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ABSTRACT

Little is known regarding the vitamin D status of Canadian youth. Our objectives
were: (i) to describe the vitamin D status of Québec youth using a representative
sample; (ii) examine the relative contributions of diet, physical activity and fat
mass to the variance in plasma 25-hydroxyvitamin D{25(OH)D}, the best
biomarker of vitamin D status; and (iii) examine the influence of household
income and food insecurity on the intakes of dietary vitamin D, calcium and dairy

foods.

To describe vitamin D status, we used data from a cross-sectional survey
representative of Québec youth aged 9, 13 and 16, the Québec Child and
Adolescent Health and Social Survey (QCAHS). For the second objective, 159
youth, aged 8-11 whose parents (at least one) were obese or had the metabolic
syndrome were used for cross-sectional analysis in the Québec Adipose and
Lifestyle InvesTigation in Youth (QUALITY). Fat mass was measured using
Dual X-ray Absorptiometry (DXA) and physical activity was assessed by
accelerometer. Finally, we analyzed data from the Canadian Community Health
Survey (CCHS), a sample of 8960, 9-18-year-olds representative of Canadian
youth for whom a single 24 hour dietary recall, measured height and weight,

sociodemographic and information on food insecurity were available.

Greater than 90% of youth had sub-optimal vitamin D levels {plasma 25(OH)D <
75 nmol} at the end of winter and beginning of spring in both the QUALITY and
QCAHS study. In the QCAHS study, older youth had a higher prevalence of
vitamin D deficiency {25(OH)D < 27.5 nmol} (> 10%) than younger youth and
girls from low income households had lower plasma 25(OH)D concentrations. In
the QUALITY study, milk consumption and physical activity had modest
associations with plasma 25(OH)D corresponding to 2.9 nmol/L and 2.1 nmol/L
higher plasma 25(OH)D per standard deviation increase in these exposures,



respectively. In the CCHS study, we found evidence that milk intake was being
displaced by sweetened beverages amongst low income boys and food insecure

girls.

Population wide measures to increase dietary vitamin D intake should be

examined in Canadian youth.



RESUME

Il'y a peu de connaisances concernant le statut vitamin D des jeunes Canadiens.
Nos objectifs étaient de: (i) décrire le statut vitamin D des jeunes Québécois en
utilisant un échantillon représentatif; (ii) examiner la contribution de la diéte,
I’activité physique et I’adiposité a expliquer la variance du 25-hydroxyvitamin D,
{25(0OH)D.}, le meilleur biomarqueur du statut vitamine D; et (iii) examiner
I’influence du statut socio-économique et I’insécurité alimentaire sur le

consommation des produits laitiers, du calcium et de la vitamine D alimentaire.

Pour décrire le statut vitamine D on a utilisé les données transversales d’un
échantillon représentatif des jeunes Québecois agés de 9, 13 et 16 ans. Pour le
deuxiéme objectif, 159 jeunes, agés 8-11 ans avec des parents (au moins un) qui
étaient obeses ou avaient le syndrome métabolique etaient utilisés pour une
analyse transversale dans 1’étude Québec Adipose and Lifestyle InvesTigation in
Youth (QUALITY). Le tissu adipeux a été mesuré avec le dual X-ray
absorptiometry (DXA) et I’activité physique était mésurer par accélérometre.
Finalement, on a utilisé des données du Canadian Community Health Survey
(CCHS), un échantillon de 8960 jeunes, agés de 9-18 ans qui avaient un rappel
alimentaire de 24 heures, le poids et la taille mesuré, 1’information

sociodémograhique et le statut de sécurité alimentaire.

Dans I’étude QUALITY et le QCAHS plus de 90% des jeunes avaient un statut de
vitamine D sub-optimal {plasma 25(OH)D < 75 nmol} a la fin de I’hiver et au
début du printemps. Dans 1’étude QCAHS, les adolescents avaient une prévalence
de déficience de vitamine D élevé {25(0OH)D < 27.5 nmol} (> 10%) et les filles
venant des foyers défavorisés avait des niveaux de vitamine D plus bas. Dans
I’étude QUALITY, un augmentation d’un écart-type de la consommation du lait
et I’activité physique était associée avec une augmentation du niveau de vitamin

D de 2.9 nmol/L and 2.1 nmol/L respectivement. Dans I’étude CCHS nous avons



remarqué que les garcons de milieux défavorisés et les filles avec une insécurité
alimentaire consommaient moins de lait et le lait étaitremplacé par les breuvages

sucres.

Des mesures pour augmenter la consommation de vitamine D parmi les jeunes

Canadiens devraient étre examinées.
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CHAPTER 1: INTRODUCTION

Vitamin D has been implicated in the attainment of peak bone mass * 2, glucose
homeostasis * and a number of common malignancies *. Moreover, low vitamin D
status has been described as a public health problem in many regions of the globe
® Even in sunny climates, concealing clothing has been associated with low
vitamin D status °. In Canada, for about half the year, ultraviolet radiation is not
of sufficient intensity to catalyze cutaneous vitamin D production ’. Cutaneous
production accounts for the vast majority of bodily vitamin D stores ®. In youth,
long-term exposure to low vitamin D levels may be a risk for lower bone density °
in addition to the aforementioned chronic diseases. Little, however, is known
regarding the vitamin D status of Canadian youth *°.

One of the unifying themes of this thesis is the use of a population health
approach to describe vitamin D status and examine its correlates in Canadian
youth. Population health is defined by John Last’s Dictionary of Epidemiology as
‘the disciplines involved in studying the determinants and dynamics of a
population’s health **. Some definitions of population health embrace public
health actions based on sound evidence, other definitions do not. Implicit in this
definition is the use of a number of disciplines. This thesis concerns itself with the
discipline of nutrition and epidemiology. Using these tools we will build a case
for why the findings of this thesis should be incorporated into evidence based

public health action for Canadian youth.

One of the challenges in this thesis was the use of three different databases
to answer distinct questions relating to vitamin D status and means to improve
vitamin D status in Canadian youth. The research questions dictated the use of
one or the other databases. The Québec Child and Adolescent Health and Social
Survey (QCAHS) was representative of the Québec youths aged 9, 13 and 16
while the Canadian Community Health Survey (CCHS) Cycle 2.2 was
representative of Canadian youth. These studies offered great strengths with
respect to statistical power owing to the large samples sizes and the

generalizability of study findings. The trade-off however, was in the constraints



placed on the measurement of complex exposures in large numbers of individuals.
There is thus generally a trade off between the number of participants in a study
and the feasibility to measure exposures accurately 2. For example, the QCAHS
was representative of Caucasian youth of Québec, had a questionnaire measure of
physical activity (PA) but lacked dietary measures. The accuracy and availability
of measures have an impact on the ability to detect associations and to control for

important confounders in analyses.

Population health is also germane to population wide measures to improve
health, such as food fortification. The fortification of flour with folic acid in
Canada and the US was an important means to reduce the incidence of neural tube
defects. ** . In keeping with the work of Dr. Geoffrey Rose, measures to
improve health for a population should endeavor to shift the entire distribution of
a population *>. For example, amongst 15 000 Canadian women there was a 64%
increase in serum folate and a decrease in folate deficiency from 6.3 % to 0.88%
after the mandatory fortification of flour with folate **. This example may be
germane to the vitamin D nutritional status of the Canadian population as a
number of smaller, non-representative, studies have suggested that vitamin D
deficiency may be prevalent at the end of winter despite vitamin D intakes above

recommended levels %18,



CHAPTER 2: LITERATURE REVIEW

Few studies have examined the vitamin D status of Canadian youth although
residence at high latitude places them at risk for low vitamin D levels *°. What
few data are available suggest that low vitamin D status is prevalent amongst
Canadian adults and children **'°. Many phenomena may be at work to explain
this. Lack of exposure to UVB from low amounts of outdoor activity, sunscreen
use, skin covering and dark skin pigmentation, are all factors limiting the
cutaneous synthesis of vitamin D ?°. Foods which naturally contain vitamin D
include: fatty fish, liver and fat from fish-eating mammals. The major dietary
sources of vitamin D in Canada, however, are fortified foods, including milk
(fluid milk, evaporated milk, and goat’s milk), margarine and some yogurts ',
The consumption of milk is declining in some youth settings % For example, data
from Canada suggest that there has been a secular decline in milk consumption %,
Consistent with this, in Canadian youth the mean intake of milk and dairy
products consumed does not meet the Canadian Food Guide for Healthy Eating
recommendations 2*. Lower vitamin D status combined with lower than
recommended calcium intake in youth could have implications for the attainment
of peak bone mass ? and a number of other health outcomes such as
cardiovascular disease, metabolic regulation and a number of common
malignancies %°. The majority of studies relating to non-calcemic functions of

vitamin D, however, have been conducted in adults .

2.1 Vitamin D and the metabolism of phosphorus and calcium

The spectrum of functions associated with vitamin D and calcium are thought to
be overlapping *’ due to vitamin D dependent gene activation which facilitates
dietary calcium absorption %. Vitamin D regulates the absorption and metabolism
of phosphorus, this mineral, however, is not limited in the food supply of

industrialized countries %, thus it will only be briefly discussed.



Phosphorus

Phosphorus accounts for 0.7 to 1.1 percent of body weight such that a 70 kg adult
body will contain about 700 grams. Approximately 80% of this is stored in the
skeleton in the form of crystalline hydroxyapatite (Cal0(PO4)6(OH)2). The
remaining phosphorus includes 9% in skeletal muscle, approximately 10% in the
viscera and the final 0.1 % in extracellular fluid. Phosphorus is important as a
building block for a large number of biomolecules, including: adenosine-tri-
phosphate, deoxyribose nucleic acid (DNA) and deoxyribose nucleic acid (RNA).
As these are basic building blocks of both plants and animals, they are widely
distributed in the diets of industrialized countries. Thus, phosphorus deficiency
occurs only in settings of extreme malnutrition %°. Nonetheless, vitamin D plays
an essential role in maintaining phosphorus reserves in the body since the actions

of vitamin D are thought to account for 40 % of the absorbed phosphorus °.
Calcium

Calcium is the most abundant mineral in the body, accounting for 1-2 % of body
weight. Calcium has a large nutrient reserve in the body, the bone which has
assumed a structural role throughout the course of evolution ’. In the circulation,
40-45 % of calcium is bound to serum proteins, 8-10 % is complexed to citrate
and 45-50% is found as free ions. These free ions are highly regulated by the
parathyroid glands, which release parathyroid hormone when ionized calcium
concentrations fall. The skeleton maintains calcium concentration in the body by
balancing accretion (calcium deposition) with resorption (release of calcium) %.
Calcium cannot be extracted directly from the skeleton; bone tissue is broken
down leading to the release of calcium. It is for this reason that calcium is
described as a threshold nutrient such that when consumption is below bodily
needs, bone tissue is broken down and calcium is released into the serum.
Conversely when absorption is in excess of needs, the remaining calcium gets

deposited within bone ?’.



Functions of calcium

Calcium has a number of functions, these include: being a structural component
of bones and teeth, facilitating muscle contraction, blood clotting, maintenance of
cell membranes and nerve cell transmission 2°. The need to maintain constant
levels of calcium in the serum are underscored by the ubiquity of ionized calcium
as a second messenger in a wide variety of cells and organisms *°. As part of a
signaling pathway, calcium is released locally from the endoplasmic reticulum, an
interconnected network of tubules and vesicles within the cell. Calcium signaling
manifests intracellularly through Ca 2+ binding to and changing the conformation
of specific adaptor proteins. As an example, | will highlight one such protein.
Calmodulin is a small protein acting as a cellular sensor and adaptor protein. Its
amino acid sequence has remained conserved over 1.5 billion years of evolution
and it is transcribed from three different chromosomes in the human genome
underscoring its ubiquity throughout the cellular environment. Calmodulin
undergoes a conformational change upon binding to calcium, which enables it to
bind to proteins for a specific response. Hundreds of cellular proteins bind
calmodulin facilitating its role as a second messenger in propagating signals as

diverse from cellular activation to programmed cell death .
Calcium absorption

Calcium absorption in the human intestine occurs at 15-35% efficiency depending
on the dietary calcium intake, age and an individual’s vitamin D status *'. There
are two mechanisms by which calcium is absorbed. First, there is a receptor
mediated process dependent on Calbindin, a 9 kilodalton protein located in the
duodenum and upper jejunum, which is activated by 1,25(0OH)2Vitamin D *. The
other means of absorption occurs paracellularly whereby calcium is passively
absorbed when a sufficient concentration gradient is established between the
lumen of the gut and the serosal side of the intestine *. The relative proportions of
each of these means of calcium absorption depend on the concentration of luminal
calcium. For example, when gut luminal calcium concentrations are high, the

paracellular route accounts for the greatest amount of calcium absorption.



