.Frailty: an emerging research and clinical paradigissues and
controversiesJ Gerontol A Biol Sci Med Sci, 20082(7): p. 7317.

Korsiak, J., et al.Sleep duration as a mediator between an alternating day and night shift
work schedule and metabolic syndrome among female hospital empldogees.Environ
Med, 2018.75(2): p. 132138.

Feige, B., et al..The microstructure of slgein primary insomnia: an overview and
extensionInt J Psychophysiol, 20189(2): p. 17180.

Williams, J.M., et al.Sleep Discrepancy, Sleep Complaint, and Poor Sleep Among Older
Adults.The Journals of Gerontology Series B: Psychological ScienceSacial Sciences,
2013.68(5): p. 712720.

91



49.

50.

51.

52.

53.

54.

55.

56.

S7.

58.

59.

60.

61.

Kirkpatrick, S.I., et al.Lessons from Studies to Evaluate an OnlineH2dir Recall for

Use with Children and Adults in Canaddutrients, 20179(2).

Bao, Y., et al.,Origin, Methods, and Evolution dfhe Thr ee Nurseso He
American Journal of Public Health, 201®69): p. 15731581.

Cohen, S., et alChildhood socioeconomic status and host resistance to infectious illness
in adulthood Psychosom Med, 20086(4): p. 5538.

Cohen, S., et alChildhood socioeconomic status, telomere length, and susceptibility to
upper respiratory infectiorBrain Behav Immun, 20134: p. 318.

Cristofaro, S.L., et al.Measuring trauma and stressful events in childhood and
adolescence aomg patients with firsepisode psychosis: initial factor structure,
reliability, and validity of the Trauma Experiences Checkisichiatry Res, 201210(2):

p. 61825.

Burgermeister, D.Childhood adversity: a review of measurement instrumeni$urs
Meas, 200715(3): p. 16376.

Roos, L.L., et al.From health research to social research: privacy, methods, approaches.
Soc Sci Med, 200&%6(1): p. 11729.

Feng, P., et alGeneralized propensity score for estimating the average treatiffieci ef
multiple treatmentsStat Med, 201231(7): p. 68197.

Little, R.J. and D.B. RubinCausal effects in clinical and epidemiological studies via
potential outcomes: concepts and analytical approachAasu Rev Public Health, 2000.

21 p. 12145.

Stukel, T.A., et al.Analysis of observational studies in the presence of treatment selection
bias: effects of invasive cardiac management on AMI survival using propensity score and
instrumental variable method$ama, 2007297(3): p. 27885.

Meng, C., et al.Dimension reduction techniques for the integrative analysis of-mmilits
data.Briefings in Bioinformatics, 2016L7(4): p. 628641.

Sterne, J.A.C., et aMultiple imputation for missing data in epidemiological and clinical
research potential and pitfallsBMJ, 2009.338

NRC, The Prevention and Treatment of Missing Data in Clinical Tyi@#®rinciples and

Methods of Sensitivity Analys&910, National Academies Press Washington DC.

92



62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Tworoger, S.S. and S.E. Hankinsodse of biomarkers in epidemiologic studies:
minimizing the influence of measurement error in the study design and an@kyscer
Causes & Control, 20086.7(7): p. 889899.

Cella, D. and C.H. Chand\ discussion of item response theory and its application
health status assessmekiied Care, 2000B8(9 Suppl): p. 116672.

Sawatzky, R., et al.l.atent variable mixture models: a promising approach for the
validation of patient reported outcomé3ual Life Res, 20121(4): p. 63750.

Teresi, J.Aand J.A. Fleishmamifferential item functioning and health assessméuial
Life Res, 200716 Suppl 1 p. 3342.

Harrell, F.E., Jr., K.L. Lee, and D.B. Markultivariable prognostic models: issues in
developing models, evaluating assumptions arebadcy, and measuring and reducing
errors. Stat Med, 199615(4): p. 36187.

Sajobi, T.T., et al Measures of relative importance for heattiated quality of lifeQual
Life Res, 201221(1): p. :11.

Lix, L.M., et al., Validity of the RAIMDS br ascertaining diabetes and comorbid
conditions in longterm care facility resident8 MC Health Serv Res, 20144: p. 17.

Lix, L.M., J. Algina, and H.J. Keselmamnalyzing Multivariate Repeated Measures
Designs: A Comparison of Two Approximate DBmxyg of Freedom Procedures.
Multivariate Behavioral Research, 2088(4): p. 403431.

Beaumont, J., et alApplication of Robust Statistical Methods for Sensitivity Analysis of
HealthrRelated Quality of Life Outcomeluality of Life Research, 20065(3): p. 349
356.

Schousboe, J.T., S.B. Tanner, and W.D. LeBladjnition of osteoporosis by bone density

criteria in men: effect of using female instead of male young reference data depends on

skeletal site and densitometer manufactudeClin Dengom, 2014.17(2): p. 3016.

Poggio, E.D., et alDemographic and clinical characteristics associated with glomerular
filtration rates in living kidney donor«idney International, 200¥5(10): p. 10791087.
Herbert, A., et al.Establishing reference values for central blood pressure and its
amplification in a general healthy population and according to cardiovascular risk factors.
Eur Heart J, 201485(44): p. 312233.

93



74. Cheng, Y.J., et al.Recent populadn changes in HbA(1c) and fasting insulin
concentrations among US adults with preserved glucose homeoBiabistologia, 2010.
53(9): p. 18963.

94



Bridge to Chapter 1V

The following chapter comprises a manuscapta protocol for aargeted nutrigenetic
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sought funding and ethical approval. James House contributed to the development of the study
protocol, ethical approval, and manuscript. Dylan MacKay designed the selection criteria of the
participants. All autors contributed to and made critical revisions to the final manuscript before

submission. All authors read and approved the final manuscript.
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4.1 Abstract

Background

Functional food ingredients am@tural health products have been demonstrated to reduce disease
risk and thereby help to lower health care costs across populations at risk for chronic or
degenerative diseases. However, typically a wide range of interindividual variability exists in
respnse across individuals to nutritional and natural health product bioactives, such as plant
sterols (PS). This study aims to determine and utilize information on the associations between
genosets and the degree of responsiveness to dietary PS interwgittian]ongterm objective

of developing genetic tests to predict responses to PS.

Methods

This clinical trial is designed as a doullend, placebo controlled, randomized tperiod
crossover study. Sixtfour eligible participants with the specific aiqri-determined single
nucleotide polymorphisms (SNPs) associated with a responsiveness to PS will consume PS or a
placebo treatment for twoweek periods. The PS treatment consists of two daily single portions
of margarine, each providing1 gPSdurinpe PS period (2.0 g/ day of
will be an identical margarine containing no added PS.-tensity lipoprotein cholesterol (LDL

C) responsiveness to the controlled administration of PS will be investigated as the primary
outcome, andhe associations between interindividual genoset variabilities and response to PS
consumption will be determined.

Discussion

This research will provide further insight into whether the associations between previously
identified SNPs and the response of -Blto PS consumption can be used in a predictive manner.

It will also provide insight into the complexities of undertaking a nutrigenetic trial with prospective
recruitment based on genotype.

Trial registration

ClinicalTrials.gov: Identifier: NCT0276551&egistered on 6 May 2016.
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4.2 Background

Elevated blood concentrations of low density lipoprotein cholesterol {CPls an
important risk factor for cardiovascular disease (CVD) [1]. Evidence suggests that the incidence
of coronary heart disease (CHI3)proportionally reduced by lowering the LBL [2] and that
CHD is the primary target when initiating lipldwering interventions in the current guidelines
[3]. LDL-C reduction strategies include diet and lifestyle changes, pharmaceutical therapies,
intestinal bypass surgery, and lipid apheresis [3].

Changes in dietary habits can play a critical role in the reduction ofCBancentrations;
for example, supplementation with functional food ingredients such as dietary fibers and plant
sterols (PS) has beelemonstrated to reduce LBL [4] and thereby help to lower healthcare costs
across populations with chronic or degenerative diseases [5]. However, a wide range of
interindividual variability in responsiveness to natural health product bioactives, sscluble
fiber and PS, has been reported [6]. Understanding this existing interindividual variability in
responsiveness is important for public health and for functional food manufacturers because it may
help them predict which individuals might or mighdtrreceive benefits from consuming a
particular functional food or natural health product.

A better understanding of the cause of such interindividual variability, especially the
impact of genetics, can help to inform individuals about optimal dosingegieat and can
contribute to the development of a method that can determine, before use of a product begins,
whether an individual will benefit from a particular bioactive. For instance, if an individual knows
that they are a neresponder to a bioactiveiey then may be able to choose other therapeutic
products or approaches.

A series of predictive response tests for nutritional bioactives based on genotype would
represent a genomickerived solution and would promote a better understanding of the wigke ran
of interindividual variability in responses to nutritional bioactives.

PS are a nutritional bioactive for which such a predictive test would be helpful. The clinical
efficacy of consuming added PS for lowering L0Lis demonstrated in the vast numbeclofical
studies, as summarized in several nratalyses [7,8,9]. The concept of a predictive
responsiveness test for PS supplementation is based on our research findings of previously
completed human nutrition intervention trials [10,11,12]. In a ren&rivention trial, the response

of LDL-C to PS consumption was associated with SNPs in cholesterol 7-hslgiaxylase
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(CYP7A1, rs3808607) and apolipoprotein E (ApoE, rs7412 and rs4293&8e (4.1 [13]. A key
discovery from these trials was that conations of these SNPs (known as genosets) were found

to interact with each other to form stronger associations with the magnitude e l®kering in
response to PS consumption than for each SNP alone. However, these associations were
established post hao a trial that selected for individuals with high or low cholesterol synthesis.

An a priori approach replicating these findings is required to provide evidence that these genosets
could indeed be used as a predictive responsiveness test.

Table 4.1.Single nucleotide polymorphisms (SNPs) for plant sterol responsiveness testing.

Gene Function of gene Association with plant sterol
SNP response
CYP7Al The ratelimiting enzyme in the T/ Tnomesponsi
rs3808607 synthesis of bile acid in the classic G/ Tr eesponsi
pathway. G/ Gr esponsi
APOE Apolipoprotein E is a glycoprotein U2#Unknown
Variant present in human plasma; ApoE is U3/=d&utr al
associated with triglyceridach U4#r esponsi
lipoproteins (chylomicrons and VLDLS
and HDL.

To the best of our knowledge, no clinical trial so far has investigated the associations
between certain SNPs and/or genosets and the degree of responsiveness to a dietary PS
intervention in an a priori fashion.

Therefore, the objective of thistudy is to determine and utilize information on the
associations between SNPs and the degree of responsiveness to dietary PS intervention, with the
long-term goal of developing a predictive responsiveness test.

Therefore, the primary specific hypothesfsthis study after these protocol amendments
are 1) the genoset formed from CYP7A1 rs3808607T/T and APOE E3/3 predict nonresponse, and
2) APOE isoform U4/1 and CYP7A1l rs3808607 G/1
consumption in a pattern thaflects the current gerilsomarker associations outlined Tiable
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4.1 For these hypotheses, response is being defined as a reduction in t#@ dddcentrations

due to plant sterol consumption.

4.3 Methods/Design
Study design

To formally validatewhether APOE isoform, which is formed by rs7412 and rs429358,
and CYP7A1 rs3808607 can predict responsiveness to PS consumption across the general
population, the present proposal is to carry out a dehibid, placebecontrolled, randomized
two-period cossover study to investigate the LIQL responsiveness to the controlled
administration of PS. The PS treatment will consist of two daily single portions of margarine,
providing 1 g each of PS during the @&nentperi od
will be an identical margarine, except it will not contain any added PS. Both the PS and placebo
margarine treatments will be coded by the industrial partner organization, Unilever, and provided
to the research group to maintain blinding of bothrésearchers and participants throughout the
clinical trial.

We have two original specific hypotheses. 1) APOE isoform and CYP7A1 rs3808607 will
independently predict the response to PS consumption in a pattern that reflects the current gene
biomarker assuations as outlined ifable 41 APOE U4/ 71 wi | | be more r
U3/ 03. The CYP7A1 rs3808607 G allele wi-dl pre
responsive fashion, with T/T predicting nonresponse. 2) The genosets formed lyatmm$ of
APOE isoform and CYP7A1 rs3808607 will follow the pattern as predictédhie 4.2
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Table 4.2.0riginal plant sterol trial genotype recruitment targets and predicted response.

APOE CYP7A1 Predicted Planned
response Recruitment
U2/ 1 T Nonresponder n= 8
U2/ 1 G/ 1 Responder n= 8
U3/ U3 T Non-responder n= 8
U3/ U3 T/G Responder n= 8
U3/ U3 GIG Responder n= 8
U4/ 1 T Responder n= 8
U4/ 1 T/G Responder n= 8
U4/ 1 GIG Responder n= 8

Because of the amount of time spent on recruitment and the difficulty in finding

participants who were eligible with rare combinations of genosets, the APOE 2 groups were

removed, and other groups were combined. To maintain the study power, we increasea th

the other groups as describedimble 4.3

Table 4.3.Amended plant sterol trial genotype recruitment targets and predicted response.

