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The Healthy Start/Départ Santé (HS/DS) intervention is designed as a
population health intervention to promote physical activity and
healthy eating among Anglophone and Francophone preschoolers
(3–5 years old) in Child Early Learning Centers, licensed childcare
centres. This intervention was implemented in over 180 childcare
centres and prekindergartens in Saskatchewan between 2013 and 2016.
Among licensed childcare centres, 39 were randomly selected to evaluate
the impact of the intervention through a randomized controlled trial.
Comprehensive data about nutrition and physical activity at child and
centre levels were collected in those centres including the centres’
menus both at the baseline and end point of the intervention. A childcare centre’s food menu is a resource that provides comprehensive
information about its food services. The quality of menus in childcare
centres has become a growing concern around the world as the number of young children attending these facilities increases. Menu analyses are also an integral part of evaluating the success of a nutrition
intervention in childcare centres. This study was conducted to assess
the extent to which the planned menus in Saskatchewan’s childcare
centres adhere to the Saskatchewan childcare nutrition guidelines
before the HS/DS intervention. All the food and beverages that were
listed on the menus of the participating centres were classiﬁed based
on Canada’s Food Guide and provincial food group categories: Meat
and Alternatives; Milk and Alternatives; Grains; Vegetables and Fruit;
Food to Limit (Processed Food); and Beverages. The baseline data were
compared with the provincial childcare nutrition guideline recommendations. The results indicated that only (15%) of the participating
centres met the lunch and snacks guidelines. Around (61.5%) of centres
met milk guideline and (38.5%) met the processed food limitation
recommendations. Furthermore, out of ﬁve centres that listed breakfast
meal on their menus, only three centres met the breakfast guideline
recommendation. Without any targeted intervention, the majority of
menus in the participating centres do not follow the provincial guidelines. These data will be further compared with the endpoint data in
order assess the impact of HS/DS intervention on improving menu planning practices of the participating centres. (Financial support: Public
Health Agency of Canada, Heart and Stroke Foundation, Réseau Santé en
Français de la Saskatchewan, Libyan- North American Scholarship.)

personnel in United States, the diet quality of Canadian Armed Forces
(CAF) personnel is unknown. The objective of this study was to use the
modiﬁed-HEI as a tool to characterize, in a sample of CAF personnel,
the quality of their habitual diets. Methods: Dietary intake of 18 male
and female CAF (mean age 34 y), participating in a laboratory metabolism and feeding study, was assessed using the weighed food record.
Modiﬁed-HEI scores were calculated by tabulating the data for the
four CFG categories (total vegetables and fruits, total grain products,
milk and alternatives and meat and alternatives). Other components
(whole fruit, dark green and orange vegetable, whole grains, sodium
and saturated/unsaturated fats) were calculated using the identiﬁcation of foods in Health Canada’s CFG and ESHA nutrient composition
software, using CNF2015 data. ‘Other foods’ were classiﬁed as any food
other than those in the above food groups and tabulated per participant. Results: The average score was 55 out of 100 points, which is
similar to general Canadian population and is deﬁned as a diet that
requires improvement. The components of the HEI on which CAF
participants scored high were meats and alternatives (9 out of 10) and
unsaturated fats (8 out of 10). Participants had lower scores on fruits
and vegetables, grain products, milk and alternatives, and sodium,
and consumed 29.6% of total energy from ‘other foods’, which lowered
the overall score. Conclusion: Modiﬁed-HEI can be a useful tool to
identify military personnel with lower diet quality. This may provide
the opportunity to target interventions such as diet education in an effort
to improve the health and performance of CAF personnel before deployment. (Research Support: Research contract awarded to principal investigator I. Jacobs by Defence Research and Development Canada.)

A maternal diet enriched with longer chain omega-3
polyunsaturated fatty acids increased lipogenesis and fetal
outcome in C57BL/6 mice
Olatunji Anthony Akerele and Sukhinder Kaur Cheema
Biochemistry Department, Memorial University of Newfoundland and Labrador, St John’s,
Newfoundland and Labrador, Canada.

Introduction: Beyond speciﬁc nutrient intake recommendations, a
measure of overall diet quality is useful to evaluate the nutritional
health of population groups. The Healthy Eating Index (HEI) is a measure of diet quality applied in United States but has been modiﬁed for
Canada in concordance with the recommendations of the Canada’s
Food Guide (CFG). Although the HEI has been applied to military

We investigated the effects of diets varying in the quantity and the
quality of fat on maternal metabolic proﬁle during pregnancy and its
effect on the fetal number of C57BL/6 mice. Female mice (8 weeks)
were fed diets varying in the quantity of fat (5% vs. 11%) for one week
prior to mating and throughout pregnancy. The 5% diet contained ﬁsh
oil as a source of omega-3 polyunsaturated fatty acids, while the 11%
diet contained soybean oil. The females were checked for vaginal plug
to conﬁrm pregnancy. Maternal blood and tissues were collected at
early-(day 6.5), mid-(day 12.5) and late-pregnancy (day 18.5). Plasma was
assayed for triacylglycerol, cholesterol, progesterone and estradiol.
Red blood cell fatty acid composition was measured. Hepatic mRNA
expression of acetyl-CoA carboxylase (ACC1) and fatty acid synthase
(FAS) were determined using qPCR. Implantation sites and the number of fetuses sustained throughout pregnancy were recorded. Twoway ANOVA was used to determine the main effects of diet and time,
with post-hoc analysis when an interaction was observed. Alphalinolenic acid (ALA), eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA) were higher in the 5% group at each stage of pregnancy,
compared to the 11% group (P<0.0001); ALA was not detected at day 12.5
and 18.5 in the 11% group. The 5% group showed higher plasma triacylglycerol (P<0.001) and lower cholesterol (P<0.05), compared to the
11% group at mid and late pregnancy. Hepatic cholesterol was higher
in the 5% group, compared to the 11% group (P<0.05) at mid and late
pregnancy. The mRNA expression of ACC1 and FAS were higher in the
5% group, compared to the 11% group (P<0.05) at mid and late pregnancy. Progesterone and estradiol was higher in the 5% group
(P<0.005), compared to the 11% group. The number of fetuses sustained till day 18.5 was higher in the 5% group, compared to the 11%
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group (P<0.05). In conclusion, a low fat diet increased de-novo lipids
synthesis, likely to meet the needs of the developing fetus. Higher
levels of progesterone and estradiol in the 5% group enriched with ﬁsh
oil may be responsible for sustaining a higher fetal number.

Lowering dietary n-6 polyunsaturated fatty acids before and/or
after weaning reduces arachidonic acid and its mediators in
mouse hippocampus
Shoug Alashmali, Alex Kitson, Lin Lin, Scott Lacombe,
and Richard Bazinet
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Nutritional Sciences, University of Toronto, Toronto, Ontario, Canada.

Within the brain polyunsaturated fatty acids (PUFA) such as arachidonic acid (ARA, 20:4n-6) and docosahexaenoic acid (DHA, 22:6n-3),
both directly and via production of bioactive mediators, regulate brain
function. ARA and DHA accumulate at high concentrations during early
life to support growth and development of the brain, however, their
endogenous synthesis from the essential dietary precursors; linoleic
acid (LA, 18:2n-6) and ␣-linolenic acid (ALA, 18:3n-3), respectively, are
limited during infancy. Whether reducing dietary LA during maternal
stage would result in major changes in brain n-6 PUFA compared to
offspring stage is an interesting ﬁeld to study. This study examines
how lowering dietary n-6 PUFA during pregnancy and lactation compared to the offspring affects levels of n-6 and n-3 fatty acids in phospholipids (PL) and lipid mediators in the hippocampus of mice.
Pregnant mice were randomly assigned to either: a deprived or an
adequate n-6 PUFA diet during pregnancy and lactation. On postnatal
day (PND) 21, half of the pups were weaned onto the same diet as their
dams (maternal diet), and the other half were switched to the other
diet for nine weeks (offspring diet). At PND 84, upon head-focused
high energy microwave irradiation, hippocampi were collected for PL
fatty acid and lipid mediator analyses. ARA concentrations were decreased (p <0.05) by n-6 PUFA deprivation, regardless of maternal or
offspring exposure, in both total PL and PL fractions. There was no
effect of diet on DHA concentration. Similarly, DHA-derived docosanoids
were not changed by either dietary treatment. Several ARA-derived eicosanoids were reduced (p < 0.05) upon n-6 PUFA deprivation in both
maternal and offspring groups. However, some of the eicosapentaenoic
acid-derived eicosanoids were increased (p < 0.05) by n-6 PUFA deprivation in both exposure groups. These results indicate that dietary n-6 PUFA
treatments, regardless of their time of exposure, can regulate hippocampal ARA and some lipid mediators. Results from this study will be helpful
in the design of experiments aimed at testing the signiﬁcance of altering
brain ARA levels over different stages of life. (Supported by Saudi Arabian
Cultural Bureau in Ottawa and Canadian Institutes of Health.)

Screening retina health and dietary intake for eye health in
older adults living in Manitoba
Shatha Alattar, Chelsey Walchuk, Xavier Lieben Louis,
and Miyoung Suh
Deptartment of Human Nutritional Sciences, University of Manitoba, Winnipeg, Manitoba, Canada.

In Canada, 65% of individuals over the age of 50 have some form of
visual impairment. Evidence showed that micronutrients status can
affect retinal function. There is a lack of information on the status of
the nutrients in the aging population, especially in relation to their
retinal health. The aim of this study was to evaluate if dietary intake
pattern on micronutrient is a major contributing factor in retina (rod
and cone) function in older adults. A total of 35 males and females
aged 50-80 were recruited. Participants recorded their 3 day food intake on 2 days during the week and one day on the weekend falling in
the same week. Mixed scotopic response and photopic response were
used to assess rod and cone function using electroretinogram in both
right and left eyes. It was found that the intake of vitamin A, thiamin,
riboﬂavin, niacin, folate, calcium and iron slightly decreased with age,
whereas the intake of vitamin B6, E and D maintained almost the
same with age. Vitamin C intake increased with age. In terms of age,
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both rod and cone function of retina showed a weak negative correlation with age; scotopic A-wave (rod photoreceptor) maximum amplitude (r = -0.07, p = 0.7) and photopic B-wave (inner retinal cell)
maximum amplitude (r = -0.08, p = 0.8), respectively. No correlation
exists between micronutrient intake and retina function in older
adults. (Funding agencies: Agri-Food Research and Development Initiative (ARDI) and Manitoba Egg Farmers.)

Effect of dietary supplementation with choline, betaine or
trimethylamine N-oxide on atherosclerosis development in
low-density lipoprotein receptor knockout mice
Paulina Aldana Hernandez,1 Kelly-Ann Leonard,1 Randal Nelson,2
Jonathan Curtis,1 Catherine Field,1 and René Jacobs1,2
1Department of Agricultural, Food and Nutritional Science, University of Alberta, Edmonton, Alberta, Canada.
2Department

of Biochemistry, University of Alberta, Edmonton, Alberta, Canada.

Introduction: Recently it has been proposed that an excess intake of
choline is converted to trimethylamine (TMA) by gut microbiota; TMA
is then oxidized to trimethylamine N-oxide (TMAO) by the liver enzyme, ﬂavin-containing monoxygenase-3. It has been hypothesized
that high TMAO levels in plasma may be a cause or biomarker for
cardiovascular disease. Different studies have been made in atherogenic Apoe-/- mice supporting this hypothesis. The aim of this study
was to identify if choline and/or its metabolites exacerbate atherosclerosis in Ldlr-/- male mice. Experimental Design: Ldlr-/- male mice, aged
8-10 weeks, were fed with high-fat diet (HFD: 40% of calories and 0.5%
of cholesterol) for 8 or 16 weeks. In the ﬁrst set of experiments, mice
(N=5-6/group) were randomized to one of three dietary groups: control
(0.1% choline and 0% betaine wt/wt), choline-supplemented (1% choline
and 0% betaine wt/wt), or betaine-supplemented (0.1% choline and
0.9% betaine wt/wt). In the second feeding trial, mice (N=7-8/group)
were randomized to one of two dietary groups: control (0% TMAO
wt/wt) or TMAO supplemented (0.2% TMAO wt/wt). After the dietary
intervention, the animals were euthanized, and tissues and blood
collected. Aortic atherosclerotic plaque area, plasma choline and lipid
metabolites were quantiﬁed. Liver histology and lipids were analyzed.
Results: Dietary supplementation with choline or TMAO increased
plasma TMAO levels by 2- and 6-fold, respectively, while betaine did
not inﬂuence plasma TMAO levels. To our surprise, HFD supplementation with choline, betaine or TMAO did not increase atherosclerosis
in Ldlr-/- mice after 8 weeks. Choline and betaine-supplemented diet
increased atherosclerosis after 16 weeks. Dietary choline or TMAO
supplementation did not alter plasma cholesterol levels. Conclusions:
Long-term feeding of choline and betaine supplemented-diets increase atherosclerotic lesion, plasma cholesterol and TMAO levels.
TMAO supplemented-diet did not have any effect in atherosclerosis.
This suggests that the increase of atherosclerosis following choline
supplementation may be independent of plasma TMAO levels. (Supported by CONACYT Mexico, NSERC and ALMA.)

Effect of very low caloric diet (Optifast) on morbidly obese
patients who are candidates for bariatric surgery: preliminary
results
Maryam Alghamdi,1 Timothy Jackson,2 Allan Okrainec,2
and Johane P. Allard3
1Department

of Medicine, University of Toronto, Toronto, Ontario, Canada.
Western Hospital, University Health Network, Dept. of Surgery, University of Toronto,
Toronto, Ontario, Canada.
3Toronto General Hospital, University Health Network, Dept. of Medicine, University of Toronto,
Toronto, Ontario, Canada.
2Toronto

Background: Obesity is a risk factor for the development of type 2
diabetes. A state of chronic inﬂammation is associated with obesity
and is characterized by a high level of circulating pro-inﬂammatory
cytokines. This state of chronic inﬂammation disturbs insulin signaling pathways and promotes insulin resistance. Weight loss has been
associated with the reduction of pro-inﬂammatory cytokines and improved insulin sensitivity. Aims: This study aims to determine the
Published by NRC Research Press

Appl. Physiol. Nutr. Metab. Downloaded from www.nrcresearchpress.com by 108.63.116.0 on 05/09/17
For personal use only.

Abstracts

effect of Optifat, a very low calorie diet, routinely prescribed prior to
bariatric surgery in morbidly obese patients. Optifast has been shown
to signiﬁcantly reduce blood glucose measurements. An assessment of
macronutrient composition and simple sugar consumption will be
conducted between diabetic and non-diabetic obese participants.
Methods: Patients were recruited from the Toronto Western Hospital
Bariatric Clinic. Data and sample collection took place at 2 timepoints, pre-and post-Optifast regimen. Blood tests were performed to
measure fasting insulin, glucose, c-peptide and HbA1c. Anthropometric measurements including height, weight, and body mass index
(BMI) were recorded and a 3-day food record was completed by each
patient. Results are expressed as mean ±SD. Results: Twenty-four patients (20 females, 4 male) were recruited of which 8 were diabetic and
16 were non-diabetic. Mean age of the patients was 50.2 ± 10.2 years
and BMI was 46.4 ± 5.3 kg/m2. The mean Optifast duration was 16.9 ±
3.5 days. Overall, blood tests signiﬁcantly improved after Optifast regimen (Glucose P= 0.030, insulin P= 0.006, HOMA-IR P= 0.006, HbA1c P=
0.042, c-peptide P= 0.006). Additionally, BMI signiﬁcantly decreased
(P <0.001) between pre-and post-Optifast visits. The 3-day food record
data indicated high intakes of fat (38.3% of total energy) and sugar
(58.6g per day) at baseline with no statistically signiﬁcant differences
observed between diabetic and non-diabetic obese subjects. Conclusion: These preliminary results suggest that Optifast is effective in
promoting weight loss and improving glucose metabolism during
short-term use by morbidly obese patients. Optifast has the potential
to add to the care of Type 2 diabetic obese diabetic participants who do
not respond to lifestyle recommendations. (Funded by CIHR.)

Differential effect of eicosapentaenoic and docosahexaenoic
acids on features of the small density low-density lipoprotein
phenotype among men and women at cardiovascular risk
Janie Allaire,1 Cécile Vors,1 Amélie Charest,1 Johanne Marin,1
André Tchernof,2 Patrick Couture,1 and Benoît Lamarche1
1Institut sur la nutrition et les aliments fonctionnels (INAF), Université Laval, Québec City, Québec, Canada.
2Institut

universitaire de cardiologique et de pneumologie du Québec (IUCPQ), Université Laval, Québec
City, Québec, Canada.

Recent studies suggest that supplementation with docosahexaenoic
acid (DHA) increases LDL-cholesterol (LDL-C) concentrations more
than with eicosapentaenoic acid (EPA). However, LDL particles are
heterogeneous in terms of size and density, with small dense LDL
(sdLDL) being associated with a greater risk of coronary heart disease
(CHD) than larger particles. The extent to which EPA and DHA differentially modify features of the sdLDL phenotype has not yet been
thoroughly investigated. The objective of this study was to compare
the change in sdLDL phenotype features after EPA and DHA supplementation (re-esteriﬁed triacylglycerol, 90% pure) in men and women
at risk for CHD. In a double-blind, controlled, crossover study, 48 men
and 106 women with abdominal obesity and low-grade systemic inﬂammation but otherwise healthy were randomized to a sequence of
three treatment phases: 1- EPA (2.7g/d), 2- DHA (2.7g/d), 3- control (corn
oil, 0g EPA and DHA). All supplements were provided as 1g capsules for
a total of 3g/d. The 10-week treatments were separated by a median
9-week washout. Changes in various features of the sdLDL were analyzed as a function of treatments. Compared to EPA, DHA supplementation increased mean LDL particle size (252.2±2.7Å for DHA vs.
251.4±2.3Å for EPA, P<0.0001) and reduced the proportion of small LDL
(68.9±15.7% for DHA vs. 72.0±12.0% for EPA, P<0.01). Compared to the
control, DHA increased mean LDL peak (+0.25±0.07%, P=0.001) while
EPA decreased mean LDL particle size (-0.16±0.06%, P=0.014) and increased the proportion of small LDL (+4.98±1.56%, P=0.031). These data
suggest that the greater increase in LDL-C concentrations with DHA
compared with EPA is paralleled by larger LDL particles. The clinical
signiﬁcance of differences in the modulation of lipids and features of
the sdLDL phenotype by EPA and DHA in terms of CHD risk prevention
remains unclear and needs to be investigated in the future. (Financial
support was provided by a grant from the Canadian Institutes for
Health Research (CIHR). Douglas Laboratories provided the supple-

S3
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BMI and HDL-cholesterol as determinants of the difference in
plasma carotenoid concentrations between men and women
Tatiana Allore,1 Benoît Lamarche,1 Marie-Claude Vohl,1
Patrick Couture,2 Simone Lemieux,1 and Charles Couillard1
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of Nutrition and Functional Foods (INAF), Université Laval, Québec, Québec, Canada.
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Adherence to nutritional recommendations is an important part of
leading a healthy lifestyle and preventing chronic diseases. However,
health professionals consider the evaluation of eating habits to be a
challenge given the potential biases of dietary questionnaires which
are frequently based on self-reported data. Circulating carotenoid concentrations, which are considered reliable biomarkers of dietary carotenoid intake as well as of fruits and vegetables consumption, are
often used in the validation of dietary assessment tools. However,
there is a sex difference in circulating carotenoids as women have
been reported to display higher concentrations compared to men.
The aim of the present study was to identify determinants of plasma
carotenoid concentrations among men and women enrolled in a series of fully-controlled dietary interventions. We compiled data from a
group of 155 men and 110 women who participated in 6 fully-controlled
dietary interventions, showing a large variation in carotenoid intakes,
and looked at the associations of post-intervention fasting plasma
carotenoid concentrations (␣-carotene, ␤-carotene, ␤-cryptoxanthin,
lutein, lycopene and zeaxanthin) with physical and metabolic characteristics. We found that body mass index (BMI: r=−0.30, p<0.0001) and
waist circumference (r=−0.27, p<0.0001) were inversely associated
with total circulating carotenoids while elevated plasma total- (r=0.48,
p<0.0001), LDL- (r=0.37, p<0.0001) and HDL-cholesterol (r=0.30, p<0.0001)
concentrations were correlated with higher plasma carotenoids. Compared to men, women had a lower BMI (-3.0 kg/m2, p<0.0001) and
higher plasma total cholesterol (+22%, p<0.005) and HDL-cholesterol
(+47%, p<0.0001) but showed no signiﬁcant difference in plasma LDLcholesterol (+4%, p=0.79). Women also displayed signiﬁcantly higher plasma
␣-carotene (+17%, p<0.01), ␤-carotene (+35%, p<0.0001), ␤-cryptoxanthin
(+23%, p<0.0005), lutein (+19%, p<0.0005), lycopene (+27%, p<0.0001) and
zeaxanthin (+11%, p<0.05) concentrations despite having lower dietary
intakes for all these carotenoids compared to men. Adjustments for BMI
and plasma HDL-cholesterol eliminated the sex difference in circulating
carotenoid concentrations. Our results suggest that BMI and circulating
HDL-cholesterol concentrations contribute to the difference in circulating carotenoid concentrations noted between men and women and that
variations in physical characteristics as well as in the plasma lipid proﬁle
should be taken into account when using plasma carotenoids as biomarkers of food intake in men and women.

Macronutrient composition of pooled, pasteurized donor
human milk
Michelle Asbury,1 Sharon Unger,2 Sara Shama,3 Susanne Aufreiter,3
Debbie Stone,4 and Deborah L. O’Connor1
1Department
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of Nutritional Sciences, University of Toronto, Toronto, Ontario, Canada.
of Neonatology, Mount Sinai Hospital, Toronto, Ontario, Canada.

3Department of Physiology and Experimental Medicine, SickKids Research Institute, Toronto, Ontario, Canada.
4Rogers

Hixon Ontario Human Milk Bank, Toronto, Ontario, Canada.

Nutrient-fortiﬁed mother’s milk, supplemented with pasteurized donor human milk, is an integral part of neonatal care for preterm
infants. Donor milk is, for the most part, fortiﬁed using mother’s milk
composition values; however, unlike mother’s milk, donor milk is
pasteurized and undergoes multiple container changes and freezethaw cycles known to affect its macronutrient content. Pooling milk
from multiple donors prior to pasteurization also reduces inter-batch
variability. A recent Cochrane Review of donor milk versus formula
Published by NRC Research Press
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feeding for preterm infants demonstrated slower weight, length, and
head circumference gains among those fed donor milk. Our objective
was to establish macronutrient composition ranges for pooled, pasteurized donor milk to use clinically when fortifying. Samples (n=311)
were consecutively collected from the Rogers Hixon Ontario Human
Milk Bank in Toronto, Canada between August 2014 and April 2016. Total
protein, lipid, and carbohydrate concentrations were assessed using a
mid-infrared human milk analyzer (MIRIS, Sweden), and lactose concentrations were determined using an enzymatic assay (R-Biopharm,
Germany). Energy content was calculated from true protein, lipid, and
lactose values using Atwater Factors. The median macronutrient composition of donor milk was found to be 0.9 (interquartile range, 0.9-1.0) g/dL
for crude protein and 0.8 (0.7-0.8) g/dL for true protein. Median lipid,
carbohydrate, and lactose values were determined to be 3.4 (2.9-3.8) g/dL,
6.9 (6.8-7.0) g/dL, and 6.5 (6.2-6.9) g/dL, respectively. The median energy
content was calculated to be 59 (55-63) kcal/dL. These concentrations fall
below the reported composition values of mother’s milk that are often
used to fortify donor milk in the hospital. Standardized macronutrient
composition values, when direct measurements are unavailable, should
improve the fortiﬁcation practices of donor milk to better support the
in-hospital growth of donor milk-fed, preterm infants. (Funded by CIHR:
FDN#143233.)

Effect of dietary phytosterol and cholesterol concentration in
infant formula on circulating lipid proﬁles
Elizabeth Babawale,1 Fabiana Joseph,2 and Peter Jones1
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of Food Science, University of Manitoba, Winnipeg, Manitoba, Canada.
Kfar, Baruch, Israel.

Cholesterol is essential for infant as an important part of the rapidly
growing cell membranes but is up to ﬁve times lower in infant formula when compared to human milk. This low cholesterol absorption
from infant formula is speculated to be due to presence of high phytosterol, a cholesterol absorption inhibitor in vegetable oils used in the
formulation of infant formula. Therefore, the study objective was to
investigate the interactive action of cholesterol versus phytosterol in
infant formulas on cholesterol metabolism and concentrations using
the neonate piglet as a model for human infant. A total of 32 piglets
were used with 8 piglets per group in the following diet composition,
high in phytosterol; low in cholesterol (Pc), high in phytosterol; high
in cholesterol (PC), low in phytosterol; high in cholesterol (pC) and low
in phytosterol; low in cholesterol (pc). Circulating lipid proﬁles after
21days on each diet were compared between the different dietary
treatments, mean values of total cholesterol, LDL-C and HDL-C were
similar in Pc and pc while pC showed the highest mean cholesterol
level 118.18±11.48mg/dL cholesterol in the Pc (104.89±19.11mg/dL) was
the lowest compared to other dietary treatment group. Circulating levels
of LDL-C in PC and pC increased at p<0.05 compared to Pc. pC diet treatment did not have effect on circulating triglyceride when compared with
Pc 18.51±6.64mg/dL while PC showed a slightly higher circulating triglyceride level 20.49±5.10 mg/dL. In conclusion, our speculation that the use
of low phytosterol vegetable oil in combination with cholesterol in the
formulation of infant formula will increase the cholesterol absorption of
infants was conﬁrmed as our pC consuming high cholesterol with
phytosterol-reduced infant formula gave the highest cholesterol level
compared with the lowest level in Pc control. As such, these results are
anticipated to help the manufacturing industries in proper formulation
to achieve a closer dietary beneﬁt found in human milk.

Identifying changes in dietary intake, diet quality and body
composition during the ﬁrst-year of university studies
Kayleigh Beaudry, Aysha Thomas, Bareket Falk, Wendy Ward,
and Andrea Josse
Department of Kinesiology, Brock University, St Catharines, Ontario, Canada.

The transition from high school to the ﬁrst-year of university is a
critical time period for weight gain. This transition may cause young

adults to adopt an unhealthy lifestyle, which can include major
changes in body weight as well as in dietary intake and diet quality.
The weight gain is popularly referred to as the “Freshman Fifteen”,
and is a widely accepted phenomenon on university campuses and in
the media. However, discrepancies exist in the literature regarding
the amount of weight that is gained and the changes in dietary intake
and diet quality that may occur relating to this gain. The purpose of
this study was to identify changes in dietary intake, diet quality, eating habits and body composition during ﬁrst-year university. Threehundred and one students (n=71 males, n=230 females) completed a
food frequency questionnaire and a dietary habits questionnaire,
and had their body composition measured at the beginning and the
end of ﬁrst-year university. Energy intake signiﬁcant decreased by
⬃400 kcals/d for both sexes (p<0.001). This was accompanied by a
decrease in most nutrients and diet quality in both sexes (p<0.05).
Males increased consumption of less healthy foods such as fried
chicken and soft drinks and decreased consumption of healthier foods
such as yogurt, fruit and vegetables, ﬁsh and milk (p<0.05). Females
increased consumption of less healthy foods such as French fries and
energy drinks and decreased consumption of healthier foods such as
oatmeal, vegetables, fruit, steak, poultry and milk (p<0.05). Alcohol
intake increased in both sexes (p<0.001). In terms of eating behaviours, males were more concerned about when and how they were
eating than females (p<0.05). In regards to body composition, both
males and females gained weight (p<0.001), however this weight gain
came from lean and fat mass in males (p<0.001) and predominantly fat
mass in females (p<0.001). Therefore, dietary intake, diet quality, eating behaviors and body composition changed during ﬁrst-year university. These changes generally reﬂected negative outcomes for both
males and females, highlighting the need to implement strategies to
promote a healthier transition into university life. (Financial Support
from CIHR-CGSM.)

Intestinal calcium absorption pathways are altered at weaning
Megan Beggs,1 Justin Lee,1 and R. Todd Alexander2
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of Physiology, University of Alberta, Edmonton, Alberta, Canada.
of Pediatrics, University of Alberta, Edmonton, Alberta, Canada.

Calcium is essential to many vital physiological functions including
bone mineralization. Peak bone deposition rate occurs in infancy and
maximal bone mineral content is achieved early in adulthood. Maintaining a positive calcium balance during development is thus essential to achieving optimal bone mass. Calcium homeostasis is mediated
by interactions between the intestine, kidneys, and bones. Intestinal
absorption occurs by either an active transcellular or passive paracellular pathway. Currently, based on studies in adults, the duodenum is
thought to be a site of largely transcellular absorption whereas the
jejunum and ileum are proposed to mediate exclusively paracellular
calcium absorption. There are limited studies on young animals. We
therefore set out to describe calcium absorption pathways pre and
post weaning in wildtype FVB/N mice at 7 ages from 1 day to 6 months
old. Levels of Trpv6 and CalbD9k mRNA, mediators of transcellular
calcium transport, increased six-fold between two weeks and one
month of age in the duodenum with a corresponding increase in
CalbindinD9k protein. In the jejunum and ileum, mediators of transcellular transport – Trpv6 (jejunum only), Cav1.3, and CalbD9k – are
highly expressed prior to weaning, suggesting novel pathways of calcium absorption during development. Consistent with this, net calcium ﬂux, measured in Ussing chambers, was not different from zero
across ileum post weaning. However, we identiﬁed signiﬁcant net
absorption in the absence of an electrochemical gradient across ileum
prior to weaning. Further, this net absorption was abolished by nifedipine, an L-type calcium channel blocker. Abundance of Cldn-2 and
-15 mRNA, mediators of paracellular absorption, peak at 7 days in the
duodenum. In the ileum, Cldn-2 mRNA peaks at 14 days and decreases
10-fold by 1 month, whereas Cldn-15 expression increases 3-fold from
day 14 to 1 month of age. These observations are consistent with a shift
Published by NRC Research Press
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at weaning from paracellular to transcellular calcium absorption in
the duodenum and previously unreported transcellular calcium absorption from the jejunum and ileum prior to weaning mediated by
Cav1.3. (This research was funded by the NSERC and the Stollery
Children’s Hospital Foundation through the Women and Children’s Health Institute.)
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Comparing the impact of saturated fatty acids from different
dairy sources on HDL subpopulations
Daniela Bernic,1 Didier Brassard,1 Maude Tessier-Grenier,1
Ethendhar Rajendiran,2 Yongbo She,2 Vanu Ramprasath,2
Iris Gigleux,1 Émile Levy,3 Angelo Tremblay,4 Peter Jones,2
Patrick Couture,5 Bela Aztalos,6 and Benoît Lamarche1
1Institute

of Nutraceuticals and Functional Foods, Laval University, Québec, Québec, Canada.
Centre for Functional Food and Nutraceuticals, University of Manitoba, Winnipeg,
Manitoba, Canada.
3CHU Sainte-Justine Research Center, Montréal University, Montréal, Québec, Canada.
4Department of Kinesiology, Laval University, Québec, Québec, Canada.
5CHU de Québec Research Center, Laval University, Québec, Québec, Canada.
6Human Nutrition Research Center, Tufts University, Boston, Massachusetts, USA.
2Richardson

Background: High-density lipoproteins (HDL) constitute a heterogeneous class of lipoproteins that differ in size, composition and function. Large HDL particles are generally associated with a reduced risk
of cardiovascular disease (CVD) and consumption of saturated fat
(SFAs) tend to increase the size of HDL compare with other nutrients.
The aim of this study was to examine how consumption of SFA from
different dairy sources modiﬁes the concentration HDL subpopulations compared to other dietary fats (MUFA and PUFA) and a low-fat
high carbohydrate diet. Methods: In a multicenter, randomized crossover controlled trial, 64 men and women with abdominal obesity and
relatively low HDL-C were assigned to random sequences of 5 isoenergetic diets of 4 weeks each: 1) a diet rich in SFA from CHEESE (32% fat,
12.6% SFA); a diet rich in SFAs from butter (BUTTER), (32% fat, 12.4%
SFA); a diet rich in MUFA (32% fat, 6% SFA, 19.6% MUFA); a diet rich in
PUFA (32% fat, 6% SFA, 11.5% PUFA) and a low-fat, high carbohydrate
control diet (CHO), (25% fat, 6% SFA). All foods were provided to participants during the experimental phases. The concentration of HDL
subpopulations (pre␤-1, ␣-1, ␣-2, ␣-3, ␣-4) was assessed post diet by
two-dimensional gel electrophoresis. Total serum apolipoprotein-A1
(apo-A1) concentration was determinate by ELISA. Results: BUTTER
compared with CHO increased apoA-1 concentration (P=0.003) while
CHEESE had no effect (p=0.266). While there was no difference in the
levels of small pre␤-1 and large ␣-1 HDL between CHEESE and BUTTER,
levels of the medium size ␣-2 and ␣-3 HDL and of the small ␣-4 HDL
were signiﬁcantly increased after BUTTER compared with CHEESE
(P=0.009, P=0.003 and P=0.029 respectively). Levels of pre␤-1 HDL after
BUTTER were higher than after PUFA, while CHEESE had no effect on
pre␤-1 HDL compared with other diets. Conclusions: Results from this
large multicenter, controlled-feeding study suggest that the cheese
matrix modiﬁes the impact of dietary SFA on the concentrations of
HDL subpopulations. Indeed, SFAs from butter seem to have more
effects on various HDL subspecies than SFAs from cheese. More studies are needed to examine how such differences relate to cardiovascular outcomes.

Is nutrition marketing more common in high sugar foods?
Jodi Bernstein, Beatriz Franco Arellano, Alyssa Schermel,
and Mary L’Abbé
Departmtent of Nutritional Sciences, University of Toronto, Toronto, Ontario, Canada.

This study aimed to evaluate whether nutrition marketing is more
prevalent on prepackaged foods and beverages that are higher in free
sugar. With recommendations to limit intakes of free sugar to <10% of
calories, it is imperative that labelling regulations ensure nutrition
marketing aids consumers in their selection of healthier food alternatives that reduce the detrimental effects associated with excess consumption. Methods: This study was a cross-sectional analysis of the
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University of Toronto’s 2013 Food Label Database (n=15,342) with meal
replacements and products missing sugar declarations excluded
(n=83). Products were stratiﬁed into quartiles based on the percent of
energy derived from free sugar into 1st (0% - <5% of Calories), 2nd (5% <10% of Calories), 3rd (10% - <15% of Calories), and 4th (>15% of Calories) quartiles. A review of product labels identiﬁed products with
nutrition marketing. All nutrient content claims (NCC), disease risk
reduction claims (DRRC), structure function claims (SFC), and frontof-pack symbols (FOPS) were included. Odds ratios (ORs) for each type
of nutrition marketing were estimated with logistic regression
models. The 1st quartile of free sugar content was used as the reference. Results: The 4th quartile was less likely to have NCC than the 1st
(OR 0.87, 95%CI:0.81-0.93). All quartiles were more likely to have FOPS
than the 1st (OR 1.53, 95%CI:1.3-1.8; OR 1.41, 95%CI:1.13-1.75; OR 1.15,
95%CI:1.06-1.25, for 2nd, 3rd, and 4th quartiles, respectively). Lastly,
the 4th quartile was more likely to have SFC than the 1st (OR 1.26,
95%CI:1.07-1.49). The heavy promotion of products with high free
sugar levels is a concerning ﬁnding. Results of this study can be used
to support educational messaging to assist consumer interpretation of
nutrition marketing. Results suggest changes in nutrition labeling
policies are needed, for example, permitting nutrition marketing only
on products that meet national healthy eating objectives and contain
low levels of free sugar. (CIHR PICDP (JTB, TGF-53893); CIHR Collaborative Training Program in Public Health Policy (JTB); CIHR Strategic
Operating Grant (201103SOK-118150); DNS Graduate Student Fellowship (BFA); Canadian Stroke Network (201103SOK-01194-000) (MRL);
Earle W. McHenry Research Chair unrestricted research grant (MRL);
and One Sweet Film Inc. (MRL).)

Targeting hyperapob by hypocaloric diets to reduce the risks
for type 2 diabetes in obese subjects
Simon Bissonnette,1 Nathalie Saint-Pierre,1 Valérie Lamantia,1
Catherine Leroux,2 Yannick Cyr,3 Viviane Provost,1
Rémi Rabasa-Lhoret,1 and May Faraj1
1Department

of Nutrition, Université de Montréal, Montréal, Québec, Canada.
Institut de Recherches Cliniques de Montréal, Montréal, Québec, Canada.
3Department of Biologie moléculaire, Université de Montréal, Montréal, Québec, Canada.
2Clinique,

Type 2 diabetes (T2D) is preventable by hypocaloric diets in obese
subject; however with large inter-subjects response variability. HyperapoB, or elevated plasma apoB-lipoproteins, promote risk factors for,
and incidence of, T2D in humans. We tested the hypothesis that hyperapoB identiﬁes subjects who reduce T2D risk factors in response to
a hypocaloric diet. Obese subjects (58±6 yrs, 32.6±4.6 kg/m2) underwent a
6-month hypocaloric diet intervention. Glucose-induced insulin secretion (GIIS) and insulin sensitivity (IS) were measured by Botnia clamps
(N=59). Postprandial fat metabolism and ex vivo gynoid white adipose
tissue (WAT) function, assessed as the hydrolysis and storage of
3H-triolein-labeled-triglyceride-rich-lipoproteins, were measured in a
subpopulation (N=25). Our results show that GIIS decreased in both
sexes, while IS and postprandial plasma apoB48 clearance were improved in women only. The change in BMI only associated with
changes in GIIS and ISclamp in men. Subjects with high plasma apoB
(>1.2g/L on average) increased WAT function (+105%), IS (M/Iclamp=+57%)
and postprandial plasma apoB48 clearance (+51%), and decreased 1stphase, 2nd-phase and total GIIS (-25 to-35%) (p<0.05). Subjects with low
plasma apoB (<0.8g/L on average) had no such favorable responses
despite equal weight-loss (⬃6%). Post-intervention reduction in
plasma apoB in subjects with hyperapoB had additional beneﬁts on
postprandial plasma apoB48 clearance. Plasma apoB was not correlated with body composition at any stage. Therefore, hyperapoB identiﬁes obese subjects who respond favorably to a hypocaloric diet
reducing T2D risk factors independent of changes in adiposity. We
propose that subjects with hyperapoB are an optimal target group for
T2D risk reduction in obesity.
Published by NRC Research Press

S6

Appl. Physiol. Nutr. Metab. Vol. 42, 2017

Perceptions of the Canadian diet among Black and White
school-aged children
Rosanne Blanchet,1 Dia Sanou,2 Malek Batal,3 Constance P. Nana,1
and Isabelle Giroux1
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In Canada, surveys usually group all individuals with a Black ethnicity
together, immigrants or not, even if they have different culture and
region of origin, possibly masking differences within the Black community. Ethnicity and cultural aspects are important determinants of
food choices and are not static, they change with contacts with other
cultural groups. Little is known about how these determinants inﬂuence children of Black ethnicity and how they change depending on
children’s generational status. Our aim was to examine and compare
how Black and White children perceive their diet in Canada. We used
the “draw and tell” method as part of a mixed-methods research project among 6- to 12-year-old Black children of African and Caribbean
descent living in Ottawa. A comparison group was comprised of White
children of Canadian descent. We invited children to make a drawing
about eating in Canada as well as to explain their drawing and what
it meant to them. Discussions were recorded and transcribed; we
counted foods mentioned by children regarding their drawings.
Counts were disaggregated by generational status and ethnicity of
children. Thematic analysis was also performed with NVivo 10. Only
one vegetable or fruit was listed among the top 5 foods of ﬁrst- and
second-generation of immigrant children, whereas three or more
were present in drawings of third-generation Black children and of
White children. Overall, White children drew more fruits and vegetables, and fewer highly processed foods than Black children. Among
Black children, second-generation had the least healthy eating pattern (fewer fruits and vegetables and more highly processed foods)
than ﬁrst- and third-generation children which were similar in terms
of healthiness. Interestingly, 10.6% of ﬁrst-generation, 15.7% of secondgeneration, and 12.0% of third-generation Black children, as well as
19.4% of White children mentioned at least one fast-food outlet or a
sit-in restaurant in their drawing. This research revealed differences
between Black and White children, as well as within Black children
with different generational status regarding their perception of their
diet in Canada. (Supported by the Consortium national de formation
en santé—volet Université d’Ottawa and the University of Ottawa.)

Substituting peas for rice signiﬁcantly reduces postprandial
blood glucose response and glycemic index
Heather Blewett,1 Jay Petkau,1 Sora Ludwig,2 and Dan Ramdath1
1Department

of Agriculture and Agri-Food Canada, Government of Canada, Winnipeg, Manitoba,

Canada.
2Department

of Internal Medicine, University of Manitoba, Winnipeg, Manitoba, Canada.

Diabetes is one of the most common chronic diseases affecting Canadians and lifestyle modiﬁcations that include a diet high in ﬁbre may
lower the risk of developing type 2 diabetes. Peas are high in ﬁbre and
protein, and replacing a portion of a high starch food like rice with
peas may limit the rise in blood sugar after a meal. The objective of
this study was to compare the post-prandial glucose response following consumption of white rice with and without 3 common market
classes of peas. Twenty-four healthy adults (9 men/15 women, age 26 ±
4.7; BMI 23.7 ± 4.0 kg/m2, % body fat (men) 19.2 ± 11.9, % body fat
(women) 27.5 ± 9.7) completed the randomized controlled crossover
clinical trial at the I.H. Asper Research Institute in Winnipeg, MB. Each
participant attended six 2.5-hour study visits separated by washout
periods of 3-15 days. At the ﬁrst and sixth visits, participants received
50 g available carbohydrate (AC) from white bread. At visits 2-5, participants received in random order 50 g AC from rice or 20 g AC from
rice + 30 g AC from peas (yellow whole, yellow split, green split).
Fasting and 15, 30, 45, 60, 90 and 120 minute post-prandial capillary
blood samples were collected for analysis of blood glucose and plasma

insulin. Repeated measures ANOVA and differences in LSMeans were
used to determine statistical differences in incremental area under
the curve (iAUC) for glucose and insulin, as well as Glycemic Index (GI)
among treatments. Compared to white rice alone, glucose iAUC was
signiﬁcantly decreased (p<0.0001) by 29-31% when peas were combined with rice. There was no difference in insulin iAUC when peas
were combined with rice compared to rice alone. The GI of rice
(99.5±7.4) was signiﬁcantly decreased (p<0.01) by addition of each pea:
(yellow whole (76.6±7.4), yellow split (67.6±7.4) and green split (69.2±7.4).
These results show that replacing 60% of the AC from white rice (a highGI, starch-rich food) with peas supports a Function health claim related to
the reduction in post-prandial glycaemic response. (Funded by AAFC
Growing Forward 2 and Pulse Canada Cluster.)

Higher prevalence of glucose abnormalities despite better
clinical status: comparison between Canadian and French
cystic ﬁbrosis cohorts
Valérie Boudreau,1 Quitterie Reynaud,2 Sandrine Touzet,3
Stéphanie Poupon-Bourdy,3 Katherine Desjardins,4 Émilie Blond,5
Yves Berthiaume,6 Rémi Rabasa-Lhoret,1 and Isabelle Durieu2
1Department

of nutrition, Université de Montréal, Verdun, Québec, Canada.
de référence Adulte de la Mucoviscidose, Service de médecine interne, Hospices civils de Lyon,
Université de Lyon, Lyon, France.
3Hospices Civils de Lyon, Université de Lyon, Lyon, France.
4Institut de recherches cliniques de Montréal, Montréal, Québec, Canada.
5Service de Biochimie et Biologie Moléculaire, Hospices Civils de Lyon, Université de Lyon, France.
6Department of medicine, Université de Montréal, Montréal, Québec, Canada.
2Centre

For patients with cystic ﬁbrosis (CF), association between early glucose
abnormalities and worse clinical status (weight and pulmonary function) has been reported but could differ between CF populations. We
compared clinical status and glycemic proﬁle in two large CF standardized observational cohorts (Montréal, Canada and Rhône-Alpes
region, France). All CF adult patients (≥ 18 years) without known
CF-related diabetes (CFRD) of both cohorts attending the participating
CF centers were included. All patients underwent an OGTT with measures of fasting (G0), 1-h (G1) and 2-h (G2) glucose values. The same day
clinical data was collected: pulmonary function by spirometry (%FEV1),
body mass index (BMI), biochemical dosages and genotype. Data was
analyzed with non-parametric Mann-Whitney tests between cohorts.
267 Canadian and 147 French CF patients were included. Sex ratio and
proportion of F508del homozygous (most frequent mutation) are similar (p = 0.6 and p = 0.4, respectively). Canadian patients are older
(mean age of 26.3 ± 7.9 vs 24.9 ± 6.7, p = 0.03). Age adjusted clinical
status of Canadian group is better with higher %FEV1 (72.9 ± 21.8 vs
62.9 ± 22.2, p < 0.0001) and higher BMI (21.8 ± 3.0 vs 20.1 ± 2.2,
p < 0.0001). The prevalence of de novo CFRD diagnosis (16.5 vs 10.0%,
p = 0.01), as well as GO and G2 values were higher in the Canadian
groups (respectively 5.5 ± 0.8 vs 4.8 ± 0.5mmol/L, p < 0.0001 for G0;
8.0 ± 3.3 vs 7.1 ± 2.7mmol/L, p < 0.004 for G2). For all glucose tolerance
groups, Canadian patients displayed higher glucose area under the
curve values compared to French patients even for patients with normal glucose tolerance (p =0.001). Unexpectedly despite higher glucose
values and incidence of de novo CFRD, Canadian CF patients have a
better pulmonary function and BMI compared to the French CF patients. Potential underlying factors including insulin secretion and
sensitivity, modiﬁers genes, nutritional behavior and clinical practices may play a role in these differences.

Examining the relationship between self-reported energy
intake and energy requirements for body weight maintenance
Didier Brassard,1 Simone Lemieux,1 Amélie Charest,1
Patrick Couture,1 Marie-Ève Labonté,2 and Benoît Lamarche1
1Institute

of Nutrition and Functional Foods (INAF), Laval University, Québec, Québec, Canada.
of Nutritional Sciences, University of Toronto, Toronto, Ontario, Canada.

2Department

Background. Dietary assessment is central to nutritional epidemiology, which forms the basis of dietary guidelines. However, validity of
Published by NRC Research Press
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self-reported energy intake and hence of nutrient intakes obtained via
diverse techniques, including food frequency questionnaires (FFQ),
has been questioned due to systematic under-reporting. Objective and
methods. The primary objective of this study was to examine the
relationship between energy intake estimated from two FFQs and
measured energy requirements (ER) in men and women. FFQs were
either self-administrated using a web-based platform (WEB-FFQ, n=140)
or completed with a registered dietician (RD-FFQ, n=104) on one occasion in each case. ER was measured in a series of controlled feeding
trials in which all participants received foods and caloric drinks on a
daily basis to maintain stable body weight over 4 to 6 weeks. Results.
Mean age (±SD) of participants was 41.8±15.9 years. Body-mass index
(mean±SD, 28.5±5.6 kg/m2) ranged from 17.5 to 52.9 kg/m2. The mean
energy intake derived from the RD-FFQ was signiﬁcantly lower (-7.2±16.6%,
P<0.001) than mean ER, while the difference between energy intake
derived from the WEB-FFQ and ER (-4.1±32.1%) was not signiﬁcant
(P=0.13). On the other hand, self-reported energy intake from WEB-FFQ
was more weakly correlated with ER (rs=0.31, P=0.0002) than energy
intake from RD-FFQ, which showed modest correlation with ER
(rs=0.70, P<0.0001). A greater proportion of individuals were within
10% of ER using the RD-FFQ (41.1%) compared with the WEB-FFQ
(25.0%). The WEB-FFQ and RD-FFQ resulted in the under-reporting of
energy intake in 48.6% and 44.2% of subjects, respectively. Finally,
obese subjects (body-mass index > 30 kg/m2) were more likely to underreport energy intake than non-obese subjects: odds ratio for RDFFQ=2.41, 95%CI 0.82-7.63 and odds ratio for WEB-FFQ=2.29, 95%CI
1.17-4.57. Conclusion. These results indicate overall poor prediction of
energy intake by FFQs, although completion of FFQ with a RD may be
associated with slightly greater accuracy. These results support the
urge to develop objective and innovative assessment techniques that
improve the quality of the dietary intakes data in population-based
studies.

Vitamin D intake and status in children 2–18 years:
a meta-analysis
Neil Brett and Hope Weiler
School of Dietetics and Human Nutrition, McGill University, Sainte-Anne-de-Bellevue, Québec, Canada.

Introduction: Evidence is unclear on the effect of vitamin D intake on
vitamin D status in children. Objective: In a meta-analysis, investigate
the effect of vitamin D supplements and/or fortiﬁed foods on vitamin
D status, using the biomarker 25-hydroxyvitamin D (25(OH)D) in children
2–18 years. Methods: Eligible studies were randomized placebocontrolled trials, published in English, in children 2-18 y that compared
vitamin D supplements or fortiﬁed foods. Using PRISMA guidelines,
literature searches of Ovid MEDLINE, PubMed, CINAHL, Embase, and
Cochrane Central Register of Controlled Trials were conducted up to
December 2016. The Cochrane qualitative bias tool and the Jadad scale
assessed evidence strength and I-squared assessed heterogeneity.
Subgroups included age (2-8, 9-18 y), baseline 25(OH)D (<30, 30-49.9,
≥50 nmol/L), latitude (≥40 degrees N or S, <40 degrees N or S) and daily
supplements, fortiﬁed foods or high dose injections. Results: We included 29 trials (4972 children) with interventions (10 using fortiﬁed
foods, 17 using supplements, 2 using bolus injections) from 2.5100 g/d vitamin D equivalent over 4 wk to 2 y. Due to the variation in
design, heterogeneity was high (I-squared=73%). Once adjusted for
dose, heterogeneity was low (I-squared= 0%). Study designs were qualitatively high and 97% had Jadad scores ≥4. The 25(OH)D weighted
mean difference (26.5 nmol/L, 95% CI 22.8-30.2 nmol/L) was greater
with mean baseline 25(OH)D <30 nmol/L, compared to higher status
categories (p<0.05). The 25(OH)D increase per g/d of vitamin D
(2.3 nmol/L, 95% CI 2.1-2.5 nmol/L) in trials using fortiﬁed food was
greater than daily supplements (p=0.02), but not bolus injections
(p=0.20). Interventions of < 10 g/d had greater 25(OH)D increase per
g than those of ≥25 g/d (p=0.03), but not 10-24.9 g/d (p=0.08). Using a
segmented-plateau quadratic regression, the 25(OH)D change per g of
vitamin D plateaued at 0.5 nmol/L when the dose reached 33 g/d.
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Conclusion: To the best of our knowledge, this is the ﬁrst vitamin D
intake and status meta-analysis speciﬁc to children. The 25(OH)D response to vitamin D intake appears to differ based on baseline status
and delivery mode, but not age, sex or latitude. (Funding: Canada
Research Chairs.)