Alternatively, when gut luminal calcium concentrations are low, the vitamin D
dependent means of calcium absorption predominates **. It has been noted,
however, that, in the absence of vitamin D receptors in both humans * and mice,
passive diffusion is unable to provide sufficient calcium absorption to prevent
rickets even at high calcium intakes *®. In adults the passive diffusion of calcium

is thought to account for 8-23% of calcium absorption *'.
Dietary factors influencing calcium absorption and metabolism

A number of dietary factors influence calcium absorption *. For example, lactose
has been found to facilitate the absorption of calcium *, thus making dairy
products effective vehicles for calcium absorption “°. Certain plant metabolites
such as oxalates and phytates have been shown to inhibit calcium absorption.
Meal spacing of calcium rich foods has also shown to play an important role in
calcium absorption where greater spacing of meals results in higher calcium
absorption *. Absorption of calcium of commonly consumed vegetables is
thought to be quite close to that of milk, between 71% and 86% *'. Higher protein
intake is thought to cause increases in urinary calcium; in addition, high sodium

intake is thought to cause higher calcium losses 2.
Toxicity of calcium

While a number of scientists have argued for higher than recommended calcium

intakes 4% 4

, there is some evidence suggesting that this could be detrimental to
health. A recent report from a randomized trial in post-menopausal women found
that those randomized to 1 gram of calcium for 5 years, in addition to a calcium
intake of approximately 850 mg / day, had a higher incidence of myocardial
infarction. Here, the relative risk for confirmed cases of myocardial infarction was
2.12 (95% ClI: 1.01-4.47) **. This increased risk of vascular events in the context
of calcium supplementation has been observed in a number of different trials. For
example, in a trial of 36 282 postmenopausal women, participants were
randomized to 1000 mg of calcium carbonate and 400 U of vitamin D / day or
placebo, using a composite end point of myocardial infarction, coronary heart

disease death, coronary artery bypass graft and percutaneous coronary



intervention found a hazard ratio of 1.08 (95% CI: 0.99 to 1.19) “°. The
mechanisms by which calcium increased the risk of vascular complications are
not known but could be due to the acute elevation of calcium levels through
calcium supplementation *’. Acutely elevated calcium levels are thought to
increase vascular calcification, which in turn is associated with increased number
of vascular events *®. Paradoxically calcium supplementation at this level raises
HDL and lowers LDL, thus it is unlikely that the deleterious effect of calcium

supplementation on vascular events operates through lipid based risk factors *°.
Calcium economy

Calcium metabolism is tightly regulated and plays a non-redundant role in the
physiology of a wide diversity of organisms. There are approximately 200 mg of
obligatory losses of calcium per day in an adult *°. Calcium losses also occur
through sweat and in athletes under heavy exertion losses can be up to 200-400
mg/day. Thus, exertion in athletes over a prolonged period of time can result in
measurable decreases in bone mineral density *°, underscoring the need for

adequate dietary intake.

lonized calcium is an important component of extracellular fluid (ECF)
which is an intermediate between the bone, the reserve of calcium, and dietary
intakes. ECF calcium is highly regulated; bone mass, the calcium nutrient reserve,
is regulated not so much by maintenance of mineral homeostasis in the bone
matrix but by structural constraints. For example, when absorption from dietary
sources falls, parathyroid hormone (PTH) rises, activating 1-alpha-hydroxylase
enzyme which catalyzes the second hydroxylation of 25(OH)D, the activated
form of vitamin D. This, in turn, initiates cellular processes to degrade
mineralized bone matrix, thus liberating calcium. The regulation of the 1-alpha-
hydroxylase enzyme is complex. For example, Ca2+, PTH, growth hormone and
insulin growth factor-1 are positive regulators while phosphate, fibroblast growth
factor (FGF-23) and 1,25(0OH)2 vitamin D are negative regulators °*.



Parathyroid hormone

PTH is produced by the parathyroid glands located behind the thyroid glands.
PTH stimulates osteoblasts and stimulates the differentiation of pro-osteoclast
into osteoclasts and transfers osteoclasts onto bone surfaces. In the kidney, PTH
enhances the active reabsorption of calcium and magnesium from the distal
tubules. In the intestine, PTH stimulates the absorption of calcium through the
action of activated vitamin D. PTH secretion is determined by the aggregate

calcium output of all organ systems involved with calcium metabolism ’.
Modulating the biologic responses of PTH target organs

The PTH target organs have evolved some degree of regulatory autonomy while
maintaining calcium homeostasis. For example, the bones of individuals of
African descent are relatively resistant to the effects of PTH. This results in higher
PTH and calcitriol (the activated form of vitamin D) but less bone remodeling
leading to higher bone mass than individuals of Caucasian or Asian descent. In
women, estrogen attenuates the effect of PTH on bone. During menopause,
however, the levels of estrogen decrease thus increasing the effect of PTH on
bone remodeling. Calcium absorption in post-menopausal women is also thought

to decrease owing to lower levels of estrogen 2 2.

Interactions between calcium and vitamin D

Calcium and vitamin D interact in a number of different ways. The first
mechanism has been well characterized in adult populations as the increased
calcium absorption fraction owing to a vitamin D dependent absorption process *.
The correlation between 25(OH)D and calcium absorption in adults suggests that
the vitamin D receptor may be responsive to 25(OH)D and not just the active
form of vitamin D, 1,25(0OH)2D 3. In youth, calcium absorption is thought to be
regulated by processes associated with growth like levels of insulin like growth
factor 1 (IGF-1) levels as opposed to vitamin D levels **. The second interaction
between calcium and vitamin D is the more rapid conversion of 25(OH)D to
1,25(0OH)2D caused by a low dietary calcium intake and the activation of 1-alpha-

hydroxylase enzyme in the kidney °. This finding has been shown in animal



models but has limited evidence in humans. The final interaction between vitamin
D and calcium relates to the purported additional health benefits of high dietary
calcium and optimal levels of vitamin D. Health benefits, such as cancer
prevention, were shown in a small randomized trial of post-menopausal women
with optimal vitamin D levels and higher than recommended calcium **. The
higher than recommended doses of calcium, however, must be weighed against
the higher probability of vascular events associated with calcium supplementation

reported amongst older women in a randomized trial *°.

Metabolism of vitamin D

Vitamin D enters the circulation through either dietary intake or through sunlight
exposure. It is metabolized by the liver to 25(OH)D in a largely unregulated

step %° . 25(OH)D, a fat soluble vitamin, is stored in adipose tissue *°. The 1-
alpha-hydroxylase plays an important role in the final activation of vitamin D. It
had long been thought that the 1-alpha hydroxylase enzyme was only expressed in
the kidney °. Interestingly, a number of tissues including monocytes, beta cells of
the pancreas and parathyroid glands also express the 1 alpha-hydroxylase, thereby
allowing tissues to regulate synthesis of 1,25(0H)2D locally >’. These findings
highlight the need to reconceptualize active vitamin D not as a hormone centrally
regulated in the kidney but also as a paracrine and autocrine effector with
physiological effects tightly regulated at the cellular level. Optimal substrate
concentration for extra-renal 1-alpha-hyroxylase is thought to be about

75 nmol/L %. Studies are eagerly awaited that examine the genetic elements

which govern 1-alpha-hydroxylase expression in a number of different tissues.
Assessing vitamin D status

25(OH)D has a half-life in the circulation of about 3 weeks. It is generally
considered the best indicator of vitamin D status *®. The active form of vitamin D,
1,25(0OH)2D has a short half life and is available at low concentrations in the
bloodstream. It is thus not a good indicator of vitamin D status. Measurement of
25(OH)D is not standardized between laboratories with as much as 30% variation

in the measurement of the same sample by different laboratories *°. Thus the



diagnosis of vitamin D deficiency using serum levels of 25(OH)D and defining
accurate cut-offs consistent with functional outcomes has been made difficult ®.
In response to this, the Vitamin D External Quality Assessment Scheme was
established in 1989. In 2004, there were 100 participating laboratories in 18
countries ®*. Participating laboratories are sent 5 samples of human sera every 3
months; for each sample an all laboratory mean 25(OH)D concentration is
calculated and the % deviation from the mean is computed for each laboratory. In
1997, a small validation study compared the all laboratory mean obtained
primarily through radio-immunoassays with a gas chromatography-mass
spectrometry measurement of 25(OH)D, the latter being the gold standard, and
found the all laboratory mean to reflect the true value of 25(OH)D .
Measurements are considered acceptable if 80% of results are within 30% of the

all laboratory mean °*.

2.2 Vitamin D requirements in youth

When the vitamin D requirements were set in 1997, there was inadequate
evidence to establish an Estimated Average Requirement (EAR). An EAR is ‘the
nutrient intake value that is estimated to meet the requirement defined by a
specified indicator of inadequacy in 50 percent of the individuals in a life stage
and gender group’ %°. Instead, an adequate intake (Al) was set, which was based
on observed estimates of nutrient intake in a group of healthy people. Assessing
nutrient intake in the case of vitamin D is difficult as the majority of vitamin D
comes from cutaneous production through exposure to UVB %. UVB exposure is
difficult to measure, particularly by questionnaires ®*. Thus the Al for vitamin D
is defined by IOM (Institute of Medicine) as ‘the intake that is considered likely
to maintain adequate serum 25(OH)D for individuals in the population group who
have limited and uncertain sun exposure and stores, multiplied by a safety factor
of 100 percent for those unable to obtain sunlight’®®. The Al is thus meant to over-
estimate the true biological need. Defining adequate serum 25(OH)D is
dependent on life stage and is largely based on indicators of bone health. For

example, in infants, rickets and parathyroid hormone are useful indicators of
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vitamin D status while in older youth and adults, bone mineral density, bone
mineral content and PTH are criteria with which to define adequate serum
25(0H)D *°. The use of bone health as an indicator of vitamin D status is
complicated by the fact that indicators of bone metabolism are dependent not only
on vitamin D levels but on calcium intakes, physical activity and genetic

factors .
Defining cut-offs for vitamin D

There are a number of cut-offs used in the literature to describe vitamin D
deficiency and hypovitaminosis. These cut-offs differ for pediatric and adult
populations. This situation is complicated further by inter-laboratory variability in
25 (OH) D measurements. There is, however, widespread consensus in the
pediatric literature that vitamin D deficiency can be defined as serum 25(OH)D
below 25-30 nmol/L ®. The Institute of Medicine defines vitamin D deficiency as
25(OH)D < 27.5 nmol/L from infancy to youth 18 year olds and <37.5 nmol/L in
adults %°. In pediatric populations hypovitaminosis D is defined as < 37.5

nmol/L ®®. Optimal cut-offs have been defined largely in adults and are thought to
be levels of 25(0OH) > 75 nmol/L ®’. Much of the work, however, defining the
optimal cut-off of vitamin D has been done using observational studies. We will
discuss cut-offs for optimal and vitamin D deficiency as both of these cut-points
have been the topic of considerable investigation.

Vitamin D deficiency, rickets and osteomalacia

The manifestations of vitamin D deficiency depend on the stage of (linear)
growth. For example, when the epiphyseal plates are closed in adulthood,
deficiency manifests as osteomalacia, a condition associated with the improper
mineralization of bone °. While the epiphyseal plates are open, vitamin D
deficiency results in a flaring of the growth plates, incurvation of long bones and
hypotonia, a condition known as rickets. While most rickets cases occur in
infants, rickets has also been reported in adolescents . The clinical signs and
symptoms of rickets include: bone pain and tenderness, dental problems,

hypocalcemia, muscle weakness, increased tendency of fractures. Rickets is also
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well known for its skeletal deformities including cranial, spinal and pelvic
deformities in toddlers this also includes bowed legs and knocked-knees °.
Significant variability in 25(OH)D assays, the importance of dietary calcium and
the variable clinical presentation of rickets make it difficult to ascribe a definitive
level of plasma 25(OH)D to rickets outside of the clinical presentation of rickets

and the exclusion of a genetic basis for the condition *°.

Calcium intake and vitamin D deficiency interact to produce rickets. For
example, in tropical countries, inadequate dietary quality associated with low
dietary calcium can precipitate rickets °°. Youth in these studies do not present
with vitamin D deficiency despite clinically confirmed rickets ® and this

condition resolves with the administration of dietary calcium ®.

A number of genetic mutations in vitamin D, calcium or phosphorus
metabolism in humans are associated with the clinical presentation of rickets. For
example, a number of mutations have been described to explain X-linked
hypophosphatemic rickets. One such case is the loss of function of dentin matrix
protein 1, a non-collagenous matrix protein that results in the clinical presentation
of rickets "°. Similarly, a mutation in a protein called FGF-23, which has an
important role in the absorption of phosphorus, is associated with autosomal

dominant hypophosphatemic rickets “.
Optimal plasma concentration of 25(OH)D

A number of vitamin D experts have suggested that, for adults, optimal levels of
25(OH)D status are between 70-80 nmol/L "® This estimate is based on multiple
lines of evidence including, a low plateau of parathyroid hormone, optimal
calcium absorption *, bone health, lower extremity function, colorectal cancer
among other health outcomes. For example, amongst 1569 French adults located
in 20 French cities (43°-51 ° N) intact parathyroid hormone reached a low plateau
at 78 nmol/L of 25(OH)D. Parathyroid hormone levels increased in
concentrations of 25(OH)D below 78 nmol/L ". Similarly, a review of calcium

28,73

absorption * studies amongst postmenopausal women and men with a mean

age of 26 " found that the calcium absorption fraction was maximized at a
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25(OH)D level of 80 nmol/L. A number of vitamin D experts concur with an
optimal range of 25(OH)D levels between 70 and 80 nmol/L based on evidence
for fracture prevention ®’. Similarly another publication of vitamin D experts
have supported this range of 25(OH)D levels using observational data in adults
for bone mineral density, lower-extremity function, dental health, risk of falls,
fractures and colorectal cancer. While the evidence for an optimal cut-off of
25(0H)D levels between 70-80 nmol / L is supported by intermediate endpoints
such as optimal calcium absorption and the plateau of PTH, much of the evidence
to define optimal vitamin D levels is derived from observational studies with

disease based outcomes .
Limitations of optimal cut-offs in youth

The use of an optimal cut-off to define vitamin D status in youth is problematic as
it is derived from clinical end-points which are of limited relevance to youth .
Instead, intermediate functional indices are used such as parathyroid hormone,
bone mineral density and bone turn-over markers. The long-term implications of
unfavorable intermediate indicators in youth are unclear “® as youth are
undergoing rapid periods of bone accretion. This is particularly evident in the
context of calcium absorption. In adults calcium absorption is associated with
25(0H)D levels ”’. In youth, however, IGF-1 an anabolic hormone **, and
1,25(0H)2D "® are associated with calcium absorption whereas 25(OH)D is not.