ApoE CYP7Al | Predicted response| Planned Recruitment
U3/ U3 TIT Nonresponder n=20

U3/ 03 G/ 1 Responder n= 22
U4/ 1 T/ 1 Responder n= 22

The trial will use a priori recruitment of 64 individual&aple 4.3 with the specific SNPs

associated

wi t h

responsi veness

t o

PS

at

a)

Functional Foods and NutraceutedRCFFN) and b) Seven Oaks General Hospital (SOGH) in

Winnipeg, Manitoba, Canada. The present trial will therefore select individuals from the general
population with specific SNPs and then test their responsiveness to PS consumption. These

responsivenessharacterizations will generate the required data to validate the géasset

classifications of responders and nonresponders.
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Each treat ment period will consist of 28

periods.Figure 4.1shows the schematic flow diagram of the trial protocol.

[ Enrollment ]

Eligibility assessment

Excluded if;
> » Not meeting the inclusion
criteria

9

Randomization sequence and Allocation

Period 1
Plant Sterol (28 days) Placebo
Day 0, 1, 28, &29 of period 1 & 2

*  Anthropometrics measurements
[ 28 Days Wash out ] s  Blood pressure

* Blood sampling
Period 2
Placebo (28 days) Plant Sterol

[ Analysis }

Figure 4.1.Schematic flow diagram of the trial protocol.

Participants will be requiretb attend breakfast at the RCFFN or Seven Oaks General
Hospital (SOGH) and consume a meal containing one daily portion of margarine under supervision
from Monday to Friday; the additional daily portion will be consumed with their evening meal.
Participans will be given their evening and weekend margarine portions to take home for
consumption. Participants will be provided diaries in which they are instructed to record when they
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ate the margarine in the evenings and on the weekends. During the weelpgastiwill be

required to return the empty margarine tubs on the following day to help monitor compliance, with
those margarine tubs used on Saturday and Sunday being returned on Monday. The return of the
empty tubs and the record of the consumption e dtudy diaries will be verified by clinical
coordinators using a compliance checklist. Additionally, serum noncholesterol sterols, including
sitosterol and campesterol, the two main PS in the margarine, will be measured to monitor
compliance. Partial supasion of treatment consumption in person and the monitoring of
unsupervised treatments by return of the empty container represent a compromise between
participant compliance and participant burden.

Missed treatment consumption and return of margaring with be recorded for each
participant. Noncompliance of a participant will be defined as 1) missing supervision, 2) failing to
return at least 80% of the total empty margarine tubs per treatment period, and 3) missing two
consecutive measurements or laampling days. Noncompliant participants will be asked to
leave the trial; however, they will be compensated on a prorated basis according to the duration of
their involvement in the trial. Participants were asked to maintain their typical diet andgbhysi
activity levels throughout the study.

Additionally, on a weekly basis, clinical coordinators will ask participants to report any
changes in diet, lifestyle (sleep), or physical activity, which may interfere with the results of the
trial and any otherdmlth outcomes or symptoms they may experience during the trial. Fasting
blood samples are collected from participants on 2 consecutive days at the beginning (Days 0 and
1) and at the end (Days 28 and 29) of each trial period as described abtbel.4
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Table 4.4.Schedule of enrollment, interventions, and assessments.

Study Period (weeks)

Visit #

Study week

Screening

1,2

3,4 4

0 (0
d)

5,6

7,8

week
4 (+5/-2

d)

wash

out

9 (+5/-2
d)

12 (45/-2
d)

Informed consent,
demographic
information,
inclusion/exclusion
criteria, and medical

history

Vital signs and
anthropometric
measures (body
weight, hip and waist
circumference, BMI,
blood pressure, arteri

stiffness)

Concomitant

medications

Genotyping of DNA
samples

Blood lipid profile
(TG, TC, LDL-C,
HDL-C) and glucose

Blood sterol and
sterol precursor

profile
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Gastrointestinal (Gl)
tolerability + + + +

guestionnaires

Treatment

Dispensation

Treatment
Accountability
(Participant + +
Consumption
Checklist)

Treatment
Checklists

Adverse Events + +

Study Termination +

Study participants

The participants (64 in total) will be recruited using various established methods, including
the use of flyers around the University of Manitoba and Seven Oaks General Hospital (SOGH),
newspaper advertisements, direct mail advertisements within the fGitynaipeg, and digital
advertisements at the Active Living Center of University of Manitoba, as well as SOGH social
media, websites and newsletter advertising among 6500 members of SOGH. An internal list of
previous volunteers who have expressed intémgsarticipating in other clinical studies will also
receive an advertisement. Participants will be initially screened for eligibility over the telephone
by the study coordinator if they respond to an advertisement. If eligible, potential participants will
be invited to the clinical research unit at the RCFFN or SOGH for an information session to
introduce the research staff and provide further information about the study. Those expressing
further interest will be invited to consent to and have a blood |samen to ensure they meet all
other trial criteria as listed below. Blood samples will be taken by RCFFN or SOGH phlebotomists
or registered nurses. Screening blood samples are analyzed for the following: fasting lipid profiles
including LDL-C, total clolesterol (TC), high density lipoprotein cholesterol (HB), and

triglyceride (TG) concentrations, as well as, glucose, serum creatinine, blood urea nitrogen (BUN),
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aspartate aminotransferase (AST), alanine aminotransferase (ALT), eglotarayl transferse

(GGT), serum total protein, and serum albumin; all will be measured using the automated
enzymatic methods on the Cobas 311 Analyzer (Roche Diagnostics GmbH, Mannheim, Germany)
or measured by Diagnostic Services Manitoba (DSM) according to their standercbls. DNA

will be extracted from the blood sample buffy coat using commercially available ctiasea

DNA extraction kits (DNeasy Blood and Tissue Kit, QIAGEN Sciences) according to the
manufactureros instruct i onhegenoimit BNAwD beassessed at i o0
by microvolume spectrophotometer (NanoDrop 2000, Thermo Fisher Scientific). DNA samples
will then be genotyped by TagMan SNP genotyping assays (CYWS38D8607, assay
identification (ID) C2749212120; APOE rs7412, asdayCP749212120; APOEs429358, assay

ID C308479320; Life Technologies) on a StepOnePlus -Rea PCR System (Applied
Biosystems; Life Technologies). Data from the screening blood sample will be used to screen

participants based on the predefined inclusiod exclusion criteria.

Inclusion criteria

Menandwomenaged18 0 vy ear s aOxdncentraiohsofi3BL 9 mmol / L wi
be recruited into the trial. Participants mus
A prospective recruitmentBeme based on genotype will recruit 2P individuals in each of the
three most common combinations, also called genosets, (outlinkabia 4.3. This approach
would leave a minimum sample size of 20 participants for each individual genotype. The
prospetive recruitment based on genosets of interest will require screeningiegf@0potential
participants. Such lengthy screening is required to find sufficient individuals who have the rarer
genosets and meet all the inclusion and exclusion criteria. iéaality, participants must be
willingto fastfor161 2 h before bl ood sampling, abstain
sampling, and abstain from coffee and physical
blood sampling. All participas must be able and willing to give informed consent to participate

in the trial prior to their inclusion.

Exclusion criteria
Participants wil|l be excluded i f they are

medications or nutritional supplements known to affect lipid metabolism (such as cholestyramine,
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colestipol, niacin, clofibrate, gemfibrozil, probucol, HMGA reducase inhibitors (statins),
methotrexate, higllose dietary fiber supplements, or plant sterols or stanols), or have any dietary
restrictions which would prevent them from consuming the trial treatments. Participants who have
a BMI > 40 k g/ anPartisipahtd must ot hawve sgipargdeweight gain or loss
greater than 3 kg in the past 3 mont hs. Par ti
including stroke; congestive heart failure; myocardial infarction; unstable angina pectoris;
coronary artery bypass graft; percutaneous transluminal coronary angioplasty; temporal ischemic
attacks; anemia; abnormal electrolytes; proteinuria; and abnormal liver, kidney, or thyroid
function. Participants will be excluded if they have clinically gigant biochemistry defined as:
LDL-C < 3.0 mmol /L or > 4.9 mmol /L, TC > 6.2 mn
TG > 4.52 mmol [/ L, AST > 100 U/ L, ALT > 100 U/
other clinically significant abnormailes in hematology and/or biochemistry.

Participants will be excluded if they have phytosterolemia, type 1 or type 2 diabetes, a
hi story of cancer or mal i gnancy in the | ast
disorder, or other clinicallyignificant disease/disorder that could interfere with the results of the
study or the safety of the participant. Participants will be excluded if they are smokers,
tobacco/snuff/nicotine users, recreational drug users, or if they consume more than ddcalcoh
beverages a week. Participants who are pregnant or plan to become pregnant during the trial period
will be excluded. Lactating women will also be excluded. Patients with unstable or serious illness,
for example, dementia, terminal illness, recent derment, or recent significant medical
diagnosis, will also be excluded. Employees of Unilever, Nutritional Fundamentals of Health
(NFH) and the research institutes conducting the research will not be allowed to participate in the

study.

Randomization

Eligible participants will be randomly allocated to two groups: the PS treatment group or
the placebo group for the first period, and then, participants will switch treatments for the second
period after the washout between periods. Randomization will belyoae assistant outside of
the research team using a block randomization method through sealed envelopes with stratification
by sex and genoset. Randomization in blocks of eight and four, each with equal numbers of

treatment orders will be used. This ko is being done to minimize imbalances in treatment
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orders within each genoset group or by sex. Administration of the intervention will be conducted

in a doubleblind manner. Single portion tubs of PS treatment and placebo margarine are being
created fothis study by Unilever and are being delivered to the research team in identical packages
labeled either A or B.

Remuneration

Study participants will receive up to a tot
study completion. This amount Whe divided into two portions. Participants will receive $200
after the completion of period 1 and another $200 after the completion of period 2. If a participant
withdraws early from the study, the participant will receive an appropriate proratedfiafcinds

amount.

4.4 Outcome measures
Primary outcome

Serum LDL-C concentration and its change in response to PS consumption is considered
the primary outcome of this trial. This outcome was chosen to measure plant sterol response in
terms oflowering of the LDL-C concentration between the placebo and plant sterol consumption
period. Blood samples (20 mL) will be collected on days 0, 1, 28, and 29 of the intervention period.
The serum lipid profile (TC, LDIC, HDL-C, and TG) will be measureding the Cobas 311
Analyzer (Roche Diagnostics GmbH, Mannheim, Germany). The average value for days 0 and 1

will be used as the baseline, and the average of days 28 and 29 will be the endpoint values.

Secondary outcomes

At baseline and at the end of theotimtervention periods, anthropometric measurements,
including body weight, BMI, hip and waist circumference, and blood pressure, will be taken. Blood
pressure will be measured in an office setting on. Days 0, 1, 28, and 29 of each treatment period.
Partic pant s wi | | be asked to rest 10 min prior 1
had rushed into the setting. This measurement will take place in a quiet room while the participant
is in a seated position, with the arm rested on an armresadtl@vel. Participants will be advised
to rest quietly throughout the measurements. Blood pressure measurement will be performed four

times at 2min intervals. Gastrointestinal tolerability questionnaires will be completed by the
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participants at the begiing and the end of each intervention period. Thgeld CVD risk score

will be calculated for each participant during each intervention period utilizing the ACC/AHA
Cholesterol Guideline risk calculator. Upon completing the trial, participants wilskedao
complete a questionnaire that asks them whether they think they know which treatment they
received during each treatment period. This information will be used to verify participant blinding.

Fasting serum glucose will be measured with the Coba#gali/zer (Roche Diagnostics
GmbH, Mannheim, Germany). Plasma samples will be used to quantify concentrations of blood
sterols and sterol precursors (noncholesterol sterols, NCS) according to a previously established
method [11]. Authenticated internal stiards will be added to plasma samples, which will then
be saponified with methanolic KOH solution. Sterols will then be extracted twice with petroleum
ether. Extracted sterols will be derivatized using a trimethylsilylation (TMS) procedure. The TMS
derivéized samples and sterol analysis will be carried out by gas chromatography with flame
ionization detection. Campesterol, sitosterol, campestanol, sitostanol, and cholestanol, as well as
lanosterol, desmosterol, and lathosterol will be measured.

Fractionalcholesterol synthesis will be measured by deuterium incorporation according to
previously established procedures [10, 13, 14]. Twéntyur hour s bef ore the el
period participants will be asked to consume deuterium water (D20) giveth atse of 0. 7 ¢
body water (estimated at 60% of total body weight). D20 is a stable isotopic tracer and poses no
radiation hazard and can be safely administered to human participants. D20 water will be
administered orally. A fasted blood sample will &lken at baseline and on day 28 prior to isotope
administration, in addition to the fasting samples taken on day 29. The change in deuterium
enrichment within red blood cell free cholesterol will be determined as an index of cholesterol

synthesis over day&8 and 29.