Docosahexaenoic acid promotes apoptosis and reduces tumour
growth in combination with doxorubicin in breast cancer
treatment
Miranda Brun, Marnie Newell, Katlyn Schiewe, and Catherine Field
Agricultural, Food and Nutritional Science, University of Alberta, Edmonton, Alberta, Canada.

Breast cancer is the most common cancer among Canadian women,
accounting for over 25% of diagnoses. Despite ongoing advances in
screening, prevention, diagnosis, and treatment, breast cancer remains the second leading cause of cancer-related death in women.
Improving treatment, while minimizing side-effects is essential to
improving patient outcome. The anti-cancer effects of omega-3 long
chain polyunsaturated fatty acids, including docosahexaenoic acid
(DHA), found in ﬁsh oil have been shown in breast cancer and other
cancers. Studies also suggest that DHA can improve the effectiveness
of chemotherapy drugs including the anthracycline drug doxorubicin
(DOX). DOX is commonly used in the adjuvant and neoadjuvant setting for breast cancer treatment. We examined the expression of
genes in the apoptotic pathway in MDA-MB-231 breast cancer cells to
identify how preincubation with DHA alters cellular response to DOX.
This work reveals that in addition to the previously reported changes
in CD95 death receptor localization, expression of multiple genes involved in apoptotic signaling are signiﬁcantly altered by pre-incubation
with DHA prior to treatment with DOX in breast cancer cells in vitro.
Incubating these cells with a blocking antibody to CD95 prior to treatment with DOX signiﬁcantly reduced some of these effects (p<0.05), revealing an essential role for CD95 in mediating DHA action. The
beneﬁcial effect of DHA on DOX treatment was conﬁrmed in a preclinical animal model. Nu/nu mice were injected subcutaneously with
MDA-MB-231 human breast cancer cells, then mice with established
tumours were randomized to high fat diet (20% w/w) ± 5% w/w DHA,
and treated with DOX or placebo. Mice treated with DHA+DOX had
signiﬁcantly smaller tumours than mice treated with DOX alone
(0.8±0.5g vs 2.3±0.8g) (p<0.05). Immunohistochemical analysis of tumour tissue found an increase in staining of apoptotic markers (CD95
and TUNEL) in DHA+DOX, compared to DOX alone. These studies reveal that one mechanism through which DHA increases the efﬁcacy of
DOX is through CD95 mediated apoptosis. (Supported by CIHR and
Alberta Canola Producers Commission.)

Investigating the use of a smartphone-based dietary
intervention within an adolescent population
Sarah Cappuccitti,1 Danielle Tobin,1 Andrew Clark,1
Colleen O’Connor,2 Sean Doherty,3 Piotr Wilk,4 Richard Sadler,5
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Diet quality is a modiﬁable risk factor for several critical health conditions facing Canadians today. In an effort to promote healthier diets
among Canadians, SmartAPPetite was developed as a cross-sector collaboration between researchers and community stakeholders. SmartAPPetite is a local food messaging app that was developed to provide
users with credible nutrition information approved by a registered
dietitian. An eight-week pilot study using SmartAPPetite as a dietary
Published by NRC Research Press
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intervention was conducted with adolescents in preparation for a
full-scale study. The pilot study was run with 59 student participants
(ages 14-17 years) in a London, Ontario high school to evaluate user
recruitment and retention strategies, study tools, and various app
elements. Participants were asked to use the app for eight weeks and
to ﬁll out a survey before and after the study to help assess the usability
of the survey and measure responses to food preferences, behaviours,
and food literacy. Of the 59 participants, 80% stated that engagement
with the app beneﬁtted them in some way, and 98% stated that they
would recommend the app to a peer. Statistical analysis showed
trends towards increased fruit, vegetable, and water intake, and a
decrease in sport drink, chocolate, and candy consumption. These
trends suggest that prolonged use with the app could have the potential to elicit positive impacts in diet quality. Furthermore, qualitative
responses from the participants supported trends from the quantitative results and provided insight on their user experience. Participants
commented that, “SmartAPPetite has made me more aware of my
eating habits”, and “it was helpful to know what information about
health and eating habits was true and reliable”. In conclusion, smartphone apps provide an appropriate medium to provide adolescents
with credible information on healthy living and healthy eating. Additionally, further studies with larger sample sizes and prolonged duration should be conducted to determine further effects on adolescents
eating behaviours, food literacy, and purchasing habits. (Child and
Youth Network London, Healthy Kids Community Challenge Funding.)

Energy intake for preterm infants fed donor milk is
signiﬁcantly impacted by feeding technique
Marina Castro,1 Michelle Asbury,2 Sara Shama,3 Debbie Stone,4
Eugene W. Yoon,5 Deborah L. O’Connor,2 and Sharon Unger1
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Background: Fortiﬁed mother’s milk is the optimal nutrition for preterm infants. When mother’s milk volumes are insufﬁcient, pasteurized human donor milk is the preferred alternative. Compared to
mother’s milk, donor milk is thought to be lower in macronutrient/
energy content due to pasteurization and additional container changes
during processing. Nutrients may also be lost during enteral feeding
by adhering to the nasogastric tubing. Concerns about slower weight,
length, and head circumference gains for donor milk-fed preterm
infants were raised in a meta-analysis comparing donor milk to formula for preterm infants. Objective: To determine the effect of both
pasteurization and feeding method on macronutrient composition of
donor milk. Methods: Ten donor milk pools were created from eight
donors and analyzed for macronutrient and energy content before
and after pasteurization. After 7-60 days of freezing following pasteurization, samples were prepared according to conventional NICU practices
and four feeding methods were simulated through standard nasogastric
tubes: gavage (gravity feed), 30-minute slow feed, 60-minute slow feed,
and continuous feed over 4-hours. Macronutrients concentrations were
assessed after each feeding method using a mid-infrared human milk
analyzer (MIRIS, Sweden). Generalized estimating equations models
were utilized to compare individual macronutrient composition at each
processing stage and through each feeding technique. Results: There
were no statistically signiﬁcant decreases in energy, fat, protein, or carbohydrate content following pasteurization or when milk was fed via
gavage. Statistically signiﬁcant decreases were observed in energy and fat
content as the time within the nasogastric tubing increased. The total
fat and energy content (mean±SE), after each processing and feeding
method were as follows: Fat: post-pasteurization 3.11(±0.12)g/dL, milk
preparation container 2.76(±0.11)g/dL, gavage 2.83(±0.12)g/dL, 30-minute
feed 2.16(±0.12)g/dL; 60-minute feed 1.93(± 0.12)g/dL; continuous feed
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0.68(±0.06)g/dL; Energy: post-pasteurization 61.50(±1.16)kcal/dL; milk
preparation container 58.40(±1.10)kcal/dL; gavage 60.00(±1.14)kcal/dL;
30-minute feed 53.50(±1.14)kcal/dL; 60-minute feed 51.55(±1.18)kcal/dL;
continuous feed 41.10(±0.66)kcal/dL. No statistically signiﬁcant decreases were seen in protein or carbohydrate when feeding over longer periods of time. Conclusions: Pasteurization on its own did not
reduce the energy, fat, protein, or carbohydrate content in donor
milk; however, the feeding technique signiﬁcantly impacted the ﬁnal
delivery of energy and fat. (Funded by CIHR (FDN#143233.)

Snacking in preschool-aged children: does genetics play a role?
Elie Chamoun,1 Joy M. Mackay,2 Julia A. Mirotta,1 David M. Mutch,1
Andrea C. Buchholz,2 Alison M. Duncan,1 Gerarda Darlington,3
Jess Haines,2 David W.L. Ma;1 and Guelph Family Health Study4
1Department of Human Health and Nutritional Sciences, University of Guelph, Guelph, Ontario, Canada.
2Department

of Family Relations and Applied Nutrition, University of Guelph, Guelph, Ontario,
Canada.
3Department of Mathematics and Statistics, University of Guelph, Guelph, Ontario, Canada.
4Guelph Family Health Study, University of Guelph, Guelph, Ontario, Canada.

Background: Developing an understanding of eating habits that contribute to the growing childhood obesity epidemic has become a priority for governments worldwide. Snacking is an integral component
of eating habits in young children that is often overlooked in nutrition
research. In the past 40 years, the prevalence of daily snacking in U.S.
children has increased from 74% to 98%, with snacks contributing 27%
of a child’s caloric intake. While existing evidence identiﬁes snacking
as a substantial source of calories in preschoolers’ diets, there is limited knowledge about the factors that drive the quantity and quality of
snacking. The genetics of taste is one factor that may help better
understand snacking habits of children. Gustatory receptors, which
elicit fat, sweet, and bitter taste, are of particular interest as dietary
intake patterns associated with these taste modalities are often linked
to poorer health outcomes. Speciﬁcally, the A allele of the rs1761667
single nucleotide polymorphism (SNP) in the CD36 gene has been
linked to lower oral sensitivity to fatty acids, the T/T genotype of the
rs35874116 SNP in the TAS1R2 gene has been related to a preference for
sweet foods, and the C/C genotype of the rs713598 SNP in the TAS2R38
gene has been associated with the supertaster phenotype. Supertasters are more likely to have an aversion to the bitterness of green
leafy vegetables whereas non-tasters (G/G) do not. Objective: To determine the relationship between taste receptor SNPs, and snack quantity and quality in preschoolers in the Guelph Family Health Study.
Methods: Preschoolers’ dietary energy intake from snacks, frequency
and timing of snack consumption, and quantity of snacks was assessed using parent-completed three-day food records. Saliva was collected for genotyping (n=45-47). Results: Evening snack consumption
was more frequent in children with the T/T genotype of the TAS1R2
SNP compared to C allele carriers (p<0.01). Snack total energy density
was highest in supertasters compared to non-tasters (p<0.01), and
greater in A/A genotype of the CD36 SNP compared to G allele carriers
(p=0.02). Conclusion: Genetic variation in taste receptors may impact
snack quantity and quality. (Supported by the Health for Life Initiative, University of Guelph.)

Effects of linoleic acid lowering in diets on ethanol binge
consumption in mice
Chuck Chen,1 James Loewke,1 Ruslan Damadzic,2 Sophie Haven,1
Breanne Wilhite,1 Yuhong Lin,1 Roland Bock,3 Veronica Alvarez,3
and Joseph Hibbeln1
1Section

of Nutritional Neuroscience, National Institute on Alcohol Abuse and Alcoholism.
Core Laboratory, National Institute on Alcohol Abuse and Alcoholism.
on Neuronal Structure, National Institute on Alcohol Abuse and Alcoholism.

2Clinical
3Section

Prevalence of binge and heavy drinking is 25% among adult ages 18 or
older. Three-quarters of the total economic cost of alcohol misuses is
related to binge drinking. Pilot human and animal data suggest n-3
polyunsaturated fatty acids (PUFA) may reduce relapse and intake of
Published by NRC Research Press
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alcohol, respectively. The aim of our study is to examine if supplementation of n-3 PUFA can reduce voluntary alcohol consumption via morphological changes in synaptic density of mesocorticolimbic system in a
mouse model of chronic ethanol binge. Since reduction in dietary linoleic acid (LNA; n-6 PUFA) to evolutionary levels is as effective as supplementation of eicosapentaenoic acid and docosahexaenoic acid (EPA/
DHA; n-3 PUFA) in raising tissue levels of n-3 PUFA, we are also examining
if reduction in n-6 PUFA can have similar effect on voluntary alcohol
binge consumption behaviour as compared to n-3 PUFA supplementation. Alcohol-preferring mice (C57BL/6J) are randomized into four custom
diets varying in the levels of n-3 and n-6 PUFA that model contemporary
American as compared to evolutionary intakes. After eight weeks of dietary interventions, mice were exposed to 20% ethanol for 4 hours during
peak drinking hours in the dark. After six weeks of binge drinking,
brains were collected for dendritic/spine analysis. Interim data analyses
suggest that mice fed a diet low (1 en%) in LNA signiﬁcantly lowered
weekly voluntary ethanol binge consumption by 29-30% between 3rd and
6th week as compared to mice fed diets high (8 en%) in LNA, high in LNA
with supplementation of EPA/DHA (0.5 en%) or low in LNA with supplementation of EPA/DHA (p < 0.05). Currently, morphological changes in
dendritic/spine density are being examined between dietary and ethanol
treatments. In conclusion, dietary intake of PUFA, speciﬁcally n-6 PUFA,
may signiﬁcantly impact voluntary binge ethanol drinking behaviour.
(Financial support by NIH Intramural Research Program.)

Epigenetic study of the impact of persistant organic pollutants
on the development of metabolic syndrome
Béatrice Choi,1 Annette Bernhard,2 Philippe St-Pierre,1
André Marette,1 and Trond Brattelid2
1Institut
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DHA (LPC-DHA). The mechanisms by which these two forms of DHA
enter the brain are not clear. In contrast to free DHA, brain uptake of
LPC-DHA appears to be mediated by a speciﬁc transporter, but it is
currently unknown whether both forms of DHA target similar brain
phospholipid (PL) pools. The objective of this study was to evaluate
brain uptake of free DHA vs LPC-DHA into brain PL classes. Fifteen
week-old rats were infused iv with carbon 14 radiolabelled free-DHA or
LPC-DHA (n = 4/group) over ﬁve mins to achieve a steady-state plasma
level. Thereafter, rats were sacriﬁced by microwave irradiation, brain
PLs were extracted and separated by thin layer chromatography and
radioactivity was quantiﬁed by liquid scintillation counting. The rate
of entry of LPC-DHA into the brain was between 62% and 85% lower
than the rate of entry of free-DHA, depending on the PL class (P < 0.05
for every class). Compared to the free-DHA group, the proportion of
total PL radioactivity in the LPC-DHA group was signiﬁcantly higher in
choline glycerophospholipids (ChoGpl) (48% vs 28%, respectively,
P = 0.03) but lower in ethanolamine glycerophospholipids (EtnGpl)
(32% vs 46%, respectively, P = 0.03). In both groups, radioactivity was
disproportionally high in phosphatidylinositiol and ChoGpl but low
in phosphatidylserine and EtnGpl compared to the corresponding
DHA pool. These results suggest that the transport of LPC-DHA into
the brain might be choline dependant but that free DHA is the main
pool supplying brain DHA in every PL class. The difference in the
proportion of radioactivity between the PL classes and their corresponding DHA pool size suggest that DHA undergoes extensive PL
remodeling after entry into the brain. (Supported by NSERC.)

Vitamin A and alcoholic liver disease: what’s the link?

universitaire de cardiologie et de pneumologie de Québec (IUCPQ), Université Laval, Québec,
Québec, Canada.
2National institute of nutrition and seafood research (NIFES), Nordnes, Norway.

Robin Clugston

The dramatic increase in the number of people affected by metabolic
disorders, mostly associated with obesity, resulted in the rapid development in studies to identify the speciﬁc causes of this epidemic.
These disorders include many conditions such as cardiovascular and
hepatic diseases, diabetes and obesity and are caused by a combination of genetic and environmental factors. Various environmental
pollutants, such as persistent organic pollutants (POPs) found in fatty
ﬁshes and in omega-3 dietary supplements are known to accumulate
in the adipose tissues once ingested. Our objectives are to determine if
these pollutants have an effect on the development of metabolic disorders associated with obesity and if they can modify epigenetics
signatures that could predispose future generations to complications
similar to those of the directly exposed individuals. To verify our
hypotheses, we used a murine model of nutritional intervention, studied over several generations. This model will allow us to identify the
effects of pollutants, both at the metabolic level and the epigenetic
level. Our current results suggest that POPs predispose for metabolic
syndrome and cause changes in epigenetic signatures which are transmitted between generations. We have observed a decrease of glucose
tolerance in animals two generations down from the exposed animals.
Now that we know that these pollutants can have negative effects, we
will need to study the mechanisms of those effects to ﬁnd ways to
reverse their impact.

Chronic alcohol consumption is associated with signiﬁcant morbidity
and mortality. The liver is one of the primary organs affected by
alcohol abuse, causing a wide spectrum of disease progressing from
alcoholic fatty liver, to alcoholic hepatitis and cirrhosis. The literature
shows that chronic alcohol consumption has a profound effect on
whole-body vitamin A homeostasis. This effect is most strikingly observed in the liver, where alcohol abuse is associated with a progressive decline in hepatic vitamin A content that correlates with the
severity of alcoholic liver disease. Our overall research goal is to better
understand how alcohol’s effect on hepatic vitamin A metabolism and
signaling, contributes to the pathogenesis of alcoholic liver disease.
Using a mouse model of chronic alcohol consumption, our recent
work has characterized several important effects of chronic alcohol
consumption on hepatic vitamin A homeostasis. This includes the
observation that alcohol has a biphasic effect on hepatic vitamin A
levels. In the ﬁrst phase, alcohol drives the export of hepatic vitamin A
stores to extra-hepatic tissues, whereas the second phase involves the
catabolic breakdown of vitamin A within the liver. The net result of
these two phases is a signiﬁcant reduction in the amount of vitamin A
(i.e. retinol and retinyl ester) present in the liver, as well as altered
expression levels of genes and proteins important in hepatic vitamin A
metabolism. We have also observed alcohol-induced changes in the
acyl composition of hepatic retinyl ester stores, reﬂecting broad
changes in the fatty acyl pool of the liver, and an extremely early and
reversible marker of alcohol consumption. This work, and our continuing efforts to characterize the interaction between hepatic vitamin A and
alcohol metabolism, and it signiﬁcance for the development of alcohol
liver disease, will be presented. In conclusion, it is evident that chronic
alcohol abuse has a profound effect on hepatic vitamin A metabolism
and signaling. Our improved understanding of this effect will lead to a
better understanding of the initiation and progression of alcoholic liver
disease, and how altered vitamin A signaling may also contribute to
other diseases of the liver.

Phospholipid class-speciﬁc brain enrichment in response to
lyso-phosphatidylcholine docosahexaenoic acid infusion
Raphaël Chouinard-Watkins,1 Chuck T. Chen,1 Adam H. Metherel,1
Frank Thies,2 Mojgan Masoodi,3 and Richard P. Bazinet1
1Department

of Nutritional Sciences, University of Toronto, Toronto, Ontario, Canada.
of Medicine and Dentistry, University of Aberdeen, Aberdeen, United Kingdom.
3Department of Gastro-Intestinal Health & Microbiome, Nestlé Institute of Health Sciences, Lausanne,
Switzerland.
2School

Recent studies suggest that two major pools of plasma docosahexaenoic
acid (DHA) supply the brain: free-DHA and lysophosphatidylcholine-

Department of Physiology, University of Alberta, Edmonton, Alberta, Canada.
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Iron supplements modulate colon microbiota composition and
dextran sodium sulfate-induced colitis
Marco Constante,1 Gabriela Fragoso,2 Joseph Lupien-Meilleur,2
Annie Calvé,2 and Manuela M. Santos1

Laurence Cousineau-Sigouin,1,2 Ariane Fortier,1 Maria Kalergis,1
Delphine Mas,3 Cedric Schauenberg,3 and Nathalie Savoie1
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Iron is an important nutrient for both the host and the bacteria that
inhabit it. Since most of the iron ingested by the host remains largely
unabsorbed, oral iron supplementation effectively leads to an accumulation of iron in the gastrointestinal tract. Excess iron in the gut
may potentially impact the composition of the microbiota, and may
be particularly damaging to susceptible individuals, such as patients
suffering from inﬂammatory bowel disease (IBD) in which gut dysbiosis has been reported. However, IBD patients may require oral iron
supplementation to treat their iron-deﬁciency anemia. We fed mice
diets supplemented with ferrous sulfate (FS) at different doses (5, 50
and 500 mg of iron/Kg chow) and with different iron formulations (FS,
ferrous bisglycinate (FBG) and ferric ethylenediaminetetraacetic acid
(FEDTA)), then analyzed the effects on the composition of the gut
microbiota via 16S ribosomal RNA gene sequencing. Using the Dextran Sodium Sulfate (DSS)-induced colitis mouse model, we investigated the effects of iron supplementation in colitis severity. Iron
supplementation with different doses of FS induced shifts in the gut
microbial communities and several inferred metabolic pathways. In
addition, FS iron supplementation had a modest, but signiﬁcant protective effect on DSS-induced colitis. However, depending on the iron
formulation used in the diets, the impact of iron supplementation on
colitis ranged from beneﬁcial (FBG) to highly detrimental (FEDTA).
Our data shows that the form of the iron used to treat iron deﬁciency
may differentially impact the gut microbiota and colitis in mice, and
as such suggests that iron forms may be of particular relevance to IBD
patients. (This project is funded by CCRSI and CIHR.)

Context: In February 2016, a proposal to tax sugar-sweetened beverages was put forth by Dietitians of Canada. The goal of this proposal is
to reduce consumption of sugar-sweetened beverages due to their
association with overweight, obesity and chronic diseases in children
and adults. Goal: To determine the level of knowledge and support
among registered dietitians for the new taxation proposal, in particular
regarding milk-based or plant-based nutritious beverages. Method: 527
registered dietitians, signed up for the NutriNews newsletter, completed the online survey conducted by Ipsos Marketing between
March 31 and April 14. Results: Among survey respondents, 82% were
somewhat or completely in agreement with the taxation proposal. A
large proportion of the registered dietitians would not recommend
that ﬂavoured milk, such as chocolate milk (74%), ﬂavoured drinkable
yogurt (73%), ﬂavoured drinkable keﬁr (76%) and ﬂavoured plantbased beverages (75%) be included in the proposed taxation. Based on
the data collected from the registered dietitians to determine if they
were aware of the proposed taxation and comfortable with the recommendation, we divided the beverages into three categories. First, legitimate beverages, which include energy drinks, slushies, regular soft
drinks, fruit beverages such as fruit cocktails and punch, and sweetened,
ready-to-drink iced tea and coffee. Second, ambivalent beverages, which
include sports drinks as well as sugar-free soft drinks. Third, beverages to
exclude from taxation, which include ﬂavoured milk, such as chocolate
milk, ﬂavoured plant-based beverages, ﬂavoured drinkable yogurt and
ﬂavoured drinkable keﬁr. Conclusion and implication: The survey results
indicate that certain aspects of Dietitians of Canada’s position should be
re-examined. (NutriNews is a registered trademark of Dairy Farmers of
Canada.)
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A diet rich in docosahexaenoic acid partially decreases loss of
the structural integrity of the blood-brain barrier in knock-in
mice for human E 4 apolipoprotein
Jean-Denis Coulombe,1 Raphaël Chouinard-Watkins,1
Tanya G. Nock,1 and Mélanie Plourde2
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Modulation of the biomarkers of inﬂammation and oxidative
stress by trans fatty acids in vascular endothelial cells (HUVEC)
Marine Da Silva,1 Pierre Julien,1 Jean-François Bilodeau,1
Olivier Barbier,2 and Iwona Rudkowska1

2Département

1Endocrinology

Carrying an epsilon 4 allele of apolipoprotein E (APOE4) is the most
important genetic risk factor for late Alzheimer’s disease. In humans,
a diet rich in docosahexaenoic acid (DHA), an omega-3 fatty acid, appears
to prevent cognitive decline and cardiovascular disease. We have shown
that providing a diet rich in DHA prevented cognitive decline in APOE4
mice but the mechanism explaining this prevention effect remain unknown. The blood-brain-barrier (BBB) is an obligatory interface between
the cardiovascular system and the brain and previous studies showed
that there is a loss in the integrity of BBB in APOE4 mice. We therefore
evaluated whether a diet rich in DHA could prevent the loss of BBB in
APOE4 mice. APOE3 (control) and APOE4 mice received a control or a
DHA diet from 4 months to 12 months of age (n = 12-14 per group). Lectin
and collagen IV were used as markers of the integrity of cerebral blood
vessels. All images were acquired by confocal microscopy and FluoView
software was used to analyse images. In APOE4 mice, lectin was lower
expressed on the blood vessels walls compared to APOE3 mice. Also, the
thickness of the endothelial cell wall of the blood vessels was thinner in
APOE4 mice compared to APOE3 mice. Furthermore, collagen IV and
lectin expression were discontinuous in APOE4 mice, suggesting leakage
and a loss of integrity of the BBB. From our preliminary results, it seems
that DHA improved blood vessel integrity as seen by continuous staining
of the vessel walls and higher vessel thickness in APOE4 mice as compared to those fed the control diet. These preliminary results suggest that
providing a high dose of DHA in the diet for 8 months prevented the loss
of integrity of the BBB in APOE4 mice. These encouraging results will be
conﬁrmed by performing more staining.

Background: Trans-fatty acids (TFA) intake has been linked to cardiovascular diseases (CVD) by altering blood lipid proﬁles. However, the
effect of TFA on other CVD risk factors, such as inﬂammation and
oxidative stress, remains controversial. Moreover, evidence suggests
that natural rumen-derived TFA (rTFA) and industrial TFA (iTFA) may
have differential health effects. Prostaglandins are biomarkers of inﬂammation whereas F2-isoprostanes (F2-isoP), especially the class III
isomer 8-iso-PGF2␣, are biomarkers for oxidative stress. Objective: To
determine whether TFA alter the markers of inﬂammation and oxidative stress in endothelial cells. Methods: Human umbilical vein endothelial cells (HUVEC) stimulated with tumor necrosis factor (TNF)-␣
were treated for 24h with 50 M of rTFA (trans-vaccenic acid (tVA) or
trans-palmitoleic acid (tPA)) or iTFA (elaidic acid (EA)). Prostaglandins
PGE2 and PGF2␣, as well as F2-isoP isomers were determined in cell
supernatants by liquid chromatography tandem-mass spectrometry
(LC-MS/MS). Gene expression was determined by qPCR. Fatty acid composition of cell membranes was obtained by gas chromatography.
Results: All TFA decreased the TNF␣-induced excretion of PGE2 (-75%)
and PGF2␣ (-67%) compared to the control. Moreover, TFA considerably reduced (-90%) the TNF␣-induced expression of TNF, vascular cell
adhesion molecule-1 (VCAM-1) and superoxide dismutase-2 (SOD2)
genes. Regarding F2-isoP, EA increased class VI isomers 5-8,12-isoiPF2␣ (+94%), 5-iPF2␣ (+43%) and iPF2␣ (+48%). Oppositely, tVA mostly
raised class III isomers 8-iso-PGF2␣ (+105%) and 8-iso-15(R)-PGF2␣
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(+59%). tPA increased class VI isomer 5-8,12-iso-iPF2␣ (+48%), but does
not inﬂuence other F2-isoP isomers. All TFA were highly incorporated
into cell membranes, representing 15-20% of total fatty acids. Conclusion: Overall, physiological concentrations of TFA reduced inﬂammation and oxidative stress biomarkers in endothelial cells. Yet, F2-isoP
isomers are altered differently by rTFA and iTFA. The link between
speciﬁc TFA and particular F2-isoP isomers deserves further investigation. (Supported by NSERC.)

Evaluation of the protective effects of wild blueberries
polyphenolic extracts against metabolic disorders in a mice
model of diet induced obesity
Laurence Daoust,1 Boutekrabt Lémia,2 Geneviève Pilon,1
Stéphanie Dudonné,2 Denis Roy,2 Émile Levy,3 André Marette,1
and Yves Desjardins2
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of Nutrition and Fonctional Foods, Laval University, Québec, Québec, Canada.
3Research center of Sainte-Justine University Hospital, Montréal University, Montréal, Québec, Canada.
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The consumption of wild blueberries (WB) (V. angustifolium ait) has
been proposed to prevent many chronic diseases. Moreover, gut microbiota dysbiosis can partly explain the incidence of those disorders.
Recently, many studies have documented the close relationship between the consumption of dietary polyphenols and the modulation of
the gut microbiota. Indeed, many polyphenols such as proanthocyanins (PACs) reach the colon intact and can interact/affect the microbiota. The objective of this study was, therefore, to assess the protective
effects of different fractions of polyphenols from WB on dysbiosis and
metabolic disorders associated with obesity. To test this hypothesis,
5 groups of 12 C57BL/6 mice were fed high-fat high-sucrose diet (HFHS)
for 8 weeks and treated daily by gavage with either the vehicle (water)
or one of the four WB extracts: a total polyphenol extract, PAC/phenolic acid-rich fraction, a ﬂavonol and oligomeric ﬂavan-3-ol fraction
(dp<3) and a PAC polymer fraction (dp>4). Other mice were fed a chow
diet and treated with vehicle as a healthy reference control group.
Insulin and glucose tolerance tests were performed at 6 and 8 weeks of
treatment, respectively. Body weight and food intake were measured
weekly. Among HFHS fed groups, we did not observe any change in
the body weight gain or food intake. However, glucose tolerance tests
revealed that mice receiving PAC polymers might be particularly beneﬁcial for glucose homeostasis. Interestingly, the weight of the caecum of the mice receiving the WB total extract was signiﬁcantly
increased as compared to the HFHS vehicle treated group, suggesting
an additional effect of WB polyphenols on the gut microbiota. Our
data suggest that PACs are the key polyphenols involved in the beneﬁcial effects of WB consumption on metabolic health. Further analyses
are underway to assess whether these metabolic effects of WB PACs can
be linked to modulation of the gut microbiota.

Regional adiposity and markers of inﬂammation in pre-school
age children
Kerri Delaney,1 Catherine A. Vanstone,2 Hope A. Weiler,2
and Sylvia Santosa1
1Department
2School

of Exercise Science, Concordia University, Montréal, Québec, Canada.
of Dietetics and Human Nutrition, McGill University, Montréal, Québec, Canada.

In adults, android adiposity increases the risk of metabolic disease
more than gynoid adiposity, by increasing systemic inﬂammation.
The objective of this study was to determine if the relationship between regional and whole body adiposity and markers of inﬂammation exists in pre-school age children. A subset of children (n=71,
35 males), aged 3.69 ±1.04 years, were analyzed from a randomly selected sample of children (n=515) from daycares in Montréal, QC. Measures of regional and whole body adiposity were determined through
dual-energy x-ray absorptiometry (DXA; Hologic 4500A Discovery Series). Concentrations of C-reactive protein (CRP) and tumour necrosis
factor alpha (TNF␣) were determined in capillary blood samples, via

S11

enzyme-linked immunosorbent assay (R&D Systems Quantikine) and
multiplex assay (catalog No. HMHMAG- 34K, Millipore), respectively.
Data was normalized using logarithmic transformations and reported
as median and interquartile range. Circulating concentrations of CRP
and TNF␣ were 2.47 ng/ml (IQR: 1.00) and 6.95 pg/ml (IQR: 3.82), respectively. Pearson correlations revealed a positive relationship between circulating concentrations of CRP and both android (r=0.31;
P≤0.01) and gynoid adiposity (r=0.29; P≤0.05). Circulating concentrations of TNF␣ positively correlated with gynoid adiposity (r=0.27;
P≤0.05). To establish if differences existed based on BMI, children
were split by BMI percentiles according to WHO charts for boys and
girls, aged 2-19. According to these charts, children were categorized
as healthy (3-85% percentile, n=49) or overweight (>85% percentile,
n=21). Overweight children had a signiﬁcantly higher android to gynoid ratio indicating excess fat was predominantly stored in the
abdominal depot (P≤0.05). CRP was signiﬁcantly higher when overweight children 2.79±0.60 ng/ml were compared to healthy weight
2.29±1.12 ng/ml (P≤0.05) however, TNF␣ was not. In preschool-aged
children, increased adiposity raises the concentration of circulating
CRP potentially increasing the risk of metabolic disease. Both android
and gynoid adiposity relate to increases in inﬂammation. These results suggest early diet and exercise interventions could be beneﬁcial
to reduce long-term risk of metabolic disease. (Original Funding by
Dairy Farmers of Canada, CFI and CRC.)

The kidney is a quantitatively more important source of
guanidinoacetic acid (GAA) than pancreas and gut for
hepatic creatine synthesis in neonatal piglets
O. Chandani Dinesh, Robert F. Bertolo, and Janet A. Brunton
Department of Biochemistry, Memorial University of Newfoundland, St. John’s, Newfoundland and
Labrador, Canada.

In neonates, the enzyme responsible for the initial step of creatine
synthesis, the conversion of arginine to guanidinoacetic acid (GAA),
occurs mainly in the pancreas and kidney. The subsequent methylation of GAA to creatine primarily occurs in the liver. The quantitative importance of the kidney, pancreas and gut as sources of GAA for
hepatic creatine synthesis has not been studied. In neonatal piglets,
we used catheters and blood ﬂow probes to measure the net balance of
GAA and creatine across the kidney, pancreas and intestine in sow-fed
piglets (SF), and in fasted piglets during acute intravenous infusions of
arginine + methionine (ARG), creatine + arginine + methionine (CRE),
citrulline + methionine (CIT), or alanine (ALA). In SF piglets, the kidneys contributed 87% of the measured GAA produced, with the remainder released by the pancreas. Infusion of ARG and CIT also
produced much greater net release of GAA from the kidneys compared to that released from pancreas and gut. However, renal GAA
release was greatest with CIT infusion suggesting that citrulline is a
better precursor than arginine for GAA synthesis in the kidney. In
contrast, ARG, but not CIT, resulted in net release of GAA (or creatine)
from the pancreas or intestine, suggesting the gut and pancreas do not
have the capacity to convert citrulline into GAA. CRE infusion resulted
in much higher GAA release from the gut and pancreas compared to
other treatments, perhaps because with CRE infusion, GAA is not used
for intracellular creatine synthesis and is released. ALA control failed
to produce differences in net GAA release among renal, pancreatic
and intestinal tissues. Furthermore, arginine, with or without creatine, produced the greatest net release of creatine from intestinal
tissues compared to renal and pancreatic tissues. In summary, GAA
released from the kidneys that is synthesized from arginine or citrulline appears to be the major source of GAA for hepatic creatine synthesis in neonatal piglets. (Funded by CIHR.)
Published by NRC Research Press

S12

Appl. Physiol. Nutr. Metab. Vol. 42, 2017

Impact of cheese matrix on postprandial lipemia: a clinical study
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Evidence suggests that cheese matrix attenuates the cholesterolraising effect of dairy fat in comparison with butter. However, the
impact of cheese matrix per se on postprandial lipids, which play a major
role in the pathogenesis of atherosclerosis, remains unknown. The objective of this study was to investigate the differential impact of fat provided from ﬁrm cheese (cheddar) and fresh cheese (cream cheese) on
postprandial concentrations of triglycerides (TG) and apolipoprotein
(apo) B-48 in healthy subjects. Forty-three healthy women and men were
recruited for this single-blinded, randomized, crossover, controlled trial.
In a random order, at interval of 14 days and after a 12-hour (h) fast,
subjects had to ingest 33 g of fat from cheddar or cream cheese incorporated in standardized meals matched from macronutrients. Blood samples were collected immediately before the meal and at 2, 4, 6 and 8 h. At
2 h, the cream cheese induced a higher increase in TG concentrations
than the cheddar cheese (⌬ vs baseline: +44 ± 5% vs +17 ± 5%; P<0.0001). At
4 h, the cream cheese and the cheddar induced a similar increase in TG
concentrations (P=0.08). At 6 h, the increase in TG concentrations was
lower with the cream cheese than with the cheddar (⌬ vs baseline: +14 ±
5% vs 42 ± 7%; P=0.0007). Overall, no difference was observed in the
incremental area under the curve (iAUC) for TG (P=0.9). The cream cheese
led to a lower apoB-48 response at 4 h (⌬ vs baseline: +42 ± 5% vs +61 ± 5%,
P=0.02) and 6 h (⌬ vs baseline: +14 ± 5% vs +40 ± 5%, P=0.0002) compared
with the cheddar. These differences induced a reduced apoB-48 iAUC
with the cream cheese (⌬ vs cheddar: -26 ± 9%, P=0.004). This study suggests that, in healthy subjects, cheese matrix modulates the TG response
and the secretion of chylomicrons after consumption of dairy fat. The
cream cheese matrix, characterized by a soft acid curd and small homogenized lipid droplets, likely enhances intestinal fat absorption compared
with the ﬁrm cheddar matrix. (Funded by the Dairy Farmers of Canada.)

Self-perceived eating habits and food skills of French-Canadian
mothers participating in a dietary intervention delivered
through an evidence-informed healthy eating blog
Audrée-Anne Dumas, Simone Lemieux, Annie Lapointe,
Véronique Provencher, Julie Robitaille, and Sophie Desroches
Institute of Nutrition and Functional Foods, Laval University, Québec City, Québec, Canada.

This study aimed to describe self-perceived eating habits and food
skills of French-Canadian mothers. Data were collected at baseline
from adult mothers of children aged 2–12 years old living in the Québec City, QC, area, participating in a dietary intervention delivered
through an evidence-informed healthy eating blog written by a registered dietitian. We used logistic regression analyses to assess whether
Internet use characteristics and socio-demographic variables (age,
number of children, income, education, marital status) predicted the
likelihood of response in mothers self-perceived eating habits and
food skills. All mothers (n=64, age=37.0±6.4 years) were primarily responsible for food purchases and preparation in their household.
Most were living with a partner (86%), had more than one child (69%),
worked full-time (80%), were University educated (69%) and had a family income above 100,000 $CAN (42%). Most had consulted a blog (80%)
and a nutrition blog (55%) before the beginning of the intervention.
The majority identiﬁed the Internet as their principal source of information about health (66%), nutrition (78%) and recipes (77%). Twentytwo percent of mothers believed their family has excellent/very good
eating habits. Those who had consulted a nutrition blog before were
signiﬁcantly more likely than those who never consulted a nutrition
blog before to report preparing meals with mostly whole/basic ingredients (OR=3.41, 95% CI=1.08-10.76). Mothers having more than one
child were more likely than mothers having one child to report pre-

paring meals with mostly whole/basic ingredients (OR=3.18, 95%
CI=1.01-10.01), but were less likely to agree that family meals are easy to
prepare during week days (OR=0.16, 95% CI=0.03-0.78). University educated mothers were more likely than mothers with College/High school
education to select food on the basis of nutrition labels (OR=9.11, 95%
CI=2.09-39.81). Age, annual family income or marital status did not have
an effect on self-perceived food skills. In conclusion, nutrition blog use,
the number of children at charge and education were associated with
self-perceived food skills of French-Canadian mothers. These determinants should be considered in future health promotion interventions
focusing on food skills to enhance the diet quality of mothers. (Financial support: The Danone Institute of Canada.)

Dietary phenylalanine requirements during late stages of
gestation in healthy pregnant women
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BACKGROUND: Phenylalanine (PHE), an essential amino acid, is required for protein synthesis and important for fetal development. Via
Tyrosine (TYR), PHE is the precursor for neurotransmitters dopamine,
norepinephrine and epinephrine. Currently the dietary requirements
for PHE during pregnancy are unknown. OBJECTIVES: Our objective
was to determine PHE requirements (in the presence of excess TYR)
during late stages of gestation in healthy women using two different
methods: Indicator Amino Acid Oxidation (IAAO, using L-[1-13C]leucine)
and Direct Amino Acid Oxidation (DAAO, using L-[1-13C]Phenylalanine).
METHODS: 10 healthy pregnant women (age=32 ±4y, gestational
age=34±3wks) were studied at a range of PHE intakes (2.5 to 30.5 mg/kg/d
in the IAAO study; and 5.5 to 25.5 mg/kg/d in the DAAO study). On each
study day, test intakes were provided as 8 isocaloric and isonitrogenous
meals. The meals supplied 1.5g /kg/d protein and 1.7 X the measured
resting energy expenditure calories. Protein was provided as a crystalline
amino acid mix based on egg protein composition. On each study day
breath samples were collected at baseline and during isotopic steady
state, and 13C enrichment was measured using an Isotope Ratio Mass
Spectrometer. PHE requirement was determined using a two-phase linear regression crossover model to identify a breakpoint in 13CO2 production (which represents the mean PHE requirement) in response to
different PHE intakes. RESULTS: Preliminary analysis suggests that the
requirement for PHE is 15.10 mg/kg/d based on IAAO and 15.55 mg/kg/d
based on DAAO technique. CONCLUSIONS: Previously the PHE requirement (with excess TYR) in healthy adult males was shown to be
9.1 mg/kg/day using the DAAO method. Our results suggest that there is
an increased requirement (⬃66% higher) for dietary PHE during late
stages of pregnancy when compared to the requirement of adult men.
The similarities in the requirement estimates derived from the two different carbon oxidation methods suggest that the major drawback of the
DAAO method involves practical limitations, whereby low levels of amino acid intakes cannot be tested by the DAAO method. The PHE requirement during early stages of pregnancy remains to be determined.
(Supported by Canadian Institutes of Health Research.)

Protective roles of PCSK9 and omega-3 fatty acids in apoBlipoproteins-induced white adipose tissue dysfunction in humans
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Dysfunctional white adipose tissue (WAT) increases the risk for type 2
diabetes (T2D). Evidence from our lab suggests that elevated concenPublished by NRC Research Press
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tration of atherogenic apoB-lipoproteins (hyperapoB) promotes WAT
dysfunction and associated risks for T2D in obese subjects. Reduced
plasma PCSK9 (proprotein convertase subtilisin/kexin 9) relative to
apoB, which promotes higher tissue-uptake of apoB-lipoproteins, further increased the association of hyperapoB to WAT dysfunction and
IR. The mechanisms linking apoB-lipoproteins to WAT dysfunction
remain unknown. The inﬂammatory cytokine interleukin 1 beta
(IL-1␤) promote metabolic abnormalities in adipocytes; however, the
metabolic signals that regulate WAT IL-1␤ system are unclear. Here we
tested the hypothesis that apoB-lipoproteins promote WAT dysfunction through upregulation of the IL-1␤ system and that this can be
attenuated by PCSK9 and omega-3 fatty acids (omega-3 FA). Nondiabetic subjects (N=22, 45-74 years, BMI≥25 kg/m2, enrolment on-going)
were examined for postprandial fat metabolism (after 13C-trioleinlabeled-high-fat meal), WAT function (i.e. hydrolysis and storage of
synthetic 3H-triglyceride-rich-lipoproteins), and insulin sensitivity
and secretion (during Botnia clamps). Fasting and 4-hours postprandial WAT biopsies were taken from alternative hips. Preliminary data
indicate that, in the fasting state, hyperapoB associated with higher
secretion of IL-1␤ from WAT ex vivo. Co-incubation of subjects’ WAT
with their own LDL (1.2 g apoB/L) increased IL-1␤ system priming and
IL-1␤ secretion from WAT. Unlike palmitate and oleate, omega-3 FA
(200 M) abolished IL-1␤ secretion from activated WAT. In the postprandial state, subjects with high plasma apoB/PCSK9 ratio had higher
postprandial WAT mRNA and protein expressions of the IL-1␤ system
components, paralleled with postprandial hypertriglyceridemia,
glucose-induced hyperinsulinemia and insulin resistance. In vitro, differentiation of human primary adipocytes (SGBS) in the presence of
apoB-lipoproteins decreased adipocytes adipogenesis and function
and increased proliferation in a concentration-dependent manner.
Co-incubation with PCSK9 or omega-3 FA reduced cellular uptake of
apoB-lipoproteins, partially rescuing apoB-lipoproteins-induced metabolic abnormalities (p<0.05 for all). In conclusion, taking together
the in vivo, ex vivo, and in vitro human data suggest that the uptake of
apoB-lipoproteins into WAT promotes its dysfunction and associated
risks for T2D through upregulation of the IL-1␤ system. This can be
rescued by PCSK9 or omega-3 FA (Funding: CIHR MOP#123409 to MF.)

Omega-3 polyunsaturated fatty acids have an age and sexspeciﬁc effect on the regulation of stearoyl-CoA desaturase-1
and myelin-basic protein in the cerebellum of C57BL/6 mice
Bradley Feltham, Kayode Balogun, and Sukhinder Cheema
Biochemistry, Memorial University of Newfoundland and Labrador, St. John’s, Newfoundland and
Labrador, Canada

The cerebellum is composed of myelinated and unmyelinated neurons, forming the white matter and gray matter. Lipids form a major
structural component of the brain’s white and gray matter, with a
speciﬁc fatty acid composition that changes during development. We
investigated the effects of diets high or low in omega (n)-3 polyunsaturated fatty acids (PUFA) on cerebellar fatty acid composition, and the
mRNA expression of stearoyl CoA-desaturase-1 (SCD1), myelin-basic
protein (MBP), and brain-derived neurotrophic factor (BDNF) in male
and female offspring of C57BL/6 mice. Female C57BL/6 mice were fed
semi-puriﬁed diets (20% w/w fat) containing 10% (high) or 2% (low) n-3
PUFA before mating, during pregnancy, and until weaning. The offspring were studied at weaning and 16 weeks postweaning on their
mother’s designated diets. The cerebellum phospholipid fatty acid
composition and the mRNA expressions of SCD1, MBP and BDNF were
measured. Saturated fatty acids decreased (P<0.0001), while monounsaturated fatty acids increased (P<0.0001) from weaning to 16 weeks in
females. The SCD1 index (oleic acid; C18:1/stearic acid; C18:0) increased
from weaning to 16 weeks on a high n-3 PUFA diet (P<0.05) in both
sexes. Docosahexaenoic acid (DHA), an n-3 PUFA, was higher in the
male and female offspring fed the high n-3 PUFA diet, compared to the
low n-3 PUFA group (P<0.001), while arachidonic acid, an n-6 PUFA,
was lower in the high n-3 PUFA group. Both males and females fed the
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high n-3 PUFA diet showed higher mRNA expression of SCD1 at weaning, compared to the low n-3 PUFA diet (P<0.05). At weaning, males fed
a high n-3 PUFA diet had higher mRNA expression of MBP, compared
to the low n-3 PUFA group (P<0.05); while females showed an agedependent effect of diet. In conclusion, the accretion of DHA in the
cerebellum in response to perinatal and postweaning diets high in n-3
PUFA was age and sex-dependent. Furthermore, our ﬁndings demonstrate that a diet high in n-3 PUFA upregulates the mRNA expression of
SCD1 and MBP during a critical period of brain development, which
may aid in the formation and maintenance of the myelin sheath.
(Funded by NSERC.)

Vitamin K distribution in male and female LOU/c rats during
development and aging
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Introduction: Discovered for its role in blood coagulation, vitamin K
(VK) is now known to be involved in bone, cardiovascular and energy
metabolisms as well as brain function. In Sprague-Dawley rats, we
have shown differential tissue distributions of the K vitamers phylloquinone (K1) and menaquinone-4 (MK-4) as a function of sex, age, and diet.
The LOU/c rat is a model of healthy aging characterized by longer
lifespan free of disease, low adiposity, and preserved metabolic functions. Here we present the tissue VK distribution of LOU/c rats. Methods: Young (Y 4-7 mo), Old (O 24-32 mo) and Very-Old (VO 39-42
months) male (M) and female (F) LOU/c rats (n=6) were used for this
study. K1 and MK-4 were assessed in hippocampus, frontal cortex,
cerebellum, pons medulla, striatum, liver (L), pancreas (P), heart (H),
kidney (K), and adipose tissue (AT), by HPLC. Results. In all brain regions and in H, K and P, MK-4 was the main K vitamer whereas a
mixture of K1 and MK-4 was observed in AT and L. In all tissue investigated, the effect of sex was minimal. Except in L, total VK tended to
increase as a function of age (Y vs O and VO, p<0.05), especially in F
rats; in VO M rats, total VK tended to decrease (ns). Conclusion.
Whether the observed age-related changes in VK tissue distribution
are linked to the phenotype of this rat strain remains to be determined. (Funded by the Québec Network for Research on Aging.)

Vitamin K and cognition: mechanistic studies in a warfarintreated rodent model
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Introduction. There is growing evidence that vitamin K (VK) plays a
role in cognition. Some in vitro studies have shown how VK affects
different molecular pathways in brain cells, but few in vivo studies
have been conducted. Warfarin (W), a widely used oral anticoagulant,
acts by blocking the VK cycle. In a previous report, we observed W
treatment to result in a signiﬁcant decrease in MK-4 concentration in
brain, the principal K vitamer in brain, and perturbation in cognition,
exploratory behaviour and locomotion. In the present study, we investigated the possibility of reversing the W-induced VK phenotype by
supplementingtheanimalswiththemaindietaryformofVK[phylloquinone (K1)] and aimed to gain insight on the cell signaling components
involved. Methods. Male Wistar rats were treated with 14 mg W/kg/d
(in drinking water) and subcutaneous K1 (120 mg/kg), 3X/wk, for 10 wks
(WVK); control rats were treated with normal water and injected with
saline (C). Cognition was assessed using the Morris water maze test,
and the K vitamers (K1 and MK-4) were quantitated in cerebellum,
midbrain, hippocampus, frontal cortex and striatum, by HPLC. The
VK-dependent proteins Gas6 and protein S as well as cell signaling
(Apoptosis: caspases-3, -8, -12; cell survival: Akt, Erk), neuronal (BDNF),
Published by NRC Research Press
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astrocytic (GFA), and microglial (CD11b/c) proteins were assessed in
hippocampi by immunoblotting. Results. Supplementing W-treated
animals with K1 (WVK) resulted in signiﬁcantly increased total brain
VK concentrations (p<0.01), improved cognitive function (p<0.05), increased Erk signaling (p<0.01), decreased apoptosis (Caspase -3;
p<0.01), and increased microglia (p<0.01). In summary, this study conﬁrms the modulatory role of VK in cognition, and suggests that this is
accomplished through speciﬁc cell signaling pathways. (Funded by
CIHR.)