2.3 Vitamin D status in youth and adults

Levels of Vitamin D in Canadian youth have not been systematically studied. The
one study identified used a convenience sample from pediatric emergency
departments in Edmonton, Alberta (52° N). The study reported serum 25(OH)D
on 68 youth aged 2 to 16 at a time corresponding to the end of winter (April). The
mean 25(OH)D from this sample was 47.2 nmol/L; 34 % of the participants in the
study had levels of 25(OH)D lower than 40 nmol/L. From this sample, 6% of
youth were reported deficient, where deficiency is defined as a serum level of
25(OH)D less than 25nmol/L. The strongest positive correlate of sufficient

vitamin D levels (= 40 nmol/L) was vitamin D intake from diet measured using a
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semi-quantitative food frequency questionnaire. Male sex and increasing age were
related to lower levels of 25(0OH)D *°.

A number of studies have examined the vitamin D status of Canadian
adults. For example, a study of 796 Canadian women (43° N) aged 18-35 found
that self-reported vitamin D intake from milk and/or multivitamins did not
prevent vitamin D insufficiency in the winter months. This was consistent with a
lack of association between dietary vitamin D intake and vitamin D status during
the winter months in these participants *°. A study of mothers and newborns
conducted in Winnipeg (49° N) found that 46% of mothers were considered
vitamin D deficient {25(OH)D < 37.5 nmol / L}. Of the mothers that were
vitamin D deficient, 70% gave birth to infants who were also vitamin D deficient
{25(CH)D < 27.5 nmol / L}. This sample, however, consisted of 44% non-white
participants and darker skin pigmentation is known to decrease the cutaneous
production of vitamin D %. Thus for aboriginal populations living at high latitudes
long winters and darker skin pigmentation increase the risk of vitamin D
deficiency. Consistent with this, a number of studies have documented a high

prevalence of vitamin D deficiency in this population * .

While much of the work on vitamin D levels in Canadians was conducted
in convenience, clinic based samples, a small sample of adults randomly selected
from telephone listings were recruited in Calgary (51° N). Participants were aged
27 to 89 years and the sample consisted of 128 women and 60 men. Vitamin D
levels were assessed in each season. In this sample, winter 25 (OH)D was 57.3

nmol/L while summer levels were 71.6 nmol / L *'.

2.4 Canadian Pediatric Surveillance System

Surveillance is the routine accumulation of data for the analysis and the timely
dissemination of information to those who need to know so that action can be
taken **. The Canadian Pediatric Surveillance System was established to improve
the health of children by gathering data on disorders that are high in disability,
morbidity and economic cost to society despite their low frequency. A number of

disorders are the subject of surveillance including: neonatal hyperbilirubinemia,
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necrotizing fasciitis, neonatal Herpes Simplex Virus infection and vitamin D
deficiency rickets ®. As vitamin D deficiency rickets is preventable, it is an
amenable target for surveillance. With respect to rickets, a total of 2325
pediatricians were sent a monthly questionnaire asking whether new cases of
vitamin D deficiency rickets cases had been identified. The case definition for
rickets in the Canadian Pediatric Surveillance System is clinically confirmed
rickets in conjunction with low vitamin D levels to exclude genetic causes of
rickets % If a new case is identified a detailed form is sent to obtain demographic
data and medical profiles of the confirmed cases. The case definition for the
surveillance system includes being < 18 years of age and with a serum 25(0OH)D
< 27.5 nmol / L. Participants were excluded if rickets were caused by a heritable
disorder of vitamin D metabolism, including 1-alpha-hydroxylase deficiency,

vitamin D receptor defects or hypophosphatemic rickets.

Recently the Canadian Pediatric Surveillance Network reported 104 cases
of vitamin D deficient rickets between July 2002 and June 2004 (incidence rate =
2.9/100 000) ®. Affected children had a mean age of 1.4 years and 89% of youth
had intermediate or dark skin. There was also a higher incidence of rickets
amongst youth residing in Northern Canada. Both skin color and living in the
North have been associated with decreased cutaneous synthesis of vitamin D " %.
In the Pediatric surveillance system, 94% of infants who had rickets had been
breastfed. Low vitamin D levels in breastmilk have been well documented ®. This
surveillance system likely under-reports the incidence of rickets as only
pediatricians participate in the surveillance system. It is possible that the clinically
confirmed cases of rickets in this surveillance system represent an iceberg effect
of vitamin D deficiency. That is, there may be a much higher prevalence of sub-
clinical vitamin D deficiency which may be clinically silent for a number of years
but contribute to an increased risk of osteoporosis in later life. Further, one can
expect that access to a pediatrician is not frequent in Northern Aboriginal

communities.
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2.5 Vitamin D2 versus Vitamin D3

Vitamin D2, and vitamin D3 have slightly different chemical structures, the former
is derived from fungus and plants upon UV radiation whereas the latter is
synthesized in the skin after UVB irradiation. There is conflicting literature on the
ability of vitamin D2 to increase levels of serum 25(OH)D. This controversy,
however, is of less public health significance in Canada as staple foods are
fortified with vitamin D3 and vitamin D supplements are Ds. In Canada some soy
based beverages are fortified with vitamin D2 to avoid animal derived vitamin D3
8 Vitamin Dz is derived from fungal cell membranes while vitamin Ds is derived
from the lanolin of sheep’s wool. In the US, foods and supplements consist of
vitamin D2. The controversy relates to the ability of vitamin D2 versus vitamin D3
to increase 25(OH)D levels. A number of reports showed that vitamin D2 was
less efficacious than vitamin Ds at increasing 25(OH)D levels ®°. A recent report,
however, shows that vitamin Dz is as efficacious as vitamin D3 at increasing

serum 25(0OH)D %. More studies are eagerly awaited to resolve this controversy.

2.6 Safety and toxicity of vitamin D

Currently the upper limit of dietary vitamin D intake is 2000 1U per day #. It has
been shown in clinical trials that up to 10 000 IU/day of vitamin D is non-toxic in
adults 8. Hypervitaminosis D is defined as plasma 25(OH)D concentrations
between 400 to 1250 nmol/L. The most proximal effect of hypervitaminosis D is
the increased intestinal absorption of calcium leading to hypercalcemia, which is
thought to mediate the toxic effects of vitamin D %. Moreover in adolescents,
supplementation with 2000 1U/day for one year resulted in no side effects such as
hypercalcemia and hypercalciuria ®. Given that the amount of dietary vitamin D
required to achieve optimal vitamin D levels is in the order of 1700 IU for adults
8 the UL for dietary vitamin D will likely be needed to be revised upward.

A small number of studies, in youth, have examined doses of oral vitamin
D at or above the upper limit of vitamin D, set at 2000 IU by the Institute of
Medicine. A study in 10-17 year old youth found that doses of vitamin D3 up to
2000 1U / day resulted in no hypercalcemia and achieved vitamin D levels > 75
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nmol / L %, Another study of youth in Argentina found that 18 healthy youth
with a mean age of 7 years supplemented with 100 000 U of vitamin D, at the
beginning of winter and the same dose 3 months later reported no

hypercalcemia ** . A study amongst 30 healthy infants aged 15 day given a single

dose of vitamin D3 up to 600 000 1U reported no hypercalcemia **.

2.7 The vitamin D receptor

The receptor for vitamin D is a complex and multifaceted protein expressed in
most tissues of the body . It is found predominantly in the nucleus where it binds
its preferred ligand, 1,25(0OH)2D, also known as calcitriol, but it also localizes to
so called ‘lipid rafts’ on plasma membranes. With respect to its nuclear action,
once calcitriol has bound the vitamin D receptor, it dimerizes with the RXR
vitamin A receptor and subsequently binds vitamin D response elements. Vitamin
A and vitamin D have distinct physiologic roles but both are implicated in the
regulation of the cell cycle ®. Approximately 3% of genes of the human and the
mouse genome respond, directly or indirectly, to active vitamin D . After the
active receptor complex has bound DNA it stimulates gene transcription. Vitamin
D responsive genes are primarily involved in mineral metabolism but also include
genes involved in cell cycle progression . The rapid (minutes and hours), non

1 %, As these cellular

genomic actions of vitamin D were first described in 200
responses were too rapid to be dependent on gene transcription and protein
translation, they are thought to be non-genomic. The non-genomic responses of
vitamin D receptors include the rapid intestinal absorption of calcium, secretion of
insulin by B-cells of the pancreas and the opening of voltage-gated Ca2* and CI -
channels in osteoblasts. There remains speculation as to whether the vitamin D
receptor is able to bind 25(OH)D in addition to 1,25(0OH)2D as in adults calcium

absorption from the intestine correlates better with 25(OH)D than 1,25(0H)2D *°.

2.8 Genetic ablation of the vitamin D receptor gene in vivo

The use of mice with genetic ablation of genes is a powerful tool to examine the

function of those genes ‘knocked-out’ of the genome. In 1997 mice lacking
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vitamin D receptors (VDR) were created. These mice survive gestation but
exhibited abnormal mineral homeostasis, osteomalacia like bone formation and
growth retardation after weaning . Mice with the genetic ablation of VDRs can
be rescued with diets high in calcium, phosphorus and lactose. Thus the skeletal
structure of VDR null mice fed a rescue diet, resulting in normal mineral ion
homeostasis, is the same as wild-type mice %’. When not on the ‘rescue diet’
vitamin D receptor deficient mice have grossly normal immune systems but have
a predisposition to autoimmune diseases such as type | diabetes and
experimentally induced inflammatory bowel disease. Further, these mice do not
have spontaneously higher levels of cancer but are predisposed to chemically
induced tumours . These mice also develop high renin hypertension, cardiac
hypertrophy and increased thrombogenicity *'. Mouse gene ‘knock-outs’ must be
interpreted carefully as mouse knockout experiments do not model human
physiology in the majority of rickets cases. For example, there is a very low

prevalence of genetic forms of rickets in the general population .,

2.9 Emerging role of vitamin D in human health

Recent findings allude to an expansion of vitamin D’s function into a number of
non-calcemic physiological systems; these include: cellular differentiation *,
immunological regulation * and, recently, insulin secretion in normo-glycemic ®°
individuals. The responsiveness of a diverse number of tissues to vitamin D is
supported by the presence of the vitamin D receptor (VDR) in a wide array of
tissues >’. We will provide a brief overview of the literature on vitamin D as it

relates to a variety of physiologic systems and its implications for health.
Role of vitamin D in bone biology

It is widely accepted that the functions of calcium and vitamin D are tightly linked
with respect to bone homeostasis. The synergistic effect of vitamin D and calcium
is also reflected in a meta-analysis of 23 trials, with 41 419 participants aged 50 or
older, with measured bone density which showed a decreased rate of bone loss in

101

participants given calcium and vitamin D supplements ~. With respect to youth,

a 3-year prospective study of 171 peri-pubertal Finnish girls reported that baseline
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vitamin D deficiency {25(OH)D < 20 nmol/L} in a context of high dietary
calcium intake (1575 mg/day) was associated with a decrease in bone mineral
density of the lumbar spine 3 years later °. In addition to interactions between
vitamin D and calcium, these nutrients interact with load-bearing physical activity

to produce optimal bone mass in youth ®* 192,
Vitamin D and cancer prevention

While a role for sunlight in promoting mutagenesis has been established for skin
malignancies, there is a hypothesis that vitamin D has anti-cancer effects at a

number of tissue sites **

. Biologically, this can be explained by vitamin D’s role
in promoting cellular differentiation *. Evidence for an anti-cancer effect of
vitamin D is strongest for common malignancies including: cancers of the
digestive tract, breast cancer and prostate cancer. Recently, a randomized control
trial of vitamin D (1100 IU) and a calcium (1400mg) supplementation study of
1179 post-menopausal women found that participants with both vitamin D and
calcium supplementation had 60% reduced cancer incidence over a 4 year follow-
up period *®. These findings stand in contrast to the findings of the Women’s
Health Initiative (WHI) which recruited 18 176 women who were randomized to
receive both 1000mg supplemental calcium and 400 IU supplemental vitamin D3
or placebo for an average follow-up of 7 years which found no difference between
those on treatment and those on placebo in the incidence of colorectal cancer *®.
Similar negative findings have been reported for invasive breast cancer incidence
in the WHI 2. It has been suggested that the negative findings of the WHI could
also be explained by a lack of appropriate placebo group which had a dietary
calcium intake of 1100-1200 mg/day. The negative findings with respect to cancer
incidence could also be explained by lower doses of supplemental vitamin D than
those used in the smaller trial of post-menopausal women D *2. Alternatively, it is
possible that vitamin D might inhibit cancer progression as opposed to cancer
incidence . Further adequately powered randomized control trials with
sufficient doses of vitamin D and calcium are required to settle the controversy in

this area.
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Vitamin D and the immune system