4.5 Sample size calculation and statistical analysis

The sample size, with a minimum of 20 participants for each individual genotype and n
= 12®for each individual genoset, is based on previous work performed by this research group
[13]. A power calculation was performed using PROC POWER SAS Institute (version 9.4) using
the paired means statement to model the AB/ B
b = 0.80); based on -Gnofavle r3adg emmoeld/ ubosdumetem |itni nLd

according to the metanalysis findings of Demonty et al. [8], the standard deviations in-CDL
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for placebo (0.67 mmol /L) and PS (0.7 mmol /L)
LDL-C values of 0.75, which was an estimate basedaaabhility in LDL-C concentrations over

time from MacKay et al. [11] and on a withpgersons correlation in cholesterol response to plant
sterols [15]. From this power calculation, we determined that 18 participants would be needed for
each genoset to detea response, in the form of a significant reduction in ¥Dfrom placebo to

plant sterol consumption period, in the group. Our objective was to test if each genoset would
respond, with the hypothesis that the CYP7A1 rs3808607T/T and APOE E3/3 gendglsieh@to

respond to plant sterol consumption with LGLlowering.

Given the crossover design, the study outcomes measures will be analyzedproaqoed
population where only participants who received both treatment and placebo are included. The
effectsof treatment, comparing the endpoint values of the treatment and placebo periods, will be
analyzed by the SAS MIXED procedure. Sequence and sex will be included in the model as fixed
factors, while participants will be included as a random and repeated f@enoset and treatment
by genoset will be included as fixed factors to assess the impact of the genoset on the treatment.
The impact of the individual genotypes will also be investigated individually. Significant
treatmerdby-genoset or treatmeiy-genotype effects will be examined by the SAS SLICE
function, with Bonferroni correction for the number of slices. Treatment effect sizes by genoset or
genotype, from significant interactions, will be compared by t test or ANOVA using the difference
in mixedmodel least squares means summary statistics for the treatment effect slices, with Tukey
Kramer adjustment for multiple comparisons [13].

4.6 Discussion

In a recent clinical trial by our group, the response of {Dto PS consumption was
associated with SNPs in cholesterol 7 alpldroxylase (CYP7A1, rs3808607) and
apolipoprotein E (ApoE, rs7412 and rs429358) [13]. This ongoing GenePP&ladinical tral is
investigating if this previous association identified between the SNPs and th€ ltBdponse to
PS consumption can be used in a predictive manner. Individuals with genosets that fail to reach
significant reductions in plasma LBC levels in responge PS consumption will be classified as
nonresponders, whereas those who do exhibit-{Dlowering will be classified as responders
(see predicted responseTliable 4.3. Individuals who are classified by the genosets as responders

could be advised to ceiler PSadded products for lowering their elevated blood total and
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especially LDl-cholesterol, while nomesponders could be either recommended to modify the
dose of PS or use other pharmaceutical or natural health products that may lower cholesterol
through other pathways. Very few studies in nutrigenetics and nutrition have yet to explore
recruitment of participants a priori based on genotype, let alone based on combinations of
genotypes (genosets). Previously, the impact of rs1801133, a variant in the
methylenetetrahydrofolate reductase (MTHFR) gene, on riboflavin supplementation and blood
pressure has been explored [16]. In that trial, Wilson et al. were able to use an available population
of 1427 patients with hypertension from which they were abledauit individuals based on
genotype. The strategy of recruiting directly from a previous genotyped population can be highly
recommend given the difficulty that the current trial has faced with de novo recruitment from the
general public. Recruitment ofgviously genotyped individuals may be the most suitable way a
priori nutrigenetic studies can be carried out in a suitable fashion, especially if the studies will be

recruiting based on genosets or polygenic risk scores [17].

4.7 Statements
Trial status

This trial is ongoing and has been recruiting since July 2016. The trial is expected to
continue until approximately June 2020. The current protocol number and date is version 5 and 20

July 2018, respectively.

Avalilability of data and materials
The deidentified datasets, that will be used and/or analyzed during the current study will

be available from the corresponding author on reasonable request.
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Chapter V
5.1 Abstract
Background
The consumption of 2 g/day plant sterols (PS) reduces circulatingldasity lipoprotein
cholesterol (LDLC) up to 10%. The degree of LBC lowering was associated with specific
APOE and CYP7AL genosets in previous post hoc analyses of randomized edrtiralk.
However, since pogioc analyses do not conform to the randomization model, there is a greater
potential that the findings may be due to confounding. warranting validation throwgjraoni
designed intervention trial.
Objective
The GenePredt Plant Sterol study (GPS) was designed to validate associations 6fCLDL
lowering with specific APOE and CYP7A1 genosets through a priori recruitment of individuals
carrying prespecified genosets.
Methods
A two center, doubkblind, placebecontrolled, randomized tweperiod crossover dietary
intervention with 2g/day of plant sterols was undertaken. A priori recruitment of individuals with
slightly elevated LDEC was based on genosets of APOE isoforms and CYP7A1 rs3808607.
Randomization was performed Wistratification by sex and genoset.
Results
The recruitment target of 64 participants with-ppecified genosets could not be reached, despite
the screening of 477 individuals; 42 participants completed the feeding trial. Reductions of total
cholesterol, LDLC, highdensity lipoprotein cholesterol, were similar across all genosets.
Suggesting the shortfall in recruitment may not have stopped the trial from meeting the objective.
Conclusions
APOE and CYP7AL genotypes did not influence the aéfycof LDL-C reductions upon dietary
intervention with PS. Findings of previous pbsic analyses could not be validated in a trial using
a priori genotype based recruitment. Obtaining adequate numbers of participants is challenging in
trials using genosdtased recruitment, even for common variants.
Trial Registration: Clinical Trials #NCT02765516
Funding: GenePredi®®S has received research funding from the University of Manitoba,

Mitacs, Unilever R&D, and Nutritional Fundamentals for Health.
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5.2Introdu ction

Decreasing hypercholesterolemia is the main target for primary and secondary prevention
of cardiovascular diseases. In dietary intervention trials, supplementation with esterified plant
sterols has repeatedly resulted in clinically relevant redwstion circulating lowdensity
lipoprotein cholesterol (LDC), which is recognized as a major risk biomarker for atherosclerotic
cardiovascular disea$g] Specifically, ingestion of 1:2g/d of esterified plant sterols reduces
circulating LDL-C up to 10%py reducing the intestinal cholesterol absorption, altered circulating
cholesterol distribution or enhanced bile acid synthej3,4,3 Therefore, functional claims have
been approved by governmentsdé instih@ahadad.ns i n
Moreover, plant sterol supplementation, as a component in a broader chclesterivig
strategy, is integrated into the guidelines of stakeholder societies such as the Canadian
Cardiovascular Society, Heart and Stroke Association, Americart Mesociation, and British
Heart Foundation. [6,7,8,20

It has been established that the efficacy of tOC r educti on by pl ant st
shows large and repeatable intadividual variability, pointing towards an intrinsic determinant
of response. [1] In posthoc analyses of two intervention trials variations in ©¥P7Aland
APOE genes, which are determinants of cholesterol absorption and distribution, consistently
associated with the efficacy of LDC reduction. [2,13] Specifically, the genoset constituted of
single nucleotide polymorphism (SNP33808607T/T homozygosity in combination with the
APOEU3 showed slightly -Cmwbie alacther dcombinatioeswshowadi ng |
reductions. Herein, thaPOEU 4  drns roaly attenuate the noesponse phenotype of the SNP
rs3808607T allele.

Therefore, it was hypothesized that these genosets would predict the response to plant
sterol interventionHowever, since recruitment in these trials was not based on gendtypes,
number of individuals in each genosets were unequal, armb#tboc comparisons were at risk
of confounding. To appropriately test the predictive associationsgdosthocfindings, the Gene
Predict Study (GPS) used arpriori genotype based rectoient to tests the hypothesis that the
genoset ofSNP rs3808607T/T-APOE U 3predicts norresponse tglant sterol consumption
(Table 5.1). [12] We here report on the primary outcome, reduction in circulating-CDas well

as the challenges necruiting individuals carrying specific genosets.
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Table 5.1. Genotype distribution among selected genasgtsori the clinical trial.

Genosets
Gene GPS1 GPS2 GPS3
APOE (s7412 rs429358 U3/ U3 U3/ U3 U4/ U4
T/G
T/G
CYP7A1 §s3808607 T/IT GIG
GIG
T/T
Predicted response Non-responder Responder Responder
GPS Group 1 2 3
Female 6 10 11
Male 2 6 7
Initial recruitment target 20 22 22
Final number recruited 8 16 18

Abbreviations: APOE = apolipoprotein E; CYP7A1 = cholesterdlFhydroxylase;
GPS= GenePredict study group.

5.3 Material and Methods
Study Design

A doubleblind, placebecontrolled, randomized twperiod crossover dietary intervention
trial with a priori recruitment based on genoset was desigheatl€ 5.1). Methodological details
of the GPS study have been published] Randomization was completdy an assistant external
to the research team using a block randomization method through sealed envelopes with
stratification by sex and genoset. Randomization occurred in blocks of eight and four with equal
numbers of treatment for each block to minienemy potential imbalances in the order of the
treatment within any grou@he primary outcome measure was L-BlLreduction associated with
specifics genosets. ThBPS study was registered on ClinicalTrial.gov #NCT0276591&
clinical trial ran from July5, 2017 to December 31, 2019. The original protocol outlined the
recruitment and grouping of eight different genosets WBOE( U 3 CYPFAKT/T) and
APOE( U 2 CYPJALT/T) genotypes predicted to be raFsponders, and the other genotypes
as respondsr Changes were made to the study design in response to the amount of time spent on

recruitment and the difficulty in recruiting participants who were eligible with rare combinations
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of genosets, genosets includildpOEU 2 wer e r emuliple smalle gannseéts were
collapsed into three genosets which still allowed the trials hypothesis to be tedie@hél
Bannatyne Campus Biomedical Research Ethics Board (BREB) in Winnipeg, Manitoba, Canada
has approved this study protocol (HS194B2016:011).

Study Population

Residents of Winnipeg, Manitoba, Canada and the surrounding area between the ages of
18 to 70 years old were screened and recruited to participate at Richardson Centre for Functional
Foods and Nutraceuticals or the Seveng@kneral Hospital. Individuals with circulating LDL
C between 3.0 to 4.9 mmol/L and glucose concentration <6.1 mmol/L and the genosets described
in Table5.1 were participating. Individuals with phytosterolemia, type 1 or type 2 diabetes, a
history of caeer, gastrointestinal diseases, or any other chronic disease were ineligible.

Intervention

The full protocol is published.f] Briefly, the GPS study consisted of two treatment
periods 28 days in length with a minimum of adz8/ washout period. Parfpants consumed their
regular diet and two daily portions of margarine, a serving with breakfast and dinner, containing 2
grams/day of plant sterols (PS) or placebo. The interventions for the trial were manufactured by
Unilever (Vlaardingen, Netherlands) caprovided to the researchers in blinded sisgeve
portions. The PS intervention contained 70% sitosterol, 14% campesterol, 8% sitostanol, 3%

brassicasterol and other minor plant sterols.

Blood sampling and analyses

Fasting blood samples were taken by a phlebotomist or registered nurse at the beginning
(Days 0 and 1) and end (Days 28 and 29) of each period. Genomic DNA was extracted from buffy
coat white bloods using a colurAmased DNA extraction kit (DNeasy Blood aifitssue Kit;
Ql AGEN Sciences) as per the manufacturerdés 1in
measured via spectrophotometer. (NanoDrop 2000; Thermo Fisher Scientific). Genotyping of
DNA samples was done with TagMan SNP genotyping assays (C¥B3808607, assay
identification (ID) C2749212120; APOE rs7412, assay ID C2749212120; ABMIO358, assay
ID C308479320; Life Technologies) on a StepOnePlus -Rea¢ PCR System (Applied
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Biosystems; Life Technologies). Blood cholesterol and sterols veeralyzed via gas
chromatography with flame ionization detectionS][Fasting serum glucose, total cholesterol,
LDL-C, HDL-C, and triglycerides were measured with the Cobas 311 Analyzer (Roche
Diagnostics GmbH, Mannheim, Germany).

Statistical Analysis

The effects of PS treatment comparing the endpoint values of treatment and placebo
periods were analyzed using the SAS MIXED procedure (Statistical Analysis Software, version
9.4). Sequence and sex were included in the model as fixed factors, while partiDipaas
included as a repeated factor. Genotype/genoset and tredityrgemotype/treatmesiiy-genoset
were individually included as fixed factors to assess the impact of genotype or genosets.
Significant treatmenby-genotype or treatmeitity-genoset eficts were examined by the SAS
SLICE function, with Tukey correction for the number of slices. Treatment effect sizes by
genotype or genoset, from significant treatrAgyrgenotypeor -genoset interactions, were
comparedusing t-test or ANOVA with the diffeeence in mixeemodel least squares means
summary statistics for the treatment effect slices, with Takgyst hocadjustment for multiple

comparisons. Statistical significance was set at p <0.05 in all analyses.