Effect of omega-3 long-chain polyunsaturated fatty acids on the
immune response in preterm infants < 29 weeks gestation.
Results from a single-centre nested study in the N3RO
randomised controlled trial
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Preterm infants are predisposed to developing inﬂammatory disorders during the neonatal period. Omega-3 long-chain polyunsaturated
fatty acids are known to exert an immunoregulatory effect in adults
and animals and preliminary data in preterm infants suggests a beneﬁt. This study aimed to assess the effect of supplemental enteral
docosahexaenoic acid (DHA) on levels of inﬂammatory biomarkers in
preterm infants. This single-centre nested study in the N3RO randomised controlled trial (ACTRN 12612000503820) included a total of
51 preterm infants (27 intervention, 24 control) < 29 weeks gestational
age with no major congenital malformations. Infants in the intervention group received an enteral lipid emulsion providing 60 mg/kg/day
DHA and infants in the control received a control (soy) emulsion without DHA from baseline (approximately 3 days postnatal) to study end
(36 weeks postmenstrual age/discharge/transfer). A blood sample was
collected at baseline, approximately two weeks postnatal and at study
end. Pro-inﬂammatory (IL-1␤, IL-6, IL-8, IL-12p70, IL-17A, IL-23, MIP-1␣,
TNF␣ and IFN␥) and regulatory cytokines (IL-10) (MILLLIPLEX MAP
high sensitivity magnetic bead panel), surfactant protein D (SP-D)
(ELISA) and fatty acid levels (gas chromatography) were assessed in
blood samples. Remaining blood was incubated with/without E. coli
lipopolysaccharide and pro-inﬂammatory and regulatory cytokines
were assessed in supernatants (ﬂow cytometry). Within both DHA and
control groups, there was a signiﬁcant increase over time in IL-8 and
TNF␣ levels in unstimulated whole blood and in IL-10 and TNF␣ levels
following LPS stimulation. IL-6, IL-8, IL-10, TNF␣, and TGF␤1 levels in
plasma changed signiﬁcantly over time but were not signiﬁcantly
different at any time point between groups. SP-D levels were signiﬁcantly reduced in the intervention group at study end. Supplemental
DHA at a dose of 60 mg/kg/day does not attenuate the release of
pro-inﬂammatory mediators nor does it upregulate regulatory mediators in preterm infants < 29 weeks gestation. The reduction in SP-D at
36 weeks postmenstrual age in the intervention group and the relationship to lung development deserves further research.
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Revising the nutrition policy of a large multi-hospital teaching
institution: establishing nutritional objectives for optimal
patient nutrition care across the age spectrum
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The hospital nutrition policy is used to establish goals of in-hospital
nutrition care, and to ensure that quality food is provided to effectively meet patients’ nutritional needs. The project to revise the nu-

trition policy at a large, multi-hospital teaching institution was driven
by 1) the need to update the policy to reﬂect the current patient population; 2) the results of recent menu nutrient analyses; 3) budgetary
constraints resulting in menu and labour reorganization; 4) the need
to address malnutrition among in-patients as an interdisciplinary
team; 5) the evolving evidence and guidelines for medical nutrition
therapy; and 6) the pursuit of providing the best nutrition care for
achieving excellence in total patient care. The revision also aimed to
establish standards across the lifespan from pediatrics to long-term
care. The process included an extensive literature review of evidence
and relevant professional consultations. Recommendations for key
nutrients were made using a reference person to cover a broad spectrum of patients. However, it is acknowledged that an individualized
approach must be taken to meet speciﬁc patient’s needs. The diet
speciﬁcations include food recommendations and a sample menu
where applicable. Strategies and rationales for therapeutic diets were
clariﬁed, including oral nutrition supplements, texture modiﬁcations, allergies and intolerances, dietary and religious practices. For
the pediatric population, the Dietary Reference Intakes based on age
groups were used to develop the nutrition standards, recommendations and strategies to meet the needs of children who are nutritionally well. Overall, the 2016 iteration of the nutrition policy provides
standards for in-patient nutrition care across the lifespan, with a focus
on medical nutrition therapy, as well as the management of malnutrition in patients. The policy is to be used to develop more speciﬁc
menu standards in collaboration with the food services.

Impact of a nutritional intervention in type 1 diabetic patients
with metabolic syndrome
Andréanne Fortin, Véronique Gingras, Simone Lemieux,
and Remi Rabasa-Lhoret
Department of Nutrition, University of Montréal, Montréal, Québec, Canada.

Recent data has shown that up to 45% of patients with type 1 diabetes
(T1D) have metabolic syndrome (MS), a comorbidity in rapid rise. The
MS is a cluster of risk factors including abdominal obesity, hypertension, dyslipidemia and insulin resistance. It is an emergent problematic with few preventive or therapeutic interventions reported yet. A
balanced low fat diet is recommended to improve the lipid proﬁle and
reduce cardiovascular risk for T1D patients. However, recent studies
have demonstrated health beneﬁts of a Mediterranean diet (MED) in
the general population and in type 2 diabetic patients. The objective of
this study is to compare 2 nutritional interventions (MED diet vs low
fat diet) on waist circumference in T1D patient with MS. Participants
are randomised into 2 groups: 1) MED diet or 2) Low fat diet. The
intervention includes 12 visits over 36 weeks with 9 nutritional education sessions. At inclusion, after 3 months and 6 months, anthropometric and biochemical measures are taken. To date, 20 participants
are included (52,0±9,4 years, BMI:30,3±3,5 kg/m2, Waist circumference:104,1±9,4 cm), and 7 have completed the study. Preliminary results show no signiﬁcant difference in waist circumference reduction
between both dietary interventions (-3,86cm low fat diet vs -2,33cm
MED diet; p=0,542) or BMI (-1,08kg/m2 low fat diet vs -0,73kg/m2 MED
diet; p=0,59) after 6 months. In conclusion, these preliminary results
demonstrate that a nutritional intervention on T1D patients with MS
leads to a waist circumference and BMI reduction, with no signiﬁcant
difference between both diets. The planned complete sample size
(n=28) will allow to determine if one of the diets brings more beneﬁts
on cardiometabolic proﬁle. Moreover, the results could allow the comprehension of the advantages associated with a MED diet and might
contribute to the development of nutritional strategies for those
patients.
Published by NRC Research Press
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Practices, perceptions and expectations for carbohydrate
counting in patients with type 1 diabetes – results from an
online survey
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Precise carbohydrate counting (CC) is important to achieve good glycemic control in diabetic patients on insulin therapy, but this task can
be challenging for many patients. The objective of this study is to
characterize adult patients with diabetes on intensive insulin therapy
in terms of: a) practices and perceived difﬁculties relative to CC and
diabetes treatment, and b) their perceptions and expectations relative
to CC. Participants completed a 30-question web-based questionnaire.
Participants with type 1 diabetes (T1D) and using CC as part of their
treatment plan (n=180) were included in this analysis. Participants
were predominantly women (64%), aged 42 ± 13 years old and had
diabetes for 22 ± 13 years. Result show that a large proportion of
participants reported being conﬁdent in applying CC (78%) and considered precise CC as being important for glycemic control (91%),
while only 17% reported ﬁnding CC difﬁcult. Despite the low perceived
difﬁculty associated with CC, many speciﬁc difﬁculties were encountered by patients such as the perception that glycemia ﬂuctuates even
with appropriate CC and that CC complicates the management of
diabetes. A larger proportion of participants with a lower level of
education (less than university degree) and current or history of depression reported not feeling conﬁdent in applying CC. Most respondents believed that new technologies could facilitate CC (57%) and
would be interested in such technology (62%). In conclusion, although
a majority of participant reported being conﬁdent in applying CC,
many difﬁculties and constraints associated with CC have been identiﬁed. These results highlight that patients with a lower level of education and with a history or current depression could beneﬁt from
speciﬁc CC education strategies. Future studies should examine the
efﬁcacy of technology tools to facilitate CC.

Assessing the nutritional quality of prepackaged foods carrying
nutrient content and front-of-pack claims in the Canadian food
supply
Beatriz Franco-Arellano, Marie-Ève Labonté, Jodi T. Bernstein,
and Mary L’Abbé
Department of Nutritional Sciences, University of Toronto, Toronto, Ontario, Canada.

Consumers can use nutrition claims displayed on food labels to inform their food choices. However, claims highlight certain nutrients
or beneﬁcial components while minimizing other less desirable ones,
potentially misleading consumers to think products are healthier
than they are. In Canada, the use of nutrient content claims (NCC) is
regulated and allowed only when products meet the established criteria for a given nutrient. The use of front-of-pack (FOP) claims, such as
hybrid and calorie speciﬁc systems, are also allowed as “other general
claims”. Since the overall the nutritional quality (or “healthfulness”)
of foods is not a criterion required for a product to carry a claim, the
nutritional quality of products with claims remains unknown. Objective: To assess the proportion of “healthier”/“less healthy” prepackaged foods and beverages carrying NCC and FOP in the Canadian food
supply. Methods: Cross-sectional analysis of the University of Toronto
2013 Food Label Information Program (n=15,342). Analyses were
limited to prepackaged products carrying NCC (n=6442) and FOP
(n=3056). The Food Standards Australia New Zealand Nutrient Proﬁling Scoring Criterion (FSANZ-NPSC), a system developed to determine
the eligibility of a food to carry health claims, was used to determine
a summary score of “healthfulness” for each product based on the
content of nutrients to limit (e.g. sodium) and nutrients to encourage
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(e.g. ﬁbre). Products were classiﬁed as “healthier”/“less healthy” using
established cutoff scores in the FSANZ-NPSC. Results: 41.3% of products carrying NCC and 36.3% of products carrying FOP were considered “less healthy”. However, the proportion varied across the
different subtypes of claims. For instance, products carrying trans fat,
lean, or saturated fat claims were the ones “less healthy” (55%, 48%,
45%, respectively). In regards to different FOP, 45.4% of foods carrying
calorie speciﬁc systems were “less healthy”, in contrast with only
21.3% of foods carrying FOP hybrid systems. Conclusion: More than a
third of products carrying a NCC or a FOP were considered “less
healthy”, although the proportion of products that were “less
healthy” varied across the different subtypes of claims. (Funding: Department of Nutritional Sciences Graduate Student Fellowship [BFA],
E. W. McHenry Research Chair Operating Grant [MRL].)

Determination of dietary protein intake in stable, active
infection and hospitalized HIV patients living in Vancouver,
Canada
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BACKGROUND: Wasting, deﬁned as the loss of fat and lean tissue, is
still prevalent in human immunodeﬁciency virus (HIV) infection despite effective highly active antiretroviral therapy (HAART) and potentially leads to muscle weakness and organ failure. Loss of lean mass is
particularly challenging in a person living with HIV (PLWH) due to
their suggested increased nutrient needs due to HIV and other related
opportunistic infections. In particular dietary protein could play a
role in preservation of lean mass. Protein requirements in HIV according to ESPEN guidelines are set at 1.2 g/kg/d during stable phases, and
at 1.5 g/kg/d during active acute illness, although these are factorially
derived. There is no data comparing protein intakes among PLWH
who are stable (asymptomatic), PLWH with opportunistic infections
(not requiring hospitalization) or PLWH with opportunistic infections
requiring hospitalization, and whether they meet current recommendations. METHODS: Convenience sampling (n=10 from each group) of
patients within the Immunodeﬁciency Clinic and Infectious Diseases
Clinic (IDC), St. Paul’s Hospital was conducted among PLWH, PLWH-I
(with active infections) and PLWH-H (hospitalized). Three-day food
records (2 weekday and 1 weekend) were collected and analyzed using
ESHA Nutrition Analysis Program. RESULTS: Body weight was signiﬁcantly different among the three groups PLWH (80.5±10.2 kg), PLWH-I
(76.1±11.6 kg) and PLWH-H (70.8±12.8 kg) (p<0.05). Similarly, BMI was
also signiﬁcantly different among the 3 groups – 26.4±3.6 kg/m2,
26.3±5.9 kg/m2 and 21.2±4.4 kg/m2 for the PLWH, PLWH-I and PLWH-H
groups, respectively. Preliminary results suggest that protein intakes
were 1.18 ±0.65 g/kg/d, 1.16 ±0.10 g/kg/d and 1.55 ±1.0 g/kg for the PLWH,
PLWH-I and PLWH-H groups, respectively and was signiﬁcantly different (p<0.05). CONCLUSION: Our results suggest that although PLWH
who are stable and PLWH-H who are hospitalized meet the average
daily protein needs, PLWH-I with active opportunistic infections do
not have adequate protein intakes. The PLWH-H group presumably
meet their recommended protein intakes due to the hospital menu
being more appropriate for patients, although their BMI was the
lowest, and suggests wasting. Future work should determine the
actual protein needs among PLWH-I/H to prevent wasting. (Supported by a Providence Health Care Practice-based Research Challenge award.)
Published by NRC Research Press
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Trimodal prehabilitation attenuates the loss of lean body mass
and enhances functional capacity post-colorectal surgery for
cancer: a pooled analysis of randomized controlled trials
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Background: Prehabilitation is an intervention designed to use the
waiting period before surgery to optimize functional reserve. Trimodal prehabilitation consists of nutrition counselling with whey
protein supplementation, aerobic and resistance exercise, and anxietyreduction strategies that begin 4 weeks before surgery and continue
for 8 weeks after surgery. The impact of prehabilitation on body
composition before and after surgery is unclear. Methods: A pooled
analysis of two randomized controlled trials of trimodal prehabilitation (n=68) vs. rehabilitation (n=61) at a single university-afﬁliated
tertiary center was conducted. The primary objective was to evaluate
the capacity for prehabilitation to improve the lean body mass (LBM)
of adults before and after colorectal surgery for cancer within the
context of Enhanced Recovery After Surgery. Body composition measurements were obtained using bioelectrical impedance and recorded
in absolute (kg) and relative (% of body weight) terms at baseline, day
of surgery, and 8 weeks after surgery. Six-minute walk test (6MWT)
measurements were recorded at the same time points to assess
functional recovery; excellent recovery was deﬁned as a change in
6MWT >20m. Data were analyzed using independent and paired
t-tests, and reported as mean, 95% conﬁdence interval (95%CI). Results:
Patients following prehabilitation experienced a positive shift in body
composition before surgery: relative LBM improved by +0.4%(95%CI:
0.04 to 0.8%, p=0.03) and fat mass reduced -0.7% (95%CI: -1.2 to -0.1%,
p=0.02). No preoperative differences were found in the rehabilitation
group. Eight weeks after surgery, the rehabilitation group experienced a statistically signiﬁcant loss in relative and absolute LBM compared to baseline (-1.8%, 95% CI:-3.3 to -0.3, p=0.023; -1.1kg, 95%CI:-1.9 to
-0.3kg, p<0.01), while LBM was preserved in the prehabilitation group
(-0.04%; 95%CI: -1.1 to 0.3%, p=0.274; -0.6kg, 95%CI:-1.2 to 0.04kg,
p=0.07). Nearly twice as many prehabilitated patients experienced an
excellent functional recovery after surgery (52.3 vs. 27.3%; p<0.01).
Conclusion: Maintenance of lean mass is increasingly recognized as a
primary outcome for cancer care. Patients following prehabilitation
maintained LBM and experienced an earlier functional recovery at
8 weeks post-colorectal surgery for cancer. Prehabilitation might thus
be a complementary addition to the treatment of surgical cancer patients.

Safety of a simpliﬁed meal bolus approach with an artiﬁcial
pancreas
Véronique Gingras,1 Ahmad Haidar,2 Charlotte Cameli,3
Mohamed Smaoui,3 Virginie Messier,3 Martin Ladouceur,4
Laurent Legault,5 and Rémi Rabasa-Lhoret3
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5Montréal Children’s Hospital, McGill University, Montréal, Québec, Canada.
2Department

For patients with type 1 diabetes, a closed-loop system (CLS) or “artiﬁcial pancreas” combined with a simpliﬁed semi-quantitative strategy
for the meal insulin bolus based on meal categorization (regular, large
or very large meal) has been shown to achieve comparable glucose
control as CLS with the traditional meal bolus based on carbohydrate
(CHO) counting (e.g. 1U of insulin per 10g of CHO). The meal categorization strategy has the potential to reduce carbohydrate-counting
burden for patients with type 1 diabetes; however, the impact of
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categorization errors with the simpliﬁed approach is unknown. The
objective was to compare, in a randomized inpatient trial, dualhormone CLS (insulin and glucagon) with the simpliﬁed meal bolus
approach for two meals adequately categorized or overestimated. We
tested the simpliﬁed strategy with two standardized meals; 1) 75g of
CHO adequately categorized (large) or overestimated (very large) and
2) 45g of CHO adequately categorized (regular) or overestimated
(large). Participants (n=19) were 40.4±17.6 years old with a mean glycated hemoglobin of 7.2±0.6%. No difference was observed for percentage of time <4.0 mmol/L over a 4-hour post-meal period (primary
outcome; median [IQR]: 0[0-0] vs. 0[0-0] for both comparisons, p=0.34
and 0.39 for the 75g and 45g meals, respectively). Despite higher meal
insulin boluses with overestimation for both meals (9.2 vs. 8.1 U and
7.7 vs. 5.0 U; p<0.05), no difference was observed for mean glycemia
and percentage of time in target range (4.0 - 10 mmol/L; p>0.05 for
both comparisons). These preliminary analyses suggest that the dualhormone CLS with a simpliﬁed meal bolus calculation is able to avoid
hypoglycemia in the event of overestimation of the meal insulin bolus. (Supported by the J.A. De Sève Foundation and a CIHR-Foundation
Grant.)

Treatment of mild to moderate hypoglycemia in adult patients
with type 1 diabetes – are current recommendations effective?
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Mild to moderate hypoglycemia (blood glucose <4.0 mmol/L) is recommended to be treated with 15g of carbohydrates and to repeat treatment if hypoglycemia persists after 15-min. This recommendation was
established before intensive insulin therapy (IIT) and based on studies
using insulins with different pharmacokinetic proﬁles from actual
insulin analogues showing that 15g of glucose increases blood glucose
by ⬃1.5 mmol/L in 15-min. The objective was to examine if 15g of
carbohydrates is effective to treat hypoglycemia in type 1 diabetes
(T1D) patients treated with IIT and to explore factors associated with
treatment effectiveness. This is a secondary analysis of the control
arm of three observational inpatient studies with a standardized and
supervised treatment of hypoglycemia (<3.3 mmol/L with symptoms
or <3.0 mmol/L without symptom) in patients using continuous subcutaneous insulin infusion (“insulin pumps”; CSII)). The treatment
consisted of 15g of glucose tablets with a second treatment after
15-min if the hypoglycemia persisted (<3.3 or 3.0 mmol/L). Plasma
glucose values were measured. A total of 15 adolescents and 42 adults
with T1D were included (65% men; 38.8±17.2 years old; with T1D for
22±13 years; A1c 7.7±0.8%). A total of 70 hypoglycemia episodes were
observed in 34 participants. Plasma glucose increased over 4.0 mmol/L
in ≤15-min in only 14 cases (20%) and a second treatment was necessary
for 11 episodes (16%). The average time required for normoglycemia
recovery (>4.0 mmol/L) was 24±12 [min 4 – max 58] minutes. The
average rise in plasma glucose following the 15g treatment was
0.68 mmol/L in 15-min. Factors associated with a slower rise of plasma
glucose are; a lower proportion of prandial vs basal insulin doses and
a longer duration since last meal (p=0.009 and p=0.002). Inversely,
physical activity practice <3 hours before the episode was associated
with a more rapid rise of plasma glucose (p=0,002). In the context of
actual IIT with CSII, it is possible that 15g of carbohydrates is insufﬁcient to treat a majority of hypoglycemia episodes. Several factors
which might need to be considered for hypoglycemia treatment have
been identiﬁed. (Supported by the J.A. De Sève Foundation.)
Published by NRC Research Press
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Determining the source of brain DHA via compound speciﬁc
isotope analysis
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Background: The fat-1 transgenic mouse possesses the ability to endogenously convert omega(n)-6 polyunsaturated fatty acids (PUFA)
into n-3 PUFA. Recent studies performed by our lab have revealed that
the addition of n-3 PUFA to a diet rich in n-6 PUFA does not further
augment brain DHA concentrations in fat-1 mice beyond the levels
attained when fed a diet solely containing n-6 PUFA. When fed a diet
rich in both n-3 and n-6 PUFA, it remains unclear if the fat-1 mouse
obtains its brain DHA from preformed dietary DHA or via endogenous
synthesis of DHA from n-6 PUFA. Objective: The objective of this study
is to determine the source of brain DHA in fat-1 mice fed a diet rich in
both n-3 and n-6 PUFA. Methods: We utilized natural abundance compound speciﬁc isotope analysis to determine the source of brain DHA,
an approach that has not been previously applied to analyze brain
lipids. Fat-1 mice and their wild-type litter-mates were bred in house
and weaned onto one of the following 10% fat diets: 8% corn oil,
2% menhaden oil diet, 10% corn oil diet, 8% safﬂower and 2% menhaden oil diet or a 10% safﬂower oil diet. Animals remained on their
respective diet until 12 weeks of age at which point they were euthanized via cardiac puncture. Fatty acids were extracted from brain
tissue, methylated and ␦13C isotopic values of fatty acid methyl esters
were assessed via gas chromatography-combustion- isotope ratio mass
spectrometry. As the n-3 and n-6 PUFA components from different
dietary sources display unique ␦13C values, the source brain DHA can
be determined through comparing ␦13C values of DHA to the ␦13C of
the fatty acids within their respective diets. Results: The results of this
project are currently being analyzed and will be available prior to May
2017. Signiﬁcance: In addition to determining the main source of
brain DHA in fat-1 mice, this is the ﬁrst study to apply compound
speciﬁc isotope analysis to trace the source of brain lipids. Validation
of this methodology provides a novel approach to answer future physiologically relevant questions pertaining to brain lipids.

Vitamin D status of a Canadian cohort of children with sickle
cell disease
Pascale Grégoire-Pelchat
Department of Nutrition, Université de Montréal, Montréal, Québec, Canada.

Background: Sickle cell disease (SCD) can lead to multiple complications, including bone complications and pain crisis. Vitamin D has
been reported to have multiple skeletal and extra-skeletal effects,
which might help prevent those complications. Objectives: The objectives of our study were to 1) evaluate the clinical practice at the SainteJustine University Hospital Center (UHC) regarding the assessment of
vitamin D status in children with SCD, and 2) document the prevalence of vitamin D deﬁciency, vitamin D intakes and compliance to
vitamin D supplementation in our cohort. A secondary objective of
our study was to determine if vitamin D deﬁciency is associated with
SCD complications. Methods: Children from our population of patients with SCD (n = 307) whom had a vitamin D level measured within
the year prior to data collection were included. Serum 25-OH-vitamin
D and SCD-related complications were extracted from medical charts.
Vitamin D deﬁciency was deﬁned as 25-OH vitamin D less than
30 nmol/l and vitamin D insufﬁciency as 25-OH vitamin D less than
50 nmol/l. Vitamin D intakes and adherence to supplementation were
also assessed for 46 of those patients. Results: Our study population
included 116 SCD patients. Amongst those, 67% of children were vitamin D insufﬁcient while 33% were deﬁcient. Vitamin D intakes were
also insufﬁcient (352.59 +/− 234 IU) and were correlated to serum
25-OH-vitamin D levels (p = 0.005). Moreover, 17% of patients took
vitamin D supplements, but only 50% were adherent to their supplementation. Finally, 28.6% of insufﬁcient patients had renal complica-
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tions, compared to 7.9% for non-insufﬁcient patients (p=0.020) while
22.2% of deﬁcient patients had gall-bladder complications compared
to 7.0% for non-deﬁcient patients (p= 0.023). Conclusion: Given the
high prevalence of vitamin D deﬁciency and its potential association
with SCD complications, vitamin D supplementation and effective
compliance strategies should be considered in Canadian children with
SCD. These results highlight the need for randomized double blind
placebo controlled trials to test the impact of optimal vitamin D supplementation on clinically important outcomes in children with SCD.

The role of a novel in vitro digestion method to predict
post-prandial glycemic response in vivo
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Julia Totosy de Zepetnek,2 Stephen Crozier,3 Nick Bellissimo,2
and Dérick Rousseau1
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Objective: The objective of this study was to develop an in vitro
method that predicts post-prandial glycemic response in vivo. Several
gel snacks differing in macronutrients and sugar composition were
compared in our novel in vitro digester. Design: A normal snack prepared with real fruits (NS), maltodextrin + NS (MS), whey protein + NS
(WS), oat + maltodextrin + NS (OS), and coconut oil + NS (CS) were used
in this study. In a randomized, repeated measures crossover design,
ﬁve treatments including NS, MS, WS, OS and CS were administered to
9 female and 14 male participants (healthy, 18-30 y and BMI between
18.5 – 24.9). Blood glucose response was determined at 0, 15, 30, 45, 60,
90 and 120 min. A static model that simulates the human upper gastrointestinal tract (the mouth, stomach and duodenum) was used to
determine in vitro glucose release at 0, 30, 60, 90 and 120 min. Results:
Blood glucose net AUC after MS treatment was 207%, 228% and 179%
higher than NS, WS, and CS, respectively (P < 0.0001). Glucose net AUC
after OS treatment was 119% and 127% higher than NS and WS, respectively (P < 0.0329). Similarly, in vitro glucose release of both MS and OS
was signiﬁcantly higher than the other gel snacks (P < 0.0001). In vitro
glucose release did not differ among NS, WS and CS (P > 0.9311). Blood
glucose net AUC was positively correlated with in vitro glucose release
(r = 0.993, P < 0.01). Conclusion: In vitro glucose release of snacks
differing in macronutrients and sugars composition highly linearly
correlated with blood glucose response. This study indicates that our
in vitro model of the upper gastrointestinal tract is useful for predicting glycemic response of foods. (Funded by The Hershey Company.)

Effects of low fat versus high fat cheese on glucose homeostasis
in type 2 diabetic rats
Anik Hanning, Xiaofeng Wang, and Catherine Chan
Department of Agricultural, Food and Nutritional Science, University of Alberta, Edmonton, Alberta,
Canada.

Background: Type 2 diabetes (T2D) is a disease characterized by insulin
resistance and pancreatic beta cell failure. Lifestyle interventions, including dietary interventions, are the ﬁrst line of treatment. At present, Canada’s Food Guide recommends choosing low fat (LFCH) over
high fat cheese (HFCH), however, current literature suggests a more
complex relationship exists between cheese consumption and risk
of T2D. Several fatty acids abundant in cheese independently have
beneﬁcial effects on glucose homeostasis. Therefore it is of interest
whether LFCH and HFCH affect diabetes outcomes differently. Objective: We aimed to examine and compare the effects of diets containing
HFCH and LFCH on food intake, body weight, and measures of glucose
handling. Methods: Retired male Sprague Dawley breeder rats (N = 64)
were randomized to receive high fat diet (HFD) or low fat diet (LFD) for
four weeks. At week ﬁve, HFD rats underwent streptozotocin administration to induce a T2D phenotype, and were subsequently randomized to either continue on HFD or begin one of two isocaloric cheese
Published by NRC Research Press
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diets: HFD + HFCH (T2D+HFCH), or HFD + LFCH (T2D+LFCH). HFD and
cheese diets were matched for macronutrient composition. Following seven weeks of feeding, rats underwent either an oral glucose
tolerance test (OGTT) or insulin tolerance test (ITT). Results: Food intake (kcal/kg) was similar between groups but body weight of the
T2D+LFCH group was greater than T2D or T2D+HFCH at conclusion of
the trial. Random blood glucose was increased ⬃2-fold (12 vs 7 mM) in
T2D and T2D+HFCH compared with LFD, but T2D+LFCH was not signiﬁcantly different from LFD. Fasting blood glucose was similar
among all groups. During the OGTT there was a signiﬁcant effect of
diet (p<0.001), and post-hoc analysis showed the T2D+LFCH had improved glucose tolerance when compared to T2D+HFCH (p = 0.0316),
however, there was no signiﬁcant difference between cheese diets
insulin secretion after fasting or during the OGTT, HOMA-IR, or ITT.
Conclusion: Diabetic rats that consumed T2D+LFCh had improved
glucose tolerance that was not explained by body weight or insulin
tolerance. These data suggest that LFCH may stimulate insulinindependent glucose uptake in tissues. (Funded by Dairy Farmers of
Canada.)

Development of a carbohydrate-speciﬁc dietary screener for
athletes - preliminary analyses
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Purpose: Previous studies have shown that most endurance athletes
have inadequate carbohydrate (CHO) intakes (<6 g of CHO/kg of body
weight), which may lead to suboptimal training adaptations and recovery. The purpose of this study was to explore novel approaches to
develop a simple CHO-speciﬁc dietary screener that identiﬁes athletes at risk of not consuming enough CHO. Methods: A database of
826 women and 745 men (mean age 44.8±14.2 years, the TEST sample)
having participated in previous projects conducted at INAF was used
to develop the screener. Intake of foods and nutrients was assessed in
these participants using a validated web-based food frequency questionnaire (web-FFQ). The web-FFQ enquires about usual food intake
over the last month and comprises 136 questions. Classiﬁcation trees
(CTs) in R were used to develop the screener, using CHO intake >6g/
kg as the dependent variable. Intake of individual foods (in standardized servings per day) and number of portions of Canada’s Food Guide
(CFG) groups were included in the analyses. Anthropometric data
were not included because the CHO recommendation is dependent of
body weight. Several CTs were built using different set of variables and
analyzed for sensitivity and speciﬁcity. The predictive models were
tested in a sample of endurance athletes who had completed the
web-FFQ (64 women and 111 men, mean age 37.1±11.3 years) to assess
their validity on the targeted population. Results: The various CTs
included 2-5 questions. When portions of CFG were included in the
predictive model, the CT had a sensitivity/speciﬁcity of 30%/98.6%
among the TEST sample, and of 29.8%/97.5% among endurance athletes. As we believe it is less practical to use information on food
groups, further analyses focusing on individual foods were undertaken. The resulting CT had similar sensitivity/speciﬁcity among the
TEST sample (26.5%/99.8%), but its sensitivity among endurance athletes was lower (sensitivity/speciﬁcity of 8.8%/97.5%). Conclusion:
These preliminary analyses suggest that it is possible to develop a
CHO-speciﬁc dietary screener for endurance athletes using a CT approach. However, further analyses are required to improve the models’ overall predictive value, by reducing the amount of false negatives
they generate. (Funding: CIHR, Chair of Nutrition.)

Mother-to-fetus transfer of probiotic lactobacilli in CD-1 mice
during pregnancy
Ashkan Hashemi,1 Amel Taibi,1 Sara E. Stinson,1 Thomas Tompkins,2
Kathene C. Johnson-Henry,3 Philip M. Sherman,3
and Elena M. Comelli1
1Department

of Nutritional Sciences, University of Toronto, Toronto, Ontario, Canada.
and Development, Lallemand Health Solutions Inc, Montréal, Québec, Canada.
Biology Program, The Hospital for Sick Children Research Institute, Toronto, Ontario, Canada.

2Research
3Cell

Background: Gut microbial colonization is largely determined in early
life. Some studies suggest that this process may start during pregnancy. In fact, probiotics administered to pregnant mothers, including Lactobacillus rhamnosus GG, have been found in the feces of their
offspring. This may result from vertical transfer, including transmission of microorganisms from mother to child during pregnancy,
birth and lactation. Lacidoﬁl is a commercial probiotic mixture of
L. rhamnosus R0011 and L. helveticus R0052 sustaining gut microbiome
composition in children and adults. Aim: To investigate the transfer of
Lacidoﬁl strains from the dam to fetus during pregnancy. Methods:
Six-week old female CD-1 Elite mice were randomized to receive Lacidoﬁl (1x109 CFU/mL, n= 6) or nothing (control, C; n= 4) in drinking
water for 1 week prior to mating and throughout pregnancy. Probiotic
viability was assessed via plating onto de Man Rogosa Sharpe agar.
Dams were sacriﬁced at end of gestation. Dam umbilical cord, placenta and feces and fetal small and large intestine were used for
bacterial quantiﬁcation by qPCR (L. rhamnosus R0011 and L. helveticus
R0052) and digital droplet PCR (total bacteria and lactobacilli). Results:
The 2 probiotic strains were recovered in feces of probiotic-treated
dams, but not controls, throughout pregnancy. All dam and fetal tissues studied in each group contained lactobacilli. Probiotic L. rhamnosus
R0011 was quantiﬁed in the placenta (1.49 x 105 ± 8.49 x 103 CFU/g) and
large intestine (2.44 x 106 ± 4.22 x 106 CFU/g), but not in the umbilical
cord and fetal small intestine nor in any control tissues. Conclusions:
These ﬁndings indicate that fetal tissues contain an abundance of
lactobacilli. Moreover, we demonstrate that the fetal microbiome is
modiﬁable via probiotic administration prior to and during pregnancy, which supports the concept of vertical transfer of microorganisms. (NSERC Discovery and Lallemand Health Solutions donation
(EMC). NSERC CGSM (AH). OGS (SES). CIHR MOP-89894 and IOP-92890
(PMS), Canada Research Chair in Gastrointestinal Disease (PMS). Lawson Family Chair in Microbiome Nutrition Research (EMC).)
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Vitamin B6 status in healthy older adult women in metro
Vancouver
Chia-ling Ho,1 Matthew Saunders,1 Angela Devlin,2
and Yvonne Lamers1
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Vitamin B6 deﬁciency, deﬁned as having plasma pyridoxal 5=-phosphate (PLP) concentration <20 nmol/L, has been associated with impaired immune responses and depression. Suboptimal B6 status
(plasma PLP= 20-30 nmol/L) has been associated with an increased risk
of cardiovascular disease and breast, lung, and colorectal cancer. A
19.4% prevalence of inadequate dietary B6 intake was reported among
older adult women (51-70 y) in the Canadian Community Health Survey 2004, compared to a 9.6% prevalence in young adult women (19-30 y).
Our group reported a 12.4% prevalence of low B6 status (plasma
PLP <30 nmol/L) among 202 healthy young adult women in Metro
Vancouver; thus, a higher prevalence of low B6 status was hypothesized in older adult women. This study aimed to assess the prevalence
and predictors of B6 deﬁciency and suboptimal B6 status in older
adult women residing in Metro Vancouver, BC. We conducted a descriptive, cross-sectional study on 223 self-reported healthy, older
adult women (51-70 y). The participants were recruited using the convenience sampling method between 2015 and 2016. Vitamin B6 status
was assessed by determining fasting plasma PLP concentrations.
Published by NRC Research Press
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Anthropometric, demographic, and lifestyle data were collected, and
dietary intake was assessed using the Canadian Diet History Questionnaire II. The prevalence of B6 deﬁciency and suboptimal B6 status was
2.3% and 10.9%, respectively, in these older adult women with a mean
(95%CI) BMI of 24.9 (24.2, 25.6) kg/m2. Mean (95%CI) plasma PLP concentration was 77.1 (68.4, 86.8) nmol/L. Overall, the participants were highly
educated and 30% reported the use of B6-containing supplements. Mean
(95%CI) dietary B6 intake was 1.8 (1.7, 1.9) mg/d (EAR 1.3 mg/day); 23% had
inadequate dietary B6 intake. The overall 13.2% prevalence of low B6
status in this sample of older adult women was similar to the 12.4%
prevalence we observed in young adult women in Metro Vancouver;
more research is underway to identify predictors of low B6 status. In light
of the association of suboptimal B6 status with leading causes of death,
and our ﬁndings in this demographic, we propose that there is a need to
investigate B6 status in a representative sample of Canadians.

The effect of modulating brain omega-3 polyunsaturated fatty
acids on inﬂammatory gene expression and concentrations of
eicosanoids and docosanoids in a mouse model of Alzheimer’s
disease
Kathryn Hopperton, Marc-Olivier Trépanier, and Richard Bazinet
Department of Nutritional Sciences, University of Toronto, Toronto, Ontario, Canada.

Mounting evidence implicates neuroinﬂammation as a mechanism by
which amyloid-␤ (A␤) plaques cause neuronal death in Alzheimer’s
Disease (AD). Omega-3 polyunsaturated fatty acids (PUFA) and molecules derived from them, including EPA-derived eicosanoids and DHAderived docosanoids, are known to have both anti-inﬂammatory and
pro-resolving properties in the periphery, while human observational
data links consumption of these fatty acids to decreased risk of AD.
While several studies have identiﬁed anti-inﬂammatory effects of
omega-3 PUFA feeding in AD models, none have investigated whether
these effects are mediated by changes in brain eicosanoids and docosanoids. Fat-1 mice and their wildtype littermates were fed diets containing either ﬁsh oil (high n-3 PUFA) or safﬂower oil (negligible n-3
PUFA) from weaning. Fat-1 mice have a transgene that allows them to
synthesize omega-3 PUFA, and previous work in our lab showed that
these animals attain similar levels of brain DHA to wildtype mice fed
ﬁsh oil, and signiﬁcantly higher levels than wildtype mice fed safﬂower oil. After 12 weeks of feeding, animals underwent intracerebroventricular infusion surgery, in which either A␤ or a control peptide
were injected into the left lateral ventricle of the brain. Ipsilateral
hippocampi were collected from the A␤ and control peptide injected
animals, as well as non-surgery controls, 10 days following surgery.
This time point was identiﬁed in our previous work as the peak neuroinﬂammatory response. Microarray with gene ontology analysis was
used to identify changes in inﬂammatory gene expression in response to
either brain omega-3 PUFA composition or injection of A␤ peptide, and
validation of these results with real time PCR is underway. Liquid chromatography with tandem mass spectrometry will be used to measure
brain eicosanoids and docosanoids. Results will be presented at the conference. This study will be the ﬁrst to investigate the relationship between omega-3 PUFA feeding, brain docosanoid and eicosanoid levels,
and neuroinﬂammation in an AD model. It will therefore provide important mechanistic insight that could aid in the development of nutritional
recommendations and novel therapeutics. (R.P.B: holds a CIHR grant and
CRC and K.E.H holds a Vanier scholarship.)

Dietary patterns and metabolic syndrome among Canadians
12 to 79 years old
Zeinab Hosseini,1 Mehdi Rostami,2 Susan Whiting,1
and Hassan Vatanparast1
1Department of Pharmacy and Nutrition, University of Saskatchewan, Saskatoon, Saskatchewan, Canada.
2Dalla

Lana School of Public Health, University of Toronto, Toronto, Ontario, Canada.

Two main causes of death in Canada are cardiovascular diseases and
diabetes. Metabolic syndrome (MetS) is constituted of the important
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risk factors that are strongly associated with these non-communicable
diseases. Diet is an important factor in modifying the status of MetS.
Recently, researchers have used the dietary pattern approach rather
than the nutrient or food group methods to evaluate the association
between diet and MetS. The objective of this study was to determine
the association between prevalent dietary patterns with MetS among
12 to 79-year-old Canadians. Data were obtained from the Canadian
Health Measures Survey combined Cycles 1 & 2 data collected between
2007-11. Food frequency questionnaire was used to determine the
usual dietary intake. To extract the dietary patterns of Canadians, the
principal component analysis method was used. The status of MetS
was determined using the harmonized MetS statement for adults and
adolescents. After controlling for potential covariates, logistic regression was used to determine the association between MetS and dietary
patterns. To produce nationally representative results, weighting and
bootstrapping were applied (alpha= 0.05). Excluding individuals with
diabetes, 17% of Canadians aged 12-79y had MetS. Abdominal obesity
was the most prevalent (32.5%) MetS component. Four different prevalent dietary patterns were extracted, and these were named: “Western”, “Healthy like”, “Dairy, cereal and fruit” and “Unhealthy grains”
dietary patterns. The “Healthy-like” dietary pattern, characterized by
high intakes of beans, nuts, fruits, tomato/sauce, lettuce, spinach,
other vegetables, regular fat salad dressing/mayonnaise, was found to
be inversely associated with MetS among Canadians 12-79y (P=0.027).
Similarly, the “Dairy, cereal and fruit” dietary pattern was marginally
inversely associated with MetS (p=0.058). After excluding the adolescents from analysis, a “Healthy-like” and a “Fast food” dietary pattern
emerged that had an inverse (P=0.054) and direct (P=0.011) association
with MetS, respectively. Our ﬁndings suggest that a “Healthy like”
dietary pattern characterized by high intake of fruits, vegetables,
dairy and cereal may protect against the risk of developing MetS
among Canadians age 12-79y. These results require further investigation among smaller sociodemographic groups. (Supported by a contribution from the Dairy Research Cluster Initiative and the University of
Saskatchewan.)

Protection of parenteral nutrition solutions from ambient light
reduces oxidative stress and improves intestinal blood ﬂow
during parenteral feeding in neonatal miniature piglets
Lee-Anne Huber, Theresa Lee, Robyn LeDrew, Elaine Dodge,
Janet Brunton, and Robert Bertolo
Department of Chemistry, Memorial University of Newfoundland, St. John’s, Newfoundland and
Labrador, Canada.

Exposure of total parenteral nutrition (TPN) solutions to ambient light
ampliﬁes oxidative stress which may contribute to the development
of enteral feeding intolerance due to reduced mesenteric blood ﬂow,
secondary to nitric oxide depletion. The major intracellular antioxidant is glutathione, a tripeptide containing cysteine, which may be an
essential amino acid in neonates. Unfortunately, cysteine has limited
solubility in solution and is either absent or low in neonatal TPN
products. N-acetyl cysteine (NAC) has proven to be a stable, bioavailable source of cysteine in TPN-fed piglets. Photoprotection of TPN
solutions and supplementation with NAC may be viable options to
reduce the infused oxidant load, spare nitric oxide to sustain mesenteric blood ﬂow, and attenuate gut atrophy associated with TPN. Neonatal Yucatan miniature piglets (N = 20, 7-9 d old) were surgically ﬁtted
with central venous catheters and an ultrasonic blood ﬂow probe
around the superior mesenteric artery (SMA). Piglets were fed continuously for 7 d either light-protected (LP) or light-exposed (LE) complete
TPN that was either NAC- or alanine (ALA)-enriched. There were no
differences in ﬁnal body weight among groups after 7 d. Hepatic lipid
peroxidation (i.e., thiobarbituric acid reactive substances) was reduced by 25% in piglets receiving LP versus LE TPN (P<0.05). SMA blood
ﬂow decreased in all pigs between d 2 and 7 (P<0.0001). Photoprotection alone (LP-ALA) attenuated the TPN-associated decrease in blood
ﬂow to 61% of baseline on d 7 compared to 41% for LE-ALA pigs (P<0.05);
Published by NRC Research Press
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LE-NAC and LP-NAC piglets had intermediate reductions in blood
ﬂow (57% and 43%, respectively). Overall, gut morphology was not
different. Photoprotection of TPN in piglets attenuates hepatic lipid
peroxidation and TPN-associated decline in blood ﬂow to the gut.
Surprisingly, addition of NAC as a source of cysteine appeared to offset
this photoprotective effect. It is possible that cysteine was not
limiting glutathione production. Photoprotection is a simple, effective method to attenuate TPN-induced gut atrophy which may facilitate re-introduction of enteral feeding. (Supported by Janeway Children’s
Research Foundation.)

Exercise and consumption of n-3 polyunsaturated fatty acids
independently reduce the onset of mammary tumor
development
Barbora Hucik,1 Zhen Lin,1 Jiajie Liu,1 Lyn M. Hillyer,1
William J. Muller,2 Lindsay E. Robinson,1 and David W.L. Ma1
1Department

of Human Health and Nutritional Sciences, University of Guelph, Guelph, Ontario,
Canada.
2Department of Biochemistry, McGill University, Montréal, Québec, Canada.

There is growing interest in utilizing lifestyle-based interventions in
the prevention of breast cancer (BC). Evidence shows that implementation of exercise programs, as well as the consumption of marineand plant- derived dietary fats may exert effects on BC development.
Populations consuming diets rich in marine sources of n-3 polyunsaturated fatty acids (PUFA) have a decreased occurrence of BC compared
to their sedentary counterparts, who consume a diet with an increased n-6 PUFA to n-3 PUFA ratio. However, very little is known
about the combinatory effect of diet and exercise on BC development.
Therefore, the objective of this study was to examine the effect of
exercise and type of fatty acid on the development of mammary tumours in a relevant model of human BC. Female MMTV-neu (ndl)-YD5
mice, a model of human Her-2 positive BC, were fed (20 weeks) a n-6
PUFA (10% kcal safﬂower oil) control diet or a n-3 PUFA (3% kcal menhaden oil+7% kcal safﬂower oil) diet (n=7-15/group). At 8 weeks of age,
mice remained either sedentary or underwent an exercise intervention, (45 minutes of treadmill running, 5 times/week, 5° incline with
speed starting at 10m/min and increased by 2 m/min each week for
4 weeks). Tumors were palpated and measured 3 times per week until
termination at 20 weeks of age. There were no signiﬁcant differences
in tumor volume and multiplicity between exercise and sedentary
groups in either the n-6 and n-3 PUFA diet groups. However, at T50
(time at which 50% of mice had developed tumors) and T100 there was
a ⬃13% and ⬃24% delay in tumour onset, respectively, in the n-6 PUFA
sedentary vs n-6 PUFA exercise group, showing a beneﬁt of exercise on
primary tumour outcomes. These preliminary results suggest that the
potential beneﬁt of exercise depends on the type of fatty acid. Exercise
provides no additional beneﬁt to mice consuming n-3 PUFA. However,
exercise can delay tumour development in mice fed n-6 PUFA. Overall,
this research will further our understanding of using lifestyle interventions as a strategy to reduce BC. (Funded by the Cancer Research
Society.)

A high protein diet alters rat kidney and liver oxylipins
Md Ariful Islam and Harold Aukema
Department of Human Nutritional Sciences, University of Manitoba, Winnipeg, Manitoba, Canada.

High protein (HP) diets are increasing in popularity, but their effects
on tissues including the kidney and liver remain unclear. Oxylipins
are a group of bioactive lipids formed via oxidative metabolism of
polyunsaturated fatty acids via cyclooxygenase and lipoxygenase enzymes, and the epoxygenase and hydroxylase activities of cytochrome
P450 enzymes. They are involved in both the maintenance of normal
renal and hepatic functions, as well as being involved in pathological
processes. For example, the vasodilatory effect of arachidonic acid
derived prostaglandins (cyclooxygenase oxylipins) are involved in
maintaining normal renal function, while linoleic acid derived
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cytochrome P450 epoxygenase oxylipins such as epoxy-octadecadienoic
acid (EpOME) and their dihydroxy metabolites (DiHOME) have been
reported to be cytotoxic in renal cells and pro-inﬂammatory in a number of tissues. HP diets have been shown to alter renal prostaglandins,
but effects on other oxylipins in the kidney or the liver are not known.
Therefore, normal adult male Sprague Dawley rats were provided
isocaloric diets with LP (low protein, 8% protein by weight), NP (normal protein, 14% protein) or HP (50% protein) diets for two weeks.
Kidney (cortex and medulla) and liver were analyzed and quantiﬁed by
UPLC-MS/MS. Kidney (p<0.0001) and liver weights (p<0.0021) were
higher in HP compared to NP and LP rats. Medullary 9,10 DiHOME and
12,13 DiHOME in HP rats were 2-3 times higher than in the NP and LP
rats, 12,13-EpOME was similarly higher in HP rats but only signiﬁcantly different than the LP group, while 9,10-EpOME followed the
same trend, but was not signiﬁcant. Several renal oxylipins from the
cyclooxygenase and lipoxygenase pathways that may have protective
effects were lower in the HP compared to the NP and/or LP diets. In
liver, several oxylipins were higher in rats given HP compared to LP
diets, including 9,10 EpOME and 12,13 EpOME (2.5 times higher).
In conclusion, HP diets result in oxylipin alterations in kidney and
liver, including increased linoleic acid derived cytochrome P450 epoxygenase products. These ﬁndings warrant further investigation of
their potential renal and hepatic effects. (Supported by NSERC, a Manitoba Graduate Scholarship and a University of Manitoba GETS award.)

Combined leucine supplementation with resistance exercise
training in pre/frail elderly women does not alter insulin
sensitivity
Kathryn J. Jacob,1 Stéphanie Chevalier,2 Marie Lamarche,2
and José A. Morais1
1Experimental
2Department

Medicine, McGill University, Montréal, Québec, Canada.
of Medicine, McGill University, Montréal, Québec, Canada.

Background: Frailty is a clinical condition associated with loss of
muscle mass and strength (sarcopenia). Although sarcopenia has
multifactorial causes, it might be partly attributed to a blunted response to anabolic stimuli. Leucine acutely increases muscle protein
synthesis through the Akt/mTORC pathway. Resistance training (RT) is
the strongest stimuli to counteract sarcopenia and was recently
shown to improve insulin sensitivity (IS) in frail elderly women. Discrepancies exist whether chronic supplementation of leucine in conjunction with RT can improve muscle mass and IS. We determined the
effects of leucine supplementation and RT on IS in pre/frail elderly
women as part of an ongoing double-blinded placebo controlled
study. Methods: Eleven non-diabetic pre/frail elderly women (79.4±1.9 y,
BMI: 23.8±1.3 kg/m2), based on the Frailty Phenotype underwent a
3-month intervention of RT 3x/week with protein optimized diet of
1.2 g/kg/d and 7.5 g/d of leucine (LEU) supplementation vs. placebo
alanine (ALA). Pre/post-intervention fasting glucose, insulin and
4-hour responses to a standard meal of complete liquid formula, body
composition using DEXA and leg press by 1-repetition maximum test
were measured. Statistical analysis comprised of 2-factor ANOVA, and
pooled data by paired t-test. Signiﬁcance was p<0.05. Results: No signiﬁcant effects of exercise and/or supplementation were observed for
postprandial areas under the curve of insulin or glucose in LEU vs. ALA
groups (p=0.31). When group data were pooled, there were no withingroup differences pre vs post (insulin: 71967 ± 8975 pM & 72742 ± 10493 pM;
glucose: 806 ± 59 mM & 781 ± 72 mM; NS). Total LBM and leg
strength increased signiﬁcantly for both groups post-intervention
(0.81 ± 0.13 kg, and 61 ± 8 kg respectively, p<0.001). The delta gain
between LEU vs ALA groups of LBM was 0.61 ± 0.15 kg & 0.98 ±
0.18 kg (NS) and of leg strength was 56.4 ± 12.5 kg & 62.4 ± 13.9 kg
(NS). Conclusion: Preliminary data show that IS was not affected by
RT and leucine supplementation in non-diabetic pre/frail elderly
women. Therefore, leucine supplementation does not appear to
inﬂuence IS under these conditions, which remains to be conﬁrmed at study completion.
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Impact of eating behaviour traits in genetic susceptibility to
obesity
Raphaëlle Jacob,1 Vicky Drapeau,2 Angelo Tremblay,3
Véronique Provencher,1 Claude Bouchard,4 and Louis Pérusse3
1School
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Genetic factors and eating behaviour traits have been associated with
obesity. Eating behaviour traits have also shown genetic inﬂuences.
The aim of this study was to evaluate whether eating behaviour traits
mediate the association between obesity-related genetic variants and
obesity. We hypothesized that eating behaviour traits partly mediate
this association. Seven hundred and eighty-eight individuals (body
mass index (BMI)=28.1±7.7 kg/m2; age=44.6±16.6 years) who participated in the Québec Family Study were included in the analysis.
A genetic risk score (GRS) of obesity was calculated based on the
97 obesity-related loci identiﬁed in a recent genome-wide meta-analysis
of BMI. Anthropometric variables (BMI, waist circumference (WC))
were measured. Eating behaviour traits (cognitive restraint, disinhibition, susceptibility to hunger and subscales) were assessed using the
Three-Factor Eating Questionnaire. Logistic regressions, adjusted for
age and sex, showed that the odds of being obese (BMI≥30 kg/m2) or
being abdominally obese (women WC≥88 cm; men WC≥ 102 cm) were
respectively 1.74 (CI 1.11-2.75) and 2.12 (CI 1.36-3.30) higher in the upper
versus the lower GRS quartile. Regression analyses, adjusted for age
and sex, showed that disinhibition (␤indirect=0.09, p=0.0007; ␤indirect=
0.20, p=0.0007), habitual susceptibility to disinhibition (␤indirect=0.08,
p=0.002; ␤indirect=0.18 p=0.002), situational susceptibility to disinhibition (␤indirect=0.05, p=0.003; ␤indirect=0.12, p=0.002), susceptibility to
hunger (␤indirect=0.04, p=0.02; ␤indirect=0.09, p=0.02), internal locus of
hunger (␤indirect=0.03, p=0.03; ␤indirect=0.07, p=0.03) and external locus of hunger (␤indirect=0.03, p=0.03; ␤indirect=0.07, p=0.03) partially
mediated the association between GRS and BMI or WC, respectively. This
study suggests that genetic susceptibility to obesity partly inﬂuenced
obesity through undesirable eating behaviour traits, which need to be
targeted in obesity treatment and prevention. (Supported by Canadian
Institutes of Health Research.)