Immune cells have been shown to carry vitamin D receptors suggesting that
vitamin D may play a role in modulating immune function . Consistent with
this, a study of a birth cohort in Finland found that infants (n=12 055) who were
provided vitamin D supplements had a lower risk of type | diabetes, a pancreatic
auto-immune condition. The risk ratio was 0.12 (95% CI 0.03-0.51) comparing
those who regularly took vitamin D supplements versus no supplementation,
though participants were not randomized **’. The lack of randomization opens the
possibility that administration of supplements was socially patterned suggesting
that a number of health promoting behaviors may be associated with
supplementation in infants. Multiple sclerosis, an autoimmune condition of the
nervous system, has a clear geographical distribution, with a higher prevalence at
higher latitudes ‘%, A role for vitamin D in multiple sclerosis is supported by
work in mice which show a benefit of vitamin D on a mouse model of multiple
sclerosis ' and case-control studies in humans. In a mouse model of
experimental inflammatory bowel disease vitamin D deficiency exacerbates
inflammation induced by a genetic ablation of Interleukin-10, an important anti-
inflammatory cytokine. Dietary calcium has an independent protective effect on

experimental inflammatory bowel disease .
Vitamin D and metabolic homeostasis

Beginning in the early 1980s, work in isolated rat pancreatic cells demonstrated
that vitamin D deficiency inhibits insulin secretion from the beta cells 2% .
Further in vivo work supported by observational epidemiologic studies have
corroborated this finding * ®°. For example, a number of cross-sectional studies
have shown an association between decreased concentration of 25-(OH)D and

112 the metabolic

beta cell dysfunction *, insulin resistance *'*, glucose tolerance
syndrome and type 2 diabetes **°. Further, in cross-sectional studies a high
prevalence of vitamin D deficiency was found in individuals with type Il diabetes
114 Adequately powered randomized trials are required to support or refute the

role of vitamin D in various aspects of the metabolic syndrome.
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A role for vitamin D in metabolic regulation is supported by the presence
of a vitamin D response element, the binding site for the nuclear vitamin D
receptor, on the transcriptional regulatory region of the insulin gene. Insulin, a
central regulator of metabolism, induces the cellular uptake of glucose. Insulin
resistance occurs when the actions of insulin fail to produce the entry of glucose
into fat, muscle and liver tissues. This results in elevated levels of plasma glucose,
triglycerides and free fatty acids. Insulin resistance is central in the pathogenesis
of metabolic syndrome and greatly increases the risk of type 11 diabetes and

cardiovascular disease **°.

Vitamin D levels have also been associated with a myriad of metabolic
abnormalities. For example, a study reported negative correlations between
vitamin D, triacylglycerol and LDL in individuals free of metabolic syndrome **.
With respect to blood pressure, animal studies **” and some limited work in
humans ¢, has shown that vitamin D may be implicated in the regulation of
blood pressure. For example, mice genetically engineered to be vitamin D
receptor deficient had a 7-fold increase in renin expression and developed

hypertension and cardiac hypertrophy **°.

Much of the work on vitamin D and metabolic homeostasis has been
conducted in animals or in observational studies making it difficult to establish a
causal relationship between vitamin D and metabolic parameters in humans %,
An intervention study conducted in 2008, however, found that high doses of
vitamin D did not improve blood glucose levels in 33 adult men with vitamin D
insufficiency {25(OH)D < 50 nmol / L}***. One of the potential reasons for these
negative findings is that vitamin D levels must be frankly deficient before
disrupting metabolic homeostasis. For example, adults in the intervention study
began with a mean 25(OH)D level of 39.9 nmol / L. It is also possible that the
relationship between vitamin D and metabolic outcomes is confounded by
physical activity. For example, physical activity (PA) has been shown to be
associated with components of the metabolic syndrome, including higher HDL,
reduced blood glucose, blood pressure and lower triglycerides *?2. Another PA

intervention showed that one year of moderate resistance training decreased
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inflammatory markers in overweight women 2%, Inflammation is believed to play
an important role in pathogenesis of cardiovascular disease and type 11

diabetes ***. As PA is difficult to measure *?°, and thus control for in large
epidemiologic studies the possibility of residual confounding in studies examining

vitamin D levels and metabolic variables is real 1%,

2.10 Correlates of vitamin D status

Correlates of vitamin D levels are important to understand for two reasons. First,
from an analytic perspective an understanding of the correlates is relevant to
understanding possible confounding in the relationship between vitamin D levels
and a myriad of health outcomes such as cardiovascular disease, type 1l diabetes
and various common malignancies. Secondly, certain correlates of vitamin D
levels like age, socio-economic status and adiposity are not as amenable to public
health intervention as are correlates like dietary vitamin D intake. Thus an
understanding of the correlates of vitamin D status would inform efforts to
remediate vitamin D deficiency in the Canadian population.

Sunlight

There are three types of UV radiation, UVA (400-320-nm), UVB (320-280nm)
and UVC (280-100nm). Vitamin D is produced in large part (90-95%) by
cutaneous exposure to UV rays between 290-315 nm, the UVB range. In many
northern regions the urban environment (tall buildings, air pollution) may reduce
UVB exposure 20, During summer months sunscreen use reduces 90-95% of
cutaneous vitamin D synthesis 2°. Though a recent report of adults in the UK
found that sunscreen use was associated with higher levels of vitamin D **/
suggesting that sunscreen use was correlated with sun exposure and that possibly
coverage was not always complete. The efficacy of UV exposure in increasing
vitamin D status is illustrated by individuals who use tanning beds once a week.
These individuals had optimal vitamin D levels while control participants had
sub-optimal levels of vitamin D 28, Use of tanning beds, however, is associated
with frequent burns **°. Burning due to excessive UV light has been associated

with skin cancer and in particular malignant melanoma **°.
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The measurement of sunlight exposure

The ability to accurately quantify the sunlight exposure has been limited despite
widespread interest in measuring this exposure **'. Ambient UV levels can vary
up to 30 fold depending on latitude, season, time of day, ground surface, and tree
cover. Overall ambient exposure can be measured by dosimetry which measures
UV and can specifically measure UVB **2. Alternatively sunlight exposure can be
assessed by using questionnaires though these can take up to 30 minutes for
participants to complete and may have limited validity. For example, in an
Australian study sunlight exposure assessed by questionnaire had a low
correlation with vitamin D levels ®. Questionnaires can be validated against
observed exposure and UV dosimetry though neither are considered gold
standards ®. A dosimeter is a device used to measure an individual’s exposure to

an environmental exposure, such as UVB, over a long period of time.
Dietary vitamin D intake

Very few foods in the Canadian food supply naturally contain vitamin D. In
Canada milk and margarine are fortified such that each 250 ml serving of milk
contains 100 IU of vitamin D3 ?°. There is expert consensus, however, that current
levels of dietary vitamin D dietary intake are insufficient, in of themselves, to
support optimal vitamin D status ® or prevent vitamin D insufficiency . For
example, the vitamin D supplementation study in Finnish girls showed that
participants taking 400 U of vitamin D2 during the winter months were not
protected from vitamin D deficiency ***. In youth, it is not known if current
recommendations are adequate to prevent vitamin D deficiency in Canadians.
Complicating matters is the difficulty in accurately assessing the dietary intake of
vitamin D. For example, 62 % of milk samples had less than 80% of the vitamin
D on the label. No vitamin D was found in 3 of the 14 skim milk samples and
70% of infant formula contained 200 percent of the vitamin D written on the
label***,

There are two major limitations inherent in the assessment of vitamin D

intake of Canadian youth. The first limitation relates to the absence of vitamin D
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values in the Canadian Nutrient File for certain commonly consumed foods. For
example, many meat products contain small amounts of vitamin D which are not
included in earlier versions of the Canadian Nutrient File **. Some brands of
orange juice and yogurt are fortified with vitamin D and these values are also not
included in the database **°. The fortification of certain food products is a way of
adding value and thus increasing the cost to the consumer **’. Thus a national
regulatory framework which allows the discretionary fortification of foods by the
food industry has the potential to exacerbate existing income inequalities in
nutrient and food intake in Canada **®. Moreover, it is probable that the proposed
amendments to existing food regulatory framework allowing increased food
industry control over the discretionary fortification of foods would be inconsistent
with public health efforts to ameliorate inadequate nutrient intakes in the
Canadian population **°. The second limitation of the Canadian Nutrient File
relates to the high variability in vitamin D content of foods and the difficulty in
obtaining representatives sample of foods across Canada **°. For example, there is
considerable variability in the vitamin D content of fish, even within the same
species. For example, farmed salmon was shown to have 4 times less vitamin D
than Alaskan wild caught salmon ***. Efforts are ongoing in the US to acquire
representative foods samples and then assay for vitamin D in these foods to
update the US Department of Agriculture (USDA) Database **®. Canada is likely
to benefit from these initiatives as many values in the Canada Nutrient File are
obtained from the USDA database.

Vitamin D and adiposity

Vitamin D is a fat soluble vitamin though the relationship between vitamin D
levels and adiposity is unclear. For example, serum 25(OH)D has been reported to

142,143 in some studies but not others

be negatively associated with adipose mass
144 Oral dosing studies of vitamin D also yield conflicting results. For example, a
study conducted in 2001 demonstrated that upon supplementation greater
adiposity in study participants was associated with lower increases in vitamin D
levels ***. Another oral dosing study of vitamin D found adipose tissue had no

impact on the change in level of serum 25(0OH)D **®. There are at least two
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explanations for these inconsistent findings. First as vitamin D is fat soluble >°
higher adiposity could result in greater sequestration of vitamin D from cutaneous
synthesis and dietary sources in adipose tissue **°. But there may be a larger
behavioral effect where excess adiposity is associated with less (outdoor) physical
activity. Consistent with this, excess adiposity has been associated with lower
physical activity as assessed by an objective measure of movement, the

accelerometer 7.
Vitamin D and age

Young people are able to synthesize four times as much cutaneous vitamin D
from the ultraviolet radiation compared to elderly individuals (>65 years) °. This
was determined by using skin samples taken from Caucasians of different ages.
Samples were standardized in size, irradiated with UV and the synthesized
vitamin D measured by high performance liquid chromatography **®. The reasons
for this age associated decrease in cutaneous synthesis of vitamin D are not
known. In elderly individuals there is also a resistance to the actions of vitamin D
9 As a result, the Food and Nutrition Board proposed a higher Al for vitamin D
being 10 pg / day for 51-70 year olds and 15 ug / day for individuals >70 years
old *°. In addition a number of studies have reported that adolescence is associated
with lower serum levels of this vitamin ** **°. This decrease in vitamin D levels
during adolescence might be related to well characterized declines in physical

activity, and hence outdoor activity, across adolescents ™.

Vitamin D, latitude and season

At latitudes higher than 35 °, cutaneous synthesis of vitamin D is limited to April
through October as UVB is of insufficient intensity to catalyze UVB production.
Further, the refractory period for cutaneous vitamin D synthesis is longer at
higher latitudes ’. Canadians reside north of the 35  placing them at risk for
hypovitaminosis D during the winter months, reinforcing the need for latitude
specific data for vitamin D status. Low vitamin D levels are also reported in
sunnier climates of lower latitudes. For example, Turkish youth who wore

concealing clothing reported vitamin D deficiency, despite a sunny climate **.
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Vitamin D and calcium intake

There is some evidence to suggest that low dietary calcium can result in decreased
vitamin D status. This is thought to act through an increased conversion rate of
25(0OH)D into 1,25(OH)D. Much of this evidence comes from animal models and

the evidence for this, in humans, is limited *°.
Vitamin D and socio-economic status

Low socio-economic status has been associated with low vitamin D status in a
number of studies in both youth ****** and adults **. This could occur through
decreased sun exposure and/or decreased consumption of vitamin D containing
food or supplements. Consistent with this, a study of White British adults
supplement use was higher in individuals of high socio-economic position ***.
Sunscreen use was also more frequently used in individuals of higher socio-
economic position. Interpreting time spent outdoors is difficult in this population
as sunscreen blocks the vast majority of the vitamin D generating UVB **°. A
study conducted amongst youth in Philadelphia (40°N) found that parental
education and income were associated with vitamin D status in univariate
analysis. These variables, however, were not included in the final model thus they
could have been confounded by season or some other exposures *°. A number of
studies showed that, in youth, vitamin D and dietary calcium intake are patterned

by socio-economic position though this effect varies by study population **® >,

Vitamin D, physical activity and sedentary behavior

Associations between vitamin D status and physical activity, seen in a number of

studies in adults 8261

suggest that (outdoor) physical activity is an important
contributor to vitamin D levels. This association is likely mediated through UVB
exposure on the cutaneous production of vitamin D. In NHANES 111 outdoor
physical activity, measured by the frequency of leisure activity in the last month,
was associated with higher vitamin D status in 23 258 participants between the
ages of 20 to greater than 60 years of age. Moreover, higher levels of moderate,
but not vigorous, physical activity was associated with higher vitamin D status.