5.4Results
Recruitment and biomarkers at baseline

The study was terminated due to futility in recruitméralfle 5.1). 477 individuals were
screened and 42 participants between the ages of 23 to 68 years completed the trial
(supplementary Figure 5.4). Baselinecharacteristics are shown by sexigplementary Table
54) and by genosei@able 5.2). No participants reported any adverse effects of the treatments.
The planned numbers of individual recruited per genosets were n@ pagticipant in GPS1, 16
in GPS2and 18 in GPS3 were enrolled, this was below the target for each Jiathlp 5.1).
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Table 5.2. Baseline participant characteristics by genoset.

GPS1 GPS2 GPS3 P-value!

Sex balance F/M 6/2 10/6 11/7 NS
Age, years 58.00 +7.71 57.81 +10.26 5472 +13.64 NS
Body weight, kg 77.94 £20.88 79.54 +15.58 82.16 +21.69 NS
Body mass index,

28.19 +5.53 28.26 +4.91 29.04 +5.04 NS
kg/m2
Total cholesterol,

5.97 +0.69 6.14 +0.69 6.09 +0.67 NS
mmol/L
LDL-C, mmol/L 4.09 +0.62 4.10 +0.60 4.17 +0.58 NS
HDL-C, mmol/L 1.51 +0.28 1.45 +0.39 1.44 +0.31 NS
Triglycerides,

1.24 +0.40 1.73+1.01 1.52 +0.48 NS
mmol/L
Glucose, mmol/L 5.13 +0.67 5.17 +0.45 5.20 +0.53 NS
Cholestanol ratia 1.58 +0.34 1.73 +0.91 1.59 +0.36 NS
Campesterol rati& 1.73 +0.63 2.24 £2.77 1.44 +0.37 NS
Desmosterol ratié 0.65 +0.23 0.61 +0.21 0.62 +0.39 NS
Lathosterol ratié\ 1.68 +0.93 1.64 +0.73 1.97 +0.99 NS
Sitosterol ratié 1.78 +0.43 1.56 +0.82 1.05 +0.30 0.0011

1 All values are differences in estimated lesgiares means + SEMs. P values were derived by
using SAS MIXED model.

A mo | stanol per
Abbreviations: NS, not significant; GPSBPOE(B/(8 andCYP7ALT/T; GPS2 APOE(B/(B
andCYP7A1G/G and G/T; GPSAPOEW/% and CYP7AILT/T, G/G and G/T.

sterol or mmo | chol esterol

Circulating LDL -C and related lipids

As anticipated, when not stratified by genoset, the plant sterol intervention reduced
circulating LDL-C (-0.3012 mmol/l. p=0.0002), total cholestol (TC, -0.3788 mmol/L,
p=0.0001), and HDiC (-0.0587 mmol/L, p=0.0198) compared to the placetupplementary
Table 5.5). Lathostercto-c hol est e® o b 0T at & paOl04H8) ramdl sitosterbd-
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chol esterol ernali/onmm@@03) h@easkd consistent with plant sterol
consumption.

LDL-C reductions following plant sterol consumption compared to placebo were similar
across all genosetdgble 5.3) with reductions 0f-0.2979 +0.16,-0.3572 +0.1153-0.2934
+0.1087 mmol/L (p=0.0002) were measured for GPS1, GPS2, and GPS3, respé&itinsigtent
reductions infC were measured with reductions@f3552 +0.1734/0.3912 +0.1223, and®).4105
+0.1152 mmol/L (p<0.0001) for GPS1, GPS2, aRiS3, respectivehAdditionally, HDL-C and
triglyceride concentrations and parameters of cholesterol synthesis did not differ between genosets
(Table 5.3).

Moreover,uponplant sterol consumption, reductions of LiQland TC did not differ when
stratified ly CYP7A1rs3808607genotypes(supplementary Table 5.6 or APOE isoforms
(supplementary Table 5.7. The rs3808604/T had reductions 00.3572 +0.1396 andD.4070
+0.1485 mmol/L, in LDLC and TC, respectively. The rs380868G7T had reductions 6¢D.2869
+0.0882 and0.3779 +0.0938 mmol/L in LDIC and TC respectively. The rs38086B7G had
reductionsof -0.4505 +0.2410 and.4663 +0.2564 mmol/L, in LDIC and TC respectively. The
APOEU 3/ U3 dadmeductiprns 0.3376+0.0935 and).3793 +0.09907 mmol/L, for LDL
C and TC, respectively, whikPOEU 4 denotype had reductions-@ 2935 +0.1074 ai+0.4106
+0.1138mmol/L, for LDLC and TC, respectively.
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Table 5.3. Changes in blood lipids and naholesterol sterols after PS consumption by genoset.

Least squares means

P valuée
(Treatment i Placebo)
Treatment
GPS1 GPS2 GPS3 Treatment X
Genotype
LDL-C, -0.2979 -0.2934
-0.3572 +0.1153 0.0002 0.9126
mmol/L +0.1636 +0.1087
-0.3552 -0.4105
TC, mmol/L -0.3912 +0.1223 <0.0001 0.9650
+0.1734 +0.1152
HDL-C, -0.02284 -0.01611 -0.1056
0.0525 0.1677
mmol/L +0.05148 +0.03629 +0.03420
-0.05903 -0.09716
TG, mmol/L -0.1612 +0.1034 0.1312 0.8272
+0.1467 +0.09749
Cholestanol 0.03915 -0.00245 -0.06043
R 0.9016 0.8085
ratioA +0.1394 +0.09350 +0.08813
Campestero -0.00823 -0.02775 -0.02769
o 0.4193 0.9525
ratioA +0.05674 +0.03896 +0.03586
Desmostero -0.2432 0.6611
N 0.8782 +0.4511 0.1644 0.3741
ratioA +0.6644 +0.4252
Lathosterol 0.01103 -0.06883
R -0.2401+0.2093 0.4815 0.7480
ratioA +0.3059 +0.1919
Sitosterol 1.8445 0.3483
R 0.8334 +0.3235 <0.0001 0.0365
ratioA +0.4704 +0.2982

1 All values are differences in estimated lesgtiares meansSEMs.P values were derived by
using SAS MIXED model.

Ae mo |

sterol

or stanol

per

mmo |

chol esterol

Abbreviations: GPS1APOEB/’B andCYP7ALT/T; GPS2 APOE(B/'B andCYP7A1G/G
and G/T; GPS3APOEMW/U and CYP7AIT/T, G/G and G/T.
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5.5Discussion

The purpose of this study was to determine if the gena®@E( U 3 CYPIAL/
rs3808607T/T was predictive of nomesponsiveness of LDC loweing to PS. Despite the trial
not reaching the recruitment goals for each genoset, a reduction it ks observed across all
genosets, indicating that the genoset of GRSAIOE( U 3 CYPFA1Is3808607T/T) is likely
not predictive of nomresponse of ablesterol to PS. Therefore, this study does not support the
genotyping of rs7412, rs429358, or rs3808607 in advance of PS consumption to predict
responsiveness. §lIn agreement with many previous trials investigating PS and cholesterol, this
study foundan overall average decrease-0f3788 and-0.3012 mmol/L in TC and LDIC,
respectively, as well as increases in sitosterol and lathosterol to cholesterol ratios from the
consumption of 2 g/day of PS over a faueek period. [Z]

A recent analysis of a @vious genomavide association study (GWAS) added more novel
loci to the more than 380 existing lipid and cholesterol genetic associati8hgViille network
mapping and analysis like this provide invaluable insight into the big picture of genetics, there
seems to be an imbalance with respect to the necessary mechanistic studies that can further
explicate these associations. These genes have widespread physiological effects, which may not
be influenced by nutrient intake, so while GWAS can be used togjenariant candidates for
nutrigenetics studies, there may be variants that do have gene by nutrient interactions that are not
captured in GWAS because there is no nutritional intervention or deficit to amplify the signal of
that interaction.

Many of thenutrigenetic associations reported in the literature are from epidemiological
studies which often measure nutrient intake via dietary recall sowlsare not replicated, and
where there is replication in separate cohorts, very few are tested in cliilsdlLB] Severalof
thesegene by nutrient associations are assumed to be real and used to form the basis of genetic
based tests that are sold as genetic based diets. A 2008 paper found a positive association of
rs4148217 ilPABCG8with LDL-C reduction to consumption of PS, but #idw-up study found
no association.[4,20] That same 2008 study also found an association betweer(_f2isponse
and PS in rs2072183 ®dPC1L1 which was not observed IRCTs conducted ir2008 and
2016.[20,2122] Similarly, a positive association was foubdtween LDLC response and PS
consumption in rs5882 of cholesteryl ester transfer pro@&HTP and then no such association

was observed in a followp study.[2,23] The present study attempted to validate previous
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findings from clinical trials with thénypothesis that perhaps a combination of SNPs was the
predictive of LDL-C response to PS2Z]L However our hypothesis was not supported and that
previous association of rs38086010NP7Aland LDL-C response to plant sterols appears to have
been spuriousigen that the LDEC response across all genosets was proportionally of the same
magnitude.

Designing nutrigenetic experiments in a way that results in only finding associations has
led to an altoo-common common pattern in nutrigenetic research of fodstatistical
associations and then not observing those findings in repeated experiments, or vice versa. Studies
like this do not help to clarify the unknowns of human genetics. While our present study did not
find any association with LDIC response and3consumptionpDe CastreOroés et al. did include
some mechanistic binding and expression experiments to demonstrate an increased expression of
CYP7AL1 which at least indicates some possible mechanism to explain the association despite the
inconsistent findigs of association previous and subsequent studis. [1

An emphasis on greater collaboration between mechanistic and association researchers is
of paramount importance if this pattern of finding associations that fail to replicate is to end. Many
proposed nutrient by gene associations have been reported, it would be advisable for future studies
to begin investigating these associations mechanistically as well as trying to replicate them in
clinical trials, rather than continuing to publish datagasging new nutrient by gene associations

that may just be spurious statistical associations.

5.6 Strengths and Limitations

The primary limitation of this study was the failure to reach the recruitment for each
genoset in the study. These recruitmentassesulted in a lower power than originally planned,
S0 any genetic associations found within should be interpreted with this shortcoming in mind.
Despite this issue with recruitment, the study was able to show a reduction4@ irbéach group
in respomse to PS consumption, the lack of power would have biased towards not seeing a reduction
in LDL-C relative to the control. Recruitment from an existing database of willing participants
whose relevant genetic profiles are known would significantly expdditee nutrigenomic
studies with a similar design. Dietary intake of fat or fibre was not controlled for, nor measured at
baseline or throughout the study and could have influenced the changes in Upids\&ver,

one of the benefits of a crossover desis participants act as their own control and often have
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consistent lifestyles. B} The basal cholesterol metabolism and synthesis of participants was not
evaluated in participantspriori as part of the inclusion criteria.gjLlCholesterol synthesigvVels

may be a predictor of cholesterol lowering in response to PS consumption. Study strengths include
thea priori genetic recruitment and grouping of participants as well as the thorough design of the
study, specifically the crossver design, block ratomization, and adherence monitoring during

consumption of the PS treatment.

5.7 Conclusiors

In consensus with previous studies, consumption of 2 g/day of PS was observed to
significantly reduce blood cholesterol concentrations, regardless of genotypes investigated. The
APOE( U 3{YPFAL(T/T) genoset was not predictive of nmesponse of cholésrol to PS
consumption, reductions in cholesterol were still observed, regardless of genoset. This suggests
that most people may achieve a reduction in cholesterol from the consumption of 2 grams of PS
per day, and that genotyping in advance of PS consompnay be unnecessary. Future
nutrigenomic studies should seek to adopttipeiori recruitment strategy used in this study as it
is far more robust to prepecify a genetic association to be tested. Unrestricted exploration of
potential genetic assotians after a study has been completed has the potential to lead to p

hacking and/or selective reporting of results, which increases of the risk of spurious findings.
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5.9 Supplenental tables and figures
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Figure 5.1. GenePrediePS Trial Flow chart.
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Table 5.4. Baseline participant characteristics by sex.