Adequacy of vitamin B6 and effects of supplementation on
high-intensity exercise performance in collegiate distance
runners: a pilot study
Jennifer Jamieson,1 Hannah Mawhinney,1 Emma Aucoin,2
and Daniel Kane2
1Department
2Department

of Human Nutrition, St. Francis Xavier University, Antigonish, Nova Scotia, Canada.
of Human Kinetics, St. Francis Xavier University, Antigonish, Nova Scotia, Canada.

Athletes may have increased requirements for vitamin B6, a coenzyme for glycogenolysis, due to increased turnover and losses. To
determine the B6 status in male varsity cross-country runners, fasting
plasma pyridoxal phosphate (PLP) was measured before, and following seven days of B6 supplementation (100 mg/day; n = 5) or placebo
(sugar pill; n = 4). To determine the effects of B6 supplementation on
exercise performance, participants performed a graded treadmill test
to volitional exhaustion before, and again on the seventh day of supplementation. A comparison group of non-athletes given B6 (100 mg/day;
n = 9) or placebo (sugar pill; n = 9) followed a similar protocol, but with
a stationary cycle ergometer. Blood lactate (BLC) and blood glucose
concentration (BGC) were measured immediately before, immediately
following, and 10 min after the exercise test. All athletes had adequate
PLP status prior to supplementation (78.6 ± 33.4 nmol/L), which correlated with B6 intake estimated from two dietary recalls (=0.73;
P=.025). Non-athlete PLP status trended lower with greater BMI
(BMI<25: 68.7 ± 48.5 nmol/L; BMI>25: 42.0 ± 16.6 nmol/L; P=0.14). Following supplementation, PLP increased ﬁve-fold for athletes (P=.011),

whereas no change was observed with placebo. No differences were
observed in exercise performance following supplementation, nor in
BLC between the treatment groups in athletes or non-athletes. For
athletes, there were no changes in BGC following supplementation in
the placebo group. However, BGC 10 min post-exercise was 11% lower
(P=.055) in the treatment group following supplementation. Additionally, baseline PLP correlated with the observed drop in BGC in the
10 min post-exercise period (=0.71; P=.038). Among non-athletes, BGC
did not rise following exercise, with or without supplementation, but
a training effect following one week of cycling (30 min/d at 60%
V̇O2peak) was observed in the placebo group (greater external power
output during the ﬁnal exercise test; P=0.011). High-dose vitamin B6
may reduce glucose production and/or enhance muscle glucose uptake following exhaustive, high-intensity exercise in athletes, as well
as blunt the response to exercise training in non-athletes. (Supported
by CIHR & NSERC Student Research Awards; St. Francis Xavier University URPTA Awards; NSERC Discovery Grant.)

Elevated soluble transferrin receptor concentrations among
Congolese children 6 –59 months with glucose-6-phosphate
dehydrogenase deﬁciency
Crystal D. Karakochuk,1 Mikaela K. Barker,1 Amanda Henderson,2
Karimah Naguib,1 Suzanne M. Vercauteren,3 Angela M. Devlin,2
Kyly C. Whitﬁeld,4 Esto Bahizire,5 Pierre Z. Akilimali,6 Erick Boy,7
and Tim J. Green8
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3Hematopathology, BC Children’s Hospital, Vancouver, British Columbia, Canada.
4Department of Applied Human Nutrition, Mount Saint Vincent University, Halifax, Nova Scotia,
Canada.
5Department of Medicine, Catholic University of Bukavu, Bukavu, Democratic Republic of the Congo.
6Department of Nutrition, University of Kinshasa, Kinshasa, Democratic Republic of the Congo.
7Department of Nutrition, International Food Policy Research Institute, Washington, DC, USA.
8South Australian Health and Medical Research Institute, Adelaide, South Australia, Australia.

Background: Glucose-6-phosphate dehydrogenase (G6PD) is an enzyme that protects red blood cells from oxidative damage. G6PD deﬁciency is a X-linked recessive inborn error of metabolism, which
arises from mutations in the G6PD gene. In central Africa, the G6PD
A- variant is thought to be most prevalent and is characterized by the
co-inheritance of two mutations in the G6PD gene (A376G [rs1050829]
and G202A [rs1050828]). Certain triggers (e.g., certain foods such as
fava beans, or certain drugs) can result in acute or chronic hemolysis
(destruction of red blood cells) in individuals with G6PD deﬁciency.
Our aim was to genotype children 6-59 months in the Democratic
Republic of the Congo for the A376G and G202A mutations, and to
investigate the associations between G6PD A- deﬁciency and soluble
transferrin receptor concentration (sTfR, a biomarker of iron status).
Methods: Venous blood was collected from n=708 children in South
Kivu and Kongo Central provinces using a proportionate-to-size sampling method. DNA was extracted from buffy coat and qPCR was used
to detect the A376G and G202A mutations. Serum was analyzed for
sTfR concentrations using an s-ELISA. Results: A total of 21% (n=146/
708) of children had the A376G mutation (in hemi-, hetero-, or homozygous form), 45% (n=316/708) had the G202A mutation, and 20%
(n=140/706) had G6PD A- (co-inherited A376G & G202A mutations).
Overall, median (IQR) sTfR concentration was 8.1 (6.6, 11.4) mg/L. STfR
concentrations were signiﬁcantly higher among children with any
type of G6PD A- deﬁciency (hemizygous boys and heterozygous or
homozygous girls), as compared to children without (9.2 [7.3, 11.8] vs.
7.9 [6.5, 11.1] mg/L, respectively; Wilcoxon ranksum test, P=0.001). Further, iron deﬁciency prevalence based on sTfR (>8.3 mg/L) was significantly higher among children with any type of G6PD A- deﬁciency, as
compared to children without (60% [n=80/133] vs. 43% [n=234/544],
respectively; P<0.001). Conclusions: One-ﬁfth of our study population
had G6PD A- deﬁciency. The accuracy of sTfR to diagnose iron deﬁciency in children with G6PD A- deﬁciency is in question. More
Published by NRC Research Press
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research is warranted to examine the effect of these mutations on iron
status and to investigate other associated health risks in affected individuals. (Funding: HarvestPlus/IFPRI.)

A comprehensive local food environment policy monitoring
framework
Kimiya Karbasy, Lana Vanderlee, and Mary R. L’Abbé
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Department of Nutritional Sciences, University of Toronto, Toronto, Ontario, Canada.

Diet is strongly inﬂuenced by the food environment in which consumers make food choices. Government food environment policies are
critical to affect the availability, affordability, and marketing of
healthy foods. Local governments are often the ﬁrst to implement
innovative food environment policies; however, the implementation
of such policies in Canadian local jurisdictions is unclear. This study
aimed to create a comprehensive policy monitoring framework to
characterize key local food policy domains and identify promising
practices in food environment policy in North America. The Government Food Environment Policy Index (Food-EPI), originally developed
to assess national and state policies, was adapted the local municipal
context. The original tool contains 7 policy “domains” (composition,
labelling, promotion, prices, provision, trade, and retail) with speciﬁc
policy indicators within each domain. A scoping review of peerreviewed and grey literature was conducted to provide a comprehensive scan of current local food environment actions in either
American or Canadian municipalities, regions or counties in urban,
suburban, rural, and remote contexts. Of the 7 policy domains of the
original Food-EPI framework, 6 were relevant to municipalities. While
several indicators were not relevant locally, such as reformulation
targets for packaged food products, others were fully within local
policy control, such as zoning for farmer’s markets and mobile food
vendors. The majority of indicators (13 of 19 indicators) could be implemented at the local level. Additional domains were added to include nutrition education and communication initiatives and healthy
food equity. Local food environment policies have signiﬁcant potential to inﬂuence the food environment policy landscape in Canada.
Bottom-up approaches beginning at the municipal level have helped
to spur policy action at the state and national level in areas such as
tobacco, and recently in calorie labelling on restaurant menus. This
policy monitoring framework is an inventory of potential policies to
prevent rising rates of obesity and can be used by local jurisdictions to
evaluate the strengths, weaknesses, and gaps in their local food environment policies. This tool will next be employed to evaluate local
policies in municipal jurisdictions in Canada. (Funded by the Canadian Institutes of Health Research.)

Soci-economic and cultural facilitators and barriers of refugee
households’ food insecurity: a snapshot of the food security
status of Afghan refugees in Pakistan
Masoumeh Khakpour,1 Hassan Vatanparast,1,2 Romaina Iqbal,3
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6Department of Community Health and Epidemiology, University of Saskatchewan, Saskatoon,
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Despite the efforts of international institutions and host countries,
refugees struggle to meet their basic needs throughout their displacement. Among all needs, food is one of the basics of livelihood and one
of the social determinants of health that is affected by dislocation. In
a social ecological framework, the overall economic status of the host
country is among factors affecting refugees’ access to basic services.
The refugee inﬂux creates an extra burden on the health, employment, and education system of the host country. Pakistan is a devel-
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oping country hosting Afghan refugees for more than thirty years. The
objectives of this research are to evaluate the prevalence of household
food insecurity of the Afghan Refugees in Pakistan and identify the
barriers and facilitators toward their food security status. We used a
mixed methods design to allow triangulation for more reliability and
credibility. In the quantitative component, we recruited 299 refugee
families in Karachi. Within A standard tool from the Canadian Community Health Survey (CCHS) and the United States Department of
Agriculture (USDA) food security questionnaire were used. To address
the second objective, we conducted a series of in-depth interviews
with semi-structured questions. We found 82.2% of the adults and
69.3% of the children were food insecure based on our analysis. Emerging themes from both the family in-depth, and quantitative data
showed ﬁnancial limitation, employment status, education, lack of
information and resources associated with health services and food
literacy were the main barriers to household food security. A very high
prevalence of food insecurity existed among refugee households and
children. Identifying the responsible organization in the area, and
further assistant and support in providing employment support, education, accessible health services, nutritional workshops, may help to
improve the food security status of the Afghan refugees. Our ﬁndings
warrant further investigation in refugees related policies in Pakistan.
Illuminating the role of stakeholders who are involved in providing
settlement and health services, as well as the level of coordination and
collaboration among the world aid organization and local government may enhance the refugees reintegration and access to basic
needs.

Prevalence of partially and hydrogenated oils in the Canadian
food supply
Min Ah Kim, Beatriz Franco-Arellano, and Mary L’Abbé
Department of Nutritional Sciences, University of Toronto, Toronto, Ontario, Canada.

Partially hydrogenated oils (PHO) are the main source of trans fatty
acids (TFA) from industrial sources in processed foods and are associated with increased risk of cardiovascular events. In Canada, despite
efforts towards the reduction of PHO in the food supply, there are still
foods containing industrially produced PHO. Moreover, hydrogenated
oils (HO) can also contain certain amounts of TFA. Objectives: This
study aimed to collect data on: 1) the prevalence of TFA, PHO and HO
in the Canadian food supply, and 2) assess the proportion of foods
with PHO and HO that met or exceeded the recommended TFA limits.
Methods: Using the University of Toronto Food Label Information
Program (Version 2013, n=15,342), a database of the Canadian prepackaged food supply, products displaying PHO and HO in the list of ingredients were identiﬁed. The amount of TFA (per 100g) of each product
was determined using the Nutritional Facts table. Results: Overall,
22.63% of the Canadian packaged food supply contained TFA, and
most foods (84.6%) that contained TFA within each category met the
recommended TFA limits (<0g/100g). However, some categories had a
large proportion that exceeded the recommended TFA limits including: dessert toppings and ﬁllings (91%), cereals and other grain products (86%), miscellaneous (79%), and potatoes/sweet potatoes (67%). In
regards to PHO, 0.77% of packaged foods contained this ingredient.
However, only 0.43% of products declaring PHO contained more than
0g/100g of TFA. Overall, 5.11% of packaged foods contained HO, although only 0.70% of products declaring HO exceeded the threshold of
TFA. Conclusion: Partially hydrogenated oils are still little used in the
Canadian food supply. This study shows that if Canada bans the use of
PHO in the food supply, as it has been recently proposed, it would not
have a signiﬁcant effect as many foods are PHO free. Notably, some
products with hydrogenated oils did not meet the threshold of
0g/100g; therefore, a TFA limit for products containing HO should be
recommended. Policymakers can use this information to develop appropriate regulations to reduce the availability of TFA in the Canadian
food supply through restrictions in the use of industrially produced
PHO/HO.
Published by NRC Research Press
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The impact of homework on the adiposity proﬁle in schoolaged children through the examination of eating behavior
Thiffya Arabi Kugathasan,1 Vicky Drapeau,2 Angelo Tremblay,1
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High mental workload was shown, in 1990, to increase the energy intake
in adults. More recent studies in adults have shown an increased energy
intake following a mental work compared to a seated-rest period. This
increase in energy intake was not compensated by a decrease in energy
intake in the subsequent meals during the day thus leading to a positive
energy balance. However, the effects of mental work on children’s eating
habits and consequently their adiposity proﬁle have not been studied.
The aim of this study is to investigate in school-age children the relationship between eating habits and mental work i.e. homework. The information of the children (n=527) who participated in the ﬁrst phase
(8-10 years old) of the QUALITY cohort study was used. Homework duration and stress related to schoolwork were obtained by means of questionnaires. The eating habits (kcal, saturated fat, number of snacks and
high sugar drinks) were acquired by three 24-hour dietary recalls. DXA
was used to get an accurate proﬁle of the children’s adiposity. We found
that children who performed higher amounts of homework had a higher
trunk fat percentage. When children were divided into two groups
(stressed vs. not stressed by school-related work), stressful homework
was signiﬁcantly associated with total body fat and trunk fat. High sugar
drink intakes mediated the relationship between stressful mental work
and trunk fat percentage. The energy intake, saturated fat and number of
snacks consumed per day did not mediate the relationship between mental work and adiposity proﬁle under all the conditions. This study adds to
the existing literature by showing a mediating role of sweet-beverage
consumption in the homework and adiposity relationship. (Funding was
provided by the Canadian Institutes of Health Research #OHF-69442,
#NMD-94067, #MOP-97853, #MOP-119512, the Heart and Stroke Foundation of Canada #PG-040291 and the Fonds de Recherche en Santé du
Québec. Mélanie Henderson and Marie-Eve Mathieu hold a Fonds de
Recherche en Santé du Québec Junior 1 salary award.)

Systematic review of nutrient proﬁle models developed for
nutrition-related policies and regulations aimed at
noncommunicable disease prevention
Marie-Eve Labonté,1 Theresa Poon,1 Branka Gladanac,1
Mavra Ahmed,1 Beatriz Franco Arellano,1 Mike Rayner,2
and Mary L’Abbé1
1Department
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Nutrient proﬁle (NP) models can support various public health policies,
when there is a need for a transparent and reproducible method to deﬁne
“healthier” or “less healthy” food. Given the proliferation of NP models
worldwide, it is now recommended to adopt or adapt an existing model.
However, an up-to-date and accessible resource summarizing existing NP
models is currently unavailable. This study aimed to develop such a resource which summarizes and evaluates key characteristics of NP models
with applications in government-led nutrition policy and regulation. Information was ﬁrst collected from a key, but unpublished catalogue of
NP models built in 2012 by Rayner and colleagues. A systematic literature
search was also conducted in 3 databases of the peer-reviewed literature
(PubMed, Embase, Scopus) and 15 grey literature databases (e.g. PAIS
Index). Included models had to meet the following characteristics (selected): a) Developed or endorsed by governmental or intergovernmental
organizations; b) Allow for the evaluation of single food items; c) Consider multiple nutrients or food components; d) Have publicly available
nutritional criteria. A total of 387 potential NP models were initially
identiﬁed, including n=119 models from Rayner’s catalogue and n=268
models from the full text assessment of >600 publications. Seventy-nine
models were included. The majority of models (n=76; 96%) provide sum-

mary ratings of the healthfulness of food products. Almost half originate
from the Americas, and most (n=57; 72%) were introduced within the last
10 years. The most common primary applications of the models include
school food standards or guidelines (n=27), restriction of the promotion
of foods to children (n=11), and food labelling (e.g. front-of-pack; n=11). All
models consider nutrients to limit (e.g. sodium), and 78% also consider at
least one nutrient or food component to encourage (e.g. ﬁbre). Overall,
this new resource will be highly valuable for assisting health professionals, nutrition professionals and policy makers in the selection of an appropriate NP model when the establishment of nutrition-related policies
or regulations will require the use of nutrient proﬁling (Supported by:
CIHR Postdoctoral Fellowship (MEL); Earle W. McHenry Endowed Chair
(MRL); Burroughs Wellcome Fund-Innovation in Regulatory Science
(MR&MRL.)

Natural abundance compound speciﬁc isotope analysis as a
method to study dietary n-3 contribution to brain
docosahexaenoic acid levels
R.J. Scott Lacombe, Vanessa Giuliano, and Richard Bazinet
Faculty of Medicine, Department of Nutritional Sciences, University of Toronto, Toronto, Ontario, Canada.

Brain docosahexaenoic acid (DHA, 22:6n-3) may be derived from two
sources, preformed dietary DHA or through endogenous hepatic synthesis from ␣-linolenic acid (ALA, 18:3n-3). Synthesized and preformed DHA
are chemically indistinguishable, therefore quantifying the actual dietary contribution of either source to tissue levels is unachievable without the administration of costly isotopically labelled tracers. We plan to
explore the use a novel approach using compound speciﬁc isotope analysis (CSIA) at the natural abundance level to discriminate between the
incorporation of synthesized or preformed DHA into the brain following
chronic feeding of n-3 PUFA. Mice were initially maintained on a background chow diet (Baseline). 13-17 day pregnant dams were placed onto
puriﬁed n-3 PUFA diets, containing either pure ALA or DHA (2% of fatty
acids) as the only source of n-3 PUFA. Mice were maintained on diets over
two generations, and males were sacriﬁced at 6 weeks of age. Fatty acid
methyl esters were quantiﬁed by gas chromatography, and isotopic analysis was conducted by gas chromatography-combustion-isotope ratio
mass spectrometry (GCcMS). Animals maintained on ALA diets were
found to have signiﬁcantly lower brain DHA concentrations than those
on maintained DHA diets after one generation (16.62±0.27 mol/g vs
18.02±0.18 mol/g, P<0.0001; mean±SD). Brain DHA concentrations remained stable in the successive generation. ␦13C signatures of puriﬁed
PUFA in the ALA and DHA diets were -31.12 ‰ and -24.32 ‰, respectively.
After one generation, brain ␦13CDHA signatures responded dramatically
to each diet, with changes from baseline (ALA= -2.52±0.15 ‰ vs DHA=
2.79±0.18 ‰, P<0.0001) reﬂecting the differences in dietary ␦13C signatures. Changes were maintained over the next generation with subtle
variation. These results demonstrate that to achieve a stable brain
␦13CDHA signature animals must be maintained on diets over at least one
generation. In addition to highlighting the sensitivity of CSIA to detect
subtle changes in tissue ␦13CDHA following dietary treatments, our results demonstrate the viability of this technique to distinguish between
the tissue incorporation of preformed or synthesized DHA. Future studies plan to utilize CSIA to study the turnover of brain DHA in animals
undergoing chronic feeding of puriﬁed n-3 diets. (NSERC.)

Questionnaire development for dietary restrictions in runners
to mitigate gastrointestinal symptoms
Hailey Lafave,1 Robyn Madden,2 Kelly Anne Erdman,3
Kim Wagner-Jones,4 and Jill Parnell2
1Department

of Science, Mount Royal University, Calgary, Alberta, Canada.
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Anecdotally, endurance runners report they struggle to ﬁnd foods to
optimally fuel performance without causing unpleasant gastrointesPublished by NRC Research Press
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tinal symptoms. The lack of information regarding athletes’ preexercise food intolerances and preferences has hindered nutrition
professionals with regard to general recommendations. The objective
was to develop a valid and reliable questionnaire that assesses the
pre-run, voluntary food restrictions used to minimize gastrointestinal
symptoms. Validity testing consisted of an initial review by three
Registered Dietitians and a trainee whose feedback was incorporated
into a second draft. The second version was sent out to four different
experts who were asked to rate each question using a Likert rating
scale with 1=unacceptable, 3=acceptable and 5=highly acceptable and
provide any other feedback. Subsequently, the questionnaire was administered to 22 participants in a test/re-test format. Kappa statistics
were used to assess the reliability of the questionnaire by evaluating
the intra-rater agreement of the test/ re-test results. All questions had
an average Likert scale rating of 4/5 or greater. Categories with an
observed agreement below 90% and kappa values below 0.4 were
ﬂagged. All test/ re-test results falling under basic information (gender, age, performance level, running hours per week, years running, and competition distance) exhibited kappa values above 0.61,
demonstrating substantial agreement. Test/retest results for medical information exhibited one ﬂagged category out of 54. Results
for dietary restrictions while training exhibited 11 ﬂagged categories out of 46 and results for dietary restrictions while racing exhibited three ﬂagged categories out of 46. However, a third of the
ﬂagged categories may be deemed reliable because the adjusted
kappa (PABAK: prevalence-adjusted bias-adjusted Kappa) is more
appropriate in the cases of extreme prevalence and/or bias. It can
be concluded that the questionnaire, overall, exhibits substantial
agreement and may be considered a valid and reliable tool in evaluating voluntary dietary restrictions among endurance athletes.
Reliable feedback regarding consumption or avoidance of speciﬁc
food and/or ﬂuids prior to exercise to reduce gastrointestinal distress and optimize performance will contribute to improved and
more speciﬁc nutritional recommendations in the future. (Funded
by Mount Royal University.)

I-FABP as a marker of small intestine dysfunctions in obesityrelated metabolic alterations
Catherine Lalande,1 Andre J. Tremblay,2 Alain Houde,2
Patrick Couture,3 and Alain Veilleux1
1School
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Recent studies underline the implication of the gut in the etiology
of chronic diseases. Hypertrophy of the small intestine mucosa is
observed in presence of insulin resistance (IR) or type 2 diabetes
(T2D) in animal models and severely obese subjects. These results
were obtained using invasive methods, which are inappropriate for
healthy subjects or large cohorts. Considering its important role in
lipid metabolism, it is crucial to develop tools to improve our understanding of gut physiopathology in T2D. Intestinal-type fatty
acid-binding protein (I-FABP) is a promising non-invasive biomarker of enterocyte renewal and has been validated in several
enteropathies. Objective: Evaluate intestinal function in men covering a wide range of adiposity and glucose homoeostasis statuses.
Methods: The study cohort (n=226) included 153 nondiabetic men
with body mass index (BMI) ranging from 20.3 to 44.9 kg/m2 (Mean:
29.8±5.2 kg/m2) and IR index (HOMA-IR) ranging from 0.8 to 10.0
(Mean: 3.7±1.7). Seventy-three men with a T2D diagnosis (BMI:
31.4±4.9 kg/m2) and receiving only metformin as anti-diabetic drug
were also included. Plasma I-FABP was quantiﬁed by ELISA. Results:
Plasma I-FABP levels (1.58±1.01 nmol/L) were positively associated
with fasting glycaemia, triglycerides and age (0.14<r<0.25; p<0.05),
but not with BMI, IR or waist circumference. Multiple regression
analysis revealed that plasma I-FABP was independently associated
with glycaemia and triglycerides, and these metabolic parameters

were signiﬁcant predictors of I-FABP (r2=0.073; P<0.001). Plasma
I-FABP levels in T2D men were higher than those observed in nondiabetic subjects (1.43±0.97 vs 1.90±1.06 nmol/L; P<0.05). Interestingly, plasma I-FABP levels in T2D men were positively correlated
with glycated hemoglobin (r=0.23; p<0.05) and triglycerides
(r=0.22; p=0.06). Conclusion: Plasma I-FABP, a biomarker of enterocyte renewal, seems more related to the presence of metabolic
alterations (i.e. dyslipidemia and hyperglycemia) than adiposity, IR
and T2D, per se. However, the role of metformin in this accelerated
turnover remains unclear. Further assessment of morphological
alterations will be performed using plasma citrulline, a nonessential plasmatic amino acid synthesized by the enterocyte. A
better understanding of IR and T2D physiopathology in the small
intestine could lead to the design of novel intervention to prevent
the development of concomitant metabolic alterations.

The association of delta-5 and delta-6 fatty acid desaturase
activities with risk factors for type 2 diabetes is dependent on
plasma apoB in obese subjects
Valérie Lamantia,1 Simon Bissonnette,1 Yannick Cyr,2
Hanny Wassef,3 Rémi Rabasa-Lhoret,1 Christine Des Rosiers,1
and May Faraj1
1Département

de nutrition, Université de Montréal, Montréal, Québec, Canada.
de biologie moléculaire, Université de Montréal, Montréal, Québec, Canada.
3Faculté de médecine, Université de Montréal, Montréal, Québec, Canada.
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Objective: Prediabetes is characterized by high insulin secretion
(IS), insulin resistance (IR), delayed fat clearance and chronic inﬂammation. High number of apoB-lipoproteins (measured as
plasma apoB) promotes white adipose tissue dysfunction and risk
factors for type 2 diabetes (T2D). Dietary intake of omega-3 fatty
acids (FA) regulate plasma apoB. Delta-5 (D5D) and delta-6 (D6D) FA
desaturases convert dietary omega-3 and omega-6 FA into their
bioactive counterparts. Their activities associate negatively or positively with the incidence of T2D, respectively. We hypothesized
here that the link between D5D and D6D activities and risk factors
for T2D is dependent on plasma apoB. Methods: We examined IS
and IR in N=81 (40% men, ≥27kg/m2, 45-74 yrs, post-menopausal,
non-diabetic and not on omega-3 therapy) using Botnia clamps,
which is a combination of an intravenous-glucose-tolerance test
and a hyperinsulinemic-euglycemic clamp. Plasma clearance of dietary fat was examined following the ingestion of a 13C-trioleinlabeled-high-fat meal (N=30). Fatty acid concentrations in plasma
phospholipids were measured by gas chromatography-mass spectrometry and used to estimate D5D and D6D activities from the
product-to-precursor ratios. Results: Plasma apoB ranged from 0.31.8 g/L and average plasma omega-6:omega-3 FA was 12:1. Estimated
D5D activity correlated negatively with plasma apoB (r=−0.36,
p<0.001), IR (r=−0.27, p=0.017), 2nd phase IS (r=−0.28, p=0.013),
delayed chylomicron clearance (r=−0.45, p=0.015) and plasma
interleukin-1 receptor antagonist in women (an indicator of an
activated interleukin-1␤ system) (r=−0.53, p=0.001). Estimated D6D
activity correlated positively with plasma apoB (r=0.49, p<0.001), IR
(r=0.44, p=0.001) and delayed fat clearance in women (r=0.69,
p=0.019). Adjustment for plasma apoB eliminated all associations of
D5D and D6D with risk factors for T2D, except for that between
D5D and chylomicron clearance (r=−0.77, p=0.027). Conclusion: In
obese subjects on habitual diet, the link between D5D and D6D
activities with risk factors for T2D is dependent, at least in part, on
plasma apoB. (Source of funding: Canadian Institutes for Health
Research Operating Grant to May Faraj (MOP# 123409), Vanier PhD
Award to Valérie Lamantia.)
Published by NRC Research Press
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Comparison of nutritional assessment tools in cirrhotic
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Background: Malnutrition, one of the most frequent complications of
cirrhosis, can lead to loss of muscle mass and function. In addition to
affecting quality of life and mortality, malnutrition is associated with
poor prognosis. Traditional methods used for assessing nutritional
status are not suitable for cirrhotic patients due to interference of
liver disease with certain nutritional parameters including ﬂuid accumulation (ascites and/or edema). Objective: The aim of this study is to
describe the performance of different measures of nutrition among
cirrhotic patients including body mass index (BMI), mid-arm muscle
circumference (MAMC) and handgrip strength (HGS) in comparison to
skeletal muscle index (SMI), an objective measure of skeletal muscle
mass, and subjective global assessment (SGA). Methods: In this pilot
study, patients with and without cirrhosis are recruited at the Centre
hospitalier de l’Université de Montréal (St-Luc Hospital) in Québec,
Canada. Their nutritional status is assessed via: BMI, MAMC, HGS as
measured with a calibrated dynamometer, SGA and SMI, as measured
by computed tomography scan at the level of the third lumbar vertebrae. Spearman correlation coefﬁcient is used to assess correlation
between different tools. Results: For now, 40 patients with and
10 patients without cirrhosis were recruited. Preliminary results show
that malnourished patients, as assessed by SGA, present a tendency
towards slightly lower BMI, HGS and SMI compared to well-nourished
patients. The MAMC does not correlate with the nutritional status of
the patients and there is no correlation between the SMI and the other
measures. Discussion: These results show the difﬁculty in assessing
the nutritional status of cirrhotic patients. More patients are needed
to establish a statistically signiﬁcant correlation. The use of other
objective tools would be potentially necessary. With objective measures of nutritional status of patients with cirrhosis, health care professionals will be able to rely less on subjective measures permitting
better risk assessment in that particular population. This could help
reduce the scope of the multiple complications experienced by these
cirrhotic patients and, eventually, even patients suffering from other
chronic liver diseases.

Perceptions and beliefs about “healthy eating” and “eating
pleasure” among adults
Myriam Landry,1 Simone Lemieux,1 Annie Lapointe,1
Alexandra Bédard,1 Ariane Bélanger-Gravel,2 Catherine Bégin,1
Véronique Provencher,1 and Sophie Desroches1
1Institute
2Québec

of Nutrition and Functional Foods, Laval University, Québec, Québec, Canada.
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Adopting a healthy diet is recognised as an important strategy to
promote health and prevent disease. Consequently, public health
tools such as Canada’s Food Guide have been developed and disseminated to facilitate healthy eating. However, Canadians’ adherence to
nutritional recommendations remains low, which allowed a new paradigm to surface; putting “eating pleasure” forward as a means to
improve diet quality. To evaluate its value for public health interventions, we ﬁrst need to explore the population’s perceptions and beliefs
about “healthy eating” and “eating pleasure”. This qualitative study
aimed to identify how adults deﬁne and explain these two concepts.
Twelve focus groups were conducted at Laval University, Québec City,
among men and women (n=92). Participants were showed a picture
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board displaying 35 food items and food-related settings and were
asked to explain which pictures represented best what “eating pleasure” meant to them. They were also asked to complete the sentence
“For me, “to eat healthily” means...” Focus groups verbatim transcriptions were coded by two independent analysts who identiﬁed and
compared emerging themes until consensus was reached. The groups
most frequently deﬁned “healthy eating” by balance, variety and moderation, followed by high intakes of vegetables and fruits, avoidance
of processed foods and eating according to hunger and satiety cues. To
describe “eating pleasure”, all groups referred to the social experience
of a shared meal, to cooking, and to the taste of food. They also
mentioned variety, visual appeal of food, eating in a relaxing context
and discovering new foods as important elements of “eating pleasure”. Some food characteristics emerging from participants’ perceptions and beliefs were the same for “healthy eating” and “eating
pleasure”, namely nutritional quality, food quality (e.g. freshness and
organoleptic quality) and variety. These ﬁndings show that many perceptions and beliefs about pleasure expressed by participants were
compatible with a healthy diet. Results from this study could be used
to develop nutrition interventions that integrate the notion of pleasure as perceived by the population to promote healthy eating. (Supported by the Canadian Institutes of Health Research.)

Freeze drying affects total starch, and resistant starch
assessment in potato tubers
Christina Larder, Megan Abergel, Stan Kubow,
and Danielle Donnelly
School of Dietetics and Human Nutrition & Plant Science, McGill University, Ste-Anne-de-Bellevue,
Québec, Canada.

Identiﬁcation of nutritionally superior genotypes from potato (Solanum
tuberosum L.) has the potential to improve the nutritional status of
populations since this is a highly consumed staple crop worldwide.
Freeze-drying (FD) has utility for high throughput phytonutrient assessment when very large numbers of cultivars, parental lines, and
advanced breeding lines need to be tested after harvest or at various
storage intervals, when working with fresh materials would be impractical. There is limited information, however, regarding the reliability of FD for starch measurements in potato tubers. This study
tested the impact of FD on total starch (TS), digestible (DS) and resistant starch (RS) measurements among four grocery shelf varieties. The
impact of FD was tested on TS, DS and RS by comparing: (a) control
tubers boiled and then cooled for 1 h at room temperature (RT) or 24 h
at 4 C; (b) tubers boiled and then cooled for 1 h with subsequent FD;
and (c) raw tubers that underwent FD, then were rehydrated, boiled,
and cooled for 1 h. The TS and DS content was not different between
control samples cooled for 1 h versus 24 h but RS content increased at
24 h, an indicator of nutritionally improved starch properties. Relative to controls, FD modiﬁed TS content in three of four varieties.
Furthermore, FD caused overestimation of DS and underestimation of
RS in the same three varieties. Modiﬁcations to cooking and rehydration procedures following FD of raw tuber samples did not improve
reliability of TS, DS, and RS values. Microscopy showed that cells remained intact following cooking whereas cell wall integrity was reduced when FD followed cooking. A complete loss of cellular structure
occurred when cooking followed FD. The morphological microscopic
evidence thus supports the ﬁnding of unreliable starch measurements
in association with FD. In conclusion, the use of either raw potato or
cooked potato samples in the FD format cannot be recommended for
starch analysis. The present ﬁndings have implications regarding the
accuracy of using FD for estimates of rapidly and slowly digestible
starch, glycemic index and glycemic load of cooked potato. (Supported by NSERC.)
Published by NRC Research Press
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PICU energy intake and its impact on clinical and hospital
outcomes
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Energy is essential for the treatment and recovery of children admitted to
Pediatric Intensive Care Units (PICU). There are signiﬁcant immediate
and long-term health consequences of both under- and over- feeding
in this population. Energy requirements of critically ill children vary
depending on age, nutritional status, severity of illness, and treatments. This study aimed to determine the incidence of over- and
under-feeding and to compare hospital outcomes between these feeding categories. An ethics approved retrospective study of children
admitted to PICU was performed. All intubated patients admitted to
PICU (2008-2013) were included, except those in which an IC test was
not feasible. Data collection included demographics, the primary outcome variable reported as under feeding (<90%MREE), appropriate
(MREE ±10%) or overfeeding (>110% MREE) determined through comparison of measured resting energy expenditure (MREE) using indirect
calorimetry (IC) to actual energy intake based on predicted basal metabolic rate (PBMR) and clinical outcomes (mechanical ventilation and
PICU length of stay (LOS). Data was analyzed with descriptive methods, ANOVA and linear regression models. A total of 139 patients aged
10 (range 0.03-204) months were included. Sixty (43%) were female
while 77 (55%) were admitted after a surgical procedure. A total of
210 IC tests were conducted showing a statistically signiﬁcant difference between MREE measurements and PBMR (p=0.019). Of the 210
measurements only 26 measures (12%) demonstrated appropriate
feeding, while 72 (34%) were underfed and 112 (53%) were overfed.
Children who were overfed had signiﬁcantly longer PICU LOS [mean
49.5(35.4) days] compared to those children in the appropriately fed
[mean 41.6 (39.5) days], and underfed groups [24.4 (26.4) days]. There
was a mean difference between the over and under feeding category
and ventilation days after adjusting for age and PRISM score (p= 0.026),
suggesting increased mechanical ventilation days for overfed group.
This retrospective study conﬁrms that estimations of energy expenditure in critically ill children are inaccurate leading, mainly, to the over
feeding. Even more important, over feeding seems to be associated
with prolonged mechanical ventilation and PICU LOS.

A thematic analysis of staff perspectives on how to improve
nutrition care practices in Canadian hospitals: results of the
More-2-Eat study
Celia Laur,1 Renata Valaitis,1 Jack Bell,2 and Heather Keller1,3
1Faculty

of Applied Health Sciences, University of Waterloo, Waterloo, Ontario, Canada.
of Human Movement and Nutrition Sciences, The University of Queensland and The Prince
Charles Hospital, Chermside, Queensland, Australia.
3Schlegel-University of Waterloo Research Institute for Aging, University of Waterloo, Waterloo,
Ontario, Canada.
2School

Malnutrition is a strong, independent predictor of adverse patient and
health outcomes. 45% of patients admitted to Canadian hospitals are
malnourished yet many of these patients are not receiving appropriate nutrition care to support their recovery. Hospital staff, including
management, needs to work towards optimizing nutrition care to
improve the prevention, detection and treatment of malnutrition.
The aim of this research is to understand how staff perceive and
describe the necessary ingredients to support change efforts to improve nutrition care in hospital. A qualitative study was conducted
using purposive sampling techniques to recruit participants for focus
groups (FG) (n=11) and key informant interviews (n=40) with a variety
of hospital staff. FG and interviews were conducted at ﬁve diverse
hospitals from four provinces in Canada as part of the More-2-Eat
implementation project. The primary author conducted two-day site
visits over a two-month period in autumn 2015. Discussion regarding

speciﬁc ways to improve nutrition care (i.e. increase availability of
food on the unit, having volunteers open meal packages) was used to
facilitate the thought process. Interviews were transcribed verbatim
and line-by-line coding with thematic analysis completed by the primary author. Other authors (n=3) reviewed a subset of transcripts and
the draft themes before all authors conﬁrmed the themes. Participants (n=133) included nurses, physicians, food service workers, dietitians, and hospital management, among others. In-depth analysis
identiﬁed ﬁve main themes: building a reason to change; involving
relevant people in the change process; embedding change into current practice; accounting for climate; and building strong relationships within the hospital team. Hospital staff need a reason to change
their nutrition care practices, and a signiﬁcant change driver is perceived and experienced beneﬁt to the patient. Diverse stakeholders
need to be involved in the change process, and staff should be consulted throughout the initiative. Considerations should go beyond
context to focus on the overall climate, accounting for the values of
the organization. Dietitian engagement with an interdisciplinary
team is pivotal to improve nutrition care in hospital. (This research is
funded by CFN (Canadian Frailty Network), which is supported by the
Government of Canada through the Networks of Centres of Excellence
program.)

Comparison of staff nutrition knowledge, attitude and
practices, before and after 1 year of focusing on improving
nutrition care: results from the More-2-Eat project
Celia Laur,1 Tara McNicholl,1 Renata Valaitis,1 and Heather Keller1,2
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Staff play a key role in the prevention, detection and treatment of
hospital malnutrition. When making change that involves staff, it is
important to understand what the knowledge, attitudes and practices
(KAP) of those staff are at baseline and after the improvement activity
has occurred. The More-2-Eat (M2E) implementation project aims to
improve nutrition care in ﬁve Canadian hospitals by implementing
the Integrated Nutrition Pathway for Acute Care (INPAC). To understand the views of staff before and after implementation, a reliable
KAP questionnaire, based on INPAC activities, was administered. In
the post-implementation questionnaire, additional questions focused
on whether or not staff noticed a change, and their perceived involvement in making improvements. The online, 27-item KAP questionnaire was completed by n=189 at baseline and n=147 after 1 year of
INPAC implementation. At baseline, the mean KAP score from the ﬁve
sites was 93.6/128 (Range 51–124), while post-implementation the
mean KAP score increased to 99.5/128 (Range 88-111). There was a signiﬁcant increase in KA scores (t=−2.4, p=0.016), practice scores (t=−4.5,
p=0.000), and KAP scores (t=−4.2, p=0.000) post implementation.
Scores changed signiﬁcantly in 22 of 28 questions (p<0.05). For the
additional post-implementation questions, 69% (n=102/147) of respondents noticed positive changes in the past year, 12% (n=18) noticed
both positive and negative changes, 1% (n=1) noticed a negative
change, and 17% (n=25) did not notice a change. When asked what
changes were noted responses generally focused on nutrition screening, more patients being ready for their meal, use of MedPass, volunteer support, and increased access to snacks for patients. All changes
are in line with INPAC activities. 90% (n=132) of staff agreed they were
aware of the changes occurring on the unit, and 59% (n=86) felt that
they were involved in the change process. Staff are an important part
of the change process for improving nutrition care. After 1 year of
INPAC implementation, staff KAP scores increased and many felt like
they had been included in the process to improve nutrition care.
(Funded by CFN (Canadian Frailty Network), which is supported by the
Government of Canada through the Networks of Centres of Excellence
program.)
Published by NRC Research Press
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Developing the More-2-Eat virtual toolkit: perspectives from
hospital staff and management in 5 Canadian hospitals
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The More-2-Eat (M2E) implementation project aims to improve the
prevention, detection and treatment of malnutrition in Canadian
hospitals. In M2E, ﬁve hospital units from four provinces worked
towards changing their nutrition care practices to align with the
Integrated Nutrition Pathway for Acute Care (INPAC). To share
learnings from each unit, a virtual toolkit within the Canadian
Malnutrition Task Force website is being created. The purpose of
this analysis was to identify from the perspectives of staff and
management at the 5 sites, key aspects and recommended content
for this toolkit. After one year of M2E implementation, a qualitative study was conducted using purposive sampling techniques to
recruit participants for focus groups (FG)(n=11), small group interviews (n=4) and key informant interviews (n=45) with a variety of
hospital staff and management. Participants were asked to describe
what should be included in the toolkit. Responses included general
advice through to speciﬁc tools and resources. General advice included the need to: include all disciplines in the change process;
have a champion lead the change efforts; have a clear plan of
action; have effective communication; and recommendations for
making change. Tools and resources included: evidence, particularly statistics, about the prevalence and cost of malnutrition; template posters and pamphlets to raise awareness among staff,
patients, and visitors; examples of how to implement nutrition
screening; forms and images for monitoring food intake; draft education materials directed for a variety of staff, including food
service; audit templates for recording local data to track success;
and resources to assist with obtaining management support. All
sites wanted to learn from each other and believed that other hospitals would beneﬁt from shared learning along with speciﬁc templates and examples. Use of stories, videos and interactive pages
were recommended, as long as the toolkit remained user-friendly.
All discussions supported the development of a toolkit to assist
other sites that want to implement INPAC to improve nutrition
care in their hospital and these ﬁndings will be used to develop this
toolkit. (Funded by CFN (Canadian Frailty Network), which is supported by the Government of Canada through the Networks of
Centres of Excellence program.)

Targeting malnutrition using the integrated nutrition pathway
for acute care (INPAC) at Niagara health, greater Niagara general
site, Niagara Falls, Ontario: a quality improvement initiative
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Malnutrition affects up to 45% of medical inpatients upon admission
to Canadian hospitals, negatively affecting patients and healthcare
systems through increased morbidity, mortality, length of stay (LOS),
healthcare costs, and readmission risk. In order to improve nutrition
care practices to ultimately identify and treat malnourished patients
in medical inpatient care, we implemented key aspects of the Integrated Nutrition Pathway for Acute Care (INPAC), an evidence-based
nutrition care pathway, on two medical inpatient units over
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12 months. Speciﬁcally, we aimed to identify malnourished patients
on admission using the using the Canadian Nutrition Screening Tool
(CNST), comprehensively assess patients using the Subjective Global
Assessment (SGA), and put nutrition care strategies in place. In addition, we aimed to reduce the number of patient-identiﬁed mealtime
barriers, as persistent mealtime barriers and poor food intake were
found to be key components in malnutrition that extend LOS. This
project is running concurrently and in collaboration with the More-2Eat implementation project being conducted by researchers at the
University of Waterloo. Biweekly data was collected by on-site research associates and analyzed monthly by More-2-Eat researchers to
measure CNST and SGA completion percentages, as well as data regarding patient-identiﬁed mealtime barriers and food intake using My
Meal Intake Tool and Mealtime Audit Tool. Over a 12-month period,
CNST completion rates approached our goal of 70% on Units 1 (65.3%)
and 2 (66%) by December 2016. SGA completion rates reached 100% of
at-risk patients in Unit 1 and 70% in Unit 2. Additionally, through this
project, the average number of patient-identiﬁed mealtime barriers
decreased from 3.25 at baseline to 1.25 as of December 2016. This data
suggests that successful implementation of key aspects of INPAC supports a reduction in patient-identiﬁed mealtime barriers. INPAC implementation and sustainability efforts are ongoing. This study has
also identiﬁed and prioritized the importance of food intake and postdischarge nutrition care in reducing LOS and risk of hospital readmission due to malnutrition, respectively. Our efforts and results support
the integration of INPAC as a gold standard in nutrition screening,
assessment, and management for medical inpatient units in Canadian
hospitals. (Funded by Canadian Frailty Network (CFN).)

Association between glucose intolerance and bacterial
colonisation in an adult population with cystic ﬁbrosis,
emergence of Stenotrophomonas maltophilia
Catherine Lehoux Dubois,1 Valérie Boudreau,1 Annick Lavoie,2
François Tremblay,2 Yves Berthiaume,3 Rémi Rabasa-Lhoret,1
and Adèle Coriati1
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Stenotrophomonas maltophilia is a multidrug-resistant organism whose
prevalence is increasing in CF. Chronic infection to Stenotrophomonas
maltophilia increased risk of pulmonary exacerbation (PEx), of lung
transplantation and death. The improvement of life expectancy has
led to the emergence of new comorbidities; the most common one is
CF-related diabetes (CFRD). When blood glucose is ≥ 8 mmol/L, glucose
is detected in the airway, creating a favourable environment for bacterial
growth in the lungs of CF patients. We investigated the relationship
between dysglycemia and lung pathogens in CF. This is a cross-sectional
observational and prospective analysis of adult CF patients, without
known CFRD. All patients (N=260) underwent a 2 h-Oral Glucose Tolerance Test with glucose measurements each 30 min. Pulmonary bacterial colonisation of airway mucus, forced expiratory volume in 1 sec
(FEV1), age, gender, nutritional status and the number of PEx requiring intra-venous antibiotics were collected. We collected data three
years later for the follow-up prospective analysis. Statistical analysis
using the Mann-Whitney U-Test and Chi2 non-parametric T-Test was
done. Patients were 25.8 ± 7.9 years old with a mean body mass index of
21.8 ± 3.0 kg/m2 and FEV1 of 73.0 ± 21.9%. Stenotrophomonas maltophilia positive patients (N=41, 15.8%) had signiﬁcantly lower FEV1 (p < 0.001) and
underwent a higher number of PEx (p < 0.001) when compared to
patients with no Stenotrophomonas maltophilia colonisation. The proportion of Stenotrophomonas maltophilia positive patients was signiﬁcantly higher in abnormal glucose tolerant and diabetic patients
(20.2% and 21.6% respectively, p = 0.036) compared to normotolerant (8.7%). However, the growth of Stenotrophomonas maltophilia was
not affected by the evolution of the glucose tolerance after three
years follow-up. This suggests that the presence of Stenotrophomonas
Published by NRC Research Press
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maltophilia is associated with a deleterious clinical outcome and that
abnormal glucose metabolism could be one of the contributing factors. Further mechanistic studies are necessary to understand the link
between Stenotrophomonas and glucose homeostasis. (Funded by Cystic
Fibrosis Canada and the J-A DeSève chair.)

Feeding a mixture of choline forms representative of human
intake during lactation improves offspring growth and
maternal immune function
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In humans, including women during lactation, dietary choline is consumed as a mixture of forms, primarily as phosphatidylcholine (PC,
50%), free choline (FC, 23%) and glycerophosphocholine (GPC, 19%). We
previously demonstrated in our rodent model that providing choline
as PC enhanced immune maturation and function of offspring, compared to providing FC. However, the effect of feeding a mixture of
choline forms representative of human dietary intake during lactation on maternal immune function is not known. The objectives of
this study were to examine parameters of maternal immune function
and offspring growth during lactation when dams are fed a mixture of
choline forms, or a diet high in GPC. At parturition, dams (n=6/diet)
were randomized to 1 of 3 nutritionally complete, fatty acid balanced
diets, providing 1g/kg total choline: Control (100% FC), Mixed Choline
(MC) (50% PC, 25% FC, 25% GPC), or High GPC (HGPC) (75% GPC, 12.5%
PC, 12.5% FC). At weaning (3 weeks), immune cell phenotypes and
cytokine production by Concanavalin A (ConA)- or lipopolysaccharide
(LPS)-stimulated splenocytes were measured. There was no difference
in dam’s weight amongst diet groups, but feeding MC and HGPC diets
improved pup’s growth compared to Control (+22% body weight,
P<0.05). In spleen, MC and HGPC dams had higher proportions of
memory cytotoxic T cells (CD8+CD27+), total B cells (CD45RA+) and
dendritic cells (OX6+OX62+) compared to Control dams (all P<0.05).
When stimulated with ConA, MC and HGPC splenocytes produced
signiﬁcantly less IL-6 and IFN-␥ compared to Control dams (P<0.05),
yet there was no difference in IL-2 production (proliferation marker)
between groups. Following LPS stimulation, MC and HGPC splenocytes produced less IL-1␤ and IL-6 than Control dams (P<0.5). In summary, feeding a mixture of choline forms during lactation improved
offspring growth and resulted in a more efﬁcient maternal immune
response following ex vivo immune challenges. (Supported by NSERC
and Dairy Farmers of Canada.)

n-3 and n-6 polyunsaturated fatty acids differentially modulate
the hypoxic and inﬂammatory response in an in vitro model of
obese adipose tissue
Danyelle M. Liddle, Amber L. Hutchinson, Simon S. Hoffman,
and Lindsay E. Robinson
Department of Human Health & Nutritional Sciences, University of Guelph, Guelph, Ontario, Canada.