As most individuals spend little time in vigorous activity the association with
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moderate activity may reflect greater time spent outdoors. Intensity of physical
activity was assessed by assigning metabolic equivalents to each different

physical activity and then summing activities **°.

Physical activity is difficult to measure in large epidemiologic studies.
Moreover, the measurement of leisure physical activity does not integrate
information on activities that may be embedded within daily routines. For
example it was shown that leisure physical activity is more prevalent in higher
socio-economic groups while non-leisure activity more prevalent in low socio-
economic groups *°2. Measuring physical activity by questionnaire is difficult,
resulting in either over or under-estimation of energy expenditure by physical
activity depending on the physical activity questionnaire ‘°2. The cost of using
objective methods of measuring physical activity, such as doubly labeled water
and accelerometers in large scale epidemiologic studies can be prohibitive *°*.
Accelerometers, however, are becoming increasingly affordable and being used in

larger studies.

There are few reports examining the relationship between vitamin D status
and sedentary behavior. A report from a population based sample of UK adults
found that time spent watching TV or using a computer was associated with lower
vitamin D status **. This association, however, is likely mediated by a lack of
outdoor sun exposure **°. There are competing hypothesis about the relationship
between physical activity and sedentary behavior. Some authors suggest that

165, 166

sedentary behavior displaces physical activity , While other authors point to

a lack of correlation between physical activity and sedentary behavior **7 1.
Thus it is probable that sedentary behavior will be inconsistently associated with

vitamin D levels.

2.11 Limitations of epidemiologic studies

Observational and experimental epidemiologic studies have a number of
important limitations. For example, one of the principal limitations of
observational studies is the difficulty in measuring confounders between a

nutrient and a health outcome of interest. Another limitation relates to the
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exclusion of confounders in regression, such as socio-economic status, which can
be associated with the nutritional exposure and outcome **°. These limitations
have produced associations in observational studies which were not repeated
when these nutrients and minerals, administered in the form of supplements, were
the subject of well conducted randomized trials. This has been the case for a
number of nutrients including: B-Carotene and vitamin A in lung cancer ™,

172 to name a few.

vitamin C and cardiovascular disease *"*, selenium and cancer
Randomized trials are difficult in nutrition as they are expensive, require
sufficient follow-up time and participants may not be blinded to their treatment.
Moreover, food is a complex mixture of chemicals and food consumption patterns
are embedded in complex social structures, all of which makes it difficult to
ascribe a biologic effect to a single nutrient. Single nutrients are often the subject
of randomized trials *”. The problem of reducing a complex biologic exposure
into a single nutrient is analogous to sunlight which is also a complex exposure.
For example, lack of UV exposure is thought to cause seasonal affective disorder
7 Further, UVB exposure is associated with serotonin production in the skin ">
176 and may also have cutaneous immunomodulatory effects " Finally, fairer
weather is associated with higher levels of outdoor physical activity *’®. It is thus
difficult to isolate the effect of vitamin D from that of sunlight in observational
studies as the greatest source of vitamin D is UVB from sunlight and sunlight is

notoriously difficult to measure %.

2.12 Are vitamin D levels a marker of healthy living choices?

Vitamin D levels may be a marker of healthy living choices such as participation
in physical activity and healthy dietary choices. These exposures are difficult to
measure in epidemiologic studies. For example, as previously mentioned, vitamin

D levels have been associated with physical activity *®

and higher socio-
economic status *°* 1**17°_ Both of these exposures are also associated with a
myriad of health benefits 2% ‘82, Physical activity, for example, has been
associated with decreased blood pressure in normotensive and hypertensive

persons independent of adiposity *®2. Physical activity has also been shown to
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have protective effects with respect to colorectal cancer, breast cancer, insulin
resistance and type 11 diabetes **. Physical activity is difficult to measure in
larger epidemiologic studies ** and self-reported questionnaires, the most
commonly used method to assess PA, have limited validity **. Thus studies
between vitamin D and health outcomes such as type 11 diabetes **4, colorectal
and breast cancer * may be confounded if PA is not measured accurately. As
previously stated, vitamin D levels are associated with socio-economic status in a
number of different study populations. It has long been recognized that lower
socio-economic status is associated with a higher prevalence of obesity, a higher
incidence of cardiovascular disease and shorter life expectancy . Higher chronic
disease morbidity and mortality amongst those with lower socio-economic
position are believed to be explained, in part, by a higher prevalence of smoking,
binge drinking, lower dietary quality and a higher prevalence of obesity in some
settings “®* %, In a number of studies lower vitamin D levels have been
associated with socio-economic position ** *>*. This opens the possibility for
confounding when observational studies examining vitamin D levels in relation to
a number of health outcomes do not control for socio-economic status thus
producing spurious results *** 1% Novel methods such as Mendelian
randomization and genome wide association studies are needed to produce non-
confounded estimates of the effect of low vitamin D levels on numerous health

outcomes.

2.13 Randomized trials and future research avenues

The health effects of vitamin D have been studied in a number of randomized
controlled trials. Some of the findings of these trials have provoked controversy
187 and/or criticism of the trial design *°. A randomized controlled trial (RCT) is
defined by John Last’s Dictionary of Epidemiology as: ‘An epidemiologic
experiment in which subjects in a population are randomly allocated into groups
to receive or not receive an experimental intervention® **. 1 will examine three
such examples of randomized trials in greater detail to illustrate the complexities

of studying vitamin D in randomized trials.
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A double blind placebo trial of 1179 community-dwelling postmenopausal
women (> 55 years of age) tested the hypothesis that calcium and vitamin D,
alone and together, could reduce the incidence of cancer. The trial had three arms
a placebo arm, a calcium arm (1400-1500 mg of calcium) and a calcium and
vitamin D arm (27.5 ug vitamin Ds3). Participants were followed up for 4 years.
The unadjusted relative risk of incident cancer was 0.40 (p= 0.01) and 0.53 (p =
0.06) for the calcium and vitamin D and calcium only arm, respectively **. While
the randomized trial showed impressive decreases in cancer incidence the number
of incident cancer cases was small, 20 in the placebo group and 13 in the vitamin
D and calcium group. Moreover, the most common cancer in all 3 groups was
breast cancer, showing reductions with calcium and vitamin D treatment which
were not consistent with the findings of the Women’s Health Initiative (WHI)

which had a much larger sample size 1.

The WHI was the largest randomized trial in history, costing the US
government an estimated 700 million dollars. The trial was designed to provide
definitive answers regarding the health benefits of calcium and vitamin D
supplementation in women *%. The WHI randomized 36 282 postmenopausal
women aged 18 176 women aged 50-79 years of age to 1100 mg/day of
supplemental calcium as calcium carbonate and 10 pg /day of supplemental
vitamin D3 or placebo. Participants were followed up an average of 7 years and
the primary outcome was risk of fracture. This large study also examined
outcomes related to vitamin D and health. For example no association was found
between calcium, vitamin D supplementation and breast cancer incidence **.
Similarly no significant associations were observed between calcium, vitamin D
supplementation and incidence of colorectal cancer *® and risk of hip fractures
18 A number of explanations have been advanced to account for these negative
findings which stand in contrast to the observational studies of these outcomes *.
Reasons for this possible discrepancy include an inadequate dose of vitamin D
and calcium and the long latency associated with most chronic disease relative to
the length of the trial *°.

30



A meta-analysis of 57 311 participants examined the effect of vitamin D2
or vitamin D3 supplementation in randomized trials on all cause mortality. Daily
dose of vitamin D supplements varied from 7.5 pg to 50 pug. The mean age of
participants in this study was not provided but the majority of these trials were
conducted in the elderly. This study found that the intake of vitamin D
supplementation was associated with a relative risk of 0.93 (95% CI1 0.87-0.99)
for all cause mortality **. The baseline vitamin D status of these participants was
not known but it is possible that there was a high prevalence of vitamin D
deficiency which is commonly reported in the elderly ***. Thus supplementation
with vitamin D may correct vitamin D deficiency which has been associated with
osteomalacia and osteoporosis in adults > which may increase the probability of
falls, hip fracture and the ensuing health sequelae.

Despite the clear advantages of RCTs, they face a number of limitations.
Well conducted randomized controlled trials are expensive and require many
years of follow-up to accrue sufficient health events to adequately power a study.
The question of interest is thus, whether or not a lifetime of greater exposure to,
for example vitamin D, results in improved health outcomes. It is impractical to
conduct an RCT over the entire lifecourse. RCTs may also have limited
generalizability as inference from findings may not extend to groups beyond those
included in the study. For example, it is uncertain if the findings of the WHI
would apply to men. Novel methods are needed to produce non-confounded
estimates of the effect of low vitamin D levels on health. An example of one of
these methods is a disciplinary mélange of functional genetics, population

genetics and epidemiology.
Mendelian randomization

Mendelian randomization is defined as the use of genetic variants in observational
studies, which either alter the level of, or mirror the biologic effects of, a
modifiable exposure which in itself alters disease risk **2. Genetic variants can be
chosen which are associated with the metabolism of an environmental exposure.

For example, alcohol is oxidized to acetaldehyde which in turn, is oxidized by
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aldehyde dehydrogenase (ALDH) to acetate. Acetaldehyde is toxic. For example
half of the Japanese population is heterozygote or homozygote for a null variant
of the aldehyde dehydrogenase gene (ALDH2*2) and blood acetaldehyde
concentrations are 5 and 18 times higher than those with functional aldehyde
dehydrogenase genes after the consumption of alcohol, respectively. The higher
acetaldehyde concentrations cause facial flushing, palpitations, drowsiness and
other symptoms which make drinking unpleasant. Thus heterozygote or
homozygotes drink less alcohol than individuals with two functional variants of

the aldehyde dehydrogenase gene *.

In observational studies alcohol consumption is confounded by lifestyle
factors such as cigarette smoking, poor diet and other lifestyle factors. These
covariates are difficult to measure and thus difficult to control for in observational
studies. This makes it difficult to discern the independent effect of alcohol on
intermediate health indicators like high density lipoprotein (HDL) **. In the case
of the ALDH, there is a dose-response relationship between the functionality of
ALDH variants and HDL such that heterozygotes have intermediate levels of
alcohol consumption and HDL and those with two functional alleles, mimicking
higher alcohol consumption, have higher HDL . The distribution of these
genetic variants in populations is uncorrelated with lifestyle factors which are
difficult to control for in epidemiologic studies.

Other genetics variants suitable for nutrition epidemiology have been
found and used in Mendelian randomization studies. For example the GSTM1 and
the GSTTT1 are two genes associated with the metabolism of isothiocyanates a
phytochemical found in cruciferous vegetables '*. Another example is the gene
encoding the cytochrome P450 1A2 gene in the liver which has two variants

which metabolizes caffeine slowly or rapidly

. With respect to vitamin D, no
clear functional variants of the vitamin D metabolizing genes or the vitamin D
receptor have yet been found *’. There are, however, three adjacent restriction
fragment length polymorphisms near the 3’ end of the vitamin D receptor (VDR)
gene which are most likely non-functional but maybe in linkage disequilibrium

with functional variants elsewhere in the VDR gene ", It has been difficult to
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find genes involved in vitamin D metabolism which could mimic low vitamin D
levels to be used for Mendelian randomization studies '*2. Genome wide
association studies may be needed to identify novel genes associated with vitamin
D metabolism '%. These genes could then be used in Mendelian randomization
studies to establish the unconfounded effects of vitamin D levels on health

outcomes varying from heart disease to common malignancies.
Limitations of Mendelian randomization

There are a number of limitations associated with the use of Mendelian
randomization. First, as the effect of gene instruments is small, large sample sizes
are required to discern the effects of the genetic instruments. Another limitation
relates to the difficulty in finding an appropriate genetic variant. These genetic
variants need to have well described functional effects and must not be in linkage

disequilibrium with genes which will influence the health outcome of interest.

2.14 Conclusion

The preceding introduction provided a critical overview of the literature on
vitamin D and health and reviewed what few studies were available on the
vitamin D status in Canadian youth. We showed that the most well established
role of vitamin D was in the absorption of dietary calcium. As a result of the
functional inter-relationship between these two nutrients, the health consequences
of low calcium intake or vitamin D levels are linked. For example, vitamin D
deficiency has been implicated in osteomalacia and rickets amongst infants. Cases
of rickets also occur in tropical countries and these cases can be treated with the
administration of dietary calcium ® ®. More recently, there has been the
recognition that vitamin D may be involved in a broad number of non-calcemic
physiologic systems. These were reviewed and include immunologic function
with implications for autoimmune disease such as type | diabetes and multiple
sclerosis *. There also been some observational studies ** and some limited
evidence from randomized trials “® suggesting that optimal vitamin D levels may
be implicated in the prevention of common malignancies such as: breast, colon

and prostate.
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Canada‘s high latitude, and thus long winters, together with vitamin D’s
involvement in a wide range of physiologic systems, highlights the need to
describe the vitamin D status of Canadian youth. Prior to this thesis, there were no
population based samples of Canadian youth from which to assess vitamin D
status. The only study that examined the vitamin D status of Canadian youth
showed considerable levels of vitamin D deficiency, though the study was a clinic

based convenience sample *°.