Total Males Females
P-valuet
(n=42) (n=15) (n=27)
Age, years 56.52 +11.33 54.47 £14.23 57.67 £9.46 NS
Body weight, kg 80.35 +£19.0 02.24 +13.34 73.75 £18.62 0.001
Body mass
. 28.58 +4.98 29.49 +3.26 28.08 +5.71 NS
index, kg/nt
Total
cholesterol, 6.09 +0.67 5.96 +0.82 6.16 +0.57 NS
mmol/L
LDL-C, mmol/L 4.13 +0.58 4.12 +0.66 4.13 +0.55 NS
HDL-C, mmol/L 1.46 +0.33 1.31+0.27 1.55 +0.34 0.033
Triglycerides,
1.55 +0.73 1.59 +0.93 1.52 +0.60 NS
mmol/L
Glucose,
5.17 +0.52 5.22 +0.48 5.15 +0.55 NS

mmol/L
ALT, mmol/L 26.71 +£11.9 30.03 +15.99 24.86 +8.70 NS
AST, mmol/L 26.41 +6.35 28.37 £7.90 25.33+5.15 NS
Cholestanol NS

o 1.64 +0.62 1.78 +0.95 1.56 +0.31
ratioA
Campesterol NS

o 1.80 +1.75 2.31 +2.83 1.52 +0.54
ratioA
Desmosterol

R 0.62 +0.29 0.80 +0.38 0.52 +0.18 0.0021
ratioA
Lathosterol

o 1.79 +£0.88 2.09 £1.09 1.64 +0.73 NS
ratioA
Sitosterol ratié 1.38+0.64 1.30 +0.42 1.31 +0.51 NS

1 P values were calculated byt&st between males vs. females. Values are mean + SD.

Ac mo | sterol or stanol per mmol chol esterol
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Table 5.5. Changes in blood lipids and naholesterol sterols after R&nsumption for all

participants (n=42).

Least squares mears Change
(mmoliL) P value
Treatment Placebo Treatment
LDL-C, mmol/L 3.9754 +0.09531 4.2766 +0.09531 -0.3012 0.0002
TC, mmol/L 5.8353 +0.1168| 6.2141 +0.1168 -0.3788 <0.0001
HDL-C, mmol/L 1.4573 +0.05259 1.5160 +0.05259 -0.0587 0.0198
TG, mmol/L 1.3879 +0.09563| 1.5060 +0.09563 -0.1181 0.082
Cholestanol ratia 1.5287 +0.06414] 1.5252 +0.06325 0.0035 0.9532
Campesterol ratid | 0.6103 +0.02729 0.6380 +0.02648 -0.0277 0.2733
Desmosterol ratid | 2.3711 +0.2265| 1.7634 +0.2219 0.6077 0.0468
Lathosterol ratié 2.2728 £0.2313| 2.4226 +0.2281 -0.1498 0.2746
Sitosterol ratié 2.4735 +0.2074| 1.5912 +0.1997 0.8823 0.0003

1 All values are differences in estimated lesgiares mearisSEMs.

2 P values were derived by using SAS MIXED model

Ae mo |

ster ol

or

stanol

per

mmo |

chol esterol
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Table 5.6. Changes in blood lipids and naholesterol sterols after R®nsumption by

rs3808607 variant.
Least squares mearls
(Treatment i Placebo) P value?
rs3808607
Treatment
TIT GIT G/IG
Treatment X
(n=27) (n=11) (n=4)
Genotype
LDL-C, -0.3572 -0.2869 -0.4505
0.0007 0.7850
mmol/L +0.1396 +0.0882 +0.2410
-0.4070 -0.3779 -0.4663
TC, mmol/L 0.0003 0.9451
+0.1485 +0.0938 +0.2564
HDL-C, -0.07144 -0.05635 -0.00426
0.1835 0.7570
mmol/L +0.0459 +0.02899 +0.07924
-0.05026 -0.1491 -0.03847
TG, mmol/L 0.3777 0.7590
+0.1255 +0.07925 +0.2166
Cholestanol 0.000155 -0.08405
R 0.4245 +0.1814 0.1370 0.0423
ratioA +0.1086 +0.06634
Campestero -0.02256 -0.02317 -0.06487
o 0.3023 0.9009
ratioA +0.04759 +0.02906 +0.08851
Desmostero
o 0.1366 +0.5615 0.6193 £0.3458 1.6352 +0.9456 0.0476 0.3862
ratioA
Lathosterol -0.06485 -0.1763
o 0.2297 +0.4818 0.9842 0.7108
ratioA +0.2566 +0.1559
Sitosterol
oA 1.1192 +0.4285 0.6692 +0.2628 0.8719 +0.7898 <0.0080 0.6722
rati

1 All values are differences in estimated lesgiares meanisSEMs.

2 P values were derived by using SAS MIXED model.

Ae mo |

sterol

or

stanol

per

mmo |

chol esterol

Abbreviations: GPS1 APOEB/B andCYP7ALT/T; GPS2 APOE(B/(B andCYP7A1G/G
and G/T; GPS3APOEW/M and CYP7AIT/T, G/G and G/T.
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Table 5.7. Changes in blood lipids and neholesterol sterols after PS consumptior’AROE

variant.
Least squares mearls
(Treatment 1 Placebo) P value?
APOE
U3/ U3 U4/ Treatment x
Treatment
(n=24) (n=18) Genotype
LDL-C,
-0.3376+0.0935 -0.2935 +0.1074 <0.0001 0.7572
mmol/L
TC, mmol/L| -0.3793 £0.09907| -0.4106 +0.1138 <0.0001 0.8361
HDL-C,
-0.01833 £0.0294| -0.1056 +0.03377 0.0089 0.0575
mmol/L
TG, mmol/L| -0.1274 +0.08415| -0.09735 +0.09665 0.0887 0.8147
Cholestanol
o 0.01163 +0.07687| -0.06053 +0.08704 0.6776 0.5362
ratioA
Campestero
o -0.02141 +0.03176 -0.02772 +0.03540 0.3097 0.8950
ratioA
Desmostero
o 0.5299 +0.3766 0.6618 +0.4281 0.0441 0.8176
ratioA
Lathosterol
o -0.1622 +0.1716 | -0.06898+0.1904 0.3743 0.7176
ratioA
Sitosterol
oA 1.1516 +£0.2740 0.3475 +0.3061 0.0008 0.0572
rati

1 All values are differences in estimated lesgtiares meansSEMs.

2 P values were derived by using SAS MIXED model.

Ae mo |

sterol

or

stanol

per

mmo |

chol esterol

Abbreviations: GPS1APOEB/’B andCYP7ALT/T; GPS2 APOE(B/'B andCYP7A1G/G
and G/T; GPS3APOEW/M and CYP7AILT/T, G/G and G/T.
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Chapter VI
Overall conclusiors
6.1 Summary and implications

The results presented withiiis thesishave implications for the precision nutrition
industry and nutrigenetic researchdrse chapter on the nutrigenetics of AA in human health and
disease detailed the numeroustgtive genetic associations between AA status and various
diseaseas well agsnany SNPs in AA transporters that have been demonstrated to affect circulating
AA concentrations.

The findingdrom the PS clinical triadetailed above should help inform pdiahprecision
nutrition consumers who are interested in managing their-Cind are considering having their
genotype(s) determinad advance of utilizing functional foods enriched with plant sterols (PS)
therapeutically. Purveyors of precision nutmitioroducts should find the information within useful
when considering which genetic variants they ought to be utilizing in the development of their
algorithms and subsequent products. Finally, nutrigenetic researchers should find the contents of
this thess of use when it comes to the design and implementation of nutrigenetic studies,
considerations to make, and pitfalls to avdidere needs to be caution when relying on data from
observational studies when it comes to translating that data into rebgpothesesand dietary
recommendations as the nutrigenetic effect of a nutrient may not be prehent intervention

When it comes to the consumption of PS as a way to manageCl. e data from the
GPS study does not indicate tl@tnsumption of PS needs be genetically targetedfor an

individual.

6.2 Limitations and future directions

A limitation of the GPS study was the failure to meet our estimated recruitment targets.
However, a consistent and significant effect was medsuith respect to PS consumption on C
LDL-C reduction across all genosets, genotypes, and for both sexes. This indicates that the effect
of this failure was likelynegligible, but this still deserves to be acknowledged. One solution to
remedy the recruitnrmé challenges of the GPS study would be to establish a database of
participants who have either been genotyped or sequenceatantterested in participating in
trials, this was the goal of the planned TMPLR coh&dtablishing such a database would

streamline the recruitment process and result in fewer resources being expended on the screening
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stages of a study. While selection bias in participants is a legitimate concern, the more efficient
utilization of study resources would doubly allow for largerdyg sizes, more thorough dietary
observation, and numerous other possibilities.

A potential limitation was that GPS study was not a controlled full feeding trial, so there
remains the possibility that other nutrients such as fibre could have affeetedttomeWhile
participants were required to consume their first dose of PS in front of a research assistant, there
were no other dietary controls or restrictions in place. Dietary fiber is known to reduc€ DL
and while the effect is small, with anexage reduction of 0.13 mmol/L of LBC per 3 grams of
soluble fiber, it could still be of consequence proportionally given the average reduction of 0.3012
mmol/L in LDL-C observed in the GPS study.[The consistent response in the reduction of LDL
cholegerol across all genoset groups suggests tthatwas of little consequence to the final
outcomesHowever, aarger sample size might help smooth out any differences thahavay
beenattributable tahe consumptiorof fiber or any other nutrients

A fixed shortcoming ohighly specificgenetic research projects like GPS study is that
researchers are limited to selecting a few SNPs to investifgtanding the number of genotypes
and genoset combinatiomequires significantly largesample sizesThereremainsnumerous
other SNPs and combinations thereof that may have an effect orRCLBdsponse to PS
consumption. Along with the SNPs mentioned abouecant study in children (n=26) found a
positive response in LDIC to PS consumption in participgarwith genetic variants in the hepatic
triglyceride lipase (LIPC) rs1800588 (C514T) and the transcription factor peroxisome prokferator
activated receptor alpha (PPAR) r s1800206 (L162V) genes, so t
genetic associationsahrequire further testing.[A]lhe simplest solutigrrelatively speakingior
this issue is to utilize more comprehensive genomic sequencing technologies or microarrays which
in terms of dollars arbecoming more affordable for research with cestkin the high hundreds
or low thousandsf dollarsand if ethical, to build a database of participants with whose genetics
are known[3] While the SNPs investigated in GPS study did not predict the response of LDL
cholesterol to PS, future research projects should consider incorporating these technologies into
their methodologs in order to more comprehensively test putative predictiveoasmtions

between nutrients and biomarkersothierhealth outcomes.
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6.3 Final conclusions

The intricacies of nutrigenetic research are still being-timed, however, there are
numerous promising technological advancements that are available avelopinent that should
assist in the execution and improvement of nutrigenetic studies. Through a robust, comprehensive,
and critical assessment of nutrigenetic associations and methodologies, researchers can design
stringent studies that lead to reliabled hopefully consistent conclusions. Relying on potentially
spurious associations will only further obfuscate the literature as the reasoning for selecting those
variants are often not welbunded when critically analyzeBespite the GPS trial not observing
a predictive response of LDL cholesterol to PS consumption, clinical trialsavgtiori genetic

recruitment should m@®methe standard for future nutrigenetic studies.
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license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license their denvative works

on different terms, provided the enginal work is properly cited, appropriate credit is given, any changes made indicated, and the
use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.
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Appendix 2: : Bannatyne Research Ethics Board approval letters

Appendix 2.1 Bannatyne Research Ethics Boar@pproval letter for study in chapter Il

- P126-770 Bannityne Avenue
.. ¢ Winnipeg, Manitoba
!,ﬂ Canada, RIE QW3
e ‘elephone : 204-789- 1255
UNIVE RSITY fax: 204-789-3414

e MANITOBA  Research Ethics - Bannatyne
Office of the Vice-President {Research and Internaticnal)
HEALTH RESEARCH ETHICS BOARD (H REB)

CERTIFICATE OF FINAL APPROVAL FOR NEW STUDIES
Full Board Review

" PRINCIPAL INVESTIGATOR: | INSTITUTION/DEPARTMENT: ETHICS #: i
i Dr. Peter Jones U of M and RCFFN/Food Sciences H818951 (H2015;367)
i HREB MEETING DATE: | APPROVAI DATE- EXPIRY DATE:

December 14, 2015 ! January 5, 2016 December 14, 2016

l STUDENT PRINCIPAL INVESTIGATOR SUPERVISOR (If applicable):

PROTOCOL NUMBER: , PROJECT OR PROTOCOL TITLE: }
A The Manitoba Personalized Lifestyle Research (TMPLR) Program

N
SPONSORING AGENCIES AND/OR COORDINATING GROUPS:
Research Manitoba

l Submission Date(s) of Investigator Documents: REB Receipt Date(s) of Documents: ) Co ]
September 8, November 16 and December 18, 2015 September 8, November 16 and December 21, 2015 :

THE FOLLOWING ARE APPROVED FOR USE:

Varsion{if Date l

Document Nama
- applicable)
Protocol:
TMPLR Program Protocol V.2 October 20, 2015
ent a ent Formis):
Research Participant Information and Consent Form V.3 December 18, 2015
Research Participant information and Consent Form - Additional Research Participant Informalion and V.2 December 18, 2015
Conseant Form for Genetic Analysis and Long Term Storage of Samples for Future Analysis (Baoth Optional)
Research Participant Infarmation and Consent Form {Parents or Mother) v.2z November 18, 2015
Other:
Pre-Screening Form (Telephone Scresning) V.1 August 18, 2015
Par Results P; V.2 November 10, 2015
Diet History Questionnairg submitted November
16. 2015

ASA24 Updated January 24, 2014
Questionnaire Appandices V.1 August 11, 2015
Advertisement V.1 August 7, 2015

V.1 September 3, 2015

Data Collection Forms

CERTIFICATION :
The University of Manitaba (UM) Health Research Board {HREB) has reviewed the research study/project named on this -

Certificate of Final Approval at the full board meefing date noted above and was found to be acceptable on ethical
grounds for research involving human participants. The study/project and documents listed above was granted final

approval by the Chair or Acting Chair, UM HREB,

HREB ATTESTATION
‘he University of Manitoba (UM) Health Research Board {HREB) is organized and operates according to Health

Canada/ICH Good Clinical Practices, Tri-Councit Policy Statement 2, and the applicable laws and regulations of Manitoba.