Visceral adipose tissue (AT) expansion induces local hypoxia, a key
contributor to chronic low-grade inﬂammation that drives development of obesity-associated metabolic dysfunctions. In healthy
AT, hypertrophic adipocytes become hypoxic and produce HIF-1, a
transcription factor that regulates expression of angiogenic genes to
restore AT homeostasis. AT expansion is also dependent on extracellular matrix remodeling, which, interestingly, requires an acute, minimal level of local inﬂammation. In obese AT, such normal adipocyte
responses become dysregulated, leading to exaggerated inﬂammatory
adipokine and chemokine production. We have demonstrated the
anti-inﬂammatory effects of the long-chain (LC) n-3 polyunsaturated
fatty acids (PUFA) eicosapentaenoic acid (20:5n-3, EPA) and docosahexaenoic acid (22:6n-3, DHA), as well as the inﬂammatory effects of
the n-6 PUFA arachidonic acid (20:4n6, AA) in adipocytes cultured in
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an inﬂammatory microenvironment, but the impact of n-3 and n-6
PUFA under hypoxic conditions is less understood. Using an in vitro
model designed to recapitulate the obese AT microenvironment,
3T3-L1 adipocytes were treated for 24h with EPA, DHA, or AA (100M)
plus the hypoxia mimetic cobalt chloride (CoCl2, 100M), which acts
to stabilize HIF-1␣ signaling. A subset of cultures were also stimulated
with lipopolysaccharide (LPS, 10ng/mL) to mimic in vivo obese endotoxin levels. CoCl2-treated adipocytes served as the control. In adipocytes stimulated with CoCl2 alone and in combination with LPS,
EPA and DHA maintained or increased, whereas AA decreased, mRNA
and secreted protein levels of the angiogenic factors leptin and
VEGF-A, while all PUFA increased mRNA expression of the angiogenic
factor Angptl4 (P≤0.05). Further, in CoCl2 plus LPS-stimulated adipocytes, though EPA and DHA maintained, while AA blunted, mRNA
expression of the anti-inﬂammatory adipokine adiponectin, all PUFA
increased the mRNA and secreted protein levels of inﬂammatory IL-6,
MCP-1, and MIP-1␣, yet the effects of AA were more potent (P≤0.05).
Finally, EPA and DHA maintained the phosphorylation status of the
inﬂammatory transcription factor NF-B (Ser536) in CoCl2-stimulated
adipocytes and blunted the additive inﬂammatory effect of LPS,
whereas AA increased NF-B phosphorylation under both conditions
(P≤0.05). Overall, these data suggest that n-3 and n-6 PUFA differentially modulate the adipocyte response to the hypoxic and inﬂammatory microenvironment of obese AT. (NSERC.)

DNA methylation in fetal rat brains prenatally exposed to
alcohol
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In Canada, prevalence of fetal alcohol spectrum disorder (FASD) is
closer to 1% and their excessive dependence on medical care puts huge
burden on the health care system. DNA methylation associated with
alcohol exposure could be a potential mechanism through which
genes involved in neurogenesis are suppressed during fetal stages. The
main objective of this study is to identify differentially methylated
regions in rat fetal brains exposed to alcohol. 9-10 week old Sprague
Dawley female rats received either ethanol 3g/kg body weight or isocaloric dextrose twice a day by gavage. On G20 (gestational day 20),
fetal brains were harvested and genomic DNA was extracted. DNA
library was prepared by fragmentation, bead based enrichment of
methylated fragments, adaptor ligation and ampliﬁcation, emulsion
PCR and sequenced on the SOLiD5500 platform. DNA methylation was
signiﬁcantly higher in alcohol groups, when compared to control
group. A number of differentially methylated regions DNA are being
identiﬁed for validation and gene expression analyses. The results
from this study show that alcohol exposure increases DNA methylation in fetal rat brains. A number of these regions could be in close
proximity to genes associated to neuronal and brain development.
The current ﬁnding could be further explored to identify, if any of
these methylation sites could be universally adopted to be used as an
early marker for detecting FASD in newborns.

N-Acyl phosphatidylethanolamine-speciﬁc phospholipase D
knockdown decreases mouse body weight and adipose mass
independent of dietary fatty acids
Lin Lin,1 Alex Kitson,1 Kathryn Hopperton,1 Marc-Olivier Trepanier,1
Shoug Alashmali,1 Peter Jones,2 and Richard Bazinet1
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Dietary fatty acids are precursors to lipid signaling mediators, called
N-acylethanolamines (NAEs). The enzymatic synthesis of NAEs rePublished by NRC Research Press
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quires multiple redundant steps. Evidence indicates that dietary
fatty acids can be converted to NAEs via several enzymes including
N-acylphosphatidylethanolamine-phospholipase D (NAPE-PLD). Previous work indicates that changes in dietary fatty acids can alter NAE
levels, which in turn impacts physiological outcomes. However, the
mechanistic details of this process have not been elucidated. The objective of this project was to assess if the enzyme NAPE-PLD is necessary for the synthesis of NAEs upon chronic feeding of AIN-93-based
diets containing different fatty acid sources. Male wild-type (C57Bl/6)
mice, heterozygous (NAPE-PLD -/+) and homozygous (NAPE-PLD -/-)
mice received either beef tallow, corn oil, canola oil or ﬁsh oil (10% w/w
from fat) post-weaning for 9 weeks. Our results generally showed that
liver, jejunum and whole brain fatty acids and NAEs reﬂected the fatty
acid content of the diets. NAPE-PLD -/- mice had lower levels of NAEs in
the plasma compared with the wild-type mice, but this was not reﬂected in the tissues. Our physiological outcome data showed that
NAPE-PLD -/- mice had lower (p < 0.0001) body weight, food intake and
fat volume to body weight ratio than wild-type mice. Fish oil fed
animals had higher (p < 0.05) body weight than the other three diets
and had higher (p < 0.05) food intake than the canola oil diet. These
results demonstrate that NAPE-PLD is not necessary for NAE synthesis
from dietary fatty acids, but does result in a leaner phenotype independent of dietary fatty acid composition. This research will improve
our understanding of how dietary fatty acids regulate NAE production
and signaling. (Supported by Natural Sciences and Engineering Research Council of Canada.)

SCD1 and PLD2 involvement in the migration of metastatic
breast cancer cells
Marine Lingrand, Simon Lalonde, Karl-Frederik Bergeron,
Èric Rassart, and Catherine Mounier
Lipid Metabolism Laboratory, BioMed Research Center, Biological Sciences Department, University of
Québec in Montréal (UQAM), Montréal, Québec, Canada.

Introduction: High levels of Stearoyl-CoA Desaturase-1 (SCD1) expression have been reported in breast cancer (BC). SCD1 is an enzyme that
catalyzes the desaturation of saturated fatty acids (SFA) at position
delta 9 to produce monounsaturated fatty acids (MUFA). SCD1 synthesizes oleic acid (OA) and palmitoleic acid from stearic acid and
palmitic acid, respectively. It has been shown that OA speciﬁcally
stimulates the migration of metastatic breast cancer cells. In addition,
OA can activate phospholipase D2 (PLD2), an enzyme synthesizing
phosphatidic acid. Phosphatidic acid activates mTORC1, a complex
that regulates cell migration in the context of BC. Aim: This study
aims to better characterize the link between SCD1, OA and the PLD2 /
mTORC1 signaling pathway, as well as their joint involvement in metastatic BC. Methods: We used the MDA-MB-231 cell line, derived from
a human breast adenocarcinoma as a model of migrating BC cell. SCD1
and PLD2 activity were modulated by treatment with inhibitors,
A939572 and VU0285655-1 respectively. The two enzymes were inhibited separately and jointly. Cells were treated with OA in order to
mimic SCD1 over activity in the presence or absence of the PLD2
inhibitor. Activity of the mTORC1 complex was measured via p70S6K1
phosphorylation (an mTORC1 effector). In parallel, cell migration potential was measured by wound healing assay. Results: Cell migration
promoted by OA treatment is eliminated when the PLD2 inhibitor is
used. OA treatment also increases p70S6K1 phosphorylation in a PLD2dependent fashion. The effect of OA on mTORC1 pathway activation
therefore depends on PLD2 activity. Inhibiting SCD1 and PLD2 activity
separately results in a decrease of cell migration. Joint inhibition decreases cell migration similarly to the inhibition of SCD1 alone, suggesting that not all of SCD1's effect on cell migration is due to OA
activation of PLD2. Conclusion: These results strongly suggest that
SCD1 activity regulates the PLD2 / mTORC1 signaling pathway in MDAMB-231 cells. Furthermore, another parallel pathway regulating BC
cell migration might involve SCD1 activity. We are currently investigating this intriguing possibility.
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Antimicrobial locks for the prevention of catheter-related
blood stream infections (CRBSI) in patients on parenteral
nutrition – a systematic review
Yidan Lu, Chiara Saroli, Myriam Martel, and Alan Barkun
Department of Gastroenterology, McGill University, Westmount, Québec, Canada.

Background: Catheter-related blood stream infection (CRBSI) is a serious complication of parenteral nutrition (PN). The efﬁcacy of antimicrobial lock solutions as prophylaxis against CRBSI in the PN
population is unclear. Methods: We performed a systematic review to
assess the efﬁcacy of antimicrobial lock solutions compared to control
(heparin or saline) to prevention of CRBSI in adult and pediatric patients on PN. We searched EMBASE, MEDLINE, CENTRAL, ISI Web of
Knowledge (earliest to December 2015) for randomized controlled trials (RCT) and observational studies. Critical appraisal of bias was performed using the Cochrane Risk of bias tool and ROBINS-I. Results:
The search identiﬁed 771 citations, 112 reviewed in full, and 19 studies
selected, totaling 536 patients, including 9 pediatric (122 patients) and
10 adult (414 patients) studies. Nine studies assessed ethanol lock,
9 taurolidine, and 1 tobramycin. Two open-labeled RCTs were included, both using taurolidine (Klek and Bisseling). The remaining
studies were observational, and employed a pre- and post-design at
moderate to high risk of bias. Methodological and clinical heterogeneity precluded pooling of the data by meta-analysis. All studies, except one by Klek which used taurolidine lock in low-risk patients,
report lower CRBSI rate in the treatment group compared to controls.
The negative trial by Klek et al. documented 1 CRBSI (0.273/1000
catheter-days) in the taurolidine plus citrate arm, and none in the
taurolidine or control arms (p=1.000). This contrasts to the Bisseling
study reporting lower CRBSI rates (0.19 versus 2.02 CRBSI/1000
catheter-days, p=0.008), and longer mean infection-free survival in the
taurolidine arm (641 (95% CI 556-727) versus 175 (95% CI 85-266) days,
log-rank p<0.0001 in the control group (heparin). Amongst the observational studies, infection rates ranged from 0 to 14.3 CRBSI/1000
catheter-days for antimicrobial locks versus 3.53 to 26.5 CRBSI/1000
catheter-days in for controls. The CRBSI rate ratios all favored antimicrobial locks (range 0-0.54). Conclusion: Pooled results appear to support the use of antimicrobial lock solution as prophylaxis for CRBSI in
parenteral nutrition patients, yet are limited by limited study quality
and sample sizes. High quality studies are needed to conﬁrm these
ﬁndings.

Hemp food product consumption for 4 weeks did not impact
glucose metabolism, compared to a soybean and sesame
control product, in free living participants who were
overweight or obese
Dylan MacKay,1 Adrianne Cardillo,1 Rebecca Mollard,1
and Peter Jones2
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Hemp foods are an excellent source of omega-6 (n-6) polyunsaturated
fatty acids (PUFA) and omega-3 (n-3) PUFA. Hemp seeds and oil contain
high amounts of linoleic acid (LA) and alpha linolenic acid (ALA) in
approximately a 3 to 1 ratio. Due to historical restrictions on the
growing of hemp, the investigation of its health beneﬁts has been
limited. Thus, there is a need for nutritional interventions that investigate the potential health beneﬁts of hemp consumption. The objective of this study was to assess the impact of hemp food products
on glucose homeostasis following 4 weeks of consumption. A freeliving, double-blind, randomized, 2 period cross-over feeding study
(NCT02400203) was conducted in participants who were overweight
or obese. Treatment products were hulled seeds and salad dressing
which were given for 28 days. Participants were given hulled hemp
seeds, and salad dressing containing 30 g/d of hemp oil (HEMP), or
hulled sesame seeds, and salad dressing containing 30g/d of soybean
oil (CONTROL). Participants were instructed by the research team to
integrate the products (2 prepackaged sachets of seeds, 1 serving of
Published by NRC Research Press
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salad dressing) into their daily meals and to avoid other dietary
sources of n-3 PUFA. The primary outcome of the study was RBC fatty
acids. Glucose metabolism, assessed by fasting glucose, insulin and
HOMA-IR, was a secondary outcome. Serum glucose was measured by
automated colorimetric assay, insulin was measured by radioimmunoassay. The homeostatic model assessment method was used to
quantify insulin resistance (HOMA-IR) A total of 37 participants were
enrolled and 30 participants completed the study protocol. No difference
was seen in fasting glucose (5.41 ± 0.10 mmol/L vs 5.31 ± 0.10 mmol/L,
p=0.2274 for HEMP and CONTROL), fasting insulin (17.83 ± 1.36 mIU/L vs
18.10 ± 1.36 mIU/L, p=0.7789 for HEMP and CONTROL) or HOMA-IR (4.34 ±
0.37 mIU/L vs 4.33 ± 0.37 mIU/L, p=0.9733 for HEMP and CONTROL) between treatments. These results suggest that consumption of hulled
hemp seeds and oil, compared to sesame seeds and soybean oil for
4 weeks had little to no impact on glucose metabolism in free living
participants who were overweight or obese.

The relationship between dietary fatty acid consumption,
plasma fatty acid concentrations, and biomarkers of cancer
risk in children in the Guelph family health study
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BACKGROUND: Dietary and circulating fatty acids (FAs) are associated
with the development of many chronic diseases. Certain FAs may be of
particular importance during early life development and may affect
long-term disease risk. Of these fatty acids, n-3 polyunsaturated fatty
acids (PUFA) and n-6 PUFA are thought to be particularly important.
Preclinical studies have linked early exposure to n-3 and n-6 PUFA to
cancer outcomes later in life; however, this has been understudied in
children. STUDY DESIGN: This study aims to examine dietary n-3 and
n-6 PUFA consumption, plasma levels of n-3 and n-6 PUFA, and their
associations with BMI z-score in children in the Guelph Family Health
Study, a prospective family-based study of families with children aged
2 to 5 years. Dietary FA was analyzed from 77 children and plasma FA
concentrations were analyzed from 20 children. RESULTS AND
DISCUSSION: Dietary n-3 PUFA consumption in children was low, with
average intakes of 507mg, 28mg, and 68 mg of alpha-linolenic acid
(ALA), eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA),
respectively. These values are comparatively lower than those found
in previous research in Canadian children and do not meet current
recommendations for ALA intake. Average blood levels of n-6 PUFA
were 10.8 times higher than n-3 PUFA. In both human and animal
models, high n-6 to n-3 PUFA ratio has been linked to increased cancer
risk, speciﬁcally in the case of breast cancer. Blood ALA concentrations were inversely associated with BMI z-score. Because high BMI,
excess weight, and obesity are major risk factors for metabolic diseases and cancer, increasing dietary intake and plasma n-3 PUFA levels
in children may attenuate obesity-related cancer risk later in life.
CONCLUSIONS: This study uniquely examines dietary consumption
and plasma FA levels of preschool children, contributing to the identiﬁcation of potential modiﬁable biomarkers of cancer risk in early
life. (Supported by the Health for Life Initiative, University of Guelph.)

Evaluation of supplement use in high-performance athletes
with physical disabilities
Robyn Madden, David Legg, and Jill Parnell
Department of Health and Physical Education, Mount Royal University, Calgary, Alberta, Canada.

Supplement use in Canadian, high-performance athletes with physical disabilities remains largely unexplored and specialized recom-

mendations are lacking; placing these athletes at risk. The primary
aim of this study was to evaluate the types of supplements being
consumed by high-performance athletes with physical disabilities.
The second aim was to establish differences in supplement intakes
with regards to gender. Male (n=17) and female (n=22) athletes were
recruited from various Paralympic sports. Participants completed a
valid and reliable questionnaire designed to assess dietary and performance enhancing supplement use in athletes. Supplement use was
categorized as daily, occasionally, or never. Chi squared tests determined differences between genders. Findings showed that 90% of all
athletes used supplements at least occasionally. One hundred percent
of males and 82% of females used supplements, but there was no
statistically signiﬁcant difference between the genders. The ﬁve most
commonly used supplements on a daily basis included: multi-vitamin/
multi-minerals (MVMM), vitamin D, protein powders, sport bars, and
sport drinks. Daily use of MVMM supplements was 23.5% in males and
13.6% females. Daily usage of vitamin D was 23.5% in males and 40.9%
in females. Forty one percent of males used protein powder on daily
basis as compared to 22.7% for females. Sport bars had a daily intake of
41.2% for males and 13.6% for females. Lastly, sport drinks had daily
consumption of 35.3% in males and 9.1% in females. Females were
more likely to use iron supplements daily or occasionally than males
at 55.5% versus 5.9% (p=0.02). Conversely, males were more likely to
use branched chain amino acids occasionally at 29% versus females at
0% (p<0.01). In conclusion, high-performance athletes with physical
disabilities demonstrated a high usage of supplements designed for
health and performance. Currently, there are no speciﬁc recommendations with respect to supplement use for these athletes, making it
exceedingly difﬁcult for nutrition professionals to assess and advise
them. Future research should focus on the development of recommendations and educational interventions for Paralympic athletes.
(Funded by Mount Royal University.)

Safety of implementing a high potassium diet in heart failure
patients: effects on serum potassium concentrations
Daniela Malta,1 JoAnne Arc,2 and Johane P. Allard3
and Gary E. Newton3
1Department
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Canada.
3Department
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There is little literature exploring alternative dietary strategies for
individuals living with heart failure (HF), such as the dietary approaches recommended for hypertension. Implementation of such a
diet would results in a marked increase in potassium intake due to the
emphasis of food groups such as fruits and vegetables. HF patients
receive drugs that block the renin-angiotensin-aldosterone system
and have common co-morbidities which all can predispose to elevated
serum potassium. The safety of a hypertension type dietary approach
emphasizing fruit and vegetable intake in this setting has not been
explored. Therefore, the purpose of this study was to investigate the
impact of increasing potassium intake, through whole foods, on serum potassium concentrations in a medicated HF population. We
conducted an open controlled clinical trial in 30 HF patients who were
randomized to a usual diet group (UD n=17), or a high potassium diet
group (HKD, n=13). Fruits and vegetables were used to increase potassium intake. All participants were on stable therapy. Serum potassium
concentration and food records were completed at baseline, day 10,
and at the end of the 3-week study. 24 Hour urine collections were
completed at baseline and at 3 weeks. Differences were tested using
2-way repeated measures ANOVA. In the HKD group, dietary potassium intake was 3393±1171 (SD) mg/d at baseline, 4281±849 mg/d at day
10 (p<0.05 compared to baseline and UD group at day 10), and
4073±6247 mg/d at week 3 (p<0.001 versus baseline and UD group at
week 3). There was also a 14 percent increase in urinary potassium
excretion at week 3. In the HKD group there was a signiﬁcant increase
in serum potassium at day 10 and week 3 (baseline, 4.5±0.4 mmol/L;
Published by NRC Research Press
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day 10, 4.7±0.4 mmol/L; and week 3, 4.6 ± 0.4 mmol/L; p<0.05 compared to baseline). Two individuals had serum potassium levels above
normal at Day 10 and week 3 in the HKD group. In conclusion, an
increase in potassium intake was associated with a signiﬁcant rise in
serum potassium in medicated HF patients. Careful monitoring of all
HF individuals is necessary when implementing a diet high in potassium.

Positive impact of retinoid (vitamin A / retinoic acid) in obesity,
insulin resistance and type 2 diabetes
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Introduction: Obesity and diabetes (T2DM) are associated with impaired metabolism of insulin, energy and vitamin A (ROL-retinol; REretinyl esters; RA-retinoic acid) and with cardio-vascular diseases.
Hepatic ‘retinol binding protein’ (RBP4) is the ROL equimolar transporter in serum. It is also secreted as an adipokine. Serum RBP4 is
elevated in obesity and T2DM. Reducing serum RBP4, improves on
insulin resistance (IR). Supplemental RA in rodents reduces serum
ROL and variably inﬂuences body weight, IR and the heart. These
impacts are still under investigation for better understanding. Hypothesis: In a diabetic and obese animal model, a RA treatment will
reduce serum ROL and RBP4, glycaemia, IR and body weight. These
effects are associated with impacts on retinoid and energetic metabolism. A cardio-protective effect may occur too. Aims: To evaluate in
ob/ob mice (obese and diabetic), the RA impact on: A) serum and
tissues levels of vitamin A and RBP4, glycaemia, IR and body weight.
B) genes (mRNA) from vitamin A metabolism, energy metabolism and
of the natriuretic peptides (ANP, BNP) cardio-protective system.
C) adipose tissues and heart morphology. Methods: Ob/Ob mice were
treated with RA (2g/gBw/d) for 16 days. Extractions RNA from: subcutaneous fat (SF), visceral fat (VF), skeletal muscle (SM), liver (LIV) and
heart (HEA) Gene (mRNA/RtqPCR), proteins by Western Blot, vitamin
A by HPLC, glycaemia, glucose and insulin tolerance test. Histology by
staining tissues. Results: Lower serum ROL, RBP4, glucose, IR and body
weight, but similar food intake, in treated versus untreated mice;
Genes expression variations for: 1) tissues vitamin A metabolism
2) energy (increased UCP1 and PGC1␣) 3) increased ANP and BNP; Normalised RBP4 and vitamin A rate in tissues; Adipocytes sizes, heart
ﬁbrosis and apoptosis reduction. Conclusion: The RA treatment:
1) Decreases serum ROL and RBP4, glycaemia and IR. 2) Reduces the
mRNA of the RBP4 adipokine. 3) Modulates vitamin A metabolism
gene expression improving on its homeostasis. 4) Normalise tissues
RBP4 and vitamin A. 5) Increases UCP1 and PGC1␣ genes expression, a
brown/beige fat signature. 6) Improves on energy metabolism reducing adipocytes size and body weight. 7) Induces an anti-ﬁbrotic cardioprotective effect.

Fish consumption may prevent type 2 diabetes in Manitoba
First Nations communities
Lesya Marushka,1 Malek Batal,2 Donald Sharp,3 Harold Schwartz,4
Amy Ing,2 Karen Fediuk,5 Andrew Black,3 Constantine Tikhonov,4
and Hing Man Chan1
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3Assembly of First Nations, Ottawa, Ontario, Canada.
4Health Canada, Environmental Public Health Division, First Nations and Inuit Health Branch (FNIHB),
Ottawa, Ontario, Canada.
5Dietitian and Nutrition Researcher, Ladysmith, British Columbia, Canada.

Background: Consumption of ﬁsh, the main source of omega-3 fatty
acids (n-3FAs), has been postulated to prevent type 2 diabetes (T2D).
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However, the potentially beneﬁcial effect of ﬁsh and n-3FAs may be
modiﬁed by persistent organic pollutants (POPs) present in ﬁsh. Objective: To explore the association between self-reported T2D and ﬁsh
consumption, dietary n-3 FAs and POPs intake in a regionally representative sample of First Nations adults living on reserve in Manitoba.
Design: Data from the cross-sectional First Nations Food Nutrition and
Environment Study were examined. The sample comprised 706 Manitoba First Nations adults living in 9 communities across 4 ecozones in
2010. Household interviews were used to collect social and lifestyle
data. The consumption of ﬁsh was estimated using a traditional food
frequency questionnaire along with portion size information obtained from 24-hour recalls. Fish samples were analyzed for the presence of contaminants including dichlorodiphenyldichloroethylene
(DDE) and polychlorinated biphenyls (PCBs). Dietary DDE and PCBs
intake was estimated using community-speciﬁc concentrations of
contaminants in ﬁsh samples. Multiple logistic regression models adjusted for potential risk factors for T2D including age, gender, body
mass index, physical activity, total energy intake, smoking, and education were developed. Results: In Manitoba First Nations, the prevalence of T2D was 22%. A negative, dose-response relationship was
found between ﬁsh intake and T2D. Fish consumptions of 2-3 portions
per month and ≥1/week were inversely associated with T2D with ORs
0.51(95%CI:0.28-0.91) and 0.40 (95%CI:0.19-0.82), respectively compared
to no ﬁsh intake. Similarly, intake of n-3 FAs showed a beneﬁcial effect
on T2D (OR=0.48 (95%CI:0.30-0.77). Exposure to dietary DDE and PCBs
were not associated with T2D. Conclusion: Negative associations between ﬁsh, n-3 FAs intake and T2D were found. These ﬁndings suggest
that traditionally harvested ﬁsh consumption has a beneﬁcial effect
on T2D in Manitoba First Nations. The effect of exposure to POPs via
ﬁsh was negligible in Manitoba First Nations communities. The results
of this study will be useful in developing ﬁsh consumption advisories
and prevention programs to slow down the increasing incidence of
T2D in First Nations. (Funded by Health Canada, H.M. Chan is supported by the Canada Research Chair Program.)

The effect of dairy and non-dairy cultured products added to
breakfast cereals on blood glucose control, satiation, satiety,
and short-term food intake in young women
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G. Harvey Anderson,5 and Bohdan L. Luhovyy1,3
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Current evidence suggests potential beneﬁts of foods with high ﬁbre
or high protein content on blood glucose control. However studies
comparing the effects of fermented dairy products to commercially
available non-dairy alternatives are limited. This study compared the
effects of dairy and non-dairy cultured products on postprandial blood
glucose, insulin response, subjective appetite, and food intake in
young women. Methods: in a randomized single-blinded cross-over
design, 24 women (22.7 + 2.5 yrs; 22.1 + 1.5 kg/m2) consumed, to satiation, one of three treatments including: (1) Greek yogurt with granola
(150kcal, 9.2g protein, 2.6g fat, 2.0g dietary ﬁbre, and 21.5g available
carbohydrate/100g), (2) a cultured coconut product with granola
(146kcal, 3.2g protein, 3.2g fat, 5.6g dietary ﬁbre, and 21.9g available
carbohydrate/100g), or (3) water control. Serum blood concentrations
of glucose and insulin and subjective appetite were measured over
2 hours, immediately before and after consumption of the treatments.
Energy intake was measured twice: at treatment consumption and at
an ad libitum pizza meal after 2 hours. Results: Blood glucose was
lower after the dairy treatment (P<0.0001) while overall insulin response was higher (P<0.0001) compared to the non-dairy treatment
over two hours. No differences in food intake were observed between
the caloric treatments consumed to satiation and 2 hours later with a
pizza meal, however both resulted in reduced food intake with pizza
Published by NRC Research Press
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meal compared to the control (P<0.003). Subjective appetite was suppressed after the caloric treatments compared to the control
(P<0.0001). Treatments formulated with dairy and non-dairy fermented products did not differ in pleasantness, taste, and texture. The
reduced blood glucose after the dairy treatment can be explained by
its higher protein content compared to the non-dairy treatment which
had a high ﬁbre and low protein content. Conclusion: the breakfast meal
formulated with the dairy fermented product resulted in reduced postprandial glycaemia without an increase in subsequent energy intake and
can be recommended as a functional breakfast for improved blood glucose control. (This research was funded by Dairy Research Cluster program and Dairy Farmers of Canada. Kathleen Mather has received
support from CIHR professional award and Scotia Scholar award.)

A pulse-based diet improves blood lipid proﬁles in women with
polycystic ovary syndrome: a randomized clinical trial
Laura McBreairty,1 Maryam Kazemi,1 Roger A. Pierson,2
Donna R. Chizen,2 Philip D. Chilibeck,3 and Gordon A. Zello1
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Polycystic ovary syndrome (PCOS) is the most common endocrine disorder in women of reproductive age, with clinical symptoms including
menstrual irregularities and insulin resistance. The metabolic complications of insulin resistance are higher in women with PCOS and include
metabolic syndrome and dyslipidemia. Pulse-based diets (e.g., beans,
chickpeas) can lead to lower insulin and LDL-cholesterol and we hypothesized that a pulse-based diet would have a positive effect on serum lipid
proﬁles, reproductive measures and body composition as analyzed by
dual energy X-ray absorptiometry. Sixty-one women with PCOS aged
18-35y were randomly assigned to groups receiving a pulse-based diet (n =
30) or the National Cholesterol Education Program therapeutic lifestyle
changes (TLC) diet (n = 31) for 16-wks while participating in an exercise
program. Following the intervention, there was a signiﬁcant time main
effect (p < 0.02) and group x time interaction (p < 0.05) in cholesterol ratio
(total cholesterol/HDL-cholesterol) and LDL-cholesterol, with a signiﬁcantly lower cholesterol ratio and LDL-cholesterol level in the pulsegroup following the intervention. Signiﬁcant group x time interactions
were also found in HDL-cholesterol (p = 0.009) and triglyceride (p = 0.04),
with lower HDL in the TLC-group (-0.08 mmol/L) and lower triglyceride in
the pulse-group following the intervention (-0.2 mmol/L). There was a
time main effect for lower total cholesterol (p = 0.003) and fasting insulin
(p = 0.04), with no differences between groups. We also found a signiﬁcant time main effect for lower BMI (p = 0.006), % fat (p = 0.0002), as well
as higher % appendicular skeletal muscle mass (p = 0.0006), with no
difference in whole body lean mass. Both groups also had a lower antral
follicle count in the right ovary (p=0.003) and left ovary (p < 0.001) following
the intervention. Lifestyle modiﬁcations are currently the ﬁrst-line treatment recommended for women with PCOS; however, there are currently no
speciﬁc diet recommendations. Our results demonstrate that a pulse-based
diet is more effective than the TLC-diet for improving cholesterol ratio, LDLcholesterol and triglycerides in women with PCOS. (Funding: Agriculture
and Agri-Food Canada, Saskatchewan Pulse Growers, the Canada Foundation for Innovation, and Saskatchewan Health Research Foundation.)

The More 2 Eat project: acute care patient quality of life
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Patient reported outcomes are becoming of greater importance to researchers and stakeholders as health care philosophies shift to become
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more patient-centered. Quality of life is an important patient reported
outcome in acute care, as it reﬂects a patient’s overall physical, mental
and social wellbeing. Knowledge of what contributes to patients’ selfperceived quality of life in acute care is essential for developing and
improving health care interventions. The More 2 Eat (M2E) project focuses on improving nutrition care in hospitals across Canada. Data for
the M2E project were collected in 5 hospitals, in four provinces. Among
that data are: measures of frailty including handgrip strength (HGS) and
ﬁve-meter timed walk (5m); nutritional assessment (SGA; A=well nourished, B=mild/moderate, C=severe malnutrition); and quality of life (QOL)
(SF-12). These measures were collected on eligible patients (no delirium or
dementia, admitted from the community). The purpose of this analysis
was to describe patient characteristics associated with their QOL in hospital. The mean physical and mental component scores (PCS and MCS) of
SF-12 were 34.95 (SD=10.44) and 46.36 (SD= 11.76) respectively with higher
scores indicating better QOL. Of those who required an SGA (N=311), the
mean PCS was signiﬁcantly different by category (p<0.0001): A=38.47
(SD=11.03), B= 32.58 (SD=9.48), C= 29.93 (SD=8.25). Of those who completed the 5m assessment, ⬃62% (260/421) were considered frail based on
the >6 second cut-point. The average PCS score was signiﬁcantly different
(p<0.0001), with better quality of life seen in the non-frail group (41.76
(SD=9.96) vs. 35.86 (SD=10.42)). Similarly, continuous HGS variables were
positively signiﬁcantly associated with PCS (p<0.0001), but not with MCS.
These data indicate that weakness, slow gait speed and malnutrition are
all associated with lower physical QOL in hospital patients, but not mental aspects of QOL. QOL is an important patient outcome and should be
used in interventions designed to improve frailty and malnutrition in
acute care hospital patients. (This research is funded by CFN (Canadian
Frailty Network.)

The More-2-Eat project: associations between measures of
frailty and nutritional status in patients at nutritional risk
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There is increasing awareness of the detrimental health impact of
frailty as well as malnutrition on older adults. However, consideration
of this overlap in research and practice is just beginning. The purpose
of this analysis was to examine the relationship between measures of
frailty and nutritional status in a sample from the More-2-Eat project
(M2E). M2E focuses on improving nutrition care in hospitals across
Canada. Data was collected in 5 hospitals, in four provinces. All data
were collected by trained clinicians, seconded for the project. Due to
the nature of the M2E project, subjective global assessment (SGA) was
only completed on patients identiﬁed to be at nutritional risk (⬃30%)
on admission and this analysis is limited to these patients. Measures of
frailty were handgrip strength (HGS) and the ﬁve-meter timed walk
(5m). Nutritional status was measured by the SGA. These measures
were collected over an 18-month period. A chi-square was used to test
the associations between SGA (A vs. B/C) and 5m (>6 seconds(s)) and a
Kruskal-Wallis test was used to compare SGA to continuous HGS
(n=276) and 5 m values (n=123). The median HGS and 5m scores were
19.0 kg (SD=12.4) and 6.7 s (SD=6.2) respectively. Of all the at nutritional risk patients, 59% (185/316) were identiﬁed to be malnourished
(B/C), and ⬃43% (53/123) were found to be both malnourished and frail
based on walking speed. 5m, either using the >6 s cut-point or continuous values, was not signiﬁcantly different across SGA categories
Published by NRC Research Press
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(A=10.3 s vs. B/C= 10.0 s). However, HGS was signiﬁcantly different
(p<0.026) across SGA categories (A = 19.6 kg vs. B/C= 17.2 kg). In this
sample, HGS values were signiﬁcantly associated with malnutrition status. Less than 50% of those who completed HGS were also able to complete the 5m, potentially leading to the lack of association between 5m
and SGA. HGS may be a useful measure to conduct with SGA to also
describe potential frailty comorbidity with malnutrition. Future work on
HGS cut-points to establish frailty levels in an acute care population are
needed. (This research is funded by CFN (Canadian Frailty Network.)

The More-2-Eat project: using theory to explain behaviour
change techniques in a hospital setting
Tara McNicholl,1 Renata Valaitis,1 Celia Laur,1 and Heather Keller1,2
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The More-2-Eat (M2E) project focuses on improving nutrition care in
hospitals across Canada by implementing the Integrated Nutrition
Pathway for Acute Care (INPAC). This algorithm recommends screening (Canadian Nutrition Screening Tool; CNST), assessment (subjective
global assessment; SGA), food intake monitoring, standard and advanced care practices, and discharge planning, to promote quality
nutrition care. Changing practice requires implementation strategies
and techniques to embed new care activities into the routine. The
purpose of this analysis was to use the Behaviour Change Wheel
(BCW), particularly Capability, Opportunity, Motivation (COM-B), to
categorize behaviour change interventions used by 5 hospitals, in four
provinces in Canada as they implemented INPAC, to better understand how improvements can be made in nutrition care. Sites tracked
implementation activities to change staff behaviour on written scorecards (n=190) and reported key activities at monthly teleconferences
(n=11, audio recorded). A behaviour change matrix was created to
summarize these implementation activities by site, month, and
INPAC practice. Behaviour change interventions were then categorized by their function (education, persuasion, incentivisation,
coercion, training, enablement, modeling and environmental
restructuring) in line with the BCW. Environmental restructuring was
the technique used most often (n=117, ex. adding CNST into existing
forms) by sites to change staff behaviour. Education (n=110, ex. teaching sessions for staff about accurately monitoring food intake) and
enablement (n=61, ex. audits on effectiveness of weight tracking) were
also used frequently. Interventions to promote screening were the
focus early in the implementation phase. As screening became embedded into routine, techniques began to decline as sites worked on other
INPAC practices. Behaviour change of staff to improve nutrition care
is required, however, this is not an easy task. A theoretical understanding of the components of behaviour change, and a systematic
approach to identifying and quantifying behaviour change interventions can help to make complex improvements feasible and identify
where best to focus change efforts. This analysis provides insight into the
behaviour strategies and techniques, which resulted in improved practices, and can be used as an example for other hospitals wishing to improve nutrition care. (This research is funded by CFN (Canadian Frailty
Network.)

Local food environment favorable to a healthy diet and body
weight: an umbrella review
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Food and access to nutritious and affordable food are essential resources for health. Although multiple systematic reviews have been
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conducted on food environment correlates of dietary behavior and
health, a clear overview is lacking. The aim of this study is to review
evidence on the association between local food environment and diet
and body weight in the general population. Eligible reviews published
in French, English or Spanish between 2008 and 2016 were identiﬁed
in 10 databases: Embase, Medline, PubMed, Sociological Abstracts,
Web of Science, Scopus, Francis, Greenﬁle, DARE, Cochrane Database
of Systematic Reviews. The study selection process and the methodological quality assessment (with the AMSTAR checklist) were independently conducted by two reviewers. Results were synthesized
narratively across exposures within the community nutrition environment (e.g., availability and accessibility of food outlets), consumer
nutrition environment (e.g., availability, variety and price of food options) and perceived nutrition environment for diet and adiposity
outcomes respectively. 3028 unique references were retrieved and
ultimately 20 systematic reviews were included: 3 were of high quality, 11 of medium quality and 6 of low quality. The majority of primary
studies included in these reviews were conducted in US using crosssectional design, with a few longitudinal and intervention studies.
The most common food environment exposure(s) examined in the
reviews were related to the community nutrition environments including geographic accessibility and availability of supermarkets, fastfood outlets and convenience stores. Altogether, reviews of the food
environment correlates of adiposity and dietary behaviors provide
mixed evidence. Among reviews reporting signiﬁcant results, association between greater access and availability to supermarkets and
better dietary and poorer adiposity outcomes outnumbered those reporting reverse associations. Also, the evidence of a relationship between greater access and availability of fast-food outlets and poorer
dietary and adiposity outcomes appears to be more consistent.
Greater access and availability of convenience stores is related to
poorer adiposity outcomes only. There was signiﬁcant heterogeneity
across various aspects of the primary studies reported in these reviews, thus limiting what can be learned from this body of evidence.

Dietary docosahexaenoic acid (DHA) cycling in rats yields the
same DHA blood and tissue levels using half the DHA required
from chronic feeding
Adam Metherel, Raphael Chouinard-Watkins,
Marc-Olivier Trepanier, and Richard Bazinet
Department of Nutritional Sciences, University of Toronto, Toronto, Ontario, Canada.

Dietary docosahexaenoic acid (DHA, 22:6n-3) plus eicosapentaenoic
acid (EPA, 20:5n-3) recommendations are frequently stated at 500mg
per day. Estimates suggest these recommendations result in a commercial EPA/DHA production deﬁcit of up to one million metric tons
per year. Pilot work suggests that acute DHA intake in rats can increase the capacity for synthesis of EPA and DHA. As a result, the
present study assesses the blood and tissue DHA response to a 2-week
2% alpha-linolenic acid (ALA, 18:3n-3) only diet followed by a 2-week 2%
DHA + 2% ALA supplementation period repeated over three cycles
(‘DHA cycling’) for 12 weeks. Comparisons are made to a chronic
12-week, 2% DHA + 2% ALA supplementation period and a 12-week 2%
ALA only supplementation period. Brain and liver fatty acid concentrations (mol/g) and weight percent was determined in addition to all
blood fractions including whole blood, plasma and erythrocyte fatty
acid proﬁles. In whole blood, both the DHA cycling and the chronic
DHA group yielded signiﬁcantly higher DHA concentrations (471 ± 28
and 524 ± 47, respectively) compared to the ALA only control (246 ±
20), while the two DHA dietary groups were not different from each
other (p > 0.05). Similarly, liver DHA concentrations were not different between the DHA cycling (11.4 ± 0.5) and chronic DHA (12.6 ± 0.9)
with both higher than the ALA control group (7.0 ± 0.4). Weight percent of DHA in the brain was statistically equal at 11.7 ± 0.2 and 11.7 ±
0.1 with DHA cycling and chronic DHA, respectively, and were higher
than ALA only control (11.1 ± 0.1), while no differences were seen in
concentration (p > 0.05). In conclusion, a dietary DHA strategy is prePublished by NRC Research Press
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sented requiring only half the dietary DHA while achieving the same
tissue and blood DHA status in rats. Implementation of such dietary
strategies could reduce the gap between high global dietary omega-3
recommendations and relatively low commercial production rates.
(Supported by NSERC.)
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Diet quality of preschool children is low with inverse
relationships between intakes of healthy and unhealthy dietary
components
Julia A. Mirotta,1 Kathryn Walton,2 Dabrowka Muszynski,1
Gerarda Darlington,3 Jess Haines,2 David W.L. Ma,1
Alison M. Duncan;1 and Guelph Family Health Study4
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Canada.
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4University
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of Guelph, Guelph, Ontario, Canada.

Background: Among other behavioural factors, low diet quality remains a key risk factor for obesity development and is therefore a
target for prevention efforts. Despite the current childhood obesity
rates in Canada (one-third are overweight or obese), there has been
little assessment of Canadian preschoolers’ diet quality. Objectives:
Primarily, to evaluate the diet quality of preschoolers in the Guelph
Family Health Study (GFHS) and secondarily, to evaluate whether intake of healthy foods was inversely related to intake of unhealthy
foods. Methods: Three-day food records were completed by parents for
their preschool children (n=45; 2 to 5 years old) participating in the
GFHS. Diet quality was measured at baseline using the Healthy Eating
Index (HEI)-2010 consisting of adequacy components (dietary components to increase) and moderation components (dietary components
to decrease). Total HEI-2010 scores were calculated from the sum of
HEI adequacy and moderation component scores. Spearman’s rank
correlation coefﬁcients were used to relate HEI adequacy to moderation components in a sample excluding siblings (n=38). Results: Mean
total HEI-2010 score was 66.9 out of a possible total score of 100 (range:
33.4-87.2) and was not signiﬁcantly different between boys (69.6±2.86;
n=19) and girls (64.8±2.28; n=26). HEI adequacy components were signiﬁcantly inversely related to HEI moderation components. Speciﬁcally, whole grain and dairy intakes were inversely associated with
empty calorie intake. Whole fruit intake was inversely associated with
sodium intake. Finally, intake of a higher ratio of polyunsaturated and
monounsaturated fatty acids to saturated fatty acids was inversely
associated with sodium and reﬁned grain intakes. Conclusions: Canadian preschoolers’ diet quality needs improvement. Obesity prevention efforts should target diet quality to both increase intakes of
healthy foods and decrease intakes of unhealthy foods. (Supported by
the Health for Life Initiative, University of Guelph.)

Fish oil-derived n-3 polyunsaturated fatty acid
supplementation attenuates obese inﬂammation-driven
mammary tumorigenesis
Jennifer M. Monk,1 Danyelle M. Liddle,1 Amber L. Hutchinson,1
Hannah R. Wellings,1 Krista A. Power,2 Lindsay E. Robinson,1
and David W.L. Ma1
1Department

of Human Health and Nutritional Sciences, University of Guelph, Guelph, Ontario,
Canada.
2Guelph Research and Development Centre, Agriculture and Agri-Food Canada, Guelph, Ontario,
Canada.

A clinical consequence of obesity is the increased risk of cancer development, including breast cancer (BC), wherein chronic low-grade
inﬂammatory signaling promotes mammary tumorigenesis. Interestingly, dietary interventions such as n-3 polyunsaturated fatty acids
(PUFA) that can attenuate obese adipose tissue-derived inﬂammatory
adipokine production may play a role in obesity-associated BC prevention. Therefore, we utilized the MMTV-neu(ndl)-YD5 BC model which
mimics human epidermal growth factor receptor-2 (HER2) overex-

pression and recapitulates the tumor phenotype reﬂective of 20-25%
of human BC cases. Female mice were fed one of two isocaloric high
fat diets (58% kcal) containing an equal amount of saturated fat (as
lard) but differing compositions of n-6 and n-3 PUFA derived from corn
oil (CO) or menhaden ﬁsh oil (FO) sources, respectively for 16 weeks
(lifelong exposure from 4-20 weeks of age). The diet compositions
were as follows: n-6 PUFA-enriched high fat (HF) control diet contained 40% kcal lard + 18% kcal CO and the n-3 PUFA-enriched high fat
(HF+FO) diet contained 40% kcal lard + 13% kcal FO + 5% kcal CO. The
HF+FO diet contained 4.5% kcal as EPA and DHA combined, which is
similar to intakes reported in the traditional Greenland Inuit diet. In
this model HF+FO supplementation delayed tumor onset and at sacriﬁce (20 weeks of age) reduced tumor number/mouse by 33% compared
to HF control (P<0.05). Mammary tumor tissue gene expression of
inﬂammatory and tumor-promoting mediators TNF␣, IL-6 and leptin
were reduced in the HF+FO group compared to HF control (P<0.05),
whereas tumor expression of the anti-inﬂammatory cytokine IL-10
was increased in the HF+FO group (P<0.05). N-3 PUFA supplementation also improved the serum obese adipokine proﬁle by reducing
circulating levels of the inﬂammatory mediators leptin (decreased
by 34%), resistin (decreased by 39%) and plasminogen activator
inhibitor-1 (PAI-1, decreased by 30%) while concomitantly increasing
circulating levels of the non-inﬂammatory and insulin-sensitizing adipokine adiponectin (increased by 72%) compared to HF control. Collectively, these data demonstrate the ability of n-3 PUFA to attenuate
both obesity-associated mammary tumor development and the inﬂammatory phenotype, thereby supporting their utility in life-long
BC prevention.

Substituting lentils for white potato signiﬁcantly reduces
postprandial blood glucose response and glycemic index
Dita Moravek,1 Alison M. Duncan,1 Sarah J. Turkstra,1
Laura B. VanderSluis,1 Erica J. Rogers,1 Aileen Hawke,2
and D. Dan Ramdath2
1Department
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Canada.
2Guelph

Research and Development Centre, Agriculture and Agri-Food Canada, Guelph, Ontario,
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Poor diet is one of the main contributors to the etiology of chronic
diseases such as type 2 diabetes (T2D). Lentils, a type of pulse, have a
healthful nutritional proﬁle, low-glycemic index (GI), and reduce postprandial blood glucose response (PBGR) when consumed in place of
white rice. More data using this replacement approach for other
starchy foods is needed to provide broader insight on the effects of
lentils on PBGR. The objective of this study was to compare PBGR and
GI following consumption of white potato with and without lentils.
Twenty-four healthy adults (Age 27.4 ± 1.2; BMI 24.0 ± 0.5 kg/m2) completed this randomized crossover clinical trial that included four
3-hour study visits separated by washout periods of 3-7 days. Participants consumed 50 g available carbohydrate (AC) of potato (control) or
meals containing a combination of 25 g AC from potato and 25 g AC
from three lentils (large green, small green, split red). Fasting and
timed postprandial blood samples were collected by ﬁnger prick for
analysis of blood glucose and plasma insulin. Repeated measures
ANOVA and post hoc Tukey’s tests compared incremental area under
the curve (iAUC) and peak glucose and insulin, as well as GI. Compared
to white potato alone, glucose and insulin iAUC were signiﬁcantly
decreased (p<0.0001) when large green (34% and 34%, respectively),
small green (32% and 36%, respectively) or split red (35% and 38%,
respectively) lentils were combined with white potato. Peak blood
glucose and plasma insulin were also signiﬁcantly decreased when all
3 lentil treatments were combined with white potato compared to
white potato alone (p<0.0001). The GI of potato (93.5±5.18) was significantly decreased (p<0.001) by addition of each lentil: (large green
(60.5±11.8), small green (86.5±9.31) and split red (59.6±7.19). These results show that replacing half of the AC from white potato (a high-GI,
starch-rich food) with lentils can signiﬁcantly reduce GI and attenuate
Published by NRC Research Press
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the rise in postprandial blood glucose. (Funded by AAFC Growing
Forward 2 and Pulse Canada Cluster.)

Impact of gestational weight gain on neonatal vitamin D status
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Introduction: Low vitamin D status is common in pregnant women
and neonates. It is unknown if newborn vitamin D status is dependent on maternal gestational weight gain (GWG) due to its liposolubility and/or volume dilution effects in larger individuals. Objective:
To test for relationships between maternal GWG and newborn vitamin D status. Methodology: Healthy mother-infant pairs (n=40) were
recruited at 24-hours post-partum from greater Montréal area (clinicaltrials.gov: NCT02563015). Surveys captured demographics, sun
exposure and supplement use. Dietary vitamin D intake during pregnancy was assessed using a food frequency questionnaire. Blood samples were collected to assess serum 25-hydroxyvitamin D [25(OH)D]
concentrations. Maternal height, pre-gravid weight, and delivery
weight were obtained from obstetrical records. Maternal body composition was obtained using dual-energy x-ray absorptiometry. Data
were analyzed in 3 groups: mothers who met (n=14), exceeded (n=14)
or fell short (n=12) of Health Canada weight gain recommendations. A
mixed model ANOVA and a linear regression were performed (SAS,
v9.3). Data are mean+/− standard deviation unless otherwise speciﬁed.
Results: Maternal pre-gravid body mass index was 24.2+/−4.5 kg/m2,
infant birth weight-for-age Z-score was 0.17+/−0.86 and infants were
58% (23/40) male. Infant 25(OH)D level was 47.2+/−20.2 nmol/L with
15% < 30 nmol/L and 65% < 50 nmol/L; maternal 25(OH)D status was
66.0+/−24.3 nmol/L with 3% < 30 nmol/L and 35% < 50 nmol/L. Vitamin
D status of mothers and infants were not different amongst GWG
categories and infant status did not differ between sexes. An interaction between sex and GWG was signiﬁcant (p=0.03), with female infants having higher 25(OH)D status than males from moms who met
GWG recommendations (p=0.01), and lower 25(OH)D status compared
to females in the highest GWG category (p=0.01). In regression models
(R2=0.57), neonatal 25(OH)D level was 12.8 nmol/L higher when born
from white compared to non-white mothers, 3.4 nmol/L higher for
each 10 nmol/L increment in maternal 25(OH)D and 4.5 nmol/L lower
for each 5 kg increment in maternal fat mass. Conclusion: These results suggest that female infants, infants born to non-white mothers
and mothers who gained more weight than recommended during
pregnancy, may be more likely to have vitamin D insufﬁciency. (Funding: CIHR.)