Finally, in this literature review we discussed methodologies used in
studies of vitamin D and health and the limitations of findings and the
implications of residual confounding in observational studies. Finally the use of a
novel method, Mendelian randomization, was discussed as was the need to find
genetic variants which mimic life-long exposure to lower vitamin D status using

genome wide association studies.

34



2.15 References

1. Heaney RP, Abrams S, Dawson-Hughes B, Looker A, Marcus R,
Matkovic V, Weaver C. Peak bone mass. Osteoporos. Int. 2000;11(12):985-1009.
2. Loud KJ, Gordon CM. Adolescent bone health. Arch. Pediatr. Adolesc.
Med. 2006;160(10):1026-1032.

3. Chiu KC, Chu A, Go VL, Saad MF. Hypovitaminosis D is associated with
insulin resistance and beta cell dysfunction. Am. J. Clin. Nutr. 2004;79(5):820-
825.

4. Garland CF, Garland FC, Gorham ED, Lipkin M, Newmark H, Mohr SB,
Holick MF. The role of vitamin D in cancer prevention. Am. J. Public Health.
2006;96(2):252-261.

5. Holick MF. Vitamin D deficiency. N. Engl. J. Med. 2007;357(3):266-281.
6. El-Hajj Fuleihan G, Nabulsi M, Choucair M, Salamoun M, Hajj Shahine
C, Kizirian A, Tannous R. Hypovitaminosis D in healthy schoolchildren.
Pediatrics. 2001;107(4):E53.

7. Webb AR, Kline L, Holick MF. Influence of season and latitude on the
cutaneous synthesis of vitamin D3: exposure to winter sunlight in Boston and
Edmonton will not promote vitamin D3 synthesis in human skin. J. Clin.
Endocrinol. Metab. 1988;67(2):373-378.

8. Webb AR, Pilbeam C, Hanafin N, Holick MF. An evaluation of the
relative contributions of exposure to sunlight and of diet to the circulating
concentrations of 25-hydroxyvitamin D in an elderly nursing home population in
Boston. Am. J. Clin. Nutr. 1990;51(6):1075-1081.

9. Lehtonen-Veromaa MK, Mottonen TT, Nuotio 10O, Irjala KM, Leino AE,
Viikari JS. Vitamin D and attainment of peak bone mass among peripubertal
Finnish girls: a 3-y prospective study. Am. J. Clin. Nutr. 2002;76(6):1446-1453.
10.  Greer FR. Issues in establishing vitamin D recommendations for infants
and children. Am. J. Clin. Nutr. 2004;80(6 Suppl):1759S-1762S.

11. Last J. A Dictionary Of Epidemiology. In: Association IE, ed. A
Dictionary of Epidemiology Fourth Edition ed: Oxford University Press Inc.;
2001.

35



12.  Phillips AN D-SG. The Design of Prospective Epidemiological Studies:
More Subjects or Better Measurements ? . J. Clin. Epidemiol. 1993;46(10):9.

13. Honein MA, Paulozzi LJ, Mathews TJ, Erickson JD, Wong L-YC. Impact
of Folic Acid Fortification of the US Food Supply on the Occurrence of Neural
Tube Defects. JAMA. 2001;285(23):2981-2986.

14. Ray JG. Folic acid food fortification in Canada. Nutr. Rev. 2004;62(6 Pt
2):S35-39.

15.  Rose G. Sick individuals and sick populations. Int. J. Epidemiol.
2001;30(3):427-432.

16. Roth DE, Martz P, Yeo R, Prosser C, Bell M, Jones AB. Are national
vitamin D guidelines sufficient to maintain adequate blood levels in children?
Can. J. Public Health. 2005;96(6):443-449.

17. Rucker D, Allan JA, Fick GH, Hanley DA. Vitamin D insufficiency in a
population of healthy western Canadians. CMAJ. 2002;166(12):1517-1524.

18.  Vieth R, Cole DE, Hawker GA, Trang HM, Rubin LA. Wintertime
vitamin D insufficiency is common in young Canadian women, and their vitamin
D intake does not prevent it. Eur. J. Clin. Nutr. 2001;55(12):1091-1097.

19. Holick MF. Resurrection of vitamin D deficiency and rickets. J. Clin.
Invest. 2006;116(8):2062-2072.

20. Chen TC, Chimeh F, Lu Z, Mathieu J, Person KS, Zhang A, Kohn N,
Martinello S, Berkowitz R, Holick MF. Factors that influence the cutaneous
synthesis and dietary sources of vitamin D. Arch. Biochem. Biophys.
2007;460(2):213-217.

21.  Calvo MS, Whiting SJ, Barton CN. Vitamin D fortification in the United
States and Canada: current status and data needs. Am. J. Clin. Nutr. 2004;80(6
Suppl):1710S-1716S.

22.  Nielsen SJ, Popkin BM. Changes in beverage intake between 1977 and
2001. Am. J. Prev. Med. 2004;27(3):205-210.

23. Elwood PC. Time to value milk. Int. J. Epidemiol. 2005;34(5):1160-1162.
24, Garriguet D. Canadians' eating habits. Health Rep. 2007;18(2):17-32.

36



25. Holick MF. The vitamin D epidemic and its health consequences. J. Nutr.
2005;135(11):2739S-2748S.

26. Holick MF. Vitamin D: A millenium perspective. J. Cell. Biochem.
2003;88(2):296-307.

27. Heaney R. Calcium in Human Health. In: Weaver CH, RP, ed. The
Calcium Economy Humana Press Inc; 2006:145-162.

28. Heaney RP, Weaver CM. Calcium and vitamin D. Endocrinol. Metab.
Clin. North Am. 2003;32(1):181-194, vii-viii.

29. Institute of Medicine Food and Nutrition Board; Standing Committee on
the Scientific Evaluation of Dietary Reference Intakes. Dietary reference intakes
for calcium, phosphorus, magnesium, vitamin D and fluoride. Washington (DC):
National Academy Press; 1997.

30.  Clapham DE. Calcium signaling. Cell. 2007;131(6):1047-1058.

31. Heaney RP. Functional indices of vitamin D status and ramifications of
vitamin D deficiency. Am. J. Clin. Nutr. 2004;80(6 Suppl):1706S-1709S.

32.  Van Cromphaut SJ, Dewerchin M, Hoenderop JG, Stockmans I, Van
Herck E, Kato S, Bindels RJ, Collen D, Carmeliet P, Bouillon R, Carmeliet G.
Duodenal calcium absorption in vitamin D receptor-knockout mice: functional
and molecular aspects. Proc. Natl. Acad. Sci. U. S. A. 2001;98(23):13324-13329.
33. Karbach U. Paracellular calcium transport across the small intestine. J.
Nutr. 1992;122(3 Suppl):672-677.

34. Bronner F. Mechanisms of intestinal calcium absorption. J. Cell. Biochem.
2003;88(2):387-393.

35.  Balsan S, Garabedian M, Larchet M, Gorski AM, Cournot G, Tau C,
Bourdeau A, Silve C, Ricour C. Long-term nocturnal calcium infusions can cure
rickets and promote normal mineralization in hereditary resistance to 1,25-
dihydroxyvitamin D. J. Clin. Invest. 1986;77(5):1661-1667.

36.  McCormick CC. Passive diffusion does not play a major role in the
absorption of dietary calcium in normal adults. J. Nutr. 2002;132(11):3428-3430.

37



37. Ireland P, Fordtran JS. Effect of dietary calcium and age on jejunal
calcium absorption in humans studied by intestinal perfusion. J. Clin. Invest.
1973;52(11):2672-2681.

38.  Allen LH. Calcium bioavailability and absorption: a review. Am. J. Clin.
Nutr. 1982;35(4):783-808.

39.  Abrams SA, Griffin 1J, Davila PM. Calcium and zinc absorption from
lactose-containing and lactose-free infant formulas. Am. J. Clin. Nutr.
2002;76(2):442-446.

40. Heaney RP. Calcium, dairy products and osteoporosis. J. Am. Coll. Nutr.
2000;19(2 Suppl):83S-99S.

41.  Charoenkiatkul S, Kriengsinyos W, Tuntipopipat S, Suthutvoravut U,
Weaver CM. Calcium absorption from commonly consumed vegetables in healthy
Thai women. J Food Sci. 2008;73(9):H218-221.

42. Heaney RP. Meta-analysis of calcium bioavailability. Am. J. Ther.
2001;8(1):73-74.

43. Lappe JM, Travers-Gustafson D, Davies KM, Recker RR, Heaney RP.
Vitamin D and calcium supplementation reduces cancer risk: results of a
randomized trial. Am. J. Clin. Nutr. 2007;85(6):1586-1591.

44.  Atkinson SA, McCabe GP, Weaver CM, Abrams SA, O'Brien KO. Are
current calcium recommendations for adolescents higher than needed to achieve
optimal peak bone mass? The controversy. J. Nutr. 2008;138(6):1182-1186.

45, Bolland MJ, Barber PA, Doughty RN, Mason B, Horne A, Ames R,
Gamble GD, Grey A, Reid IR. Vascular events in healthy older women receiving
calcium supplementation: randomised controlled trial. BMJ. 2008;336(7638):262-
266.

46. Hsia J, Heiss G, Ren H, Allison M, Dolan NC, Greenland P, Heckbert SR,
Johnson KC, Manson JE, Sidney S, Trevisan M. Calcium/vitamin D
supplementation and cardiovascular events. Circulation. 2007;115(7):846-854.
47. Reid IR, Schooler BA, Hannan SF, Ibbertson HK. The acute biochemical
effects of four proprietary calcium preparations. Aust. N. Z. J. Med.
1986;16(2):193-197.

38



48.  Pletcher MJ, Tice JA, Pignone M, Browner WS. Using the coronary artery
calcium score to predict coronary heart disease events: a systematic review and
meta-analysis. Arch. Intern. Med. 2004;164(12):1285-1292.

49. Heaney RP. Vitamin D endocrine physiology. J. Bone Miner. Res.
2007;22 Suppl 2:V25-27.

50. Klesges RC, Ward KD, Shelton ML, Applegate WB, Cantler ED, Palmieri
GM, Harmon K, Davis J. Changes in bone mineral content in male athletes.
Mechanisms of action and intervention effects. JAMA. 1996;276(3):226-230.
51. Bouillon R, Carmeliet G, Verlinden L, van Etten E, Verstuyf A, Luderer
HF, Lieben L, Mathieu C, Demay M. Vitamin D and Human Health: Lessons
from Vitamin D Receptor Null Mice. Endocr. Rev. 2008;29(6):726-776.

52. Heaney RP. Bone health. Am. J. Clin. Nutr. 2007;85(1):300S-303S.

53. Demay MB. Mechanism of vitamin D receptor action. Ann. N. Y. Acad.
Sci. 2006;1068:204-213.

54. Hill KM, Braun M, Kern M, Martin BR, Navalta JW, Sedlock DA,
McCabe L, McCabe GP, Peacock M, Weaver CM. Predictors of Calcium
Retention in Adolescent Boys. J. Clin. Endocrinol. Metab. 2008;93(12):4743-
4748.

55.  Heaney RP. Vitamin D and calcium interactions: functional outcomes.
Am. J. Clin. Nutr. 2008;88(2):541S-544S.

56. Mawer EB, Backhouse J, Holman CA, Lumb GA, Stanbury SW. The
distribution and storage of vitamin D and its metabolites in human tissues. Clin.
Sci. 1972;43(3):413-431.

57.  Ordonez-Moran P, Larriba MJ, Pendas-Franco N, Aguilera O, Gonzalez-
Sancho JM, Munoz A. Vitamin D and cancer: an update of in vitro and in vivo
data. Front. Biosci. 2005;10:2723-2749.

58. Holick MF. 25-OH-vitamin D assays. J. Clin. Endocrinol. Metab.
2005;90(5):3128-3129.

59. Lips P. Relative Value of 25(OH)D and 1,25(0OH)(2)D Measurements. J.
Bone Miner. Res. 2007;22(11):1668-1671.

39



60. Binkley N, Krueger D, Cowgill CS, Plum L, Lake E, Hansen KE, DelL.uca
HF, Drezner MK. Assay variation confounds the diagnosis of hypovitaminosis D:
a call for standardization. J. Clin. Endocrinol. Metab. 2004;89(7):3152-3157.

61. Carter GD, Carter R, Jones J, Berry J. How accurate are assays for 25-
hydroxyvitamin D? Data from the international vitamin D external quality
assessment scheme. Clin. Chem. 2004;50(11):2195-2197.

62.  Carter GD, Carter CR, Gunter E, Jones J, Jones G, Makin HL, Sufi S.
Measurement of Vitamin D metabolites: an international perspective on
methodology and clinical interpretation. J. Steroid Biochem. Mol. Biol. 2004;89-
90(1-5):467-471.

63. McCarty CA. Sunlight exposure assessment: can we accurately assess
vitamin D exposure from sunlight questionnaires? Am. J. Clin. Nutr.
2008;87(4):1097S-1101.

64. Rowlands AV, Ingledew DK, Powell SM, Eston RG. Interactive effects of
habitual physical activity and calcium intake on bone density in boys and girls. J.
Appl. Physiol. 2004;97(4):1203-1208.