1-

nrmanitaha s s feannnesls
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In respect to clinlcal irials, the HREB complies with the membership requirements for Research Ethics Boards defined in
Divisian 5 of the Food and Drug Regulatiens of Canada and comies out it8 functions in a manners consistant with Good
Clinkcal Praclicas.

QUALITY ASSURANCE

Tha University of Maniicba Research Cuality Managaement Office may requaest 1o raview research documentatien from
\his ressarch studyfproject to demanstrata compliance with this approved protocol and iha University of Manitoba Policy
on tha Ethics of Resaarch Invalving Humans.

-

COMDITIONS OF APPROVAL:
1, The sludy is occoplable on sclentific and ethical grounds for the elhice of human use only. For logistics of
performing the study, approval must be sought from tha relevant Inailtutionys).
This research studylprojact is to be conductad by the lecal principal inwastigator listed on this cerificate of approval.
The principal invastigator has tha responsibility for any other administrative or regulatory approvals that may peanain 1o
the research studyproject, and for ensufing that the aulhorized resaarch is carried out acconding to governang law.
his ppproval ls valld entil the explry date n an this cartificats of approval. A Bannatyns Campus Annual
Study Status Report must be submitied to the REB within 15-30 days of this expiry date.
Any changes of the protocol (including recruitment proceduras, atc.), informed consent form(s) or docwments muat be
reporied to the HREB for consideralion in advance of implementation of swch changes on the Bannatyne Campus
Reosearch Amendment Form.
6. Adverse events and unanticipsted problems must be ropored to the REB as per Bannatyna Campus Research
Boards Standand Operaling procedures.
7. The UM HREB must ba notied regarding discontinuation or studyiproject closure on the Bannatyne Campus Final
Study Status Report.

ooa WM

Chasr, Hoalth Ressarch Ethics Beard
Bannatyna Campus

Floase guobs the abovs Human Ethics B all eorfaspond
inguiries. should b di A b L FRED & w Telaphone: [204) T09-3255 Fan: [204) THE-3414
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Appendix 2.2 Bannatyne Research Ethics Board approval lettestudy in chapter IV and V

UNIVERSITY |
af MANITOBRA

P126-770 Bannatyne Avenue

Winnipeg. Manitoba
Canada, B3E W3
Telephone : 204-789-3155
Fax: 204-789-34 14

Research Ethics - Bannatyne
Office of the Vice-President (Research and International)

BIOMEDICAL RESEARCH ETHICS BOARD (BREB)
CERTIFICATE OF FINAL APPROVAL FOR NEW STUDIES

Full Board Review

PRINCIPAL INVESTIGATOR: INSTITUTIOM/DEF ARTMENT: ETHICS #:

Dr. James House U of MiAgricutbural and Food HE19441 (B2016:011)
Seiences™uman Mutritienal Sclences

EBEREB MEETING DATE: APPROVAL DATE: EXPIRY DATE:

February 22, 2016 April 12, 20416 | February 22, 2017

STUDENT PRINCIPAL INVESTIGATOR SUPERVISOR (If applicabla):

PROTOCOL NUMBER:
MCO0009

PROJECT OR PROTOCOL TITLE:
MCO0000 Genetic Basls for Prediction of Nen-Responders to Distary Plant Steral
Intervantion (GenePredict-PS)

SPONSORING AGENCIES Al
Mitacs Ino.

NDVOR COORDINATING GROUPS:

[ Submission Date(s) of Investigator Documents: REB Receipt Date(s) of Documents:

|_danuary 28 and Apnl 11, 2016

February 1 and April 11, 2016

THE FOLLOWING ARE APPROVED FOR USE:

Document Mams Varsion{if Date

ap
Profocol L Al 11, 2018
Claficatons &5 per Leder recetved April 11, 2018
Con and H
Research Participant Information and Consant Form V.2 Al 1, 2016
Additicral Research Partidpant Indarmation and Consent Form lar Ganetics Analysis and Reguest for Long .2 Agril 11, 2018
Term Storage of Samples for Future Resaarch
Dther;
Paster 1 V.2 Agil 11, 2018
Paaler 2 w2 Agil 11, 2018
Teleghone Saneaning Fom W2 Agril 11, 216
Panicipant GConsumglion List V.2 Al 11, 2046
Participant Diary V.1 Apil 11, 2018
Sereaning Leg w1 Apil 11, 2016
Case Raporl Form ] Annl 11, FE

CERTIFICATION

The University of Manitoba (UM) Biomedical Research Board (BREB) has reviewed the research study/project named on
this Certificate of Final Approval at the full board meeting date noted above and was found to be acceptable on ethical

grounds for research imolving

human participants, The studyproject and documants listed above was granted final

approval by the Chair or Acting Chair, UM BREB,
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BREB ATTESTATION

The University of Manitoba {UM) Biomedical Researeh Board [EREB) is organized and operates according to Health
Canada/lCH Good Clinical Practicas, Tri-Council Faolicy Statement 2, and the applicabls laws and regulations of Manioba,
In respect 1o clinical trials, the BREB comgplios with the membership requiremants for Research Ethics Boards defined in

Division § of the Food and Drug Regulations of Canada and camies gut its functions in a manner consistent with Good
Clinical Practices,

QUALITY ASSLURANCE

Tha University of Manitoba Research Cuality Menagement Office may reques! lo review research documentation from
this rezaarch sludylproject 1o demonstrate compliance with this approved protocol and the University of Manitoba Paolicy
on tha Ethica of Research Invelving Humans.

ONDITIONS OF APPROVAL:
. The study is acceptable on scientific and ethical grounds for the ethics of human vse only. For logistics of
performing the study, approval must be sought from the relevant institution{s),

2. This research studyiprojact ia to be conductsd by the local principal investigator listed on this cartificats of appronval.

3. The principal investigalor has the respansibility for any other adminisiralive o ragulatory approvals that may pertain to
the research studwproject, and for ensuring that the authorized research is carriad oul according o geverning law,

4. This approval is valig yntil the expiry date noted on this cerificate of approval. A Bannatyne Campus Annual
Study Status Report must ba submilted to the REB within 15-30 days of this expiry date,

5. Any changes of the prolocol {including recruitment procedures, ete.), informed conaent farmis) or documants must be
roparted to the BREB for considerstion in advance af implementation of such changes on tha Bannatyne Campus

Research Amendment Form.

B Adverse evenls and unanticipated proBlems must be reparied fo the REB as per Bannalyne Campus Research
Boards Standard Cperating procadures,

7. The UM BREE must be notified regarding discontinuation or study/preject closure on the Bannatyne Campius Final
Study Status Report.

1

indsay Micolla, MO, FRCPC
Chair, Biomedical Research Ethics Board
Bannatyne Campus

.-

Please quede the above Human Ethics Bumber on all comespandence.
Inquires should be directed fo the REE Secredary Talephone: [204) TES-3256/ Fau: (204) TEO-1414
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Appendix 3: Study forms
Appendix 3.1: Study forms for Chapters IlI
Advertisements

TMPLR.ca ’GTMPLRP Richardson Centre for | E UNIVERSITY

Functional Foods and Nutraceuticals o« MANITOBA.

Researchers at the University of Manitoba are
looking for volunteers for a research study
examining health in Manitoba.

We are looking at the interaction between
diet, physical activity, sleep and their
association with chronic diseases.

PARTICIPANTS NEEDED!

If you are between 30-46 YEARS OF AGE,
you may be able to join our study.

For detailed information please

contact us:
TMPLRtrial@umanitoba.ca
t: 204 480.1042 / 204 298.5483
www.TMPLR.ca
% @TMPLRp
Dr. Peter Jones & Dr. Meghan Azad
Program Directors

NCWRNINESS ) st e 55 ® Gt
M—lhk—ﬁ&ﬂnﬂﬁ ................ mﬁrme "m mun.vt;;:::;:;lnoll;r:
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Participant consentforms

General consent form

Room 106

196 Innovation Dirive
Winnipeg, Manitoba
Canada R3T 2N2
'l‘t'k'ph-.lm.' (204) 474-8883

UNIVERSITY ‘ Richardson Centre for Fax (204) 474-7552
ofF MANITOBA F'u_'['lctlo 1'1(1]_ P’DDd 5a l"ld peter_jones@umanitoba.ca
Nutraceuticals

RESEARCH PARTICIPANT INFORMATION AND CONSENT FORM

“The Manitoba Personalized Lifestyle Research (TMPLR) study”

Principal Investigator: Dr. Peter Jones, University of Manitoba

Co-Investigator:

Dr. Megan Azad University of Manitoba
Dr. Peter Eck University of Manitoba
Dr. Eshan Khafipour  University of Manitoba
Dr. Lisa Lix University of Manitoba

Dr. Naveep Tangri University of Manitoba/ Seven Oaks Hospital
Dr. Semone Myrie University of Manitoba

Dr. Amir Ravandi University of Manitoba/St. Boniface Hospital
Dr. Sharon Bruce University of Manitoba

Dr. Jared Carlberg University of Manitoba

Dr. Diana McMillan University of Manitoba

Dr. Heather Blewett  St. Boniface Hospital/l CCARM

Dr. Todd Duhamel University of Manitoba

Sponsor:  Research Manitoba, 205-445 Ellice Ave., Winnipeg, Manitoba, R3B 3P5

You are being asked to participate in a research study. Please take your time to review
this consent form and discuss any questions you may have with the study staff. You
may take your time to make your decision about participating in this study and you may
discuss it with your friends, family or (if applicable) your doctor before you make your
decision. This consent form may contain words that you do not understand. Please ask
Version 8, June 13th , 2017

Participant Initials:
lof 13
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The Manitocba Personalized Lifestyle Research (TMPLR) study

the study staff to explain any words or information that you do not cleary understand.

Purpose of Study

Chronic disease is a growing concern among Canadians. In fact, three out of five
Canadians over the age of 20 have already developed at least one chronic disease and
four out of five are at risk. Research has begun to focus on ways to reduce chronic
disease prevalence by approaching it from a variety of different health disciplines. The
Manitoba Personalized Lifestyle Research (TMPLR) Program is being conducted to
investigate the interaction between lifestyle, genetics, and gut microbiota and their
association with additional risk factors for chronic conditions prevalent in Manitobans.
Chronic conditions of interest include obesity, type 2 diabetes, metabolic syndrome,
cardiovascular disease and kidney disease. Blood samples will undergo analysis for
numerous established and emerging health biomarkers (total cholesterol, high density
lipoprotein cholesterol (HDL-C), triglycerides, glucose, aspartate aminotransferase
(AST), alanine aminotransferase (ALT), insulin, Gastric inhibitory polypeptide (GIP),
leptin, adiponectin, c-reactive protein (CRP), fatty acids, hemoglobin Alc (HbA1c),
regulatory T-cells (t-regs), creatinine, blood urea nitrogen (BUN), non-cholesterol
sterols, adipokines, cytokines,vitamin C, fat soluble vitamins, and lipidomic and
metabolomics profiling). This study will include men and women aged 3046, stratified

by Body Mass Index (BMI) and geography.

Study procedures

Pre-screening

A telephone interview will be performed by research personnel. In this small interview
you will be asked about your age, height, weight, ethnicity and residing area. Also, if you
are pregnant or lactating, you will be unable to participate in this study.

Study visits

After the telephone screening, if qualified, we will ask you to come to the Richardson
Centre for Functional Foods and Mutraceuticals at the University of Manitoba to sign a
consent form, then come fasted (12 hours) on two consecutive days to undergo
measurements.

Version &, June 13th , 2017

Participant Initials:
2of13
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The Manitocba Personalized Lifestyle Research (TMPLR) study

Measurements

Measurements in the study will be done over 2-days and will take place at the RCFFN
or TMPLR's mobile research unit. You will then be asked to wear a physical activity
monitor for 7 days. Appointments for measurements will last approximately 2 hours
each day. Pror to amiving, you will be asked to fast (not eat) 10 to 12 hours before each
appointment. No alcoholic beverages are to be consumed within 48 hours prior to blood
draws during the study and no caffeinated beverages are to be consumed within 12
hours pror to blood draws during the study's first2 days. Anthropometric
measurements, weight, height, waist and hip circumference, will be taken after blood
draw.