Would product packaging be a worthwhile target for the
regulation of food and beverage marketing to children in the
Canadian food supply?
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evant CAI category and subcategory, and evaluated based on the CAI
Uniform Nutrition Criteria speciﬁc to each subcategory. In total,
10,626 products were included in our analysis. Products from CAI
participant companies represented 11.8% (n=1,251) of the total products. Of those, 16.9% (n=212/1,251) were determined to be marketed to
children. A third (33.5%; n=71/212) of children’s products from CAI
participating companies met the CAI’s Uniform Nutrition Criteria.
These results suggest that approximately two thirds of products from
CAI companies with marketing to children on their labels do not meet
the Uniform Nutrition Criteria. Including product packaging under
the CAI standards could have an important impact on the nutritional
quality of foods that target Canadian children. However, in order to
maximize their inﬂuence, the CAI should also attempt to gain volunteer commitments from more companies, so that a greater portion of the food supply falls under their regulations. (Supported by:
CIHR Postdoctoral Fellowship (MEL); Earle W. McHenry Endowed
Chair & Burroughs Wellcome Fund-Innovation in Regulatory Science (MRL).)

Longitudinal changes in sodium levels in restaurants,
2010 –2016
Sarah Murphy, Mary Scourboutakos, and Mary L’Abbé
Department of Nutritional Sciences, University of Toronto, Toronto, Ontario, Canada.

Background: High sodium intake is linked to hypertension and heart
disease, and calls have been made to reduce sodium in the food supply. Restaurants are a major source of dietary sodium for Canadians.
However, no tracking is being done to see if conditions are improving,
or if recommendations are being followed. Objective: The purpose of
this study is to compare sodium levels in Canadian chain restaurant
items in 2016 to levels from three and six years ago to determine if
levels have improved. Different restaurants and food categories were
compared. Methods: Data was collected from publicly provided nutritional information on restaurant chain websites. Only chains with 20
or more Canadian outlets were included. In total, 1391 food items from
61 chains were matched to counterparts from both 2010 and 2013.
Desserts and baked goods were excluded. Sodium levels were analyzed per serving and per 100 grams. Results: Overall, sodium levels
signiﬁcantly decreased from 2010 to 2016 (P <0.001) from 999±18mg to
968±18mg per serving, an average decrease of 31 mg (0.3%). However,
only 40% of foods decreased in sodium, with their average decrease
234 ±12mg (23%). 36% did not change over the six years, and 23%
increased in sodium with an average increase of 272±25mg (27%). Both
food category and restaurant chain were signiﬁcant predictors of sodium level (P<0.001). The standard deviation for longitudinal sodium
change was large, and the four restaurants with the highest sodium
levels per serving in 2010 showed an increase in sodium in 2016. Conclusion: Overall sodium levels in restaurant foods have marginally
decreased, however progress varies between chains and by food category. Clear sodium reduction targets and monitoring for restaurants
are urgently needed to reduce sodium levels and the associated health
risks to the public.

Christine Mulligan, Marie-Eve Labonté, and Mary L’Abbé
Department of Nutritional Sciences, University of Toronto, Toronto, Ontario, Canada.

Reducing the marketing of unhealthy foods to children has been acknowledged by the World Health Organization as an effective obesity
reduction strategy, however, the standards in the Canadian Children’s
Food and Beverage Advertising Initiative (CAI) do not currently apply
to the advertising to children that occurs on product packaging. This
study aimed to examine whether products with on package marketing
to children meet the CAI Uniform Criteria, which do not currently
apply to food labels. Data was obtained from the University of Toronto
Food Label Information Program (FLIP) 2013 database, which provides
nutritional information on 15,342 packaged foods. Products in FLIP
were classiﬁed as being either: a) from CAI participating companies,
or from non-participating companies; and b) marketed to children, or
to a general audience. Products were further classiﬁed into their rel-

Structure related bioactivity of major phenolic compounds in
canola extracts
Ruchira Nandasiri, Usha Thiyam-Hollander, and Peter Eck
Department of Human Nutrition, University of Manitoba, Winnipeg, Manitoba, Canada.

Canola (Brassica napus) has been nominated as the major oil crop of
Canada, which accounts for more than 20% of the global production.
Due to its elevated bioavailability of phenolic content and antioxidant
capacity, lately interest towards canola by-products as a natural
source of antioxidants as well as a rich source for nutraceuticals has
gained its attention. Extraction of phenolic compounds from canola
continued for extended period of time with different extraction systems. However, extraction of phenolic compounds through accelerated solvent extraction (ASE) at high temperature and high pressure
Published by NRC Research Press
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seems to improve its antioxidant properties as well as total phenolic
content. High selectivity, short extraction time, less solvent usage and
green technology could be attributed with this novel method of extraction. Furthermore, it is believed that the increases in the total
phenolic compounds as well as antioxidant properties are related
with the structure alterations take place during processing. Thus, very
limited amount of studies have been conducted in the above ﬁeld.
Therefore, this study will be focused speciﬁcally on canola meals, and
its structure and function relationship towards high pressure and
high temperature processing. We speculate that canola meal, subjected to ASE extraction, will yield novel compounds with relatively
higher antioxidant properties where, these novel antioxidant compounds would impart an important role in the nutraceutical industry.
Bioavailability and the cytotoxicity of these novel antioxidant compounds will be further evaluated using a cell based model system with
human intestinal cells. Moreover, functional properties of these novel
compounds in relation to blood glucose regulation will be conﬁrmed
through an animal model system of diabetes zucker-fa/fa rats. Up to
our acquaintance this is the foremost study to cater knowledge on
anti-diabetes properties of canola extracts processed through ASE,
authenticating a health allegation for canola phenolic compounds en
route for blood glucose homeostasis. (Funded by NSERC Discovery and
Tri-Council GETS scholarships.)

Plasma 25-hydroxyvitamin D and n-3 fatty acids associate with
muscle mass in head and neck cancer patients
Sara Nejatinamini,1 Brock Debenham,2 Asifa Mawani,3
Wendy Wismer,1 and Vera Mazurak1
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Mucositis and loss of muscle are two common toxicity effects of
cancer treatment. The aim of this study was to determine whether
severity of these toxicities is related to depletion of plasma vitamin D
and n-3 fatty acids during treatment for head and neck cancer. In
this prospective longitudinal cohort study, dietary intakes (3 day
food record) and plasma levels of vitamin D and n-3 fatty acids were
assessed at baseline (at diagnosis) and post-treatment (after 6 weeks
radiation therapy with or without chemotherapy). Quantiﬁcation
of plasma 25-hydroxyvitamin D (vitamin D) was assessed by liquid
chromatography tandem mass spectrometry (LC-MS/MS). Plasma
fatty acids were extracted using Folch and phospholipids isolated
using thin layer chromatography followed by gas chromatography
for fatty acid amount and composition. Muscle mass was estimated
from computed tomography images acquired at baseline and posttreatment. Both study time points were completed by 28 patients
(age 60±10 y). Only 2 patients had a vitamin D level that would be
considered sufﬁcient (≥30 ng/ml) at both time points. Dietary intake of vitamin D increased signiﬁcantly from baseline to posttreatment (P=0.04), although this had little effect on plasma level.
Patients who experienced mucositis had signiﬁcantly lower plasma
vitamin D compared to patients without mucositis (P<0.001). After
adjusting for age, sex, type of treatment and stage of disease,
vitamin D was correlated with mucositis severity (P=0.006) at posttreatment. Vitamin D was also associated with muscle cross sectional area at baseline (P=0.01) and post-treatment (P=0.02). Patients
had progressive loss of eicosapentaenoic acid (EPA, 20:5n-3) during
treatment (P=0.006) which independently associated with muscle
loss. This study revealed that poor vitamin D status is associated
with mucositis and low muscle mass in HNC patients. Depletion of
EPA during cancer treatment may contribute to accelerated rates of
muscle loss. (Funded by Food and Health Innovation Initiative,
faculty of ALES, University of Alberta.)

Supplementing docosahexaenoic acid in diets of mice bearing
patient derived breast cancer xenografts enhances the antiproliferative effects and reduces tumour growth
Marnie Newell,1 Miranda Brun,1 Lynne Postovit,2
and Catherine J. Field1
1Department
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Canada.
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Docosahexaenoic acid (DHA) has been shown to reduce growth of
breast cancer cell lines in vitro and in vivo. Docetaxel (TXT) is a chemotherapy drug used in breast cancer therapy that binds to microtubules, inhibiting mitotic cell division, leading to reduced proliferation
and cell death. Our lab has shown that pre-treatment of MDA-MB-231
cells with DHA prior to chemotherapy results in decreased cell
growth, cell cycle arrest at the G2M phase and a decrease in protein
expression of cell cycle markers including Cyclin B1, cdc25c and Wee1
in vitro and in vivo. Because immortalized cell lines do not represent
the heterogenicity seen in human tumours, we sought to conﬁrm this
work using patient derived xenografts (PDX). NSG (NOD/SCID/IL2
␥-receptor null) mice (6 week old female) bearing subcutaneous triple
negative PDX tumours (of 100 mm3) were randomized to one of two
nutritionally adequate high fat diets (20% w/w ±5% DHA). Half the
animals in each group were treated IP twice weekly with TXT (5mg/kg)
for 6 weeks (n=6 in each of the 4 groups). Extracted tumours from the
DHA+TXT diet group were signiﬁcantly smaller than the Control+TXT
tumours (1.7 ± 0.1g vs. 5.2±0.5g, p<0.01). Phospholipid content of tumours in the DHA+TXT group contained 5.5 ± 0.0% DHA compared
to 2.6±0.3% in the control tumours (p<0.05). Immunohistochemical
staining of tumours for Ki67 conﬁrmed reductions in proliferation in
the DHA+TXT tumours (p<0.05). This study conﬁrms, for the ﬁrst time
in patient derived xenografts, that feeding a diet supplemented with
DHA increases the content of DHA in cell membranes and facilitates
the anti-cancer effect of TXT. This is consistent with our work in vitro
in MDA-MB-231 cells and the results suggest the effects, including
reduced tumour size, could be due in part, to reduced proliferation.
(Supported by CIHR.)

Is the Healthy Eating Index-Canada 2010 (HEI-C 2010) a valid
and reliable measure of diet quality?
Alena (Praneet) Ng,1 Mahsa Jessri,2 and Mary L’Abbé1
1Department

of Nutritional Sciences, Faculty of Medicine, University of Toronto, Toronto, Ontario,

Canada.
2Department

of Epidemiology and Community Medicine, Faculty of Medicine, University of Ottawa,
Ottawa, Ontario, Canada.

Background: Diet quality indexes measure adherence to pre-deﬁned
dietary patterns for a comprehensive examination of the relationship
between diet and health outcomes. The Healthy Eating Index-Canada
is one such diet quality index adapted from the USDA’s Healthy Eating
Index for use in Canada. Objective: We aimed to develop and assess
the validity and reliability of a revised Healthy Eating Index-Canada,
the HEI-C 2010, using cross-sectional data from a nationally representative sample of Canadian adults. Design: The HEI-C 2010 was developed by adapting the USDA’s Healthy Eating Index to Canada’s Food
Guide 2007. Data from 11,749 participants (≥18 years) from the Canadian Community Health Survey Cycle 2.2 were used to score and assess
diet quality. Construct validity was examined using principal component analysis and comparison of Pearson correlations between the
index components and energy intake. Cronbach’s ␣ was used to assess
reliability of the index. Results: Principal component analysis conﬁrmed multidimensionality of the index, with four dimensions contributing 63% of the total variance. Low to medium correlations were
observed between energy intake and component scores (|r| between
0.03 and 0.67), indicating the index’s overall ability to assess diet
quality independent of diet quantity. Internal reliability of the HEI-C
2010 was conﬁrmed with Cronbach’s ␣ = 0.79. Those in the highest
quartile of the HEI-C 2010 score with the best adherence to the guidelines of the index were more likely to consume ﬁbre-dense foods and
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beneﬁcial micronutrients while consuming less sodium, added sugar
and saturated fat (P-trend<0.0001 for all observations). Conclusions:
The HEI-C 2010 provides a valid and reliable assessment of the diet
quality of Canadian adults. Strong associations between adherence to
the index and lower consumption of nutrients of concern (sodium,
added sugar and saturated fat) indicate the potential for the HEI-C
2010 to be used as a national nutrition surveillance tool. (Supported by
the Burroughs Wellcome Fund Innovation in Regulatory Science
Award.)

Longitudinal evolution of weight in post-lung transplant
patients
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Background: According to the Conference Board of Canada, between
2009 and 2011, 63.1 Canadians per 100,000 population died each year
of pulmonary diseases (e.g. chronic obstructive pulmonary disease
(COPD), interstitial lung disease (ILD), cystic ﬁbrosis (CF)). Lung transplant remains the only deﬁnitive treatment available for end-stage
lung diseases. Mounting evidence demonstrates that an optimal posttransplant nutritional status maximizes chances of transplant success
and improves quality of life. Post-transplant weight evolution has
been previously studied over short periods of time and regardless of
the type of organ transplanted. This study is the ﬁrst to document
post-lung transplant weight evolution over a period of 15 years. Objective: The main objectives of this study were to: 1) document longitudinal weight trajectories of lung recipients from transplant up to
15 years post-transplant, and 2) determine whether sex, transplant
BMI and the underlying lung disease inﬂuenced those trajectories.
Methods: This is a retrospective cohort study including 515 lung transplant patients from the “Programme de Transplantation Pulmonaire
du Centre Hospitalier de l’Université de Montréal (CHUM)”. Gender,
transplant BMI and underlying lung disease were extracted from medical records. Weights were collected at various timepoints posttransplant (6 months, 1, 2, 5, 10 and 15 years). Weight variations were
calculated between weight at transplant and weight at 15 years and
annualized. Results: Men and women had an annualized weight gain
of 1.13kg and 0.60kg respectively. Patients with a BMI <18.5 kg/m2
experienced the greatest annualized weight gain (1.4 kg/yr vs. 0.72kg
(BMI 18.5-24.9) and 0.40kg (BMI 25-29.9)). In contrast, patients with a
BMI>30 kg/m2 experienced an overall decline in weight (-1.7kg/yr).
Finally, COPD patients gained more weight (1.45kg/yr) than CF/bronchiectasis (0.37kg/yr), ILD (0.16kg/yr) and other diagnoses (0.92kg/yr).
Discussion/Conclusion: In general, lung transplant recipients gained
weight over the 15-year observation period with men, patients with a
transplant BMI<18.5 and COPD patients having the greatest gain. Further studies are needed to address the pathogenesis of weight gain and
its clinical implications.

Health effects of inulin-type prebiotic use by children and
adolescents: an evidence mapping review
Stephanie K. Nishi, Sara E. Stinson, John L. Sievenpiper,
and Elena M. Comelli
Department of Nutritional Sciences, University of Toronto, Toronto, Ontario, Canada.

Background: Modifying the gut microbiota during childhood and adolescence via the intake of prebiotics may impact health during this
life stage and lifelong. Objective: To conduct a systematic evidence
mapping review of inulin-type prebiotics and health outcomes in
healthy children and adolescents. Methods: We searched MEDLINE,
EMBASE, and the Cochrane Library from inception through
December 16, 2016, supplemented with manual searches. Human in-
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tervention trials and human observational studies were included that
assessed the relationship between inulin-type prebiotics and any
health outcome in healthy children and adolescents, aged 2 to 18 years.
Relevant study data were extracted by two independent reviewers.
The evidence was tabulated. Results: We screened 784 reports. Seven
randomized and non-randomized controlled trials (666 participants)
met the eligibility criteria. No other eligible study designs in healthy
children were identiﬁed. Two trials evaluated galacto-oligosaccarides
(GOS), 2 trials assessed fructo-oligosaccarides (FOS), and 3 trials investigated inulin or inulin-type fructans. Outcomes included bone health
(mainly assessed via calcium absorption; 5 trials), diarrhea (1 trial),
measures of body weight and adiposity (1 trial), acute respiratory infection (1 trial), and immune response (1 trial). Changes in microbiota
composition were assessed in only 1 trial. Conclusion: There are a
limited number of studies assessing use of inulin-type prebiotics on
health outcomes in healthy children and adolescents. More studies
are warranted to investigate additional beneﬁts and provide guidance
for prebiotic use in these age groups. Trial Registration: PROSPERO
(53149) (Funding: Lawson Family Chair in Microbiome Nutrition Research and Centre for Child Nutrition and Health Faculty of Medicine,
University of Toronto.)

A diet rich in docosahexaenoic acid reduces
neuroinﬂammation in apolipoprotein E epsilon 4 mice
Tanya Gwendolyn Nock,1 Raphaël Chouinard-Watkins,1
and Mélanie Plourde2
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of Medicine, Université de Sherbrooke, Sherbrooke, Québec, Canada.

Today, around 44 million people worldwide are afﬂicted with Alzheimer’s disease (AD). The onset of AD in carriers of an epsilon 4 allele
(E4) of apolipoprotein E (APOE) is 8-15 years earlier than other APOE
alleles and is the greatest genetic risk factor for developing AD. It is
unclear how E4 modulates AD pathology however, consumption of
fatty ﬁsh, rich in docosahexaenoic acid (DHA), is associated with a
reduced risk of cognitive decline in humans. In human targeted
APOE4 (hAPOE4) mice, providing a diet rich in DHA prevented cognitive deﬁcits during aging through a mechanism yet to be elucidated.
The objective of this study was to establish whether DHA intake contributes to reducing neuroinﬂammation in the context of the APOE
genotype. We investigated a gene x diet interaction using homozygous mice knock-in for hAPOE3 and hAPOE4. Four month old mice
were fed one of two isocaloric diets; a high DHA diet or a control diet.
At 12 months, the brains were processed into 50m tissue slices in the
hippocampal region. Tissues were stained with ﬂuorescent antibodies
to glial ﬁbrillary acidic protein (GFAP) and ionizing calcium-binding
adaptor protein-1 (Iba-1) to visualize classical markers of astrocytic and
microglial inﬂammation, respectively. The number of astrocytes producing GFAP and the total pixel density of GFAP-producing cells in
hAPOE4 mice was higher than hAPOE3 mice fed the control diet,
indicating the presence of inﬂammation in the hAPOE4 genotype
under basal conditions. In both genotypes, the level of GFAP and the
number of cells expressing the protein decreased from control diet
levels in animals fed the DHA diet. In addition, microglial shape was
more complex in number and length of branches in the control diet of
hAPOE3 genotype compared to hAPOE4 and the complexity in
hAPOE4 mice increased when fed the DHA diet suggesting the microglia of hAPOE4 mice were less activated, hence in a less inﬂammatory
environment when fed DHA compared to control. Altogether, these
results suggest that dietary DHA reduces neuroinﬂammation in
hAPOE4 mice and may be involved in the decrease of cognitive
decline previously observed in these mice. (Supported by CIHR,
NSERC, FRQ-S.)
Published by NRC Research Press
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The effects of docosahexaenoic acid supplementation on global
gene expressions in rat fetal brains with ethanol exposure
during pregnancy
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Maternal nutrition status is critical for fetal development and may
protect the fetus from the external insults, such as alcohol. Prenatal
alcohol exposure is known to affect genes involved in neurological
development in fetal brains. Docosahexaenoic acid (DHA) is known to
be a major membrane structural component of brain. Alcohol consumption is associated to decrease in DHA levels in brain and its
supplementation might be beneﬁcial in cases of alcohol exposure
during pregnancy. However, how DHA impacts global gene expressions in fetal brain is not well known, especially with prenatal ethanol
exposure. This study investigated whether, DHA supplementation
during pregnancy affects global gene expressions in fetal brain with
chronic prenatal ethanol exposure. Pregnant Sprague Dawley rats
were raised on one of the 3 experimental diets; control, DHA (1.4%,
w/w, total fat) without ethanol, and DHA with ethanol ((EtOH, 3g/kg
BDWT, twice a day via gavage) throughout the gestational period. No
EtOH groups were gavaged with dextrose (isocaloric to EtOH). The diet
was semi-puriﬁed, nutritionally rich and energy dense (4.3g/kg diet).
Global gene expression in the fetal brains (n=5 each group, 1-2 from
each dam) at gestational day 20 were analysed by microarray. Quantitative real-time polymerase chain reaction (qRT-PCR) was used for
validating microarray results. Protein expressions were analysed by
Western blot. No signiﬁcant differences were identiﬁed in the fetal
brains and body weights between the groups. Microarray analysis
revealed that none of the transcripts were signiﬁcantly altered in fetus
brain (Log2(fold change) ≤ ± 2, and P > 0.05). qRT-PCR, agreed with
microarray data in fold changes (FC<2 or FC>0.5). EtOH signiﬁcantly
(p<0.05) increased the expression of protocadherin beta 6 (PCDHB6)
whereas, DHA decreased it to the levels in control group. EtOH also
decreased WD repeat domain 92 (WDR92) regardless of a DHA supplementation in comparison to the control. Western blot revealed that
protein expressions were also not signiﬁcantly different among the
groups. In this study, moderate ethanol exposure or DHA supplementation during pregnancy have minor impact on rat fetal brain gene
expressions. The nutrient dense diet provided in this study may have
mitigated the effects of ethanol. (Supported by the Canada-Israel International Fetal Alcohol Consortium and the Government of Manitoba,
Dept. of Innovation, Energy & Mines.)

Effects of ruminant trans fatty acids on expression of genes
involved in glucose metabolism in hepatocytes
Sarah O’Connor,1,2 Marine S. Da Silva,1 Pierre Julien,1
Olivier Barbier,3 and Iwona Rudkowska1
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Introduction: Current evidence shows that ruminant trans fatty acids
(tFA) and industrial tFA have distinct effects on health. Speciﬁcally,
studies showed detrimental effects of industrial tFA compared to potential beneﬁcial effects of ruminant tFA on glucose homeostasis.
Ruminant tFA occur naturally in meat and dairy products meanwhile
industrial tFA are generated through industrial and cooking processes. In our recent study, we observed an interaction between dairy
product consumption and key genes of the glucose-sensing enzyme
glucokinase (GCK). Speciﬁcally, glucose utilization was enhanced with
the activation of GCK, potentially due to the activation of hepatic
enzymes such as fatty acid synthase (FASN) and insulin receptor
substrate-1 (IRS-1). Therefore, we hypothesized that dairy nutrients

such as ruminant tFA may inﬂuence glucose utilization through the
GCK pathway. Objective: To compare the in vitro effects of ruminant
tFA on FASN and IRS-1 gene expression related to glucose metabolism
in hepatocytes. Methods: Human hepatocellular carcinoma (HepG2)
cells were incubated for 24h in a medium containing 25 mM of glucose
supplemented with ruminant tFA, namely trans-vaccenic acid (tVA) or
trans-palmitoleic acid (tPA), at concentrations of 25, 50 and 150 M.
Gene expressions of IRS-1 and FASN were determined by real-time
qPCR. Fatty acid composition of cell membranes was obtained by gas
chromatography. Results: Ruminant tFA were highly incorporated
into cell membranes, representing 3-4% of total fatty acids. tVA 25, 50
and 150 M had no effect on gene expression, neither on FASN
(0.95±0.14 (mean fold change ±SD), 0.97±0.11 and 0.97±0.17 respectively, P=NS), nor on IRS-1 (0.97±0.095, 0.99±0.09 and 1.12±0.18 respectively, P=NS). Similarly, no effect has been observed with tPA 25, 50
and 150 M, neither for FASN (0.99±0.14, 0.95±0.14 and 1.09±0.21 respectively, P=NS), nor on IRS-1 (1.22±0.25, 1.17±0.27 and 0.94±0.3 respectively, P=NS). Conclusion: Ruminant tFA do not seem to increase
glucose utilization in hepatocytes through IRS-1 or FASN expression of
the GCK pathway. Additional in vitro studies are needed to assess
the effects of ruminant tFA on other genes involved in glucosehomeostasis, and to understand whether other dairy nutrients either
individually or in combination are involved in the beneﬁcial changes
in glucose metabolism. (Supported by FRQS.)

An analysis of health Canada’s proposed front of pack (FOP)
labelling requirements on prepackaged foods to identify ‘less
healthy’ products
Yeon Ji Oh, Mavra Ahmed, Marie-Eve Labonte, Theresa Poon,
and Mary L’Abbé
Department of Nutritional Science, University of Toronto, Toronto, Ontario, Canada.

Introduction: With growing rates of obesity and diet-related diseases,
it is essential that Canadians have tools that help them select healthier foods. However, many consumers ﬁnd it difﬁcult and timeconsuming to identify healthier foods using only the Nutrition Facts
table (NFt) found on food packages. Health Canada recently released a
Healthy Eating Strategy which proposes new, mandatory Front of
Pack (FOP) warning nutrition symbols on prepackaged foods exceeding predetermined thresholds for sodium, sugar and/or saturated fat.
Health Canada’s warning symbol for FOP labelling is currently under
consultation. This study quantiﬁed the number and proportion of
Canadian foods that would have to display such FOP labels, overall
and for each nutrient (of public health concern). Methods: Study used
the University of Toronto 2013 Food Label Information Program (FLIP)
database of 15,342 products (‘unique’ packaged foods/beverages by
brand name). The number of products that would be required to display a warning sign was analyzed by Schedule Reference M categories
overall and for each threshold. Results: Analysis of the food supply
overall indicated that 47.4% of packaged foods would carry at least one
warning sign, with 14% required for saturated fat, 22% for sodium, and
20% for sugar. In addition, only 4% of products would have warning
signs for both saturated fat and sodium, 3.5% for saturated fat and
sugar, and 1% for sodium and sugar. Further analysis indicated that
only 0.12% would display warning signs for all three nutrients. It
should be noted, however, that this analysis does not take into account the proposed exemptions from FOP labelling. Conclusion: This
project is the ﬁrst to quantify the implications of Health Canada’s FOP
warning labels on prepackaged foods. FOP labelling has the potential
to transform the way Canadian consumers make healthier dietary
decisions and can allow provide incentives for manufacturers to reformulate and create healthier products. (Financial support: CIHR Fellowship (MEL), OGS (MA), Earle W. McHenry Endowed Chair (MRL),
and Burroughs Wellcome Fund – Innovation in Regulatory Science
(MRL).)
Published by NRC Research Press

Abstracts
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Introduction: A disconnect between actual and perceived weight status may affect dietary or physical activity (PA) behaviors. However the
relationship between weight- status misperception and lifestyle behaviors has not been fully explored. The objective of this study was to
determine if weight-status misperception (i.e., underestimating or
overestimating one’s weight status) relates to level of PA or motivation to be physically active. Methods: A two-step cluster analysis of
676 young adults participating in an ongoing longitudinal study was
conducted to identify homogeneous subgroups based on shared
weight-related characteristics. We then compared clusters with respect their dietary habits, level of PA and their PA motivations using
ANCOVA, controlling for age, sex and whether the participant was
trying to lose weight. Results: Three distinct clusters of weight misperceivers were identiﬁed ((i) normal weight accurate perceivers, (ii)
normal weight over-estimators, (iii) overweight under-estimators,
which were distinct in terms of level of PA (Cluster 3 reported less
vigorous PA), PA motivation (Cluster 1 reported higher selfdetermined motivation towards PA) and some dietary habits (Cluster 1
reported often being very hungry in the morning, cluster 2 reported
smoking to control their weight and cluster 3 reported higher use of
diet pills). Conclusion: Weight misperception may affect health behaviours such as diet and PA and is an important issue to assess in
young adults to ensure that their own decision-making with respect to
healthy lifestyle habits takes “reality” into account. Clinicians may
need to assess weight misperception with their young adult patients
to inform their patient counseling, and public health interventions
may also need to consider weight misperception in tailoring weight
control interventions.

Polyphenols prevent carcinogenesis by ameliorating
mitochondrial dysfunction and inducing mitochondrial
biogenesis
Kosar Omidian, Hossein Raﬁei, and Brian Bandy
Department of Nutrition, University of Saskatchewan, Saskatoon, Saskatchewan, Canada.

Naturally occurring polyphenols in fruits and vegetables have been
shown to exhibit anticancer characteristics. Although a role of polyphenols in cancer prevention has been previously described, an involvement of mitochondrial mechanisms has not previously been
investigated. Mitochondrial dysfunction has been identiﬁed in several
cancer cells and is correlated with poor prognosis. We hypothesized
that polyphenols may inhibit carcinogenesis by increasing the number of healthy and functional mitochondria. In this study, we investigated the role of different classes of polyphenols in cancer prevention
through induction of mitochondrial biogenesis and amelioration of
mitochondrial dysfunction in an in vitro model of carcinogenesis induced by benzo[a]pyrene (B[a]P) Bhas 42 mouse ﬁbroblast cells were
pre-treated with 5 M polyphenols (resveratrol, quercetin, catechin,
cyanidin, cyanidin-3-glucoside (C3G), and berberine) for 2h followed
by treatment with 4 M B[a]P for 24h and 72h. B[a]P signiﬁcantly
decreased SIRT1 gene expression and activity by 37% and 13%, respectively, while quercetin and resveratrol strongly inhibited. B[a]P significantly decreased expression of transcription factors involved in
mitochondrial biogenesis such as estrogen related receptor ␣ (ERR␣)
and mitochondrial transcription factor A (TFAM) by 30%, while some
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polyphenols completely inhibited these effects. B[a]P also decreased
mitochondrial content after 24h by 46% and after 48h by 30%, however
different polyphenols protected against this reduction and increased
the number of mitochondria. B[a]P also induced mitochondrial dysfunction by decreasing nDNA- and mtDNA-encoded respiratory subunits by up to 35%, mitochondrial membrane potential (MMP) by 25%
and ATP levels by 28%. However, polyphenols completely inhibited
these effects of B[a]P and increased some mitochondrial respiratory
subunits and MMP to a level of higher than untreated cells. The study
showed that B[a]P impaired mitochondrial biogenesis and induced
mitochondrial dysfunction whereas different polyphenols attenuated these effects. The results shed new light into the mitochondrial mechanisms by which polyphenols may prevent cancer
initiation. Keywords: polyphenols, mitochondrial biogenesis, mitochondrial dysfunction, Benzo[a]pyrene (Financial support: Saskatchewan Health Research Foundation (SHRF).)

Prenatal supplements allow pregnant women to meet the
recommended dietary allowance for vitamin D, but may elevate
iron and folate intakes above the tolerable upper level
Sharina Patel,1 Neil Brett,1 Kristina Mullahoo,1 Laura Glenn,1
Catherine A. Vanstone,1 Alexandra Laliberté,1 Maryam Razaghi,1
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Maternal age, socioeconomic status and dietary intake during pregnancy affect maternal and infant nutritional status. This was a preliminary data analysis of healthy mothers (n=40 infant/mother pairs) in
Greater Montréal (NCT02563015) from March 2016 to January 2017.
The objective was to compare maternal nutrient intake data during
pregnancy to current recommendations and explore relationships of
intakes with maternal characteristics. At baseline visits (≤1 month
postpartum), family history, demographic and physical activity surveys were completed and a validated food frequency questionnaire
(Harvard FFQ) reﬂecting intake during pregnancy was administered.
The FFQ nutrient database was developed from the 2015 Canadian
Nutrient File. Average total energy expenditure during pregnancy was
estimated using Institute of Medicine equations. Data were analyzed
descriptively (mean±SD) and using Spearman correlations. At baseline, mothers (age 32.3±5.1 y) were 60% white (24/40) and 68% had a
healthy BMI (18.5-24.9 kg/m2). Maternal age at delivery was inversely
correlated with gestational weight gain (r=−0.32, p=0.04). Family income was not associated with protein or iron intake (p>0.05). The ratio
of energy intake to expenditure did not correlate with gestational weight
gain (r=−0.26, p=0.11), which may in part be due to over- and underreporting on the FFQ. Maternal intakes of protein, carbohydrate and fat
as a percentage of total energy were normally distributed. Intake recommendations for calcium (1301±474 mg/d; RDA: 1000 mg/d), iron (19.5±
8.8 mg/d; RDA: 27 mg/d), folate (596±308 g DFE/d; RDA: 600 g DFE/d)
and vitamin D (354±254 IU/d; RDA: 600 IU/d) from diet alone were met by
68%, 13%, 35% and 0% of mothers, respectively. When including intakes
from vitamin and mineral supplements, 88%, 85%, 90% and 63% of
mothers met calcium (1641±530 mg/d), iron (60.0±37.4 mg/d), folate
(2357±1507 g DFE/d) and vitamin D (675±290 IU/d) recommendations,
however, 58% and 90% of women were consuming above the tolerable
upper level (UL) for iron and folate, respectively. These results suggest
that vitamin and mineral supplements may be required to meet the
vitamin D RDA and play an important role in meeting calcium, iron
and folate RDAs, but may contribute to excessive iron and folate intake in pregnant women. (Funding: CIHR.)
Published by NRC Research Press
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Development and validation of a novel method for the analysis
of essential elements in dried blood spots
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Dried blood spots (DBS), capillary blood collected on specialized ﬁlter
paper by pricking an individual’s ﬁnger or heel, are a minimally invasive and cost effective alternative to venipuncture for elemental analysis. Nutritional assessments using DBS can help overcome logistical
challenges faced by researchers, particularly in terms of data collection efforts in resource-limited regions and newborn screening programs. Although previous studies have used DBS for elemental
measurements, technological and practical hurdles remain (e.g. detection limits, sample volume) and there is currently no widely accepted
standard method of analysis. The objective of this research is to develop and validate a novel method of quantifying select essential elements (copper, zinc, selenium and iron) in DBS using Total Reﬂection
X-Ray Fluorescence (TXRF). A TXRF-based method for elemental analyses was established by analyzing DBS from different human blood
standard reference materials (SRM, Institut National de Santé Publique du Québec, INSPQ; n=7) with varying and known concentrations
of elements. Percent recoveries, calculated by comparing DBS to
known values, and coefﬁcients of variation were analyzed for accuracy and precision. Stability of analyses was assessed by comparing
results over 16 batch runs. The method was validated by quantifying
essential elements in capillary whole blood and DBS collected from
49 healthy adults in the Montréal region. Percent recoveries for copper,
zinc, and selenium using an entire 25uL DBS of SRM were 106.7+/−10%,
97.9+/−11.9%, 105.5+/−9.2%, respectively. Percent recoveries for copper,
zinc, and selenium using a 3mm diameter DBS sub-sample of SRM were
99.5+/−3.4%, 102.6+/−4.4%, 100.2+/−6.9%, respectively. These results indicate that elemental analysis of DBS using TXRF can accurately quantify
select elements using both entire and sub-sampled DBS. These results can
help establish a cost-effective method of collecting and quantifying essential elements in nutritional research.

Is the Med-Pass program the answer to malnutrition in
geriatric patients? A systematic review
Jasmine Lan-Thy Pham
Department of Nutrition, Université de Montréal, Montréal, Québec, Canada.

Background: Malnutrition is common in frail older adults, and ensuring optimal energy and protein intakes is a crucial element of its
treatment and prevention. The Med-Pass program has been developed
to increase nutritional intakes in geriatric patients with or at risk of
malnutrition in hospitals or nursing homes, in order to counter malnutrition. This program recommends offering a small volume of oral
nutritional supplement during medication administration rounds. Although many clinical studies report beneﬁcial effects of the Med-Pass
program on the nutritional status of older adults, this program remains scarcely used. Objective: To perform a systematic review of the
literature to determine whether the Med-Pass program is an efﬁcient,
safe and practical method to manage malnutrition in older adults in
hospitals and nursing homes. Methods: This systematic review is conducted following the core principles of the Centre for Reviews and
Dissemination, and reported in accordance to the PRISMA statement.
A combination between MeSH and free term searches are used to ﬁnd
relevant studies in peer-reviewed journals and grey literature in geriatrics. The quality of each study and the strength of evidence are
assessed. Results: In total, 21 studies from 6 countries have been identiﬁed, including 13 conducted in hospital settings and 8 in nursing
homes. One of these identiﬁed studies is qualitative, 4 are retrospective and 16 are clinical trials. Overall, studies’ designs are of poor
quality and short duration. Nonetheless, they reported consistently
high levels of adherence to the Med-Pass program, and weight gain or
maintenance in most patients enrolled in the program. Data also
suggests that the program is cost-effective by reducing oral supple-

ment waste and is well accepted by the nursing staff. Data are inconsistent or insufﬁcient to conclude on any beneﬁcial effect of the MedPass program on skin integrity, functional status, mortality rate or
care trajectory. Discussion: The potential beneﬁcial effects of the MedPass program are poorly investigated so far. However, available data
strongly suggests that this program might improve the nutritional
status of hospitalized and institutionalized older adults. High-quality
clinical trials should be conducted to investigate its long-term beneﬁts, particularly on skin integrity and immunity.

Hepatic encephalopathy and health-related quality of life
among cirrhotic patients: scope of nutritional status
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Malnutrition is an important prognostic factor potentially inﬂuencing clinical outcome of patients suffering from chronic liver disease
(cirrhosis; CLD). Malnutrition may increase the risk of developing
other complications including hepatic encephalopathy (HE). Malnutrition in cirrhosis may also affect patient’s functional status and
health-related quality of life (HRQOL). Management strategies focussing on nutritional status in relation to complications of cirrhosis are
an unmet clinical need. We hypothesize sub-optimal nutritional status in cirrhotic patients increases the risk of developing HE and decreases HRQOL. Hospitalized and outpatients (CHUM’s Liver Unit in
Montréal, Canada) with liver cirrhosis of different etiologies and
healthy controls were assessed for 1) Nutritional status (Subjective
Global Assessment (SGA)); 2) HE (Clinical HE Staging Scale (CHESS));
3) HRQOL (Short-Form-36 (SF-36) questionnaire). This on-going prospective study included 33 cirrhotic patients (58% men) of various etiologies (% : 30 alcohol, 33 virus, 27 NASH and 33 others), Child-Pugh (13A,
9B, 5C and 6N/A), mean age 55,7±12,9 as well as 13 healthy controls
(46% men, mean age 49,4±14,9). SGA analysis revealed that 27% of cirrhotic patients were malnourished. Furthermore, cirrhotic malnourished patients show decreased HRQOL compared to well-nourished
cirrhotic patients (p<0.01). Cirrhotic patients, when compared to controls, displayed a lower score in physical functioning (p=0.03) and general
health (p=0.03). CHESS analysis revealed none of the cirrhotic patients
had HE while 21% of them had an HE diagnosis in medical chart, suggesting CHESS would not be sensible enough to screen HE. Our preliminary
results suggest that nutritional status does inﬂuence particular domains
of HRQOL in cirrhotic patients irrespective of their etiology. Further
patients are required to statistically conﬁrm the impact of nutritional
status on HE and HRQOL in cirrhotic patients. Identifying factors associated with nutritional status, HRQOL and HE in cirrhotic patients may
help improve patient care and guide future research.

Knockdown of angiopoietin-like 2 mimics the beneﬁts of
intermittent fasting on weight loss and insulin sensitivity
in mice
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Obesity is known to be a risk factor for type 2 diabetes but the mechanisms involved are not clear. Angiopoietin-like 2 (ANGPTL2), a circulating pro-inﬂammatory glycoprotein mainly secreted by adipose
tissues, is considered as a key mediator linking obesity to insulin
resistance. Accordingly, high plasma levels of ANGPTL2 in humans are
associated with obesity and the development of diabetes; in Angptl2-/Published by NRC Research Press
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mice exposed to a high fat diet, body fat is lower and insulin sensitivity
is better than in wild-type (WT) mice. Various strategies have been
developed to prevent weight gain and insulin resistance such as intermittent fasting, an efﬁcient but strenuous lifestyle intervention that
involves alternating cycles of fasting and eating. Our objective was to
investigate whether the knockdown of ANGPTL2 in mice reproduces
the beneﬁts of intermittent fasting in WT mice on weight and insulin
sensitivity. Intermittent fasting (one day of fasting/one day of free
access to food) for 4 months reduced (p<0.05) Angptl2 mRNA expression by 53% in adipose tissue from WT mice. Both intermittent fasting
for 4 months and knockdown of ANGPTL2 similarly decreased
(p<0.05) feeding efﬁciency (55%), weight gain (55%), liver (38%) and
adipose (55%) tissue weights and similarly increased (p<0.05) insulin
sensitivity (measured by the insulin tolerance test). All measured parameters were similar between WT mice fed with an intermittent
fasting regimen and ANGPTL2 knockdown mice fed ad libitum,
suggesting that knockdown of ANGPTL2 reproduces the beneﬁts of intermittent fasting on weight loss and insulin sensitivity. Finally, in postacute coronary syndrome patients exhibiting high plasma ANGPTL2
levels, basal lipid oxidation was lower and carbohydrates oxidation
was higher than in age-matched healthy controls. Thus, the beneﬁts of
ANGPTL2 knockdown on weight and insulin sensitivity could be potentially related to higher fatty acid oxidation rates, over carbohydrates in order to improve metabolic fuel use. We, therefore, propose
that lowering ANGPTL2 associated with dietary recommendations
could be a useful and promising strategy to prevent obesity and insulin resistance. (Supported by Canadian Institutes of Health Research
Grant, the Grant in Aid from the Heart and Stroke foundation of
Canada, and the Foundation of the Montréal Heart Institute.)

Investigation of alternative and emerging pasteurization
techniques for human milk preservation
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Provision of pasteurized human milk is an integral part of the care of vulnerable infants including those born preterm or to HIV-infected mothers in
low-income countries. Donor milk, for North American hospitalized preterm infants is pasteurized using the Holder method (62.5 degrees C for
30 minutes) to prevent transmission of potential pathogens. However,
this method negatively affects heat-sensitive milk vitamins and bioactives, including immunoglobulins. In developing countries, a low-tech,
ﬂash-heating technique of mother’s own milk is used to prevent the
transmission of HIV. Our aims were to assess the effectiveness of four
pasteurization methods on attaining post-pasteurization bacterial
loads <1x 10^3 CFU/L and retaining heat-sensitive vitamins and bioactives
using folate and activity of bile-salt stimulated lipase as proxies. Holder,
ﬂash-heating, UV-C irradiation (252nm, 25min) and high hydrostatic
pressure (HHP) (500mPa, 8min, 4 degrees C) were assessed. Seventeen
milk samples containing >5x10^7 CFU/L were collected from the Rogers
Hixon Ontario Human Milk Bank and each underwent the four pasteurization methods. Pairwise comparisons were used to examine composition before and after each pasteurization. Preliminary results are
expressed as medians and interquartile ranges. A total of 6, 7, 7 and
3 samples, out of 11 tested, had a bacterial load >1x10^3 CFU/L following
Holder, ﬂash-heating, UV-C and HHP respectively. Holder reduced
(p=0.04) the pre-pasteurization level of folate from 161 (158-183) to 138
(109-154) nmol/L. Folate levels were not signiﬁcantly reduced following
ﬂash-heating [144 (112-184) nmol/L], UV-C [155(131-171)], or HHP [166(139182) nmol/L]. Pre-pasteurization bile-salt stimulated lipase activity [54 (4658) U/mL], was completely abolished following Holder, [0.3 (0.15-0.95)
U/mL], and ﬂash-heating, [0.7 (0.55-0.9) U/mL] (p<0.0001); however, fully
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retained following HHP, [51 (38-63) U/mL] and partially retained following
UV-C irradiation [24 (22-36) U/mL]. Overall, HHP may be a suitable alternative technique to pasteurize human milk. Further analysis is warranted to fully elucidate its impact on human milk biochemistry.
(Funded by CIHR (FDN#143233).)

Reliability and validity of several novel body composition
methods in healthy adults
Stephanie Plastina, Nick Bellissimo, Shane Cleary, Liuye Huang,
Terence Boateng, Michaela Kucab, and Julia Totosy de Zepetnek
School of Nutrition, Ryerson University, Toronto, Ontario, Canada.

Cost-effective and efﬁcient methods that are reliable and valid in assessing body fat are necessary to help identify those at risk of obesity
and obesity-related chronic diseases. The objective of the present
study was to evaluate body fat (% and kg) from ﬁeld-based techniques
of skinfold thickness using calipers and ultrasound, as well as the
novel Fit3D ProScanner, for their reliability and validity. Forty-nine
healthy adults (n=17 males, n=32 females) (age: 31.8±10.8 y; BMI:
23.6±3.0 kg/m2) fasted 2h and refrained from strenuous exercise for
24h prior to duplicate body fat estimates. Skinfold thickness was obtained at seven sites using Lang skinfold calipers and BodyMetrix
ultrasound, and population-speciﬁc equations were used to estimate
body fat (% and kg). Body circumferences were measured via Fit3D
ProScanner, and its beta software estimated body fat (% and kg). Reliability was assessed using Bland-Altman plots, and expressed in both
absolute (paired t-test mean[CI], SEM) and relative (ICC2,1) terms. Validity was assessed using Bland-Altman plots with BODPOD as the
reference standard. Body fat % estimated from skinfold thickness using calipers was not statistically reliable (T2-T1: 0.480 [0.177 to 0.782],
1.027, p=0.003; ICC2,1=0.987, p<0.001), but ultrasound (0.145 [-0.270 to
0.560], 1.202, p=0.486; ICC2,1=0.977, p<0.001) and Fit3D (0.154 [-0.246
to 0.554], 1.161, p=0.441; ICC2,1=0.977; p<0.001) showed good reliability. Body fat mass (kg) reliability was similar, and Bland-Altman plots
supported these ﬁndings. Regarding validity of ultrasound, visual inspection of Bland-Altman plots revealed low variability, and fairly
equal distribution of body fat % differences (BODPOD – ultrasound)
above and below 0 indicating minimal bias (0.312; 95% limits of agreement [LOA]: 8.869 to -8.244). Fit3D analyses also showed good validity
for body fat % (bias: -1.167; 95%, LOA: 7.594 to -9.929). Our ﬁndings
indicate that estimating body fat from seven-site skinfold thickness
via calipers should not be used as a ﬁeld technique; it is possible that
reliability and validity may improve with ISAK accredited technicians.
Ultrasound may be a reliable and valid ﬁeld-technique that requires
little technician expertise. The Fit3D beta software shows promise for
estimating body fat as an alternative to BODPOD. (Funded by Nutrition & Exercise Testing (NExT) Lab.)

Comparison of applying two WHO nutrient proﬁling models
(Americas and Europe) for the purpose of restricting marketing
of less healthy foods to children in Canada
Theresa Poon, Marie-Ève Labonté, Jodi Bernstein, and Mary L’Abbé
Department of Nutritional Sciences, University of Toronto, Toronto, Ontario, Canada.

In 2010, the World Health Organization (WHO) Member States endorsed recommendations on the restriction of marketing of foods
high in saturated fat, trans fat, free sugars, or salt to children. In
response to this commitment, nutrient proﬁling (NP) models were
developed by the Regional Ofﬁces for the Americas [Pan American
Health Organization (PAHO) model] and Europe (EURO model). The
objective of this study was to compare the effects of applying two
WHO NP models developed for restricting the marketing of less
healthy foods to children in a Canadian context. Data were obtained
from the 2013 University of Toronto Food Label Information Program
(FLIP), which contains nutrition information on 15,342 pre-packaged
foods from the four largest national grocery retailers. The NP criteria
of the PAHO and EURO models were applied to determine the proporPublished by NRC Research Press
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tion of foods that could be marketed to children (“healthier” foods).
Pairwise agreement between the models was assessed using the Kappa
statistic. Sub-group analyses were conducted for the 22 main food
categories speciﬁed in Schedule M of the Food and Drug Regulations.
When all products were analyzed, the proportion of foods (95% CI)
that could be marketed to children was lower using PAHO compared
to the EURO model [15.9% (15.3–16.4%) and 30.2% (29.5–30.9%), respectively]. Similarly, fewer foods were classiﬁed as “healthier” using
PAHO compared to the EURO model for 12 food categories (bakery,
dairy, eggs, marine, legumes, meat/poultry, combination dishes, potatoes, salads, sauces/dips, soups, vegetables). In contrast, more foods
were classiﬁed as “healthier” using PAHO compared to the EURO
model for 3 food categories (fruit/fruit juices, nuts/seeds, sugars/
sweets). Pairwise agreement between the models was fair (=0.37).
Overall, these ﬁndings suggest that the two WHO models would allow
for different pre-packaged products within the Canadian food supply
to be marketed to children, with PAHO as the more stringent of the
two models. These results may assist regulators in the selection of the NP
model that underpins the policy on the marketing of foods to children in
Canada. (Supported by: Burroughs Wellcome Fund–Innovation in Regulatory Science (TP, MRL); CIHR Fellowship (MEL); Earle W. McHenry endowed Chair (MRL).)

Time trends of vitamin B12 deﬁciency in older adults:
a population-based cohort study
Nancy Presse,1 Marie-Jeanne Kergoat,2 Marc Dorais,3
and Sylvie Perreault4
1Département

de Nutrition, Université de Montréal, Ste-Catherine, Québec, Canada.
de Médecine, Université de Montréal, Montréal, Québec, Canada.
3StatSciences Inc., Ile-Perrot, Québec, Canada.
4Faculté de Pharmacie, Université de Montréal, Montréal, Québec, Canada.
2Département

BACKGROUND: Vitamin B12 deﬁciency has serious consequences such
as neurologic damages. Prevalence is the highest in older adults (5-15%).
These rates may have increased over years due to the growing use
of drugs known to alter vitamin B12 absorption (eg, metformin, proton pump inhibitors). However, time trends in the epidemiology of
vitamin B12 deﬁciency and incidence rates at the population level
remain unknown. OBJECTIVE: To assess trends in incidence and prevalence rates of diagnosed vitamin B12 deﬁciency in older adults from
1995 to 2010. METHODS: The cohort includes a random sample of
367,500 residents of Québec, Canada, aged >65 years between 1995
and 2010, and registered to the Public Drug Insurance Plan for ≥1 year.
Medico-administrative data used were related to drug claims, medical
services and hospitalisations, including diagnoses recorded based on
the codes of the International Statistical Classiﬁcation of Diseases and
Related Health Problems. Individuals with one of the following were
deemed as diagnosed with vitamin B12 deﬁciency: prescribed vitamin
B12 therapy, diagnosis of vitamin B12 deﬁciency anemia, or diagnosis
of B vitamin deﬁciency without evidence of vitamin B9, B6, or B2
deﬁciency within ±6 months of the record date. Crude prevalence and
incidence rates were calculated by sex and age groups for each calendar year. Age- and sex-adjusted rates were computed using the 2009
population data. Poisson regression was used to estimate the incidence rate ratios (IRR) for sex, age, and calendar year. RESULTS: In
total, 21,635 incident cases of vitamin B12 deﬁciency were identiﬁed.
The overall adjusted incidence rate was of 0.87/100 person-years. Incidence increased sharply with age, from 0.42-0.47 in men and women
aged 66-69 years to 1.9-2.1 in those aged ≥85 years (IRR 4.5, CI:4.3-4.8).
Adjusted annual incidence rates varied from 0.66 to 1.00 with no
consistent time trend over years. Adjusted prevalence rates increased
steadily from 2.3% in 1995 to 5.6% in 2010. CONCLUSION: The high
incidence and the increasing prevalence suggest vitamin B12 deﬁciency as a public health issue in older adults, especially in the oldestolds. Research is needed to deﬁne the role of drug exposure in the
epidemiology of vitamin B12 deﬁciency.