65.  Pettifor JM. Nutritional rickets: deficiency of vitamin D, calcium, or both?
Am. J. Clin. Nutr. 2004;80(6 Suppl):1725S-1729S.

66. Nesby-O'Dell S, Scanlon KS, Cogswell ME, Gillespie C, Hollis BW,
Looker AC, Allen C, Doughertly C, Gunter EW, Bowman BA. Hypovitaminosis
D prevalence and determinants among African American and white women of
reproductive age: third National Health and Nutrition Examination Survey, 1988-
1994. Am. J. Clin. Nutr. 2002;76(1):187-192.

67. Dawson-Hughes B, Heaney RP, Holick MF, Lips P, Meunier PJ, Vieth R.
Estimates of optimal vitamin D status. Osteoporos. Int. 2005;16(7):713-716.

68. Pettifor JM. Rickets and vitamin D deficiency in children and adolescents.
Endocrinol. Metab. Clin. North Am. 2005;34(3):537-553, vii.

69.  Thacher TD, Fischer PR, Pettifor JM. Rickets: vitamin D and calcium
deficiency. J. Bone Miner. Res. 2007;22(4):638; author reply 639.

70. Feng JQ, Ward LM, Liu S, Lu Y, Xie Y, Yuan B, Yu X, Rauch F, Davis
Sl, Zhang S, Rios H, Drezner MK, Quarles LD, Bonewald LF, White KE. Loss of

40



DMP1 causes rickets and osteomalacia and identifies a role for osteocytes in
mineral metabolism. Nat. Genet. 2006;38(11):1310-1315.

71.  Antoniucci DM, Yamashita T, Portale AA. Dietary phosphorus regulates
serum fibroblast growth factor-23 concentrations in healthy men. J. Clin.
Endocrinol. Metab. 2006;91(8):3144-3149.

72.  Chapuy MC, Preziosi P, Maamer M, Arnaud S, Galan P, Hercberg S,
Meunier PJ. Prevalence of vitamin D insufficiency in an adult normal population.
Osteoporos. Int. 1997;7(5):439-443.

73. Bischoff HA, Stahelin HB, Dick W, Akos R, Knecht M, Salis C, Nebiker
M, Theiler R, Pfeifer M, Begerow B, Lew RA, Conzelmann M. Effects of vitamin
D and calcium supplementation on falls: a randomized controlled trial. J. Bone
Miner. Res. 2003;18(2):343-351.

74. Barger-Lux MJ, Heaney RP. Effects of Above Average Summer Sun
Exposure on Serum 25-Hydroxyvitamin D and Calcium Absorption. J. Clin.
Endocrinol. Metab. 2002;87(11):4952-4956.

75. Bischoff-Ferrari HA, Giovannucci E, Willett WC, Dietrich T, Dawson-
Hughes B. Estimation of optimal serum concentrations of 25-hydroxyvitamin D
for multiple health outcomes. Am. J. Clin. Nutr. 2006;84(1):18-28.

76.  Steingrimsdottir L, Gunnarsson O, Indridason OS, Franzson L, Sigurdsson
G. Relationship between serum parathyroid hormone levels, vitamin D
sufficiency, and calcium intake. JAMA. 2005;294(18):2336-2341.

77. Heaney RP, Dowell MS, Hale CA, Bendich A. Calcium absorption varies
within the reference range for serum 25-hydroxyvitamin D. J. Am. Coll. Nutr.
2003;22(2):142-146.

78.  Abrams SA, Griffin 1J, Hawthorne KM, Gunn SK, Gundberg CM,
Carpenter TO. Relationships among vitamin D levels, parathyroid hormone, and
calcium absorption in young adolescents. J. Clin. Endocrinol. Metab.
2005;90(10):5576-5581.

79.  Weiler HA, Leslie WD, Krahn J, Steiman PW, Metge CJ. Canadian

Aboriginal women have a higher prevalence of vitamin D deficiency than non-

41



Aboriginal women despite similar dietary vitamin D intakes. J. Nutr.
2007;137(2):461-465.

80. Lebrun JB, Moffatt ME, Mundy RJ, Sangster RK, Postl BD, Dooley JP,
Dilling LA, Godel JC, Haworth JC. Vitamin D deficiency in a Manitoba
community. Can. J. Public Health. 1993;84(6):394-396.

81.  Ward LM LM, Zlotkin S. Canadian Paediatric Surveillance Program -
Vitamin D deficiency rickets. http://www.phac-aspc.gc.ca/publicat/cpsp-
pcsp03/page8 e.html; 2003.

82.  Ward LM, Gaboury I, Ladhani M, Zlotkin S. Vitamin D-deficiency rickets
among children in Canada. CMAJ. 2007;177(2):161-166.

83.  Gartner LM, Greer FR. Prevention of rickets and vitamin D deficiency:
new guidelines for vitamin D intake. Pediatrics. 2003;111(4 Pt 1):908-910.

84.  Canada DFo. Milk Products and Health Available at:

http://www.dairygoodness.ca/en/health-professionals/dairy-nutrition/milk-

products-and-health/why-cow-milk.htm. Accessed February 2008.

85. Houghton LA, Vieth R. The case against ergocalciferol (vitamin D2) as a
vitamin supplement. Am. J. Clin. Nutr. 2006;84(4):694-697.

86. Holick MF, Biancuzzo RM, Chen TC, Klein EK, Young A, Bibuld D,
Reitz R, Salameh W, Ameri A, Tannenbaum AD. Vitamin D2 is as effective as
vitamin D3 in maintaining circulating concentrations of 25-hydroxyvitamin D. J.
Clin. Endocrinol. Metab. 2008;93(3):677-681.

87. Hathcock JN, Shao A, Vieth R, Heaney R. Risk assessment for vitamin D.
Am. J. Clin. Nutr. 2007;85(1):6-18.

88. Maalouf J, Nabulsi M, Vieth R, Kimball S, EI-Rassi R, Mahfoud Z, El-
Hajj Fuleihan G. Short- and Long-Term Safety of Weekly High-Dose Vitamin D3
Supplementation in School Children. J. Clin. Endocrinol. Metab.
2008;93(7):2693-2701.

89.  Vieth R, Bischoff-Ferrari H, Boucher BJ, Dawson-Hughes B, Garland CF,
Heaney RP, Holick MF, Hollis BW, Lamberg-Allardt C, McGrath JJ, Norman
AW, Scragg R, Whiting SJ, Willett WC, Zittermann A. The urgent need to

42


http://www.phac-aspc.gc.ca/publicat/cpsp-pcsp03/page8_e.html;
http://www.phac-aspc.gc.ca/publicat/cpsp-pcsp03/page8_e.html;
http://www.dairygoodness.ca/en/health-professionals/dairy-nutrition/milk-products-and-health/why-cow-milk.htm
http://www.dairygoodness.ca/en/health-professionals/dairy-nutrition/milk-products-and-health/why-cow-milk.htm

recommend an intake of vitamin D that is effective. Am. J. Clin. Nutr.
2007;85(3):649-650.

90. Tau C, Ciriani V, Scaiola E, Acuna M. Twice single doses of 100,000 1U
of vitamin D in winter is adequate and safe for prevention of vitamin D deficiency
in healthy children from Ushuaia, Tierra Del Fuego, Argentina. J. Steroid
Biochem. Mol. Biol. 2007;103(3-5):651-654.

91.  Zeghoud F, Ben-Mekhbi H, Djeghri N, Garabedian M. Vitamin D
prophylaxis during infancy: comparison of the long-term effects of three
intermittent doses (15, 5, or 2.5 mg) on 25-hydroxyvitamin D concentrations. Am.
J. Clin. Nutr. 1994;60(3):393-396.

92. Fleet JC. Genomic and proteomic approaches for probing the role of
vitamin D in health. Am. J. Clin. Nutr. 2004;80(6 Suppl):1730S-1734S.

93.  Tavera-Mendoza L, Wang TT, Lallemant B, Zhang R, Nagai Y, Bourdeau
V, Ramirez-Calderon M, Desbarats J, Mader S, White JH. Convergence of
vitamin D and retinoic acid signalling at a common hormone response element.
EMBO Rep. 2006;7(2):180-185.

94.  Wang TT, Tavera-Mendoza LE, Laperriere D, Libby E, MacLeod NB,
Nagai Y, Bourdeau V, Konstorum A, Lallemant B, Zhang R, Mader S, White JH.
Large-scale in silico and microarray-based identification of direct 1,25-
dihydroxyvitamin D3 target genes. Mol. Endocrinol. 2005;19(11):2685-2695.

95. Norman AW, Okamura WH, Bishop JE, Henry HL. Update on biological
actions of lalpha,25(OH)2-vitamin D3 (rapid effects) and 24R,25(OH)2-vitamin
Ds. Mol. Cell. Endocrinol. 2002;197(1-2):1-13.

96.  Yoshizawa T, Handa Y, Uematsu Y, Takeda S, Sekine K, Yoshihara'Y,
Kawakami T, Arioka K, Sato H, Uchiyama Y, Masushige S, Fukamizu A,
Matsumoto T, Kato S. Mice lacking the vitamin D receptor exhibit impaired bone
formation, uterine hypoplasia and growth retardation after weaning. Nat. Genet.
1997;16(4):391-396.

97.  Amling M, Priemel M, Holzmann T, Chapin K, Rueger JM, Baron R,

Demay MB. Rescue of the skeletal phenotype of vitamin D receptor-ablated mice

43



in the setting of normal mineral ion homeostasis: formal histomorphometric and
biomechanical analyses. Endocrinology. 1999;140(11):4982-4987.

98. Hughes MR, Malloy PJ, Kieback DG, Kesterson RA, Pike JW, Feldman
D, O'Malley BW. Point mutations in the human vitamin D receptor gene
associated with hypocalcemic rickets. Science. 1988;242(4886):1702-1705.

99.  Cantorna MT, Zhu Y, Froicu M, Wittke A. Vitamin D status, 1,25-
dihydroxyvitamin D3, and the immune system. Am. J. Clin. Nutr. 2004;80(6
Suppl):1717S-17208S.

100. Hypponen E, Power C. Vitamin D status and glucose homeostasis in the
1958 British birth cohort: the role of obesity. Diabetes Care. 2006;29(10):2244-
2246.

101. Tang BM, Eslick GD, Nowson C, Smith C, Bensoussan A. Use of calcium
or calcium in combination with vitamin D supplementation to prevent fractures
and bone loss in people aged 50 years and older: a meta-analysis. Lancet.
2007;370(9588):657-666.

102.  Specker B, Vukovich M. Evidence for an Interaction between Exercise
and Nutrition for Improved Bone Health during Growth. Med Sport Sci.
2007;51:50-63.

103. Wactawski-Wende J, Kotchen JM, Anderson GL, Assaf AR, Brunner RL,
O'Sullivan MJ, Margolis KL, Ockene JK, Phillips L, Pottern L, Prentice RL,
Robbins J, Rohan TE, Sarto GE, Sharma S, Stefanick ML, Van Horn L, Wallace
RB, Whitlock E, Bassford T, Beresford SA, Black HR, Bonds DE, Brzyski RG,
Caan B, Chlebowski RT, Cochrane B, Garland C, Gass M, Hays J, Heiss G,
Hendrix SL, Howard BV, Hsia J, Hubbell FA, Jackson RD, Johnson KC, Judd H,
Kooperberg CL, Kuller LH, LaCroix AZ, Lane DS, Langer RD, Lasser NL, Lewis
CE, Limacher MC, Manson JE. Calcium plus vitamin D supplementation and the
risk of colorectal cancer. N. Engl. J. Med. 2006;354(7):684-696.

104. Chlebowski RT, Johnson KC, Kooperberg C, Pettinger M, Wactawski-
Wende J, Rohan T, Rossouw J, Lane D, O'Sullivan MJ, Yasmeen S, Hiatt RA,
Shikany JM, Vitolins M, Khandekar J, Hubbell FA, for the Women's Health

44



Initiative I. Calcium Plus Vitamin D Supplementation and the Risk of Breast
Cancer. J. Natl. Cancer Inst. 2008;100(22):1581-1591.

105. International Agency for Research On Cancer. Vitamin D and Cancer
2008.

106. Mathieu C, Badenhoop K. Vitamin D and type 1 diabetes mellitus: state of
the art. Trends Endocrinol Metab. 2005;16(6):261-266.

107. Hypponen E, Laara E, Reunanen A, Jarvelin MR, Virtanen SM. Intake of
vitamin D and risk of type 1 diabetes: a birth-cohort study. Lancet.
2001;358(9292):1500-1503.

108. Cantorna MT. Vitamin D and multiple sclerosis: an update. Nutr. Rev.
2008;66(10 Suppl 2):S135-138.

109. Cade C, Norman AW. Vitamin D3 Improves Impaired Glucose Tolerance
and Insulin Secretion in the Vitamin D-Deficient Rat in Vivo. Endocrinology.
1986;119(1):84-90.

110. Norman AW, Frankel JB, Heldt AM, Grodsky GM. Vitamin D deficiency
inhibits pancreatic secretion of insulin. Science. 1980;209(4458):823-825.

111. Boucher BJ, John WG, Noonan K. Hypovitaminosis D is associated with
insulin resistance and beta cell dysfunction. Am. J. Clin. Nutr. 2004;80(6):1666;
author reply 1666-1667.