During your first visit, we will request your Personal Health Identification Number (PHIN)
to link your information with administrative health records (including hospital discharge
abstract, physician billing claims, and prescription record). In order to explore early life
exposures we will link your data with matemal pregnancy data such as maternal
nutrition, smoking in pregnancy, birth weight and breastfeeding. Additionally, with your
PHIN we will be able to link to your administrative health records data in the future to
determine if any of the measurements we collect in the study are associated with future
health outcomes. Also, we will ask for your authorization to contact your mother. This
will allow us to investigate the independent and combined effects of early-life exposures
and identify early-life factors, adult lifestyle, genetics and gut microbiome on disease

risk

Day 1

On day 1, study coordinator will interview you on medical history and general health.
We will measure your body weight, hip and waist circumference; take your blood
pressure in conjunction with pulse wave analysis (PWA) to assess the health of your
blood vessels using Mobil-O-Graph. This will only require you to wear a blood pressure
cuff, which measures blood pressure at the same time as determining your blood vessel
elasticity. This will be taken in triplicate. Following this, approximately, 30 ml (3
tablespoons) of fasting blood sample will be required. Following this, you will be
required to consume a small amount of deuterated water, tagged water, (about 2-3

Version 8, June 13th , 2017
Participant Initials:
Jofl13
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The Manitcba Personalized Lifestyle Research (TMPLR) study

tablespoons). The movement of this tagged water within your body over a 24 period will
permit assessment of the change in fatty acid and cholesterol metabolism. The amount
of tagged water that is being given is non-radicactive, non-toxic, and do not pose any
health risk to you.

You will have the option to come later in the day to complete tests after the blood
sample and consumption of deuterated water. The dual energy x-ray absorptiometry
(DXA) scan may actually be scheduled within the next 2 weeks if you cannot be
scanned today.

After station one and two are completed, we will measure your body composition and
bone density using a procedure called dual energy x-ray absomtiometry (DXA). For this
procedure, you will need to lie in a horzontal position for about 5-15 minutes while the
scan arm 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 is approximately 400 times less than the exposure for a dental bitewing x-ray.
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 have not undergone barium tests/exams, or a nuclear medicine scan or injection
with an x-ray dye within two weeks prior to your DXA scans. If you are female and are
not post-menopausal, you will be asked to take a pregnancy test prior to beginning the
study. Subsequently, you will be asked to complete on site a General Health
questionnaire with the research personnel. At the end of your appointment, the research
personnel will provide a sheet of instructions regarding stool and urine collection. You
will be required to bring those samples on your second appointment. Also, you will be
given a unique identification code, to log on into the TMPLR secure online portal to
answer physical activity, depression, exhaustion and unintentional weight loss
questionnaires or these questionnaires will be provided to you on paper to fill out and

return.

Version &, June 13th , 2017
Participant Initials:
4of13
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The Manitoba Personalized Lifestyle Research (TMPLR) study

I Day 1 Estimated time (min)
Consent process 20
1 Anthropometric Measurements 5
PWAPWY and blood pressure 10
2 Fasting blood samples 10
Crral administration of deuterium 5
Participants will have the option of coming later on day 1 to complete tests
Snack will be provided
DXA 20
Questionnaires including General 30
Haalth Questionnaire
Fecal and uring sample kits (bring 0
the next day)

Total time 105

Day 2
On your second day of measurements, stool and urine that you collected will be taken

by the study staff. The urne samples will undergo analysis for glucose, albumin,
creatinine, melatonin, total protein and metabolomics profiling. Your stool sample will be
used to analyze your gut microbiota, which is the complex community of bacterial
species that live in your digestive tract. Your blood pressure and blood vessels health
will be assessed by Mobil-O-Graph, for a second time. This will be taken in triplicate.
Following this, approximately 30 ml (3 tablespoons) of fasting blood sample will be
required. After this, the Sub-maximal cardiorespiratory fitness test will be performed in
the physical activity station. You will be asked to wear a small spirometer while riding a
stationary bike. This test will measure the volume of oxygen that is being consumed
during the exercise.

Subsequently, you will go to the physical activity assessment station. Physical activity
will be assed with three components: Modified Fried Criteria, questionnaires and an
Actigraph (activity monitor). “Modified Fried Criteria”, will look into walking speed (5m
gait speed), strength (grip strength), and unintentional weight loss, questionnaires will
assess depression, cognitive function and level of physical activity. The 5m gait speed,
grip strength (muscular strength), and Montreal Cognitive Assessment will be completed

Version 8, June 13th ., 2017
Participant Initials:
Sof 13
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The Manitoba Personalized Lifestyle Research (TMPLR) study

onsite. The other questionnaires will be completed online.

At the end of your second appointment you will be asked to wear an activity monitor
around the waist. These small devices are about the size of a wrist watch and can be
wom on a belt or with special belts that are made for the monitors. These devices
measure movement and ambient light, and this data will be used to measure 24 hour
physical activity, energy expenditures, and sleep/wake measurements. You will be
asked to wear the activity monitor for 7 days. After this period of time you will bring it
back to the RCFFN. Once you bring the accelerometer back, the data stored on the
devices will be downloaded and saved under code, and the data on the device will be
deleted.

Station | Day 2 | Estimated time (min)

Participant will give urine and fecal sample to coordinator

1 PWAPWY and blood pressure (Mobil-0-Graph) 15
Fasting blood samples 10
Physical capacity (Assassing Frailty using the Modified Fried 10
Criteria)
Sub-maximal cardiorespiratory fitness test (YMCA submaximal 30
cycle ergomater)
Snack can be provided after physical test

Questionnaires (frail scale, obesity history, mindful eating

quest, three factor eating questionnaire, Pittsburgh sleep 30
quality index)

Instructions for activity monitor 5
Total time 100

Risks and Discomforts

As with any trial, there may be as yet unknown or unforeseen risk of taking part. Some
known risks, although rare, are associated with placing needle into the 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 our research personnel will
be available at 204-480-1042.

Version &, June 13th , 2017
Participant Initials:
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The Manitcba Personalized Lifestyle Research (TMPLR) study

Benefits

There may or may not be direct benefit to you from participating in this study. We hope
the information learned from this study will benefit Manitobans in prevention of obesity,
type 2 diabetes, metabolic syndrome, cardiovascular disease and kidney diseases. In
addition, the research team will provide you with your information from the tests
performed such as the DXA scan, Mobil-O-Graph, physical activity test (Sub-maximal
cardiorespiratory fitness test), and muscular strength (hand grip) at the end of the 2™
day. Subsequent test results, from the blood—-samples will be provided to you as the
analyses are completed, this may take over a year for certain analyses.

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.

Payment for participation
You will receive up to a maximum of $100.00 at completion of this study for your time.

This amount will be provided after day 7, once activity monitor is handed in and

questionnaires completed.

Alternatives

You are not obligated to participate in this study. The study coordinators and principal
investigator will answer any questions you have about the experimental group of this
study.

Version &, June 13th , 2017
Participant Initials:
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The Manitoba Personalized Lifestyle Research (TMPLR) study

Confidentiality

Study 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. The Health
Research Ethics Board at the University of Manitoba and the Saint Boniface Hospital
may also review your research-related records for quality assurance purposes. If any of
your medical/research records need to be copied to any of the above, your name and all
identifying information will be removed. Study samples will be stored in a locked freezer
at the RCFFN, some samples will be shipped to other specialized laboratories
elsewhere in Canada. Only the study staffs and the principal investigator will have
access to the samples. Your samples will not be used for any additional analyses, nor
stored for any longer than 10 years after the completion of this study (March 2029), and
samples will not be shared with any other group, other than is indicated in the protocol,
without your prior specific consent, unless you give consent for longer term storage of
samples. All physical records will be kept in a locked secure area and only those
persons identified will have access to these records. All records will be coded, your
identification linking you to your code will be kept separately from any other records,
also in a secure locked area. TMPLR study data that is entered via our secure anline
portal travels through servers located at FunctionFour Ltd. (141 Bannatyne Ave #101,
Winnipeg, MB R3B 0R3), before being saved in a server located at the RCFFN. During
the process of tuming our paper record into a digital format, TMPLR study data will also
leave the RCFFN and travel through servers located at FunctionFour Ltd., during this
time any identifying information, such as name or address or PHIN will be encrypted, or
scrambled, so that it cannot be identified without the use of a unencrypting key which
will be kept at the RCFFN. If you consent to providing your PHIN, the digital TMPLR
study data, which will be coded, will leave the RCFFN, via a password protected
encrypted digital storage device, to be linked with administrative data at the Manitoba
Center for Health Policy (MCHP). At the MCHP TMPLR data will stay on secure server
for a period of 7 years and then will be destroyed in a secure fashion in accordance with
MCHP policy. Due to the experimental nature of many of the planned analyses, it will
not be possible to inform you, or your own doctors, of all the results of any tests,

Version 8, June 13th , 2017
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including genetics tests on your samples. No information revealing any personal
information such as your name, address or telephone number will leave Richardson
Centre for Functional Foods and Nutraceuticals except in an encrypted format as
outlined above.

Voluntary Participation/Withdrawal from the Study
Your decision to take part in this study is voluntary. You may refuse to participate or you

may withdraw from the study at any time. If the study staff feels that it is in your best
interest to withdraw you from the study, they will remove you without your consent. We
will tell you about any new information that may affect your health, welfare, or

willingness to stay in this study.

Version &, June 13th , 2017
Participant Initials:
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Medical Care for Injury Related to the Study
In the event of an injury that occurs to you as a direct result of participating in this study,

or undergoing study procedures you should immediately notify the research personnel.
You are not waiving any of your legal rights by signing this consent form or releasing the
investigator or the sponsor from their legal and professional responsibilities.

Questions
You are free to ask any questions that you may have about your rights as a research
subject. If any questions come up during or after the study or if you have a research-
related injury, contact the study staff.

Investigator. Dr. Peter Jones Tel No. 204 474 5787

Coordinator; Dr. Dylan Mackay Tel No. 204 782 8124

For gquestions about your rights as a research subject, you may contact:

The Health Research Ethics Board, University of Manitoba at 204 789 3388

Do not sign this consent form unless you have a chance to ask questions and have
received satisfactory answers to all of your questions.

Statement of Consent

| have read this consent form. | have had the opportunity to discuss this research study
with Dr. Peter Jones and or his study staff. | have had my questions answered by them
in language | understand. The risks and benefits have been explained to me. | believe
that | have not been unduly influenced by any study team member to participate in the
research study by any statements or implied statements. Any relationship (such as
employer, supervisor or family member) | may have with the study team has not
affected my decision to participate. | understand that | will be given a copy of this
consent form after signing it. | understand that my participation in this study is voluntary
and that | may choose to withdraw at any time. | freely agree to participate in this
research study. | understand that information regarding my personal identity will be
kept confidential, but that confidentiality is not guaranteed. | authorize the inspection of
any of my records that relate to this study by The Health Research Ethics Board at the
Version 8, June 13th, 2017
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University of Manitoba and St. Boniface Hos pital for quality assurance purposes.
By signing this consent form, | have not waived any of the legal rights that | have as a

participant in a research study.

Consent

1. | have read and understood this Information and Consent Form, and | freely and
voluntarily agree to take part in the clinical trial (research study) descrbed above.

2. | understand that | 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 to my satisfaction.

3. | agree to cooperate fully with the study staff and will let them know if | experience
any injuries during the study.

4. | am free to withdraw from the study at any time, and for any reason.

5. | have been assured that my name, address and telephone number will be kept
confidential to the extent permitted by applicable laws and/or regulations.

6. By signing and dating this document, | am aware that none of my legal rights are
being waived.

| confirm that | have explained the purpose, duration and process of this study, as well
as any potential risks and benefits, to the subject whose name and signature appears
above. | confirm that | believe that the subject has understood and has knowingly given
their consent to participate by his/her personally dated signature.

Mothers contact

Optional

| agree that my mother will be contacted by TMPLR research teamto ‘Yes ' No
take part in the retrospective study section of this study

Version 8, June 13th , 2017
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PHIN number access

Optional
| agree to provide my Personal Health Identification Number (PHIN) for

retrospective and prospective study section of the TMPLR program

Future Contact

Optional
| would like to be contacted after completing my sessions and required
questionnaires about potential follow up participation opportunities

I would like to be contacted about updates on the TMPLR program as
well as its overall findings

Please send me notifications by:

' Email to the following account

' Yes

' Yes

Post mail to the following address:
Address:

' No

" No

City:

Postal Code:

Long term storage (questionnaire data)

We would like you to consider allowing us to store your questionnaire data, including

your PHIN for a maximum of 25 years for the purposes of future analyses related to
lifestyle and chronic disease risk, other than that currently planned for the TMPLR
project. In the study of chronic diseases new analyses are always being developed,

some of these analyses may be of interest to TMPLR investigators in the future and
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could provide new information on chronic disease in Manitoba. Your data will be stored
for a maximum of 25 years. There is no risk involved in allowing long-term data storage.
It does nat require any additional visits. You will not receive any financial compensation
for allowing your questionnaire data to be stored, or for any discoveres made using
these data.