Appl. Physiol. Nutr. Metab. Vol. 42, 2017

Validation of a personal electrical impedance myography
device for body composition
Lucila Puig,1 Alicia Wright,2 Jerry Dzindzio,3 Nicole Bewski,4
Cody van Rassel,4 Daniel Scheel,1 Erin O’Loughlin,5
and Lisa Kakinami1,2
1Department

of Mathematics and Statistics, Concordia University, Montréal, Québec, Canada.
Centre, Concordia University, Montréal, Québec, Canada.
of Exercise Science, Concordia University, Montréal, Québec, Canada.
4Department of Kinesiology, University of Calgary, Calgary, Alberta, Canada.
5Department of Exercise Science, Concordia University, Montréal, Québec, Canada.
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Background: In order to properly monitor effects when changing nutrition and health behaviours, accurate identiﬁcation of adiposity is
key. Dual-energy X-ray absorptiometry (DXA) is commonly used as a
reference method for body composition. However, the expense and
radiological exposure make this device impractical. Bioelectrical Impedance Analysis (BIA) is an inexpensive alternative. The “Skulpt”, is a
relatively new personal device using Electrical Impedance Myography
(EIM) to determine adiposity but its validity is unknown. Objectives:
Evaluate the agreement between BIA and EIM with DXA based on
weight status. Methods: In a sample of 82 healthy adults (48 women
and 34 men), fat percentage was measured with DXA, two BIA (Impedimed SFB7 [IMP] and BodyStat Quadscan 4000 [QS]) devices and an EIM
(Skulpt Chisel) device. Based on body mass index (BMI), weight status
was classiﬁed as Normal (18.5>=BMI<25), Overweight (25<=BMI<30)
and Obese (BMI>=30). Statistical analyses included intraclass correlation coefﬁcients (ICC), Bland-Altman plots and paired t-tests, stratiﬁed
by sex. Results: Compared with DXA, the ICC was moderate-to-high
(IMP ICC=0.90, QS ICC=0.87, EIM ICC=0.77). As BMI increased, accuracy
decreased: differences between DXA and EIM were (-7.2%, -14.1% and
-11.14%) among normal-weight [p=0.03], overweight [p=0.1] and obese
[p=0.03] women respectively; and (-1.28%, +10.1% and +13.4%) among
normal-weight [p=0.7], overweight [p=0.004] and obese [p=0.3] men,
respectively. Compared with DXA, BIA IMP differed by +8.0%, +16.0%
and +12.8% among normal-weight, overweight and obese women, respectively (all p<0.01), and differed by -9.2%, +11.8% and +15.1% among
normal-weight [p=0.09], overweight [p=0.004] and obese [p=0.03] men,
respectively. Lastly, BIA QS differed from DXA by +2.8%, +6.4% and
+4.4% among normal-weight [p=0.38], overweight [p=0.006] and obese
[p=0.08] women, respectively, and differed by +11.1, +14.7% and +15.1%
among normal-weight [p=0.05], overweight [p=0.002] and obese
[p=0.0002] men, respectively. The differences between DXA and each
device were weakly correlated with one another (r<0.4). Bland Altman
plots revealed IMP and EIM displayed a positive bias as BMI increased,
while QS displayed a negative bias. Conclusion: The devices should
not be used interchangeably. As the ICC was lowest between the
Skulpt and DXA, further research is needed on the Skulpt’s utility in
clinical practice.

The short- and long-term effectiveness of a school- and
web-based dairy intervention in modifying knowledge and
behaviour of grade 7 youth
Megan Racey, Andrew McKenney, David Wosnick, Emma Sypes,
and Genevieve Newton
Department of Human Health and Nutritional Science, University of Guelph, Guelph, Ontario, Canada.

Despite the health beneﬁts of dairy products and alternatives, their
consumption continues to decline, particularly in pre-adolescents and
adolescents. Previous work has highlighted components of successful
interventions, including in-person and web-based delivery with fun,
interactive games. However, there is limited research evaluating how
websites, or other Internet-based technologies, can be supportive
components of in-person health interventions. The objective of the
present study was to assess the effectiveness of a school-based nutrition intervention with a supportive web-based component at changing adolescents’ knowledge and behaviour regarding dairy products
and alternatives in the short and long-term. Grade seven students in
six elementary schools in Southwestern Ontario participated in the
Published by NRC Research Press
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Why Dairy and Alternatives intervention program and were block
randomized into either intervention with follow-up (INT+FU) or intervention with no follow-up (INT). The follow-up component of the intervention consisted of ﬁve emails sent once a month to parents
during the months between the post-invention and ﬁnal follow-up
visit. Evaluation using a knowledge test and a modiﬁed food frequency questionnaire occurred at baseline (week 0), immediately
post-intervention (week 6-8), and at a follow-up visit approximately
ﬁve months post-intervention (week 30). Knowledge improved significantly in INT+FU students (n=44) from baseline to post-intervention
and from baseline to follow-up (p≤0.05), with no signiﬁcant decrease
in knowledge from post-intervention to follow-up. Knowledge also
improved signiﬁcantly INT students (n=53) from baseline to postintervention, but this decreased from post-intervention to follow-up
(p≤0.05). No signiﬁcant changes in dairy consumption were seen in
either group; however, INT+FU schools maintained more consistent
dairy intakes across the entire study. Most website visits by the students (67%) occurred within two days of a research visit. When visiting
the website, students viewed pages with applied content more often
than pages with general knowledge, and the most time was spent on
pages with interactive components. As well, there were more website
visits in the INT+FU group during the follow-up period compared to
the INT group. The results of this study demonstrate that an interactive website can support educational interventions in youth, and highlights some important considerations for maintaining changes over
the long-term. (Funding: OMAFRA, DFO, & OGS.)

Determination of dietary threonine requirements in healthy
school-aged children
Peter Radonic, Madeleine Ennis, Abrar Turki, Betina Rasmussen,
and Rajavel Elango
Department of Pediatrics, University of British Columbia, Vancouver, British Columbia, Canada.

BACKGROUND: Threonine (THR), an essential amino acid, is required
for whole body protein synthesis. In particular, THR is necessary for
mucosal protein synthesis because THR forms a major constituent of
intestinal mucins. The current dietary reference intakes (DRIs) for
THR in school-aged children are based on a factorial estimate and have
not been directly determined. OBJECTIVE: Our objective was to determine the requirement of THR in healthy 6-10 y children using the
minimally invasive Indicator Amino Acid Oxidation (IAAO) method.
This method measures the oxidation of L-[1-13C]-phenylalanine to
breath 13CO2 (F13CO2), and compares changes in response to altered
test amino acid intakes. METHODS: 4 healthy children (2 boys: 2 girls)
aged 7.5 ± 1.3 y randomly received 6-9 test THR intakes, ranging from
0 - 50mg/kg/d, along with an amino acid mixture designed to give a
total intake of 1.5g/kg/d protein. Protein was provided with the pattern
of amino acids present in egg protein. The diets were supplemented
with carbohydrate, fats, vitamins and minerals and provided 1.7x the
resting energy requirement as determined by indirect calorimetry. On
each study day, the test diets were provided as isocaloric, isonitrogenous meals, with breath sample collection before and during
isotopic steady state. 13C enrichment in breath samples was measured
using an isotope ratio mass spectrometer. THR requirement was determined using a two-phase linear regression crossover model to identify a breakpoint in 13CO2 production, which represents the mean
THR requirement. RESULTS: Preliminary results suggest that the
mean THR requirement in school-aged children is 20.63 mg/kg/d.
CONCLUSIONS: Based on our preliminary analysis, the mean requirement of THR in school-aged children is similar to the current DRI
estimated average requirement of 19 mg/kg/d. Previously the lysine
requirement in school-aged children has been shown to be increased
by 20% due to malnourishment and gut parasitic infestation, when
compared against healthy children of the same age. Whether THR, an
amino acid important for gut mucosal integrity, is affected by parasitic infestation needs to be determined. (Supported by a Canadian
Institutes of Health Research grant.)
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Protection by different classes of dietary polyphenols against
palmitate-induced mitochondrial dysfunction and endoplasmic
reticulum stress in a cell model of non-alcoholic fatty liver
disease
Hossein Raﬁei, Kosar Omidian, and Brian Bandy
Department of Nutrition, University of Saskatchewan, Saskatoon, Saskatchewan, Canada.

Diets high in saturated fats have been widely implicated in development of nonalcoholic fatty liver disease (NAFLD). NAFLD is a public
health burden with clinical and histological abnormalities that can
progress to non-alcoholic steatohepatitis (NASH), cirrhosis, ﬁbrosis,
and hepatocellular carcinoma. Mitochondrial dysfunction and endoplasmic reticulum (ER) stress induced by dietary saturated fats have
recently been implicated in the initiation and progression of NAFLD.
Dietary polyphenols found in many fruits and vegetables have promise in amelioration of NAFLD but the mechanisms and effectiveness of
different classes of polyphenols are largely unknown. In an in vitro
model of steatosis using human HepG2 hepatocytes, we investigated
the effect of selected polyphenols (resveratrol, quercetin, catechin,
cyanidin, cyanidin-3-glucoside, and berberine) on palmitate-induced
steatosis, ROS production, mitochondrial impairments, and endoplasmic reticulum stress. The cells were treated with 10 M polyphenols
for 2 h, exposed to 500 M palmitic acid for 24 h, and then evaluated
for intracellular fat accumulation (Nile Red staining), ROS, mitochondrial content (MitoTracker Green), mitochondrial membrane potential (TMRE staining) and relative mRNA [removed]using RT-qPCR) of
mitochondrial respiratory complex subunits and ER stress markers.
Palmitic acid increased steatosis, increased intracellular ROS production, induced expression of iNOS and markers of endoplasmic reticulum stress, produced mitochondrial membrane potential collapse and
decreased mitochondrial biogenesis. Pre-treatment with different
polyphenols protected against these effects, induced mRNA for respiratory complex subunits encoded by nuclear DNA (NDUFS8, UQCRC1,
and ATP5G1) and mitochondrial DNA (MTND1, MTCYB, MTCOX1, and
MTATP6), and decreased expression of iNOS and genes responding to
endoplasmic reticulum stress (GRP94, GRP78, ORP150, ERdj4, ATF4,
and CHOP). Although there were some differences between the effects
of different polyphenols, no polyphenol emerged as being more or less
protective than the others. Together the results showed that different
polyphenols all similarly protected against steatosis and oxidative stress,
but differed in affecting ER stress, mitochondrial membrane potential,
and mitochondrial biogenesis. Accordingly, dietary polyphenols can protect against these aspects of NAFLD and should be studied further as
possible dietary treatments for NAFLD. (Financial support: Saskatchewan
Health Research Foundation (SHRF).)

The effect of prenatal alcohol exposure and docosahexaenoic
acid supplementation during development on male
reproductive function in a rat model
Fatemeh Ramezani Kapourchali, Xavier Lieben Louis,
Elaheh Nosratmishekarlou, Michael Eskin, and Miyoung Suh
Department of Human Nutritional Science, University of Manitoba, Winnipeg, Manitoba, Canada.

Although male fertility problems are diagnosed in adult life, evidence
suggests that it might have a fetal origin. Both alcohol and dietary
docosahexaenoic acid (DHA) are known to be testicular lipid modulators, which affect normal sperm and testosterone production, thereby
affecting fertility. This study investigated whether dietary DHA and
prenatal alcohol inﬂuence testicular development and function in a
rat model. Forty pregnant Sprague-Dawley rats randomly assigned to
receive either ethanol (3g/kg, twice a day by gavage) or dextrose, isocaloric to ethanol, throughout pregnancy. Half of each group was fed
either control or DHA supplemented diet (1.4%, w/w fatty acids). Respective diets were continued for the pups. Samples were collected
from fetus, neonates, weaned, pre-puberty, and young adult, at gestational day 20 (G20), postnatal day 4 (P4), P21, P49 and P90, respectively.
Dietary DHA signiﬁcantly increased serum levels of testosterone at
Published by NRC Research Press
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G20 and improved normal sperm morphology at P90.DHA diet
showed a positive effect on testicular histological markers until puberty (P49), while there was a signiﬁcant reduction in the height of
seminiferous epithelium at P90. Compared to the control groups, prenatal ethanol exposure delayed serum testosterone surge during development from P4 to P90. Prenatal alcohol induced a signiﬁcant
increase in expression of genes involved in testicular polyunsaturated
fatty acids and seminolipid synthesis at P90. There were no signiﬁcant
changes in sperm motility and function in both treatments at P90. In
conclusion, the results indicate that providing early dietary DHA can
be a positive factor for male fertility with impacting on sperm morphology in adulthood, likely by inﬂuencing the testosterone levels in
fetal period. Prenatal alcohol exposure affects minimally on sperm
parameters in adult life. (Supported by the Canada-Israel International Fetal Alcohol Consortium and the Government of Manitoba,
Dept. of Innovation, Energy & Mines.)
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Efﬁcacy of nutrition risk screening with NutriSTEP
toddlers and preschoolers
Janis Randall Simpson,1 Michelle Boere,1 John Dwyer,1
Helen Haresign,2 Joanne Beyers,3 Gerarda Darlington,4
and Jess Haines1
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Toddlers (ages 18 to 35 months) and preschoolers (ages 3 to 5 years) are at
a critical age for developing eating behaviours and food preferences.
Nutrition screening tools can be an inexpensive and effective means of
identifying children at nutritional risk and can also facilitate nutritional
intervention and referral for assessment and treatment. The NutriSTEP
questionnaires are valid and reliable 17-item, community-based, parentadministered questionnaires that identify attributes of nutritional risk in
toddlers and preschoolers. The objective was to evaluate the efﬁcacy of
the NutriSTEP program among parents of toddlers and preschoolers.
The study was a wait-listed, cluster, randomized controlled trial with a
post-test 3-months post-intervention. A convenience sample of 137 parents/primary caregivers was recruited from 17 Ontario Early Years Centres within 150 km of Guelph, Ontario. The intervention was the
NutriSTEP program (administration of the nutrition risk screening tool
(NutriSTEP ) and the accompanying nutrition education materials). The
primary outcome was parental nutrition-related knowledge. Secondary
outcomes included parental psychosocial correlates (attitudes, selfefﬁcacy, and intentions) and child nutrition risk scores. Data analysis was
with SPSS; Generalized Estimating Equations were used to examine the
effect of the intervention. Compared to parents in the control group,
parents of both toddlers and preschoolers who received the intervention
had signiﬁcantly increased nutrition-related knowledge (p=0.04) and
attitudes scores about nutrition-related behaviours (p=0.03). Parents of
preschoolers also had signiﬁcantly increased self-efﬁcacy (p=0.02) and
intentions (p=0.01) scores. Using a post-test-only design for the NutriSTEP risk scores, there was no signiﬁcant difference (p=0.05) between
control and intervention groups. These results suggest that the NutriSTEP program serves as an efﬁcacious parent-targeted assessment tool
and education intervention which can change determinants of child nutrition risk behaviours. (Supported by the Canadian Foundation for Dietetic Research.)
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diabetes, low grade inﬂammation and cardiometabolic risks. The
prevalence of obesity results from the generalization of Western diet
highly enriched in carbohydrates and long chain saturated fatty acids
and sedentary lifestyle. These nutrients, when consumed in excess,
are converted into triglycerides and stored in white adipose tissue.
The excess of fat is accumulated in ectopic sites such as liver leading to
hepatic failure. Here, we propose to investigate for anti-obesogenic
effects of medium chain triglycerides (MCT) previously shown to promote lipid catabolism better than anabolism. Hypothesis: We hypothesize that an experimental diet enriched with MCT will prevent from
the development of an obesity-induced metabolic syndrome in comparison with a classical high-fat diet which mimics a Western-diet.
Methods: C57BL/6 mice were fed with either a high-fat diet (HFD, with
45% Kcal from lard), a low-fat diet (LFD, with 10% Kcal from lard) and
two modiﬁed high-fat diets containing either 20% Kcal from MCT
(MCT-20) or 40% Kcal from MCT (MCT-40) for a period of 10 weeks. The
four diets were isocalorically designed. Mice were weighted and their
fasting glycemia measured weekly. At the end of the diet protocol,
mice were subjected to Insulin Tolerance (ITT) and Glucose Tolerance
(GTT) tests. Liver and white adipose tissue samples were collected to
evaluate triglycerides accumulation, lipogenic and catabolic genes
expression. Blood samples served to evaluate the circulating levels of
metabolic hormones (insulin, ghrelin, leptin and adiponectins), as
well as hepatic AST and ALT. Results: Preliminary datas show that
MCT-20 and MCT-40 administration signiﬁcantly reduced, at a dosedependent manner, long-term HFD-induced weight gain, fasting glycemia, and abdominal obesity, conﬁrming antiobesity effects from
MCT. Moreover, MCT-20 and MCT-40 groups signiﬁcantly improved
glucose tolerance and insulin sensitivity in comparison with HFD
group, suggesting protective effects from MCT against obesityinduced diabetes. Consistently hepatic p-Akt (Ser473) levels were
3-fold higher in MCT-20 and MCT-40 groups relative to HFD. Qualitative observations showed that MCT-20 and MCT-40 dose-dependently
reduced visceral adiposity and hepatic weight in comparison with
HFD. Overall, MCT diets prevented obesity.

®
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Evidence of anti-obesity protective effects from dietary medium
chain triglycerides
Sabri Ahmed Rial, Sabri Ahmed Rial, Karl-Frédérik Bergeron,
Nathalie Pesin, Sarah-Clohé Lacoste, and Catherine Mounier
Département des sciences biologiques, Université du Québec à Montréal, Montréal, Québec, Canada.

Context: Obesity is associated with the metabolic syndrome and its
multiple comorbidities including NAFLD, insulin resistance, type 2

Feeding a maternal diet containing a mixture of choline forms
during lactation modulates choline breast milk composition
and improves T cell function in suckled offspring
Caroline Richard,1 Erin Lewis,2 Susan Goruk,1 René Jacobs,1
Jonathan Curtis,1 and Catherine Field1
1Department

of Agricultural, Food and Nutritional Science, University of Alberta, Edmonton, Alberta,
Canada.
2Jean Mayer USDA Human Nutrition Research Center on Aging, Tufts University, Boston,
Massachusetts, USA.

Previously, we reported on the beneﬁcial effect of feeding phosphatidylcholine (PC) to lactating dams on the offspring’s immune system
development, compared to feeding free choline (FC). However, it is not
representative of human dietary pattern for which a mixture of choline forms are consumed. The objective of this study was to determine
the impact of feeding a mixture of choline forms in the maternal diet
during lactation on the development of the immune system in the
suckled offspring. At parturition, dams (n=6/diet) were randomized to
1 of 3 nutritionally complete, fatty acid balanced diets, providing 1g/kg
of total choline: Control (100% FC), Mixed Choline (MC) (50% PC, 25%
FC, 25% glycerophosphocholine (GPC)), or High GPC (HGPC) (75% GPC,
12.5% PC, 12.5% FC). At 3 weeks, the choline moieties from pups’ stomach contents (reﬂective of the dams’ breast milk), splenocyte phenotypes and ex vivo cytokine production after Concanavalin A (ConA)
stimulation, were measured. Breast milk MC-fed dams contained a
higher proportion of PC and a lower proportion of phosphocholine,
while HGPC-fed dams had a higher proportion of GPC and lower proportions of FC and phosphocholine vs. Control-fed dams (all P<0.05).
Pups from dams fed MC and HGPC diets produced less IFN-␥ and TNF-␣
compared to Control pups (both P<0.05). MC pups also produced less
IL-6 vs Control pups, while no change was observed in the production
of IL-2 (proliferation marker) and IL-10 among diet groups. MC and
Published by NRC Research Press
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HGPC pups had a higher proportion of helper T cells (CD3+CD4+)
expressing CD25 and CD28 and a lower proportion of B cells (OX6+ and
CD45RA+CD80+) compared to Control pups (all P<0.05). In summary,
the choline composition in breast milk is determined by the forms of
choline consumed by the mothers. Feeding a mixture of choline forms
in the maternal diet (both MC or HGPC) lead to an overall more mature
lymphocyte phenotype. This contributed to the beneﬁcial effect on
T cell function for which pups fed a mixture of choline forms produce
lower amounts cytokines in order to maintain a normal proliferative
response. (Supported by Dairy Farmers of Canada, NSERC.)

A systematic review and critical qualitative meta-analysis of
lifestyle interventions for the prevention and management of
diabetes
Natalie Riediger,1 Andrea Bombak,2 Adriana Mudryj,3
and Jackson Bensley2
1Department
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of Health Sciences, HPB, Central Michigan University, Mount Pleasant, Michigan, USA.
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Background: Prominent scholars have called attention to widespread
myths and presumptions regarding the relationships between diet,
exercise, weight, and disease incidence. Rarely are these taken-forgranted assumptions rigorously investigated, and the reliance on conjecture may hinder progress in the area of non-communicable disease
prevention, in an era of spiraling type II diabetes rates. It is unclear to
what extent researchers contribute to presumptions concerning
weight, lifestyle, and diabetes, and how often these relationships are
thoroughly, distinctly delineated. We sought to explore how researchers 1) rationalize their studies, 2) interpreted their ﬁndings, and
3) prioritized their ﬁndings in the conclusions and abstract. Methods:
We completed a search of several electronic databases for records
published in English between 2007 and November 2016. Selection
criteria included: randomized controlled trials with a follow-up period of 12 months; adult participants ≥18 years of age with type 2
diabetes or pre-diabetes; lifestyle interventions classiﬁed as dietary,
exercise, and/or behavioural; primary study outcomes are incident
diabetes, mortality, cardiovascular disease, diabetes complications,
and quality of life; and secondary outcomes are glycemic control,
hypertension and blood pressure. All eligible articles were subject to
thematic content analysis to explore the research questions. Results:
A total of 30 articles were identiﬁed for inclusion. Obesity and weight
loss ﬁgured prominently in the rationale and outcomes of the majority of the articles, despite intentional exclusion of ‘weight loss’ and
‘obesity’ as search terms in the initial search. There was ambiguity
over whether weight loss was classiﬁed as inclusive to the intervention or an outcome. Results from intervention and control groups
were pooled in numerous studies to test the relationship of weight
loss to outcomes. This led several authors to conclude that weight loss
should be recommended to patients at-risk of developing diabetes
rather than, or not speciﬁcally, the actual intervention under investigation. Conclusions: Researchers need to be aware of their biases and
assumptions in interpreting ﬁndings regarding lifestyle interventions
for diabetes prevention and management. The research community
may have inadvertently perpetuated the message that weight loss
should be recommended for diabetes prevention, even if results are
actually attributable to diet and/or exercise.

Nutritional status and body composition of patients with ILD:
a cross-sectional pilot study
Sylvia Rinaldi,1 Marco Mura,2 and Janet Madill3
1Department
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Ontario, Canada.
of Respirology, London Health Sciences Centre, London, Ontario, Canada.
3Food and Nutritional Sciences, Brescia University College, London, Ontario, Canada.
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Interstitial lung disease (ILD) comprises a spectrum of chronic disorders that cause various degrees of ﬁbrosis in the pulmonary intersti-
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tium. 26% of bilateral lung and 44% of single lung transplants in
Canada occur in ILD. Despite the potential impact that nutrition has
on outcomes, minimal literature exists investigating the nutritional
status of patients with ILD. The primary objective was to characterize
nutritional indicators including adequacy of intake, malnutrition,
phase angle and body composition. The secondary objective was to
explore the relationships between body composition and malnutrition with pulmonary function, phase angle and other demographic
data. Data collected from this cross-sectional pilot study included
body composition and phase angle via bioelectrical impedance analysis, intake data via a 24-hr food record and self-administered 3-day
food record, malnutrition via subjective global assessment (SGA) and
other relevant data from chart review. Data were analyzed using SPSS
Statistics v23 (IBM, Armonk, NY) at p<0.05. 44% of participants were
male with mean age of 68.2 ± 9.4 years and mean BMI of 30.9 ± 7.1kg/m2.
No statistically signiﬁcant differences were found between genders.
% predicted FEV1 and FVC were 74.1 ± 23.2% and 73.9 ± 22.9, respectively. Median six-minute walk distance (SMWD) was 353.5 (285.2 –
412.0 metres). Standardized phase angle was -0.51 ± 1.01° (male) and
-0.94 ± 1.08° (female), NS. 53% of participants were mild-moderately
malnourished, 39% of participants were well-nourished and 8% were
severely malnourished by SGA. Severely malnourished participants
had signiﬁcantly lower BMIs, SMWDs, and fat-free mass indices (FFMIs)
than those who were well-nourished (p<0.05). Body composition categories were determined by the following: 7% sarcopenic obesity (low
FFMI, high fat-mass index (FMI)), 61% obese (normal fat-free mass
index (FFMI), high fat mass index (FMI)), 13% normal (normal FFMI
and FMI) and 19% sarcopenia (low FFMI, normal FMI) (adapted from
Gonzalez et al. 2014;99(5): 999–1005). Participants with sarcopenia and
sarcopenic obesity were signiﬁcantly (p<0.01) older than those classiﬁed as obese. More in-depth research and counselling is needed to
address sarcopenia and malnutrition in this vulnerable patient population. (Supported by the Ontario Respiratory Society.)

Evaluating changes in omega-3 fatty acid intake after receiving
personal FADS1 genetic information: a randomized
nutrigenetic intervention
Kaitlin Roke,1 Kathryn Walton,2 Shannon Klingel,1 Amber Harnett,1
Sanjeena Subedi,3 Jess Haines,2 and David Mutch1
1Department of Human Health and Nutritional Sciences, University of Guelph, Guelph, Ontario, Canada.
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Nutrigenetics research is anticipated to lay the foundation for personalized dietary recommendations; however, few randomized nutrigenetic interventions have been conducted to date. Therefore, it
remains unclear if providing individuals with their personal genetic
information actually encourages meaningful changes in dietary behaviours. The objective of this study was to evaluate changes in
omega-3 fatty acid (FA) intake and blood levels after providing young
adults with personal genetic information for a common variant in the
fatty acid desaturase 1 (FADS1) gene (rs174537). There were 57 females
(18-25 yrs.) randomized into Genetic (intervention) and Non-Genetic
(control) groups and measurements were taken at Baseline and Final
(12-weeks). Dietary intake of eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) was assessed using a validated omega-3 food
frequency questionnaire. Red blood cell (RBC) FA content was quantiﬁed by gas chromatography. Implications of participation in a nutrigenetics study, awareness of omega-3 FA terminology, and opinions of
receiving genetic information were assessed with separate online
questionnaires. Upon completion of the study, EPA and DHA intake
increased signiﬁcantly (p=1.0×10-4) from below recommended dietary
intake levels to those meeting Dietitians of Canada recommendations
(≥300mg EPA and DHA/day) in both the Genetic and Non-Genetic
groups. This change was reﬂected by small increases in RBC %EPA in
Published by NRC Research Press

S46

Appl. Physiol. Nutr. Metab. Downloaded from www.nrcresearchpress.com by 108.63.116.0 on 05/09/17
For personal use only.

both groups (p=0.02). Participants in the Genetic group showed increased awareness of omega-3 terminology by the end of the study,
reported that the dietary recommendations were more useful, and
rated cost as a barrier to omega-3 consumption less often than those in
the Non-Genetic group. In conclusion, providing participants with
FADS1 genetic information did not appear to differentially inﬂuence
omega-3 intake (or corresponding RBC levels) in the short-term; however, this information did improve awareness of omega-3 terminology, utilization of nutritional information, and minimized the notion
of cost as a barrier to consumption of omega-3 foods or supplements
compared to controls. (CIHR.)

Timing of pre-exercise basal insulin infusion rate reduction to
prevent exercise-induced hypoglycemia in adults with type 1
diabetes using insulin pump therapy
Amelie Roy-Fleming,1 Corinne Suppere,2 Charlotte Cameli,2
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Regular exercise should be encouraged in most patients with type 1
diabetes (T1D) but is mainly limited by fear of hypoglycemia. To reduce
the risk of exercise-induced hypoglycemia, two types of adjustment
may be considered: insulin dose reduction and/or carbohydrate supplements. Insulin pump therapy (CSII) offers ﬂexibility using temporary insulin infusion rate reduction. Few studies have investigated the
pre-exercise optimal timing at which patients should implement insulin infusion reduction to prevent exercise-induced hypoglycemia.
The objective of this study was to compare the efﬁcacy of different
pre-exercise timing for an 80% insulin infusion rate reduction to prevent exercise-induced hypoglycemia in adults with T1D using CSII.
Participants performed an afternoon 45-minute exercise at 60% of
V̇O2peak on an ergocycle 3 hours after a standardized lunch. In a
random order, insulin infusion rate was reduced at the time of exercise, 20 minutes before exercise or 40 minutes before exercise. Capillary glucose levels were measured at the onset of exercise, 15 minutes
after the onset of exercise and then every 5 minutes until the end of
exercise. 15 participants ≥18 years old with type 1 diabetes ≥1 year, and
treated with insulin pump >3 months were recruited. There was no
signiﬁcant difference between the three strategies for time spent below 4 mmol/L, time spent between 4 and 10 mmol/L and decrease in
glucose levels. When insulin infusion rate was reduced 40 minutes
before exercise, 20 minutes before exercise and at the time of exercise,
the number of hypoglycemic events below 3.5 mmol/L was 5, 9 and 7
respectively and the starting glucose levels were 7.9 ±3.1 mmol/L,
6.9 ±2.0 mmol/L and 6.9 ±2.5 mmol/L (means ±SD) respectively. Conclusion: Earlier timing and/or larger insulin infusion rate reduction
should be tested in a larger group of patients. (Support: J.A. De Sève
Chair of Excellence.)

Chlorogenic acid and its microbial metabolites exert antiproliferative effects, S phase cell cycle arrest and apoptosis in
human colon cancer Caco-2 cells
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Dietary polyphenols such as chlorogenic acid (CGA) are indicated to
exert anti-cancer effects by decreasing the viability of cancer cells

Appl. Physiol. Nutr. Metab. Vol. 42, 2017

mediated by cell cycle arrest and activation of proteases that induce
apoptosis. CGA, however, is poorly absorbed as it undergoes extensive biotransformation by colonic bacteria to generate microbial
metabolites, notably caffeic acid (CA), 3-phenylpropionic acid (3-PPA)
and benzoic acid (BA). This study investigated the effects of the
above four compounds on cell proliferation, cell cycle progression
and caspase-3 cleavage in Caco-2 cells. Caco-2 cells were cultured
with CGA, CA, 3-PPA and BA, both individually and as a mixture
containing an equal amounts of the four compounds, at concentrations
of 25, 50, 100, 250, 500 and 1000 M. Cell viability and cytotoxicity were
measured by the MTT (3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl2H-tetrazolium bromide) and lactate dehydrogenase (LDH) assays,
respectively. Cell cycle distribution was determined by ﬂow cytometry. Caspase-3 cleavage was assessed by Western blot. Antioxidant
activity was measured by the ferric reducing ability of plasma
(FRAP) assay. CGA, CA and the mixture showed a signiﬁcant increase in antioxidant activity in a dose-dependent manner starting
at 25 M (p<0.05) whereas 3-PPA and BA showed no antioxidant
activity. CGA, CA and the mixture decreased cell viability signiﬁcantly (p<0.05) by B, V and 57%, respectively at the 500 M concentration and increased LDH release (p< 0.05) after 24 h. A decrease in
cell viability by 20% and 37% was shown by 3-PPA and BA, respectively at the 1000 M concentration but those agents did not affect
LDH release. S-phase cell cycle arrest was induced by both CA and
the mixture at a lower concentration (100 M) in comparison to
CGA (250 M) and 3-PPA (500 M). BA did not affect cell cycle
distribution. Activation of caspase-3 was induced by CGA, CA and
the mixture. These data demonstrate that CGA, CA, and the mixture exert anti-proliferative effects on colon cancer cells via cell
cycle arrest and apoptosis. We conclude that CA, a major metabolite of CGA generated by colonic microbial catabolism, is associated
with anti-cancer effects at lower concentrations than the original
parent compound. (Supported by NSERC.)

Effects of the iron chelator curcumin in the DSS-induced colitis
mouse model
Macha Samba Mondonga, Marco Constante, Gabriela Fragoso,
and Manuela M. Santos
Microbiology, Immunology, Infectiology, Institut du Cancer de Montréal (ICM) - Nutrition Microbiome
Laboratory CRCHUM, Universite de Montréal, Montréal, Québec, Canada.

Inﬂammatory bowel disease (IBD) patients have a major increased
risk for colorectal cancer (CRC). Curcumin, an active ingredient in
dietary spice tumeric, has been shown to reduce inﬂammation and
colonic tumor burden in mouse models of IBD. However, curcumin
has also been shown to chelate iron and is sufﬁcient to induce iron
deﬁciency in vivo. The iron chelating properties of curcumin may
thus contribute to the development and severity of iron deﬁciency
in IBD settings. To evaluate the effects of curcumin on systemic
iron balance, colitis was induced by administration of dextran sodium sulfate (DSS) (1% W/V) in drinking water to C57Bl/6 or Balb/c
mice fed an iron sufﬁcient diet (50 ppm iron) with or without
supplemented curcumin (2% w/w). We found that curcumin supplementation in the DSS mouse model of colitis causes mild anemia,
depletes splenic iron storage, results in aggravated diarrhea and
decreases survival in C57Bl/6 mice. Furthermore, The anemia observed in mice fed the diet supplemented with curcumin and subjected to DSS may be due to the chelation of iron by curcumin
concomitantly with the use of the iron sufﬁcient diet (50 ppm of
iron). Our ﬁnding that curcumin decreases survival in DSS-treated
mice is in contrast with previous data wherein curcumin was
shown to improve the survival of DSS challenged Balb/c mice. A
contributing factor to this discrepancy may be the high iron content of diets used in other studies (>250 ppm of iron) compared
with the iron sufﬁcient diet (50 ppm of iron) used here. These
ﬁndings suggest that curcumin use as a supplement may exacerbate the iron deﬁciency anemia in IBD patients. (CIHR.)
Published by NRC Research Press
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Vitamin B6 (B6), in the biologically active form of pyridoxal 5=-phosphate
(PLP), functions as a coenzyme in more than 160 reactions involving
the metabolism of amino acids, carbohydrates, and neurotransmitters.
Suboptimal B6 status, deﬁned as serum PLP concentration of 20-30 nmol/L,
and B6 deﬁciency, i.e., serum PLP concentration < 20 nmol/L, have been
linked with top causes of morbidity and mortality, such as cardiovascular disease and cancer. In this study, we aimed to measure serum
PLP concentration as a direct biomarker of B6 status in older adults
living in residential care facilities who are more prone to adverse
health outcomes of B6 inadequacy due to their increased risk of comorbidities. Non-fasting blood samples and demographic data were
collected from a convenience sample of 237 female (75%) and male
(25%) seniors aged 65-103 y (median: 85 y) living in Fraser Healthoperated residential care facilities. Median serum PLP concentration
was 27.0 nmol/L (IQR: 18.4–42.9). The prevalence of B6 deﬁciency was
31% and 26% of participants had suboptimal B6 status. Multivitamin
supplement users (n = 51) had signiﬁcantly higher median serum PLP
concentration compared with non-users (33.4 versus 25.6, respectively;
P < 0.05). Serum PLP concentration was negatively associated with
body mass index (P = 0.014) and positively associated with serum albumin concentration (P = 0.025) after adjustment for demographic
factors and disease status. No signiﬁcant association was found between diabetes, psychiatric disease, dementia, cardiovascular disease
and musculoskeletal disease with serum PLP concentration. The proportional odds of having deﬁcient B6 status versus the combined
sub-optimal and adequate B6 status categories was 1.25 times greater
(P = 0.030) for each increase of 4 kg/m2 in BMI, assuming that other
predictor variables are held constant. Only 6% of the variance of serum
PLP concentration was explained by demographic, lifestyle, and disease predictors. The combined 57% prevalence of B6 deﬁciency and
suboptimal B6 status in this elderly population is substantially higher
compared to other population groups. Further research is warranted
to identify determinants of B6 inadequacy in this vulnerable population group and investigate effective prevention strategies. (Funded by
FNH Vitamin Research Fund.)

Trimester speciﬁc dietary intakes assessed by a web-based 24h
recall in comparison to current nutritional recommendations
in pregnant women – preliminary results
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Background: Nutritional status during pregnancy affects both the
mother and the child’s health. Assessing dietary intakes accurately
during this crucial period is essential to identify potential macro- and
micronutrient excesses or deﬁciencies. Aims: 1) to measure changes in
macronutrient intakes throughout trimesters and 2) to compare
macro- and micronutrients intakes with current nutritional recommendations. Methods: Preliminary results include 28 pregnant
women recruited (n=84 expected) in the 1st trimester (9.2±0.7 weeks)
who completed, at each trimester, 3 web-based 24h dietary recalls
combined with a web questionnaire on dietary supplements to obtain
total nutrient intakes. Results: Participants were aged 33.0±3.4 years
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and had an average pre-pregnancy BMI of 25.6±6.0 kg/m2. Changes in
energy, protein, carbohydrate and lipid intakes were not signiﬁcantly
different across trimesters. Average energy intakes signiﬁcantly exceeded estimated energy requirements (EER) in the 1st (2443.1±559.4
vs 2025.5±189.1 kcal, p<0.001) but not in the 2nd (2352.6±497.1 vs
2348.7±174.2 kcal, p=0.97) or in the 3rd (2390.0±484.0 vs 2475.1±166.4 kcal,
p=0.39) trimesters. Average protein intakes were above the average estimated protein requirements [108.7±22.0g vs 69.7±8.5g (p<0.05) in the
1st; 101.7±22.6g vs 94.7±8.5g (p=0.07) in the 2nd, and 104.6±22.0g vs
94.7±8.5g (p<0.05) in the 3rd trimester]. Total vitamin D intakes (food
and supplements) were below the Estimated Average Requirement
(EAR) for 21% (1st and 2nd trimesters) and 29% (3rd trimester) of the
participants. Across trimesters, a majority of the women were below
the EAR when considering intakes from food sources only (89%, 82%
and 75%). Total calcium intakes were equal or above the EAR for more
than 95% of the participants throughout pregnancy. Across trimesters, only a few women were below the EAR (11%, 14% and 4%) when
only food sources were considered. Total vitamin B12, iron and folic
acid intakes were equal or higher than the EAR for more than 82% of
the participants across trimesters. Conclusion: Macronutrient intakes
throughout pregnancy did not change across trimesters but all macronutrient intakes were higher than their estimated requirements. Vitamin D intakes from food sources only were below the EAR for most
women, which raises questions regarding the necessity of a vitamin D
supplement during pregnancy.

Inhibition of intestinal glucose absorption by phenolics
extracted from whole wheat grown at different temperatures
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1Richardson

Centre for Functional Foods and Nutraceuticals, University of Manitoba, Winnipeg,
Manitoba, Canada.
of Human Nutritional Sciences, University of Manitoba, Winnipeg, Manitoba, Canada.

2Department

Polyphenols as secondary plant metabolites play major roles in abiotic
stress responses associated with heat tolerance. Compelling evidence
reveals that global increase in mean air temperature inﬂuences secondary plant metabolite production; higher amounts of polyphenols
were reported in different plants subjected to the increased temperature. On the other hand, polyphenol-rich foods are known to be efﬁcient in lowering blood glucose levels in diabetic individuals. We have
previously observed a signiﬁcant increase of ﬂavonoid and phenolic
acid contents in different wheat grains following the increase of the
growing temperature. Thus, our objective was to investigate whether
this increment of polyphenols would enhance their glucose uptake
inhibition potencies. The inhibitory effect of phenolic acids and ﬂavonoids, extracted from six wheat varieties including; AC Crystal, AC
Navigator, Carberry, Kennedy, Fango60, and EGA Gregory, grown in
controlled temperature regimes (20°C, 25°C and 30°C), on intestinal
glucose uptake was investigated using human Caco-2E cells. Free and
bound phenolic acids and total ﬂavonoid extracts of all wheat genotypes were effective inhibitors of glucose uptake. However, wheat
genotype Kennedy grown at 30°C showed the maximum glucose uptake inhibition by 49.5%, 51.1%, and 61.2% for free phenolic acids,
bound phenolic acids and ﬂavonids extracts, respectively. Extracts
from wheat grains grown at 30°C inhibited the glucose uptake significantly more than those grown at 25°C and 20°C (P < 0.05). The inhibitory effect of free and bound phenolic acids was mainly dependent on
their ferulic acid (FA) content. The correlation coefﬁcient of the ferulic
acid content and glucose uptake inhibition for free and bound phenolic acids were R2=0.97 and R2 =0.91, respectively. Similar to temperature, genotype variation also shown to inﬂuence the glucose uptake
inhibition signiﬁcantly (P < 0.05). Extracts from Kennedy and AC Crystal had higher glucose uptake inhibitory effects than others. In conclusion, genotype and growth temperature inﬂuenced the glucose
uptake inhibitory of wheat grains. This enables the selection of particular wheat grains to be used as nutritious food source to control
postprandial hyperglycemia in diabetic patients. (Supported in part by
Published by NRC Research Press
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Mitacs Accelerate Graduate Research Internship Program, and Haplotech Inc.)
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To understand the long term effects of consuming dairy fats on the
risk of cardiovascular disease, a multi-centre randomized crossover
full-feeding clinical trial was conducted at the Institute of Nutrition
and Functional Foods (INAF), Laval University and Richardson Centre
for Functional Foods and Nutraceuticals (RCFFN), University of Manitoba to assess the effects of consuming diets rich in saturated fat from
cheese and butter versus other dietary oils on human plasma and RBC
fatty acid levels. This trial consisted of 5 isocaloric diets including: 1) a
diet rich in saturated fatty acids (SFA) from cheese, 2) a diet rich in SFA
from butter, 3) a diet rich in monounsaturated fatty acids (MUFA), 4) a
diet rich in polyunsaturated fatty acids (PUFA), and 5) a low-fat high
carbohydrate diet (CHO). Intervention periods of 4-wk were followed
by 4-wk wash out periods in this crossover design. Participants (n=92)
completing at least one treatment were included in the analyses. Total
plasma SFA levels after cheese diet were higher (p<0.05) than after
MUFA, PUFA and CHO diets, whereas total plasma SFA levels after
butter diet were only higher (p<0.05) than after MUFA and PUFA diets.
However, the impact of diet on RBC tissue FA concentrations was
relatively minor. Both plasma and RBC myristic acid (C14:0) and pentadecanoic acid (C15:0) levels after cheese and butter diets were higher
(p<0.05) than all other diets. Additionally, plasma heptadecanoic acid
(C17:0) level after butter diet was higher (p<0.05) than MUFA, PUFA
and CHO diets, whereas the level after cheese diet was only higher
(p<0.05) than after MUFA and PUFA diets. Plasma and RBC oleic acid
(C18:1n-9) levels after MUFA diet were higher (p<0.05) than after all
other diets. Similarly, plasma and RBC linoleic acid (C18:2n-6) levels
after PUFA diet were higher (p<0.05) than after all other diets. In
summary, changes of speciﬁc FAs in plasma and RBC, particularly the
odd chain SFA from dairy and myristic acid, reﬂect an excellent means
of establishing compliance level of study participants in human intervention studies. (Dairy Research Cluster Initiative: Dairy Farmers of
Canada, Agriculture and Agri-Food Canada, Canadian Dairy Commission, Canadian Dairy Network.)

A scoping review of enteral nutrition and necrotizing
enterocolitis and systematic review of hydrolyzed formulas
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Introduction: Premature and critically ill neonates with poor gut and
immune functions are at risk of necrotizing enterocolitis (NEC), a
serious inﬂammatory disease of the gut. In Canada, 5.1% of infants
born <33 weeks gestational age develop NEC. Researchers have found
that bovine milk-based formulas may cause more infants to develop
NEC compared to human milk. Reasons for this ﬁnding are still unclear. A diet including donor human milk products may be better than
standard infant formula, but it is a costly approach and does not
prevent all cases of NEC. An area that has not been thoroughly explored is hydrolyzed formulas. These formulas facilitate digestion and
absorption, which may reduce stress and pro-inﬂammatory processes
in the gut. Objectives: (1) To identify and map studies evaluating dif-

ferent types of enteral feeds and NEC events using scoping review
methods; and (2) to systematically review the effect of hydrolyzed
formulas on NEC. Methods: Five databases, 2 conference proceedings,
3 regulatory agencies and 1 trial registry were searched. Screening was
completed by two independent reviewers. Quantitative studies comparing different types of feeds that reported on NEC events in neonates fed before day of life 30 were included. Eligible studies will be
mapped to describe the evidence on the type of enteral feeds and the
effect on NEC. Homogeneous data on hydrolyzed formula will be
pooled in a meta-analysis or a network meta-analysis. Results: After
removal of duplicates, 4922 titles/abstracts were screened and 212 records
proceeded to full-text screening. Sixty-six studies have been included
for analysis and screening decisions are pending for 10 studies. The
majority of studies are observational and compare bovine milk-based
products to human milk. Two observational studies on hydrolyzed
formula have been identiﬁed. Conclusions: This review will synthesize evidence comparing hydrolyzed formulas, bovine milk-based
products and human milk on NEC. There is a paucity of high quality
studies evaluating the use of hydrolyzed formulas on the incidence of
NEC in neonates. Hydrolyzed formulas may mediate stress on the gut
and facilitate absorption of nutrients, which may result in lower
events of NEC. (Supported by WCHRI, CIHR, AbSPORU KT Platform.)

High oleic canola oil and olive oil result in similar plasma fatty
acid and glucose levels as well as lipoprotein proﬁle in golden
Syrian hamsters fed atherogenic diets
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Background: Consumption of various types of fatty acids (FAs) from
dietary fats and oils profoundly inﬂuences health and nutritional status. Considerable interest has been focused on monounsaturated fatty
acids (MUFAs) and their impact on coronary heart disease (CHD) risk.
However, little is known about the relative effects across different
sources of MUFA rich oils, such as high oleic canola oil (HOCO), olive
oil (OO), and regular canola oil (RC) on blood lipid parameters. Objective: To compare the response of HOCO versus OO relative to other
dietary oils on circulating levels of FAs, glucose, and lipoprotein proﬁle in hamster model when atherogenic diets were fed differing in
dietary fatty acid composition. Method: An animal trial (n=115) using
different dietary oils was carried out. Animals consumed atherogenic
diet for two months (i) HOCO, (ii) OO, (iii) RC, (iv) corn+safﬂower (C+S),
(v) ﬂaxseed+safﬂower (F+S), (vi) HOCO+DHA (H+DHA), or (vii) HOCO+EPA
(H+EPA). The total dietary fatty acid proﬁle was assessed using GC-FID.
Plasma glucose, total cholesterol (TC), triglycerides (TG), and HDL-C
were analyzed using automated enzymatic methods on a Vitros-350
chemistry analyzer. Non-HDL-C was determined as the difference between measured TC and HDL-C. Results: No differences were observed
between plasma FAs proﬁle of HOCO and OO treatments. Furthermore, HOCO and OO treatments equally modiﬁed (p<0.05) plasma
glucose, TC, TG, HDL-C, and non-HDL-C when compared with other
dietary treatments. OO feeding decreased (p<0.0142) plasma glucose
levels when compared with RC and H+DHA treatments, however, no
differences were observed between RC and HOCO diets. Although
plasma TC did not differ (p<0.185) among several treatment groups,
hamsters fed RC had reduced (p<0.0025) TG levels when compared
with H+DHA, H+EPA, and OO. Diets C+S, F+S, and OO elevated
(p<0.0001) HDL-C in comparison with H+DHA and H+EPA. No signiﬁcant differences in non-HDL-C were observed when a comparison was
made among HOCO, OO, and RC treatments. Conclusion: The present
study provides evidence that a similar beneﬁcial inﬂuence of HOCO
and OO diets exist on plasma glucose and lipoprotein proﬁles. Therefore, it is concluded that incorporation of either HOCO or OO could
provide equivalent cardio-protective effects against CHD. (Supported
by NSERC.)
Published by NRC Research Press
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Increased lipid oxidation during exercise in obese pre-pubertal
children with excess abdominal fat: a quality study
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Research examining the effects of obesity on lipid oxidation during
exercise prior to puberty is limited. The purpose of this study is to
investigate the inﬂuence of total and regional fat mass (FM) distribution on lipid oxidation during exercise in normal weight, overweight
and obese pre-pubertal male and female children. Participants in this
study were from the Québec Adipose and Lifestyle Investigation in
Youth (QUALITY) cohort. The sample included 183 pre-pubertal males
(108 normal weight (NW), 33 overweight (OW), and 42 obese (OB)) and
135 pre-pubertal females (64 NW, 33 OW, 38 OB). After a period of rest,
the children performed an incremental maximal cycling test that was
conducted on an upright cycle ergometer using the McMaster protocol. The % lipid oxidation (LO) and lipid rates (mg/min) were measured
at each stage of the test. Overall, LO decreased as exercise intensity
increased. OB children oxidized more lipids at higher exercise intensities than NW and OW children. Despite the fact that overweight and
obese males and females had similar total, leg, and trunk FM, a relationship between these FM depots and LO is observed in OW and OB
males starting at lower intensities; whereas in females, an association
between LO and these FM depots is only found in those who are OB
while exercising at higher intensities. Our results demonstrate that
OB children were able to oxidize relatively more lipids at relatively
higher exercise intensities than NW and OW children. Whole-body
lipid oxidation was related to adipose tissue localization, especially in
males.

Women’s experiences with gestational weight gain:
a qualitative investigation of Canadian women’s thoughts,
experiences and current practices
Michele Strom, Ruth Neustifter, and Laura Forbes
Department of Family Relations and Applied Nutrition, University of Guelph, Guelph, Ontario, Canada.

During pregnancy, maternal dietary choices and gestational weight
gain can have lasting effects on the health of both mother and infant.
However, research shows that approximately 50% of Canadian pregnant women gain excess gestational weight. The objective of this
study is to explore pregnant women’s experiences with their pregnancy weight gain, eating habits, and to better understand their interactions with their prenatal healthcare providers. A qualitative
methodology was used. Fifteen ﬁrst-time mothers were recruited using snowball sampling. Study staff conducted a single one-on-one
semi-structured interview with each participant. Analysis was completed using thematic analysis. The study found that women think
about nutrition and gestational weight gain, and place particular importance on eating healthy during pregnancy for both their health
and their babies’ health. Additionally, it was found that the women
practiced healthy eating behaviours and utilized strategies to assist
them with these behaviours. The interviews also reveal that their
experiences with pregnancy weight gain and eating are complex,
unique, and change across pregnancy. In addition, the study describes
women’s experiences with their healthcare providers in regards to
healthy eating, weight gain and pregnancy and identiﬁed four main
gaps occurring within prenatal care according to the results of the
study: 1) Prenatal care is not individualized, 2) A client-centered approach is not used, 3) No ﬁrst-trimester or post-partum education, and

4) Minimal guidance on eating and weight gain. Data reveals opportunities to optimize prenatal and maternal care to best support future
outcomes for mom and baby.

®

Antibiotics and probiotic Lacidoﬁl strong have antithetic
effects on the expression of selected fecal microRNAs in
healthy humans
Amel Taibi,1 Stéphanie-Anne Girard,2 Thomas A. Tompkins,2
and Elena M. Comelli1
1Department
2Lallemand

of Nutritional Sciences, University of Toronto, Toronto, Ontario, Canada.
Health Solutions Inc., Montréal, Québec, Canada.

The intestinal miRNome is affected by the microbiota and recent studies
suggest that probiotics impact the expression of selected microRNAs
(miRNA). Interestingly, intestinal epithelial cells-derived miRNA are
recovered in the feces and they are currently considered to be used as
biomarkers of intestinal diseases such as colorectal cancer. The aim of
this work was to assess if selected fecal miRNA respond to altered
composition of the microbiota. Sixty healthy subjects received 875 mg
of amoxicillin and 125 mg of clavulanic acid twice a day for 7 days, plus
(probiotic group, n=30) or minus (placebo group, n=30) probiotic
Lacidoﬁl STRONG (a 95:5 mixture of Lactobacillus rhamnosus R0011
and L. helveticus R0052). Fecal samples collected before and after
antibiotic treatment were used for global miRNA proﬁling (miRnome)
using NanoString Technology. Among the 102 miRNAs detected in the
feces (False Discovery Rate 20%), six were signiﬁcantly changed after
antibiotic treatment in the placebo group, showing that the fecal
miRnome responds to antibiotics. Selected miRNA include downregulated miR-378b (0.5±0.3 fold change, p=0.01) and up-regulated
miR-320e (1.8±0.5 fold change, p=0.001), as conﬁrmed by digital droplet
PCR (ddPCR). The expression of miR-378b did not change in subjects
receiving the probiotic, while miR-320e upregulation was repressed in
this group (0.4 ±0.4 fold change, p=0.0062) (ddPCR). This shows that
Lacidoﬁl STRONG modiﬁes the response of fecal miRNA to antibiotics. Thus, fecal miRNA may be used as biomarkers of an altered microbiota composition in health and disease. (Funding: Natural Sciences
and Engineering Research Council of Canada (NSERC), Lallemand
Health Solutions, Lawson Family Chair in Microbiome Nutrition Research.)
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Total dairy intake is positively related to cognitive status in
free-living older adults
Anne-Julie Tessier,1 Samaneh Farsijani,1 Hélène Payette,2
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Background: Dairy products may exert a role in cognition via their
unique nutrient composition comprised of bioactive peptides, vitamin B12, calcium and fermented products. Few cohort studies have
related total dairy intake (DI) to cognitive status, but its impact on
age-related cognitive decline remains unknown. Objective: To determine the association between total DI and cognition at baseline and as
a 3 y-change in free-living older adults. Methods: Analyses were conducted on 702 men and 797 women of the Québec longitudinal study
on nutrition and aging (NuAge) aged 67-84 y at entry. Mean daily DI
was calculated from averaging 3 non-consecutive 24-h food recalls
collected at year1 and 3 at year3. Dairy products serving sizes were
calculated as per Canadian Food Guide. Cognition was assessed yearly
by the Modiﬁed Mini-Mental Examination State (3MS). Cross-sectional
associations were assessed using multivariate regression models adjusted for sex, age, education, depression (GDS) and diet quality (modiﬁed Canadian–Healthy Eating Index, C-HEI excluding DI score).
Longitudinal associations were investigated using linear mixed modPublished by NRC Research Press
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els. Results: Baseline 3MS score was 93.2 ± 4.6 in men and 94.6 ± 4.1 in
women (p<0.001), and total DI 1.43± 0.84 and 1.38 ± 0.76 servings/d
(p=NS). Over 3 years, the 3MS score decreased by 2.2 ± 5.5% (p<0.001)
with a greater decline in men (2.6 ± 5.5%) than women (1.9 ± 5.4%;
p<0.001). Total DI was associated with 3MS score (std ␤=0.181, p<0.001)
in the whole cohort and within each sex. Though the education level
was the main determinant of 3MS, DI remained an independent factor
in a multivariate model including all predictors (R2=0.241). Usual total
DI was not associated with the rate of cognitive decline over 3 years.
Conclusions: The association of DI with cognition, independently of
the level of education and the quality of the rest of the diet, point to
potential unique dairy component’s role on cognitive health. The absence of an association between DI and cognitive decline may be
explained by the modest 3-year decline in this healthy cohort. Longer
follow-up investigation of cognitive domains, and in cognitively impaired older adults, is warranted. (Dairy Farmers of Canada.)

Speciﬁcity of proteolytic enzymes on deactivation of antigenic
epitope for inclusion in hypoallergenic dairy whey protein
Maryam Torabizadeh,1 Chibuike C. Udenigwe,2 and Nancy Pitts1
1Food

Functionality and Health Research Laboratory, Department of Plant, Food, and Environmental
Sciences, Faculty of Agriculture, Dalhousie University, Truro, Nova Scotia, Canada.
2Department of Nutrition Sciences, University of Ottawa, Ottawa, Ontario, Canada.

Whey protein is a by-product of cheese manufacturing with a nutritive
source of bioactive peptides. However, it is an important cause of food
allergy in many patients allergic to bovine milk. An enzymatic hydrolysis is an approach that has been used for the production of
hypoallergenic products. Many researchers have explored the
application of various enzymes for suppression of whey antigenicity
but there are still many reports on antigenic reaction after consumption of hypoallergenic products. In addition, there is a paucity of
information on the speciﬁcity of enzymes on suppressing antigenicity
of whey protein and the inﬂuence of enzymatic activities on physiochemical properties of the hydrolysate. The impact of hydrolysis with
various enzymes on immunochemical properties, hydrophobicity,
particle size was studied. 12 different enzymes have been used in
which papain and pancreatin hydrolysate showed the highest IgE
inhibition of 47% and 45% among all hydrolysates. The electrophoretic
pattern of papain and pancreatin did not reﬂect trace of ␣-lactalbumin
or ␤-lactoglobulin after hydrolysis. The degree of hydrolysis did not
have a correlation with immunoreactivity which indicated that extensive hydrolysis is not always accompanied with antigenicity suppression. A strong negative correlation between the degree of hydrolysis
and hydrophobicity observed. The peptidomics result of papain hydrolysate was analyzed and enzymatic cleavage site determined from
released peptides. The predicted cleavage pattern of enzymes was
mostly matched with the actual cleavage in the one with 99% of speciﬁcity prediction. The antigenic epitopes were mostly degraded which
can approve the antigenic inhibition in the papain whey hydrolysate.
These ﬁnding will provide information on the application of three
enzyme groups and their speciﬁcity on lowering whey protein antigenicity and production of hypoallergenic whey product.

Familial resemblances in human whole blood transcriptome
Bénédicte L. Tremblay,1 Frédéric Guénard,2 Benoît Lamarche,2
Louis Pérusse,3 and Marie-Claude Vohl2
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Canada.
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Gene expression is increasingly studied in the context of chronic diseases to better understand their pathophysiological processes. The
study of the heritability of gene expression is then highly relevant to
better understand the origin of these diseases. A few studies have
investigated the heritability of human whole blood transcriptome but
none has considered the contribution of both genetic and common
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environmental effects to familial resemblances in gene expression
levels. The objective is thus to quantify the contribution of genetic and
common environmental effects in familial resemblances on genomewide expression levels using a family based sample of 48 French Canadians from 16 families. We used HumanHT-12 v4 Expression
BeadChip (Illumina Inc.) to measure expression levels of ⬃47 000 probes
(>31 000 annotated genes) in all 48 subjects. The heritability has been
assessed using the variance components method implemented in the
QTDT software, which partitions the variance into polygenic (G), common environmental (C) and non-shared environmental (E) effects. A total
of 18 160 probes among the 47 323 probes on the microarray (38.4%)
showed signiﬁcant gene expression in blood and were used for heritability analysis. We computed maximal heritability, genetic heritability, and
common environmental effect for all probes (n=18 160) and identiﬁed an
average contribution of 21.9%, 15.1%, and 6.8%, respectively. Among
probes that showed a statistically signiﬁcant familial effect (n=1391),
these three factors contributed respectively to 71.1%, 46.9%, and 24.2% of
familial resemblances in expression levels. In conclusion, familial resemblances in expression levels are mainly attributable to genetic factors
when considering the average of all the probes across the genome, but
common environmental effect plays an important role when considering probes that showed a signiﬁcant familial effect. Further genome-wide
studies on larger sample size combining multiple GWAS data are needed
to better understand the genetic factors underlying gene expression.
(This work was supported by the Canada Research Chair in Genomics
Applied to Nutrition and Health.)

Epigenetic predictors of the plasma triglyceride response to an
omega-3 fatty acid supplementation in adults
Bénédicte L. Tremblay,1 Frédéric Guénard,2 Iwona Rudkowska,3
Simone Lemieux,2 Patrick Couture,3 and Marie-Claude Vohl2
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3CHU de Québec Research Center, Endocrinology and Nephrology, Laval University, Québec, Québec,
Canada.
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Beneﬁcial effects of omega-3 polyunsaturated fatty acids (n-3 FAs) on
cardiometabolic risk factors are likely to be mediated by alterations in
gene expression. For the present study, we selected genes from four
key molecular pathways previously identiﬁed by our group as being
regulated by n-3 FAs; (1) mechanism of gene regulation by PPARs,
(2) PPARA/RXRA activation, (3) NrF2-mediated oxidative stress response,
and (4) NF-kB signaling. The objective was to investigate the potential of
epigenetics markers to predict the plasma triglyceride response to an n-3
FA supplementation. Thirty-four subjects completed a 6-week supplementation with n-3 FAs (1.9-2.2g EPA and 1.1g DHA). Methylation levels
were measured in pre- versus post-supplementation using the Inﬁnium
HumanMethylation450 array (Illumina Inc.) and analyzed using
GenomeStudio software v2011.1. Methylation levels of all 56 differentially
expressed genes being part of the four molecular pathways of interest
were measured on the array (n=1119 CpG sites). From these CpG sites,
48 were differentially methylated in pre- versus post-supplementation
suggesting that changes in expression levels during an n-3 FA supplementation are, at least partly, attributable to changes in gene methylation levels. We then assessed whether post-supplementation
methylation levels can predict the responder and non-responder status.
Subjects were divided into two groups: responders (lower their triglyceride levels, [n=23]) and non-responders (did not lower their triglyceride
levels [n=11]). A total of 406 CpG sites had signiﬁcant differences in methylation levels between the two groups. To further discriminate responders and non-responders groups, hierarchical clustering was performed
using the 406 differentially methylated CpG sites. CpG sites partially
differentiated between groups although four non-responders subjects
were classiﬁed in the responders group. Such an analytical scheme can
then lay the foundation for the identiﬁcation of biomarkers of the
plasma triglyceride response to be used in personalized preventive nutrition. (This work was supported by a CIHR grant (MOP-110975).)
Published by NRC Research Press
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Lunch-time food source is associated with dietary intakes
and diet quality among Canadian children
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Background. There is a paucity of research on the dietary behaviors of
Canadian children at school and no nationally representative study
has examined where students obtain food from during school hours,
or whether lunch food source is associated with diet quality. Objective. To examine associations between lunch food source and diet
quality. Design. A cross-sectional study from a nationally representative sample. Participants. Canadian children age 6-17 years (n=4,589).
Outcome measures. Dietary outcome measures derived from school
day 24-hour dietary recalls included school hour (9:00-14:00) and
school day dietary intakes and School Healthy Eating Index (S-HEI)
scores, a measure of diet quality adapted for school hours. Statistical
analyses. Survey-weighted covariate-adjusted linear models tested for
differences in dietary outcomes associated with lunch-time food
source. Results. The majority (72.8%) of children reported bringing
lunch from home while far fewer students obtained lunch from offcampus locations (11.6%), schools (9.6%), or reported eating no lunch
(5.9%). Average school hour diet quality required improvement for all
age groups. Compared to lunches obtained off-campus, home-packed
lunches were signiﬁcantly higher in ﬁber, vitamin A, D, C, thiamin,
magnesium, iron, grains, vegetables and fruit servings but lower in
total calories, fat and calories from minimally nutritious foods. Dietary differences persisted by lunch food source group for whole day
intakes of carbohydrates, fat, ﬁber, vitamin D, magnesium, iron and
calories from minimally nutritious foods. While no differences in
S-HEI scores were found by lunch food source among children age
6-8 years, children age 9-17 years reporting home-packed lunches had
signiﬁcantly higher mean S-HEI scores compared to students obtaining
lunch off-campus locations. Children who obtained foods from school
sources had similar school hour diet quality than children who obtained
foods off-campus. Conclusions. The nutritional quality of home-packed
lunches was higher than lunches from off-campus locations and school
lunches were similar in quality to foods from off-campus sources. Efforts
are warranted to increase the quality of foods consumed at school.

Eating pleasure: a promising approach to promote healthy eating?
Caroline Vaillancourt,1 Alexandra Bédard,1 Ariane Bélanger-Gravel,2
Catherine Bégin,3 Sophie Desroches,1 Luc Pelletier,3
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Eating pleasure has sometimes been associated with less desirable
eating behaviors and patterns, and sometimes with more desirable
ones. Is pleasure an ally or an obstacle to healthy eating? This issue
remains controversial in the scientiﬁc literature. Thus, we investigated associations between the food pleasure orientation of individuals and diet quality, eating behaviors and their regulation, food
preferences, and body mass index (BMI). Ninety-seven adults (50.5%
women) aged between 18 and 65 years (45.5±12.8 years) covering a wide
range of BMI values (27.9±18.2 kg/m2) completed online questionnaires. The Health and Taste Attitude Scale was used to derive a pleasure orientation score towards food (ranging from 1 to 7) focusing
mainly on the sensory and aesthetic aspects of food. The higher the
score, the more pleasure-oriented an individual is. Two 24-hour recalls
were also completed, from which the Healthy Eating Index, a measure
of diet quality, was calculated. Eating behaviors were assessed by the
Three-Factor Eating questionnaire, regulation of eating behaviors by
The Regulation of Eating Behaviors Scale and preferences for sugary,
salty and fatty foods by the Food Liking Questionnaire. T-test analysis
showed that women tended to be more pleasure-oriented towards
food than men (women: 5.35±0.86 and men: 5.01±0.88, p=0.06).
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Among women, pleasure orientation was positively associated with
diet quality (r=0.28, p=0.05) and negatively associated with the situational susceptibility to disinhibition (r=−0.35, p=0.01), while in men,
no such associations were observed. Moreover, pleasure orientation
was positively associated with intrinsic motivation (all: r=0.31, p<0.01;
in men r=0.18, p=0.23; in women r=0.25, p=0.09). There was no association between pleasure orientation and dietary restraint, susceptibility to hunger, food preferences, and BMI in both genders. This study
suggests that enjoying hedonic characteristics of foods is not associated with harmful dietary habits. Even more, in women, eating pleasure is associated with a better diet quality and favorable eating
behaviors. Results also showed that eating pleasure orientation is
associated with intrinsic motivation, which has been previously
shown to foster adoption of healthy dietary behaviors and long-term
adherence. Thus, focusing on experiences of pleasure might be a
promising approach for promoting healthy eating. (Funded by CIHR.)
The More-2-Eat project: a case study of how one hospital
improved nutrition care
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Malnutrition is common amongst hospital patients in Canada. The Integrated Nutrition Pathway for Acute Care (INPAC) was developed to enhance the nutrition care provided to patients. Five hospitals across
Canada tested the implementation of this pathway [More-2-Eat (M2E)
project]. Implementation was led by local research associate(s), champion(s) and a site implementation team who decided which aspects of
INPAC to focus on. Monthly teleconferences were conducted to assist
sites with implementation activities, behaviour change techniques, and
to learn from other sites. Implementation and nutrition care activities
were tracked over one year to monitor progress. By tracking, we gained a
better understanding of how one site (Site A) achieved positive change.
Site A had no screening in place prior to M2E. By increasing awareness,
training, and adding a tick box to the nursing admission form, screening
for malnutrition increased from 0 to 78%. Through training, form updating, and relaying roles/responsibilities of nursing staff and dietitians/diet
technicians, a care process was put in place ensuring follow up for at-risk
patients. Subjective global assessment (SGA) was conducted by the dietitian
or diet technician to identify patients requiring full nutritional assessment.
In the ﬁnal months of implementation, all severely malnourished patients
had full nutritional assessments completed, while mild-moderately malnourished patients were treated either by a dietitian or diet technician. The
site also improved standard nutrition care strategies by placing laminated
posters above patient beds to identify and remind unit staff which patients
needed dentition, glasses, etc. Finally, they worked towards effective food
intake monitoring. Through meal tray intake assessment posters and information sessions/in-services, they increased their food intake monitoring
from 4% to 93%. Nurses were trained to refer patients to dietetic care when
intake was <50%, however, identifying further actions for patients with intakes below 50% continues to be an issue. These few examples demonstrate
how one site made positive changes in their nutrition care using a variety of
techniques and innovative strategies. During the post-implementation
phase, sites will continue to monitor how well these changes are sustained and continue to problem solve to make improvements. (This research is funded by CFN (Canadian Frailty Network).)
The More-2-Eat project: challenges experienced while
conducting follow up calls with patients 30 days after
discharge from hospital
Renata Valaitis,1 Tara McNicholl,1 Celia Laur,1 and Heather Keller1,2
1Faculty
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Hospital patients who are malnourished often require continuity of
nutrition care post-discharge for full recovery. Achieving a better
Published by NRC Research Press
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understanding of what happens after patients leave hospital can help
to identify gaps in their nutritional care needs during this transition.
The More-2-Eat (M2E) project recruited patients in 5 hospitals to complete detailed evaluations of nutritional status, quality of life, frailty
and patient reported outcomes over the course of one year. Follow up
information was collected from a subset of these patients at two time
points. Hospital staff were asked to recruit 40 patients who had no
cognitive impairment, spoke English or French, and were returning
back to the community rather than a home or facility. Patients were
also asked to provide contact information for themselves and a proxy.
A small research team from the University of Waterloo conducted
telephone follow up calls with consenting patients approximately
30-days after discharge to ask questions about patient reported health
outcomes, nutrition, and health care use. During the ﬁrst two follow
up periods, 355 patients were recruited; 199 (56%) completed the
30-day follow-up data collection. Key challenges in this data collection
were: recruiting eligible patients; receiving consent to follow-up post
discharge; inability to reach by phone (n=105); no proxy provided
(n=193); and refusal after phone contact (n=26). Several challenges
with conducting interviews were noted, such as patients being hard of
hearing or too unwell to participate. Return to hospital (n=11) and
death of participants (n=6) also occurred. Time to complete the survey
varied; quick calls lasted approximately 10-15 minutes, while others
took up to 45 minutes. Finally, because calls were made by researchers
and not hospital staff, interviewers could not address any patient
questions about their health. Many challenges were experienced during 30-day post-discharge telephone follow up. While some challenges
were unavoidable (i.e. patient refusal to participate), others provided a
learning opportunity. For instance, patient follow up calls might be
better received from hospital staff rather than researchers. It is important to consider and address these challenges for effective patient
follow up in future research. (This research is funded by CFN (Canadian Frailty Network).)

The More-2-Eat project: key nutrition care changes in hospitals
implementing the INPAC pathway
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The More-2-Eat (M2E) project aims to optimize nutrition care in 5 Canadian hospital units through the implementation of the Integrated
Nutrition Pathway for Acute Care (INPAC). Hospitals spent one year
(Dec 2015-Dec 2016) working to make positive changes to nutrition
care processes including malnutrition screening, nutrition risk assessment [Subjective Global Assessment (SGA)], food intake monitoring,
standard and advanced care strategies and discharge planning. During
the one-year implementation phase, hospital staff collected data from
patient health records (N=3,838) to track the routine nutrition care
activities on the unit. Detailed patient data was also collected on approximately 20 patients per month/hospital to track patients’ health
and nutritional status and barriers to food intake (N=1,007). At the end
of each month, each site received a feedback report to track their
progress and use their local data to help stimulate and maintain positive change. Over the course of the year, all 5 sites saw increases in the
number of patients screened for malnutrition. By the end of implementation phase, sites were screening 66-89% of admitted patients.
Screening spread into other units in some sites. None of the sites were
assessing patient nutritional status with SGA prior to implementation. After introducing and promoting the use of this diagnostic tool,
the number of patients at nutrition risk who were assessed using SGA
ranged from 52 to 70 percent. Three sites worked towards implementing food intake monitoring using a variety of strategies. Monitoring
that resulted in actions to improve intake for patients increased from
19% to 54%, 4% to 93%, and 0 to 96% in those sites. Some sites were also
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able to reduce the average number of mealtime barriers identiﬁed by
patients. For example, one site that started with an average of 3.25
barriers reduced the average number experienced by patients to 1.2.
Using a variety of implementation strategies, all sites saw improvements in a range of INPAC activities. Improved practices are feasible
and INPAC can be implemented in Canadian hospitals. Sites are now
focusing on sustainability and rolling out those changes in other
units. (This research is funded by CFN (Canadian Frailty Network).)

Genotype imputation in loci identiﬁed by a genome-wide
association study reveals novel polymorphisms associated with
the plasma triglyceride response to an omega-3 fatty acid
supplementation
Bastien Vallée Marcotte,1 Frédéric Guénard,1 Hubert Cormier,1
Iwona Rudkowska,2 Simone Lemieux,1 Patrick Couture,2
and Marie-Claude Vohl1
1Department
2Department

of Nutrition, Laval University, Québec, Québec, Canada.
of Endocrinology and Nephrology, Laval University, Québec, Québec, Canada.

Background: Numerous studies have shown an important heterogeneity in the inter-individual response of triglycerides (TG) to omega-3
(n-3) fatty acid (FA) supplementation, which is partly due to genetic
factors. A genome-wide association study (GWAS) conducted by our
research group on participants of the Fatty Acid Sensor study identiﬁed 13 loci associated with TG levels in response to n-3 FA supplementation. Our group recently conducted dense genotyping in several
GWAS-associated genes (IQCJ, NXPH1, PHF17 and MYB) and found
gene-diet interactions and genotype effects with numerous singlenucleotide polymorphisms (SNPs). The objective was to conduct ﬁne
mapping of GWAS-associated loci by identifying additional SNPs associated with the TG response to n-3 FA supplementation using genotype imputation. Methods: Two hundred eight participants received
n-3 FA supplements for six weeks, providing 3g/d of n-3 FA (1.9-2.2g of
EPA and 1.1g of DHA). Plasma TG levels were measured prior to and
after the intervention. 1000 Genomes project data was used as a reference set (release 1000G Phase I v3, updated 26 Aug 2012) for the imputation of genotypes (genotyped from Illumina BeadChip) in previously
identiﬁed loci. Markers were inferred using algorithms implemented
in IMPUTE2. Allele frequency between responders (reduction in TG
levels of >0mM) and non-responders (increase in TG levels of ≥0mM)
was compared using PLINK. The top ten SNPs in each gene were kept
for statistical analyses according to their p value. Results: In a MIXED
model for repeated measures, gene-diet interactions were observed
with every SNP. Five SNPs in IQCJ, two in NXPH1, eight in PHF17 and
none in MYB were still signiﬁcant after Bonferroni correction. In a
stepwise regression, one SNP in IQCJ, two in NXPH1, two in PHF17 and
one in MYB appear to be driving these associations. Genotype effects
on pre-supplementation TG levels were observed with ﬁve SNPs of
IQCJ, six of NXPH1, ten of PHF17 and nine of MYB. For all SNPs, genotype frequencies were different between responders and nonresponders. Conclusion: The present study shows that mapping
reﬁnement in GWAS-associated loci can reveal new SNPs affecting
plasma TG levels following n-3 FA supplementation. (Supported by
CMDO-FRQS.)

Effects of vitamin D3 and n-3 polyunsaturated fatty acids on
insulin resistance and other features of the metabolic syndrome
Marion Valle,1 Geneviève Pilon,1 Philippe St-Pierre,1 Denis Richard,1
Claudia Gagnon,2 Edgar Delvin,3 Emile Lévy,3 and André Marette1
1Department

of Medicine, Laval University-Québec Heart and Lung Institute-Institute of Nutrition and
Functional Foods, Québec, Québec, Canada.
2Endocrinology and Nephrology Unit, CHU de Québec Research Centre, Québec, Québec, Canada.
3Nutrition and Biochemistry, Sainte Justine Hospital Research Center, Montréal, Québec, Canada.

It has been proposed that vitamin D3 (VD3) and n-3 polyunsaturated
fatty acids (n-3 PUFA) prevents inﬂammation and protects against
type 2 diabetes and cardiovascular disease but their combined effects
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have never been explored. The objective was to determine the longterm independent and combined effects of VD3 and n-3 PUFA supplementation on metabolic syndrome in obese mice. C57BL/6J mice were
fed a high-fat high sucrose diet (HFHS) for 12 weeks. Two groups receive regular 1,400 IU of VD3/kg of food and two groups were supplemented with 15,000 IU of VD3 /kg of food. One of each VD3 group was
additionally fed with 4.35g/kg of ﬁsh oil rich in n-3 PUFA. Another
group fed a standard low-fat diet was used as a reference. Food intake
was not different between groups. VD3 supplementation signiﬁcantly
increased the plasma levels of 25(OH)D3, speciﬁcally the 3-epi25(OH)D3 form representing 30% of the total 25(OH)D3 versus ≤3% in
the group fed with regular VD3. n-3 PUFA increased energy expenditure as shown by indirect calorimetry although it did not translate
into lower diet-induced weight gain. Nevertheless, mice fed diets containing n-3 PUFA showed an improved glucose homeostasis during
oral glucose tolerance test and lower triglycerides accumulation in
liver. VD3 supplementation did not further improve these parameters. These data show that n-3 PUFA treatment can improve features of
the metabolic syndrome in HFHS-fed mice. However, combination
with VD3 supplementation failed to enhance the beneﬁcial effects of
n-3 PUFA. We further plan to investigate the impact of these nutrients
on gut health, as the VD receptor is known to be expressed in the
intestine. (Supported by a Canadian Institutes of Health Research
(CIHR) grant.)

An analysis of action regarding food environment policies in
Canada by jurisdiction
Lana Vanderlee, Kimiya Karbasy, and Mary L’Abbé
Department of Nutritional Sciences, University of Toronto, Toronto, Ontario, Canada.

Food environment policies help shape the food environment, and
inﬂuence diet and related non-communicable diseases (NCDs) and
obesity. The current Canadian food environment is dominated by
energy dense, nutrient-poor foods that are less expensive, more readily available and heavily marketed to consumers. This study aimed to
examine jurisdictional levels of policy implementation in critical food
environment domains in Canada. A systematic grey literature search
was conducted to examine food environment policies implemented in
Canada as of January 2017, using the Government Food Environment
Policy Index (Food-EPI) framework. Seven “policy domains” were
searched to identify and characterize government actions to inﬂuence
the food environment (composition, labelling, promotion, prices, provision, trade, and retail). Policy action was classiﬁed as federal, provincial/territorial, or shared implementation. Food composition and
labelling policies were implemented federally for packaged foods and
provincially/territorially in foodservice outlets. The only policy action
for food promotion and marketing was provincial. Regarding pricing
policies, reductions in excise tax on healthy foods was implemented
federally, while there were no federal or provincial/territorial policies
regarding taxing unhealthy foods. Nutrition standards in schools and
early childhood education centres, public settings such as recreation
centres and private sector settings were primarily provincial/territorial in nature, with Federal/Provincial/Territorial guidance for school
nutrition standards. Limited food trade policies regarding healthy
foods were identiﬁed at federal jurisdiction only. No action was identiﬁed for food retail or zoning provincially or federally. Overall, provincial and federal governments have implemented policies in some,
but not all, identiﬁed areas to positively inﬂuence food environments.
This analysis did not consider municipal level policies, which can
inﬂuence provincial and federal health policy, and did not consider
the strength of the policies implemented. Patchwork provincial policies are not uniform in strength and effectiveness, and can be challenging for industry to implement. Health Canada’s recent Healthy
Eating Strategy may contribute to and support consistent food environment policy across Canada; however, continued government action at all levels and in multiple policy domains is needed to improve
food environments and reduce rates of obesity and diet-related NCDs
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in Canada. (Funded by a CIHR Operating Grant and a CIHR Banting
Fellowship.)

Optimization of the anti-cancer effect of eicosapentaenoic acid
and docosahexaenoic acid in triple negative human breast
cancer cells
Laura B. VanderSluis, Miranda Brun, Marnie Newell, Susan Goruk,
and Catherine J. Field
Department of Agricultural, Food and Nutritional Science, University of Alberta, Edmonton, Alberta,
Canada.

The omega-3 long chain polyunsaturated fatty acids (n-3 LCPUFA) eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) have been
associated with a reduced risk of breast cancer (BC). We have performed microarray analysis on BC cells and observed that DHA and
EPA have both distinct and overlapping biological effects. Current
studies evaluating the effect of DHA and EPA on human BC cells have
not evaluated the combinations of these n-3 LCPUFA that are typically
consumed by the population. In addition, most studies have not studied the anti-cancer effects of DHA and EPA in the presence of fatty
acids that are abundant in vivo including oleic acid (OA), linoleic acid
(LA), and palmitic acid (PA). The objective of this study was to determine the effect of varying ratios of DHA and EPA on cell viability in the
invasive MDA-MB-231 triple negative (ER-, PR-, and HER2-) BC cell line
in the presence of physiologically relevant fatty acids (OA, LA, PA).
MDA-MB-231 BC cells were exposed to 80 M OA/LA/PA for 3 days alone
or combined with of one of the following 100 M n-3 LCPUFA treatments: DHA; EPA; 1:1 DHA:EPA; 2:1 DHA:EPA. Compared to control
(80 M OA/LA/PA), DHA and EPA signiﬁcantly decreased cell viability
(25% and 21%, p<0.001, respectively) to the same extent. The 1:1 and 2:1
DHA:EPA treatments decreased cell viability but to a lesser extent
(16%, p<0.0001 and 15%, p<0.001, respectively). Our microarray ﬁndings and our cell viability data with dietary relevant combinations of
DHA and EPA suggest that the mechanisms by which DHA and EPA
inhibit the growth of MDA-MB-231 cells are not additive or synergistic
in aggressive triple negative BC and should be considered separately.
Our ﬁndings also suggest that DHA and EPA have distinct anti-cancer
mechanisms and that mixtures of these n-3 LCPUFA do not have the
same activity as the single fatty acids. Our ongoing work will allow us
to elucidate the potential anti-cancer mechanisms responsible for the
distinct effects of DHA and EPA in MDA-MB-231 BC cells and help
deﬁne potential interventions for BC prevention trials. (Funded by
CIHR and the Alberta Canola Producers Commission.)

Commitments and actions regarding marketing to children on
company websites of major packaged food companies in
Canada
Laura Vergeer,1 Lana Vanderlee,1 Monique Potvin Kent,2
and Mary L’Abbé1
1Department

of Nutritional Sciences, University of Toronto, Toronto, Ontario, Canada.
of Epidemiology, Public Health and Preventive Medicine, University of Ottawa, Ottawa,
Ontario, Canada.

2School

Objective: Promotion of unhealthy foods and beverages to children
can contribute to poor dietary patterns, elevating obesity and noncommunicable disease risk. This study aimed to evaluate the policy commitments and actions of packaged food manufacturers in Canada
concerning promotion of unhealthy foods to children on company
websites. Methods: A systematic content analysis was conducted for
16 top packaged food manufacturers in Canada, comprising a combined 52% of the national market share. Policy information was
sourced from company websites, annual reports, press releases and
Children’s Food and Beverage Advertising Initiative (CAI) Participant
Commitments. Canadian company and brand websites were scanned
for child-directed content and use of marketing to kids (M2K) techniques was recorded. Content was considered “child-directed” if it
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featured products with unconventional ﬂavours, colours or shapes
and child-oriented packaging, and included promotional characters,
contests, games, activities, or lettering and graphics appealing to children. Finally, companies’ M2K policies were compared to marketing
actions on their websites. Results: Overall, 13 of 16 companies reported M2K policies concerning online advertising: 12 had CAI commitments (4 of which also reported global policies); 1 published a
global policy only; and 3 reported no policies. No national non-CAI
policies were identiﬁed. A total of 50% of companies’ websites (n=8)
featured children’s products and child-directed content. Of companies that had marketing on websites, 7 were CAI participants and
1 published no policies. The most commonly used M2K techniques included: social sharing buttons (n=8); product beneﬁt (n=8) or nutrition
claims (n=7); branded characters (n=7); brand logos (n=7); and promotional photos or videos (n=6). Promotion to children primarily occurred on brand or product webpages, though two companies
incorporated designated children’s entertainment areas on their websites. Conclusions: Half of major packaged food manufacturers in Canada use child-directed marketing techniques on company websites,
despite participation in the voluntary CAI program. The strength of
CAI commitments vary by company, and currently are not preventing
some companies from promoting unhealthy foods to children on
their websites. This suggests a need for stronger company or mandatory governmental policies to reduce food and beverage promotion to
children on websites. (Funding: Canadian Institutes of Health Research.)

The effect of different forms of dairy products on satiety, food
intake and post-meal glycaemia in healthy/overweight older
adults
Shirley Vien,1 Sara Fard,1 Angela Wong,1 Ying Ti Lee,1 Marron Law,1
Hrvoje Fabek,1 Bohdan L. Luhovyy,2 and G. Harvey Anderson1
1Department
2Department

of Nutritional Sciences, University of Toronto, Toronto, Ontario, Canada.
of Applied Human Nutrition, Mount Saint Vincent University, Halifax, Nova Scotia,

Canada.

Dairy proteins are known to reduce appetite and later food intake.
However, the effects of form of dairy as usually consumed have not
been explored in older adults, the fastest growing population at risk of
obesity and diabetes. We report here the effect of form of dairy products
on post-ingestion subjective appetite, food intake, and glycemic control
in older adults. In a randomized crossover design, 28 healthy/overweight
female and male adults (63.7 ± 0.5 y old; BMI 25.7 ± 0.5 kg/m2) consumed
two-servings of skim milk (0.1% M.F.), whole milk (3.25% M.F.), plain
Greek yogurt (2% M.F.), cheddar cheese (31% M.F.), and water (control)
after a 12 hour fast. Subjective appetite, blood glucose and insulin were
measured at baseline and every 15-30 minutes over 3 hours. An ad libitum pizza meal was provided at 120 minutes to measure food intake.
Food intake was 13 and 12% lower after Greek yogurt and cheese,
respectively, compared to water but not different from skim or whole
milk (P=0.001). All dairy treatments reduced post-treatment subjective
appetite more than water, and Greek yogurt and cheese reduced it
more than skim and whole milk (P<0.0001). However, post-meal subjective appetite was lower after water, skim and whole milk compared
to Greek yogurt and cheese (P<0.0001). Post-treatment blood glucose
area under the curve (AUC) was lowest after cheese and water compared to other dairy treatments but post-meal blood glucose AUC was
lower after whole milk compared to water and skim milk (P<0.02).
Post-treatment insulin AUC was lower after cheese compared to other
dairy treatments but higher than water (P<0.01). Post-meal insulin was
not different between treatments. We conclude that form of dairy
may merit consideration in managing satiety, glycemia and food intake with cheese being the preferred pre-meal appetizer. (Funding:
Supported by a contribution from the Dairy Research Cluster Initiative (Dairy Farmers of Canada, Agriculture and Agri-Food Canada, the
Canadian Dairy Network and the Canadian Dairy Commission.)

Rosmarinic acid, a rosemary extract polyphenol, increases
skeletal muscle cell glucose uptake and activates AMPK
Filip Vlavcheski, Madina Naimi, and Evangelia Tsiani
Faculty of Applied Health Sciences, Brock University, St. Catharines, Ontario, Canada.

Skeletal muscle is a major insulin-target tissue and plays an important
role in glucose homeostasis. Impaired insulin action in muscle leads
to insulin resistance and type 2 diabetes mellitus. 5= AMP-activated
kinase (AMPK) is an energy sensor and its activation increases glucose
uptake in skeletal muscle cells. Recently, AMPK activators have been
viewed as a targeted approach in combating insulin resistance. We
previously reported that rosemary extract (RE) activated AMPK and
increased skeletal muscle glucose uptake. Rosmarinic acid (RA) is one
of the major constituents of RE, however its direct effects on muscle
cells have not been investigated. In the present study, we examined
the effects and the mechanism of action of RA in L6 rat muscle cells in
vitro. At concentrations found in rosemary extract, RA stimulated
glucose uptake in L6 myotubes. At 5.0 M RA a response (186±4.17% of
control, p<0.001), similar to maximum insulin (204±10.73% of control,
p<0.001) and metformin (202±14.37% of control, p<0.001) was seen.
Akt phosphorylation was not affected by RA while AMPK phosphorylation was increased. The RA-stimulated glucose uptake was partially inhibited by the AMPK inhibitor compound C and was not
affected by wortmannin, an inhibitor of phosphoinositide 3 kinase
(PI3K). Although compound C blocked the RA-stimulated AMPK phosphorylation, the RA-stimulated glucose uptake was only partially inhibited indicating that AMPK-dependent and AMPK-independent
mechanisms are involved in the action of RA. Plasma membrane
GLUT4 or GLUT1 glucose transporter levels were not affected by RA
while glucose uptake in L6 GLUTmyc overexpressing cells was increased and was comparable to L6 parental cells. The current study is
the ﬁrst to show an effect of RA to increase muscle glucose uptake and
AMPK phosphorylation. RA deserves further study as it may have the
potential to be used as an agent to regulate glucose homeostasis.

Canadian nutrition undergraduates’ knowledge, attitudes and
perceptions of carbohydrates
Flora Wang,1 David Kitts,2 David W.L. Ma,3
Huguette Turgeon-O’Brien,4 Miyoung Suh,5 Bohdan Luhovyy,6
Chiara DiAngelo,1 Laura Pasut,1 Sandra Marsden,1 and
Nick Bellissimo7
1Nutrition

Information Service, Canadian Sugar Institute, Toronto, Ontario, Canada.
Science, Food, Nutrition & Health, University of British Columbia, Vancouver, British Columbia,
Canada.
3Human Health and Nutritional Sciences, University of Guelph, Guelph, Ontario, Canada.
4Agriculture and Food Sciences, Laval University, Laval, Québec, Canada.
5Human Nutritional Sciences, University of Manitoba, Winnipeg, Manitoba, Canada.
6Applied Human Nutrition, Mount Saint Vincent University, Halifax, Nova Scotia, Canada.
7School of Nutrition, Ryerson University, Toronto, Ontario, Canada.
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Communication of evidence-based nutrition information by health
professionals plays an important role in improving Canadians’ health.
Students gain knowledge from nutrition courses and develop critical
thinking skills required for future careers. However, students and
health professionals may also be inﬂuenced by competing messages
on the internet, mainstream media and social media that often communicate opinions not always based on best-available science. The
objectives of this study were to assess knowledge and attitudes/perceptions of carbohydrates (including sugars) among students enrolled
in undergraduate nutrition courses in Canada. Cross-sectional surveys
were distributed in nutrition courses to students at different stages of
schooling at seven Canadian universities in 2016. The questionnaire
contained 32 questions including student demographics, knowledge
of carbohydrates, and perceptions of topics on carbohydrate and
health. A total of 784 students taking a nutrition course (58% enrolled
in a nutrition degree program) participated in the study between
January and April 2016. When asked to list three sources where they
obtain nutrition-related information, two-thirds of respondents included at least one internet source (e.g. Wikipedia, Google, YouTube,
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etc); only 10% of the respondents listed three credible sources (e.g.
scientiﬁc journals, dietitians, government, etc). About one-third (35%)
of students correctly identiﬁed white bread from a list of foods as
having the highest glycemic index, while 37% of students incorrectly
thought the glycemic index of table sugar was higher than white
bread. A modest majority of students (56% and 58%) knew the correct
Calories per gram of starch and sugars, respectively; the proportions
of students who knew the equivalent answers for fat and protein were
higher, both at 70%. Perceptions of sugars-related health topics were
generally negative among students, many reﬂecting misconceptions
commonly communicated in online/media sources. In conclusion,
knowledge gaps regarding carbohydrates were identiﬁed among undergraduate students enrolled in nutrition courses, likely due to a
mismatch between undergraduate curriculum vs. media inﬂuences.
Media misconceptions may have inﬂuenced students’ attitudes towards carbohydrates. A greater emphasis on supporting undergraduate nutrition curriculum related to carbohydrates and speciﬁcally
sugars, as well as further efforts in encouraging students to acquire
nutrition information from credible sources are warranted.

Risk factors for vitamin D deﬁciency in pregnancy
Shu Qin Wei, Weiguang Bi, Line Leduc, Yuquan Wu,
and William Fraser
Obstetrics and Gynecology, University of Montréal, Montréal, Québec, Canada.

Introduction: Vitamin D play an important role during pregnancy.
Maternal low vitamin D status are common during pregnancy, there
are approximately 40% pregnant women with 25-hydroxyvitamin D
concentration (25(OH)D) less than 50nmol/l in Canada. However, the
risk factors are unknown. Objective: To evaluate the risk factors for
low vitamin D status in pregnant women. Method: This was a prospective cohort study from 3D Cohort. Vitamin D deﬁciency is deﬁned as
circulating 25(OH)D concentration less than 50 nmol/l. We explored
the associations between maternal characterises and social economic
status and plasma 25(OH)D status in women during pregnancy.
Plasma 25(OH)D levels in 467 pregnant women at 20-24 weeks gestation were measured by liquid chromatography–mass spectrometry.
Results: Pregnant women who had pre-pregnancy high body mass
index (BMI) ≥ 30.0 vs. those BMI less than 30, had increased risk of
vitamin D deﬁciency (28.8% vs. 15.4%, p=0.01). Non-white had increased
risk of vitamin D deﬁciency compared to white pregnant women
(28.5% vs. 14.2%, p=0.0004). Low household income (< 30,000$), compared to those higher household income (≥30,000$), had increased
risk of vitamin D deﬁciency (30.8% vs.15.8%, p=0.008). Multiparity (vs.
nulliparity) had increased risk of vitamin D deﬁciency (21.7% vs. 14.4%,
p=0.04). Conclusion: Women with obesity, non-white ethnicity, low
family income or multiparity are at increased risk for maternal vitamin D deﬁciency during pregnancy.

Correlations between maternal, breast milk, and infant
vitamin B12 concentrations among exclusively breastfeeding
mother-infant pairs in Vancouver, Canada and Prey Veng,
Cambodia
Kyly C. Whitﬁeld
Department of Applied Human Nutrition, Mount Saint Vincent University, Halifax, Nova Scotia,
Canada.

Vitamin B12 plays an essential role in fetal and infant development. In
regions where animal source food consumption is low and perinatal
supplementation is uncommon, infants are at risk of vitamin B12
deﬁciency because breast milk, the sole source of vitamin B12 for the
ﬁrst 6 mo, is inﬂuenced by maternal status. In this secondary analysis,
we measured vitamin B12 concentrations in maternal and infant serum/plasma, and breast milk, among two samples of mother-infant
dyads in Canada (assessed at 8 wk post-partum) and Cambodia (assessed between 3-28 wk post-partum). Canadian mothers (n=124)
consumed a daily vitamin B12-containing multiple micronutrient
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supplement throughout pregnancy and lactation; Cambodian mothers (n=81) were unsupplemented. Serum/plasma vitamin B12 was measured using an electrochemiluminescence immunoassay on a Roche
Elecsys 2010; breast milk vitamin B12 was measured using chemiluminescence on an IMMULITE automated analyzer. Maternal and infant
serum/plasma, and breast milk vitamin B12 concentrations were signiﬁcantly higher among the Canadian sample compared to the Cambodian sample (p<0.05). The maternal, milk, and infant vitamin B12
concentrations (as geometric means (95% CI) in pmol/L) were as follows: Canada, 698 (648, 747), 452 (400, 504), and 506 (459, 552); in
Cambodia, 614 (554, 674), 331 (270, 393), and 364 (323, 405). The majority of participants were vitamin B12 sufﬁcient (>221 pmol/L): 99%
and 98% of mothers and 94% and 83% of infants in Canada and Cambodia, respectively. In the Cambodian sample, infant age, which
ranged from 3 to 28 wk, had a weak negative correlation with breast
milk vitamin B12 concentrations (p=0.01), but not maternal or infant
concentrations. Among the Canadian sample, maternal, milk, and
infant vitamin B12 concentrations were all signiﬁcantly correlated
(p<0.05). In the Cambodian sample only maternal and infant vitamin
B12 concentrations were correlated (p<0.001); breast milk vitamin B12
concentrations were not correlated with either maternal (p=0.12) nor
infant (p=0.45) vitamin B12 concentrations. The majority of motherinfant dyads in both Canada and Cambodia had sufﬁcient vitamin B12
status, indicating that the unsupplemented Cambodian mothers were
consuming adequate animal-source foods, likely ﬁsh sauce. (Funding:
Grand Challenges Canada and the Canadian Institutes of Health Research.)

Dietary patterns in association with total fat mass, weight,
and BMI from childhood to adulthood: a longitudinal study
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Reducing risk of obesity is a major public health goal in North America. We examined the association between dietary patterns (DPs) and
total fat mass (TFM), weight and BMI in participants of Saskatchewan
Pediatric Bone Mineral Accrual Study (n=130, aged 8-15 years at baseline). Data were collected annually from 1991 to 2011, except for two
ﬁve-year gaps between 1997 to 2002 and 2005 to 2010. Dietary intake
data was collected using sequential 24-hour recalls. TFM was measured using dual-energy X-ray absorptiometry. Height and weight
were measured, and BMI was calculated. Principal component analysis was performed to derive DPs from dietary intake data collected at
baseline (aged 12.7±2 years). Five DPs were derived, including “vegetarian style”, “fast food”, “high fat, high protein”, “mixed” and
“snack” DPs and DP scores were calculated for all annual measurements using their factor loadings for 25 food groups. Data from each
participant were classiﬁed as childhood (aged 8-13 years) adolescence
(aged 14 to 18 years) and adulthood (aged >18 years) measurements. We
compared participants in the two extreme quartiles of each DP score
during each age period, using MANCOVA adjusted for age and sex.
During adulthood, participants who had higher adherence to “vegetarian style” DP were also more physically active and had lower TFM.
During adolescence, despite lower total energy intake in the top quartile compared to the bottom quartile of the “vegetarian style” DP, no
difference in body composition was observed. During childhood,
higher adherence to “fast food” DP was associated with higher TFM.
Even though participants in the top quartile compared to the bottom
quartile of “Fast food” dietary pattern score had signiﬁcantly lower
total energy intake, higher adherence to “fast food” dietary pattern
was associated with higher TFM during adulthood. Higher adherence
to “high-fat, high-protein” DP was associated with lower weight, lower
fat mass, and lower BMI during childhood and adolescence. During
adulthood, higher adherence to “high-fat, high-protein” DP was assoPublished by NRC Research Press
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ciated with higher energy intake but was not associated with weight,
TFM, and BMI. Overall, “vegetarian style” and “high-fat, high-protein”
DPs were associated inversely and “fast food” DP was associated directly with risk.
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Effects of a low-glycemic index diet combined with physical
activity on health-related quality of life of reproductive-age
women with polycystic ovary syndrome - a prospective
randomized controlled trial
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Polycystic ovary syndrome (PCOS) is a common endocrinopathy
among reproductive-age women, with adverse, and often overlooked,
effects on health-related quality of life (HRQoL). Our objective was to
compare the inﬂuence of a pulse-based diet (i.e. a low glycemic index
diet including peas, beans, lentils, and chickpeas) with the standard
Therapeutic Lifestyle Changes (TLC) diet, combined with aerobic exer-
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cise, on PCOS-speciﬁc HRQoL. Women with PCOS (18-35 years) were
enrolled in a 16-week lifestyle change program, with 30 randomized to
a pulse-based diet, and 31 the TLC diet. All participants underwent a
supervised aerobic exercise program, and received education and
counselling about PCOS and lifestyle modiﬁcation. Fifty-ﬁve women
(90.2%) completed a self-administered HRQoL questionnaire. At postintervention, both groups lost weight (P = 0.005) and showed improved scores in domains of knowledge (P < 0.0001) and concerns
about PCOS (P = 0.02), healthcare satisfaction (P < 0.001), lifestyle
outcomes comprising physical activity (P < 0.0001) and healthy eating
(P < 0.001), and feelings and experiences about participating in the
study (P = 0.004). Women had the highest improvements in the
healthy eating domain (effect size = 0.68) and selected healthy lifestyle
changes as the most helpful and least anticipated management strategy to improve their condition. There were no differences between
groups. Both dietary interventions, without calorie restriction, and in
combination with aerobic exercise and health-care counselling,
yielded substantial improvements in all evaluated domains of HRQoL
in women with PCOS. (Funded by Agriculture and Agri-Food Canada
through the Growing Forward II Pulse Science Cluster, Saskatchewan
Pulse Growers, the Canada Foundation for Innovation, and Saskatchewan Health Research Foundation.)
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