By accepting this request to allow your data to be held for 25 years, you are making and
enormously valuable contribution to a resource health research. In a study such as
TMPLR, the samples and information on questionnaires that are collected have the
potential to be an invaluable resource for future research. If you choose not to provide
consent for longer term storage of your questionnaire data your data that is found in a
physical format will be destroyed in a secure manner and your data stored in a digital
format will be deleted 10 years after the completion of this study (March 2029).

Optional
| agree that my questionnaire data may be stored fora maximum of 25 years 'Yes

for future TMPLR analyses,

Participant signature: Date:

Printed name of above:

Research staff signature: Date:

Printed name of above: Study role:

ALL SIGNATORIES MUST DATE THEIR OWN SIGNATURE
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The Manitoba Personalized

! . - Lifestyle Research "ﬁ
Richardson Centre for B Qm'

Functional Foods and
Nutraceuticals

RESEARCH PARTICIPANT INFORMATION AND CONSENT FORM

ADDITIONAL RESEARCH PARTICIPANT INFORMATION AND CONSENT FORM
FOR GENETIC ANALYSIS AND LONG TERM STORAGE OF SAMFLES FOR

FUTURE ANALYSIS
(BOTH OPTIONAL)

“The Manitoba Personalized Lifestyle Research (TMPLR) study”

Principal Investigator: Dr. Peter Jones, University of Manitoba

Co-Investigator:

Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.

Sponsor:

Megan Azad
Peter Eck
Eshan Khafipour
Lisa Lix
Naveep Tangri
Semone Myrie
Amir Ravandi
Sharon Bruce
Jared Carlberg
Heather Blewett
Todd Duhamel
Diana McMillan

University of Manitoba
University of Manitoba
University of Manitoba
University of Manitoba
University of Manitoba/ Seven Oaks Hospital
University of Manitoba
University of Manitoba
University of Manitoba
University of Manitoba

St. Bonfface Hospital/l CCARM
University of Manitoba
University of Manitoba

Research Manitoba, 205-445 Ellice Ave., Winnipeg, Manitoba, R3B 3P5

You are being asked to participate in a research study. Flease take your time to review

this consent form and discuss any guestions you may have with the study staff. You

may take your time to make your decision about participating in this study and you may

discuss it with your friends, family or (if applicable) your doctor before you make your
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decision. This consent form may contain words that you do not understand. Please ask
the study staff to explain any words or information that you do not cleary understand,

Purpose of Study

Chronic disease is a growing concem among Canadians. In fact, in Canadians over the
age of 20, three out of five have already developed at least one chronic disease and
four out of five are at risk. Research has begun to focus on ways to reduce chronic
disease prevalence by approaching it from a variety of different health disciplines. The
Manitoba Personalized Lifestyle Research (TMPLR) program is being conducted to
investigate the interaction between lifestyle, genetics, and gut microbiota and their
association with additional risk factors for chronic conditions prevalent in Manitobans.
Chronic conditions of interest include obesity, type 2 diabetes, metabolic syndrome,
cardiovascular disease and kidney disease. This study will include men and women
aged 30-46, stratified by BMI, and geography.

Nature and Duration of Procedure
From the blood drawn during the clinical study entitled “The Manitoba Personalized
Lifestyle Research (TMPLR) program’, we would like to extract DNA and perform

genetic analyses using a laboratory technigue that augments and recognizes specific
genes. This will allow us to determine the gene-environment interactions that modulate
the susceptibility to chronic diseases in Manitobans. This genetic analysis may include
looking at individual points or portions of you DNA, up to and including your entire

genome, which is your full set of DNA including all your genes.

Confidentiality and Safekeeping of DNA Samples

All of the information obtained about you and the results of the research will be treated
confidentially. We will protect your confidentiality by assigning your samples a specific
code. This code will link you to your samples containing genetic information and can
only be decoded by the principal researcher or an individual authorized by the latter.
Samples containing your genetic information will be kept at the Richardson Centre for
Functional Foods and Nutraceuticals, University of Manitoba, under the supervision of
Version 3, June 13th, 2017
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Dr. Peter Jones for 10-year period following the end of the research project (January
2027). After this time, all samples will be destroyed, unless you have given consent for
long term storage of your samples for future analyses. Your samples containing genetic
information 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 to identify you. Due to the research purposes of the planned
analyses, we will not inform you, or your own doctors, of the results of the genetic tests
on your samples. This also applies to your spouse, other members of your family and
your physician. 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 Cenfre for Functional Foods and Nutraceuticals may consult your
research data and record. You can communicate with the research team to obtain
information on the general progress or the results of the research project. Project
updates will be mailed at the end of the project. However, we will not communicate any
individual results to you.

Benefits

There may or may not be direct benefit to you from participating in this study. We hope
the information learned from this study will benefit Manitobans in prevention of obesity,
type 2 diabetes, metabolic syndrome, cardiovascular and kidney diseases.

Risk and Discomfort
As the DNA will be extracted from blood samples that have already been taken, there

are no additional invasive procedures to undergo and no physical risks to you.

Receiving information regarding susceptibility to genetic disease or identification of
blood relationships may cause distress. There are potential psychological and social
risks of genetic analysis related to how the results could change a person's life. You
could have emotional reactions to learning that you do or do not carry a gene change
for a certain condition. Additionally, some genetic analyses could reveal unexpected
Version 5, June 13th, 2017
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relationships, such as non-paternity (a different biological father). However, we will not
be providing you with your personal results of the genetic testing that will be
undertaken in the TMPLR program because the planned genetic tests are for
research purposes, not the type used to determine disease risks or paternity.
While there may be no direct benefits to you for taking part in these additional analyses,
we hope that the results will provide novel information on the influence of genetic

characterstics of Manitobans.

Confidentiality
Study 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. The Health
Fesearch Ethics Board at the University of Manitoba and the Saint Boniface Hospital
may also review your research-related records for quality assurance purposes. If any of
your medical/research records need to be copied to any of the above, your name and all
identifying information will be removed. Study samples will be stored in a locked freezer
at the RCFFN, some samples will be shipped to other specialized laboratories
elsewhere in Canada. Only the study staffs and the principal investigator will have
access to the samples. Your samples will not be used for any additional analyses, nor
stored for any longer than 10 years after the completion of this study (January 2027),
and samples will not be shared with any other group, other than is indicated in the
protocol, without your prior specific consent, unless you give consent for longer term
storage of samples. All physical records will be kept in a locked secure area and only
those persons identified will have access to these records. All records will be coded,
your identification linking you to your code will be kept separately from any other
records, also in a secure locked area. TMPLR study data that is entered via our secure
online portal travels through servers located at FunctionFour Ltd. (141 Bannatyne Ave
#101, Winnipeg, MB R3B 0R3), before being saved in a server located at the RCFFN.
During the process of turning our paper record into a digital format, TMFLR study data
will also leave the RCFFN and travel through servers located at FunctionFour Ltd.,
during this time any identifying information, such as name or address or PHIN will be
Version 5, June 13th, 2017
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encrypted, or scrambled, sothat it cannot be identified without the use of a unencrypting
key which will be kept at the RCFFN. If you consent to providing your PHIN, the digital
TMPLR study data, which will be coded, will leave the RCFFN, via a password
protected encrypted digital storage device, to be linked with administrative data at the
Manitoba Center for Health Policy (MCHP). At the MCHP TMPLR data will stay on
secure server for a period of 7 years and then will be destroyed in a secure fashion in
accordance with MCHP policy. Due to the experimental nature of many of the planned
analyses, it will not be possible to inform you, or your own doctors, of all the results of
any tests, including genetics tests on your samples. No information revealing any
personal information such as your name, address or telephone number will leave
Richardson Centre for Functional Foods and Nutraceuticals except in an encrypted
format as outlined above.

Voluntary Participation/Withdrawal from the Study

Your decision to take part in this study is voluntary. You may refuse to participate or you
may withdraw from the study at any time. If the study staff feels that it is in your best
interest to withdraw you from the study, they will remove you without your consent. We
will tell you about any new information that may affect your health, welfare, or
willingness to stay in this study.

Medical Care for Injury Related to the Study
In the ewvent of an injury that occurs to you as a direct result of paricipating in this study,

or undergoing study procedures you should immediately notify the research personnel.
You are not waiving any of your legal rights by signing this consent form or releasing the
investigator or the sponsor from their legal and professional responsibilities.

Questions
You are free to ask any questions that you may have about your treatment and your
rights as a research subject. If any questions come up during or after the study or if you

have a research-related injury, contact the study staff.
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Investigator: Dr. Peter Jones Tel No. 204 474 9787

Coordinator. Dr. Dylan Mackay Tel No. 204 782 8124

For questions about your rights as a research subject, you may contact:

The Health Research Ethics Board, University of Manitoba at 204 789 3389

Do not sign this consent form unless you have a chance to ask questions and have
received satisfactory answers to all of your questions.

Long term storage of samples for future analyses (optional)

In a study such as TMPLR, the samples that are collected have the potential to be an
invaluable resource for future research.

We would like you to consider allowing us to store your blood and bioclogical
samples and questionnaire data for a maximum of 25 years for the purposes of
future analyses related to lifestyle and chronic disease risk, other than those
currently planned for the TMPLR program, after this time, all samples will be
destroyed. In the study of chronic diseases new analyses are always being
developed, some of these analyses may be of interest to TMPLR investigators in
the future and could provide new information on chronic disease in Manitoba.
These future analyses could include sending your samples to other research centers to
have additional analyses performed. Your samples and data would continue to be
coded and your name and personal information such as your name, address or
telephone number would not leave the Richardson Centre for Functional Foods and
Mutraceuticals. All future analyses on samples would only occur after having received
approval from the University of Manitoba Research Ethics Board.

This part of the program is optional, and if you decide not to participate you can
still take part in the main preplanned pat of the TMPLR program.

Your blood and biological samples will still be stored for the purposes of future analyses
that currently planned for the TMPLR program. There is no additional physical risk
involved in allowing long-term storage samples. It does not require any additional visits,
or any additional samples. You will not receive any financial compensation for allowing
Version 5, June 13th, 2017
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your samples to be stored, or for any discoveries made using specimens held in
storage.

By accepting this request to allow your samples and data to be for a maximum of 25
years, you are making an enomously valuable contribution to health research.

| agree that my biological samples (blood, stocl and urine) may be [ Yes
stored for a maximum of 25 years for future analyses including DNA
testing and take part in the continuing study

Statement of Consent

| have read this consent form. | have had the opportunity to discuss this research study
with Dr. Peter Jones and/for his study staff. | have had my questions answered by them
in language | understand. The risks and benefits have been explained to me. | believe
that | have not been unduly influenced by any study team member to participate in the
research study by any statements or implied statements. Any relationship (such as
employer, supervisor or family member) | may have with the study team has not
affected my decision to participate. | understand that | will be given a copy of this
consent form after signing it. | understand that my participation in this study is voluntary
and that | may choose to withdraw at any time. | freely agree to paricipate in this
research study. | understand that information regarding my personal identity will be
kept confidential, but that confidentiality is not guaranteed. | authorize the inspection of
any of my records that relate to this study by The Research Ethics Board at the

University of Manitoba and St. Boniface Hospital for quality assurance purposes. By

signing this consent form, | have not waived any of the legal rights that | have as a

participant in a research study.

Consent

1. | have read and understood this Information and Consent Form, and | freely and
voluntarily agree to take part in the clinical trial (research study) described above.

2. | understand that | 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
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time and opportunity to ask questions and to reflect back my understanding of the
study to study personnel. My questions were answered to my satisfaction.

3. | am free to withdraw from the study at any time, for any reason, and without
prejudice to my future medical treatment.

4. | have been assured that my name, address and telephone number will be kept
confidential to the extent pemitted by applicable laws and/or regulations.

5. By signing and dating this document, | am aware that none of my legal rights are
being waived.

Participant signature: Date:

Frinted name of above:

I confirm that | have explained the purpose, duration etc. of this study, as well as any
potential risks and benefits, to the subject whose name and signature appears above. |
confirm that | believe that the subject has understood and has knowingly given their
consent to participate by his/her personally dated signature.

Research staff signature: Date:

Printed name of above: Study role:

ALL SIGNATORIES MUST DATE THEIR OWN SIGNATURE
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Advertisements

9
UNIVERSITY N
Richardson Centre
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Poster 2

and Nutraceuticals
April 11, 2016, Version 2

Do you have high cholesterol?

The University of Manitoba is conducting a study to
investigate the effect of natural plant compounds on blood
cholesterol concentrations

The study is open to men and women who
meet the following criteria:

Aged 18 - 70 years
Have elevated cholesterol

Not taking medication to lower
cholesterol

e Non-smokers

Genetic testing will be done in this study
Participants will be compensated for their contribution to
this study

For more information:
Phone: (204) 474-7091
Email: GenePredict-PS@umanitoba.ca, Website:
www.rcffn.ca
James House, PhD, Principal Investigator
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