112.  Baynes KC, Boucher BJ, Feskens EJ, Kromhout D. Vitamin D, glucose
tolerance and insulinaemia in elderly men. Diabetologia. 1997;40(3):344-347.
113. Mathieu C, Gysemans C, Giulietti A, Bouillon R. Vitamin D and diabetes.
Diabetologia. 2005;48(7):1247-1257.

114. Boucher BJ. Hypovitaminosis D and risk of Type 2 diabetes in British
South Asians. Diabet. Med. 2006;23(3):336; author reply 336.

115. Eckel RH, Grundy SM, Zimmet PZ. The metabolic syndrome. Lancet.
2005;365(9468):1415-1428.

116. John WG, Noonan K, Mannan N, Boucher BJ. Hypovitaminosis D is
associated with reductions in serum apolipoprotein A-1 but not with fasting lipids
in British Bangladeshis. Am. J. Clin. Nutr. 2005;82(3):517-522.

45



117. Li YC, Qiao G, Uskokovic M, Xiang W, Zheng W, Kong J. Vitamin D: a
negative endocrine regulator of the renin-angiotensin system and blood pressure.
J. Steroid Biochem. Mol. Biol. 2004;89-90(1-5):387-392.

118. Forman JP, Giovannucci E, Holmes MD, Bischoff-Ferrari HA, Tworoger
SS, Willett WC, Curhan GC. Plasma 25-hydroxyvitamin D levels and risk of
incident hypertension. Hypertension. 2007;49(5):1063-10609.

119. Xiang W, Kong J, Chen S, Cao LP, Qiao G, Zheng W, Liu W, Li X,
Gardner DG, Li YC. Cardiac hypertrophy in vitamin D receptor knockout mice:
role of the systemic and cardiac renin-angiotensin systems. Am J Physiol
Endocrinol Metab. 2005;288(1):E125-132.

120. Kamilia T, Allan GN, Michael H, lan MC. Vitamin D, glucose, insulin,
and insulin sensitivity. Nutrition (Burbank, Los Angeles County, Calif.).
2008;24(3):279-285.

121. Kamilia T, Allan GN, Michael H, lan MC. Glucose tolerance and vitamin
D: Effects of treating vitamin D deficiency. Nutrition (Burbank, Los Angeles
County, Calif.). 2008;24(10):950-956.

122. Katzmarzyk PT, Leon AS, Wilmore JH, Skinner JS, Rao DC, Rankinen T,
Bouchard C. Targeting the metabolic syndrome with exercise: evidence from the
HERITAGE Family Study. Med. Sci. Sports Exerc. 2003;35(10):1703-1709.
123. Olson TP, Dengel DR, Leon AS, Schmitz KH. Changes in inflammatory
biomarkers following one-year of moderate resistance training in overweight
women. Int. J. Obes. 2007;31(6):996-1003.

124. Calabro P, Yeh ET. Obesity, inflammation, and vascular disease: the role
of the adipose tissue as an endocrine organ. Subcell. Biochem. 2007;42:63-91.
125.  Wareham NJ, Rennie KL. The assessment of physical activity in
individuals and populations: why try to be more precise about how physical
activity is assessed? Int. J. Obes. Relat. Metab. Disord. 1998;22 Suppl 2:S30-38.
126. Phillips AN, Davey Smith G. Confounding in epidemiological studies.
BMJ. 1993;306(6870):142.

127. Hypponen E, Turner S, Cumberland P, Power C, Gibb I. Serum 25-

hydroxyvitamin D measurement in a large population survey with statistical

46



harmonization of assay variation to an international standard. Harmonization of
25(OH)D in a large survey. J. Clin. Endocrinol. Metab. 2007.

128. Tangpricha V, Turner A, Spina C, Decastro S, Chen TC, Holick MF.
Tanning is associated with optimal vitamin D status (serum 25-hydroxyvitamin D
concentration) and higher bone mineral density. Am. J. Clin. Nutr.
2004;80(6):1645-1649.

129. Rhainds M, De Guire L, Claveau J. A population-based survey on the use
of artificial tanning devices in the Province of Quebec, Canada. J. Am. Acad.
Dermatol. 1999;40(4):572-576.

130. Levine JA, Sorace M, Spencer J, Siegel DM. The indoor UV tanning
industry: a review of skin cancer risk, health benefit claims, and regulation. J. Am.
Acad. Dermatol. 2005;53(6):1038-1044.

131. Nelemans PJ, Rampen FH, Ruiter DJ, Verbeek AL. An addition to the
controversy on sunlight exposure and melanoma risk: a meta-analytical approach.
J. Clin. Epidemiol. 1995;48(11):1331-1342.

132. Rigel EG, Lebwohl M, Rigel AC, Rigel DS. Daily UVB exposure levels in
high-school students measured with digital dosimeters. J. Am. Acad. Dermatol.
2003;49(6):1112-1114.

133.  Lehtonen-Veromaa M, Mottonen T, Nuotio |, Irjala K, Viikari J. The
effect of conventional vitamin D2 supplementation on serum 25(OH)D
concentration is weak among peripubertal Finnish girls: a 3-y prospective study.
Eur. J. Clin. Nutr. 2002;56(5):431-437.

134. Chen TC, Shao A, Heath H, 3rd, Holick MF. An update on the vitamin D
content of fortified milk from the United States and Canada. N. Engl. J. Med.
1993;329(20):1507.

135. Bennink. Vitamin B12, E and D Content of Raw and Cooked Beef.
Journal of Food Science. 1982;47(6):1786-1792.

136. Holden JM, Lemar LE, Exler J. Vitamin D in foods: development of the
US Department of Agriculture database. Am. J. Clin. Nutr. 2008;87(4):1092S-
1096.

47



137. Nestle M. Food Politics: How the Food Industry Influences Nutrition and
Health. Berkeley, California: University of California Press; 2002.

138.  Kirkpatrick SlI, Tarasuk V. Food insecurity is associated with nutrient
inadequacies among Canadian adults and adolescents. J. Nutr. 2008;138(3):604-
612.

139. Sacco JE, Tarasuk V. Health Canada’s Proposed Discretionary
Fortification Policy Is Misaligned with the Nutritional Needs of Canadians. J.
Nutr. 2009;139(10):1980-1986.

140. Byrdwell WC, Devries J, Exler J, Harnly JM, Holden JM, Holick MF,
Hollis BW, Horst RL, Lada M, Lemar LE, Patterson KY, Philips KM, Tarrago-
Trani MT, Wolf WR. Analyzing vitamin D in foods and supplements:
methodologic challenges. Am. J. Clin. Nutr. 2008;88(2):554S-557S.

141. Lu Z, Chen TC, Zhang A, Persons KS, Kohn N, Berkowitz R, Martinello
S, Holick MF. An evaluation of the vitamin D3 content in fish: Is the vitamin D
content adequate to satisfy the dietary requirement for vitamin D? J. Steroid
Biochem. Mol. Biol. 2007;103(3-5):642-644.

142.  Snijder MB, van Dam RM, Visser M, Deeg DJ, Dekker JM, Bouter LM,
Seidell JC, Lips P. Adiposity in relation to vitamin D status and parathyroid
hormone levels: a population-based study in older men and women. J. Clin.
Endocrinol. Metab. 2005;90(7):4119-4123.

143. Reinehr T, de Sousa G, Alexy U, Kersting M, Andler W. Vitamin D status
and parathyroid hormone in obese children before and after weight loss. Eur. J.
Endocrinol. 2007;157(2):225-232.

144.  Stein EM, Laing EM, Hall DB, Hausman DB, Kimlin MG, Johnson MA,
Modlesky CM, Wilson AR, Lewis RD. Serum 25-hydroxyvitamin D
concentrations in girls aged 4-8 y living in the southeastern United States. Am. J.
Clin. Nutr. 2006;83(1):75-81.

145. Wortsman J, Matsuoka LY, Chen TC, Lu Z, Holick MF. Decreased
bioavailability of vitamin D in obesity. Am. J. Clin. Nutr. 2000;72(3):690-693.

48



146. Heaney RP, Davies KM, Chen TC, Holick MF, Barger-Lux MJ. Human
serum 25-hydroxycholecalciferol response to extended oral dosing with
cholecalciferol. Am. J. Clin. Nutr. 2003;77(1):204-210.

147. Ness AR, Leary SD, Mattocks C, Blair SN, Reilly JJ, Wells J, Ingle S,
Tilling K, Smith GD, Riddoch C. Objectively measured physical activity and fat
mass in a large cohort of children. PLoS Med. 2007;4(3):€97.

148. MacLaughlin J, Holick MF. Aging decreases the capacity of human skin
to produce vitamin D3. J. Clin. Invest. 1985;76(4):1536-1538.

149. Weaver CM, Fleet JC. Vitamin D requirements: current and future. Am. J.
Clin. Nutr. 2004;80(6 Suppl):1735S-1739S.

150. Weng FL, Shults J, Leonard MB, Stallings VA, Zemel BS. Risk factors
for low serum 25-hydroxyvitamin D concentrations in otherwise healthy children
and adolescents. Am. J. Clin. Nutr. 2007;86(1):150-158.

151.  Sallis JF. Age-related decline in physical activity: a synthesis of human
and animal studies. Med. Sci. Sports Exerc. 2000;32(9):1598-1600.

152. Hatun S, Islam O, Cizmecioglu F, Kara B, Babaoglu K, Berk F, Gokalp
AS. Subclinical vitamin D deficiency is increased in adolescent girls who wear
concealing clothing. J. Nutr. 2005;135(2):218-222.

153. Mark S, Gray-Donald K, Delvin EE, O'Loughlin J, Paradis G, Levy E,
Lambert M. Low Vitamin D Status in a Representative Sample of Youth From
Quebec, Canada. Clin. Chem. 2008;54(8):1283-1289.

154. Hypponen E, Power C. Hypovitaminosis D in British adults at age 45 y:
nationwide cohort study of dietary and lifestyle predictors. Am. J. Clin. Nutr.
2007;85(3):860-868.

155.  Holick MF. Environmental factors that influence the cutaneous production
of vitamin D. Am. J. Clin. Nutr. 1995;61(3 Suppl):638S-645S.

156. Salamoun MM, Kizirian AS, Tannous RI, Nabulsi MM, Choucair MK,
Deeb ME, El-Hajj Fuleihan GA. Low calcium and vitamin D intake in healthy
children and adolescents and their correlates. Eur. J. Clin. Nutr. 2005;59(2):177-
184,

49



157. Cook JT, Frank DA, Berkowitz C, Black MM, Casey PH, Cutts DB,
Meyers AF, Zaldivar N, Skalicky A, Levenson S, Heeren T, Nord M. Food
insecurity is associated with adverse health outcomes among human infants and
toddlers. J Nutr. 2004;134(6):1432-1438.

158. Scragg R, Camargo CA, Jr. Frequency of Leisure-Time Physical Activity
and Serum 25-Hydroxyvitamin D Levels in the US Population: Results from the
Third National Health and Nutrition Examination Survey. Am. J. Epidemiol.
2008;168(6):577-586.

159. Scragg R, Holdaway I, Jackson R, Lim T. Plasma 25-hydroxyvitamin D3
and its relation to physical activity and other heart disease risk factors in the
general population. Ann. Epidemiol. 1992;2(5):697-703.

160. Scragg R, Holdaway I, Singh V, Metcalf P, Baker J, Dryson E. Serum 25-
hydroxyvitamin Ds is related to physical activity and ethnicity but not obesity in a
multicultural workforce. Aust. N. Z. J. Med. 1995;25(3):218-223.

161. Giovannucci E, Liu Y, Rimm EB, Hollis BW, Fuchs CS, Stampfer MJ,
Willett WC. Prospective study of predictors of vitamin D status and cancer
incidence and mortality in men. J. Natl. Cancer Inst. 2006;98(7):451-459.

162. Ford ES, Merritt RK, Heath GW, Powell KE, Washburn RA, Kriska A,
Haile G. Physical Activity Behaviors in Lower and Higher Socioeconomic Status
Populations. Am. J. Epidemiol. 1991;133(12):1246-1256.

163. Mahabir S, Baer DJ, Giffen C, Clevidence BA, Campbell WS, Taylor PR,
Hartman TJ. Comparison of energy expenditure estimates from 4 physical activity
questionnaires with doubly labeled water estimates in postmenopausal women.
Am. J. Clin. Nutr. 2006;84(1):230-236.

164. Ward DS, Evenson KR, Vaughn A, Rodgers AB, Troiano RP.
Accelerometer use in physical activity: best practices and research
recommendations. Med. Sci. Sports Exerc. 2005;37(11 Suppl):S582-588.

165. Epstein LH, Roemmich JN, Paluch RA, Raynor HA. Physical activity as a
substitute for sedentary behavior in youth. Ann. Behav. Med. 2005;29(3):200-209.

50



166. Salmon J, Owen N, Crawford D, Bauman A, Sallis JF. Physical activity
and sedentary behavior: a population-based study of barriers, enjoyment, and
preference. Health Psychol. 2003;22(2):178-188.

167. Marshall SJ, Biddle SJ, Gorely T, Cameron N, Murdey I. Relationships
between media use, body fatness and physical activity in children and youth: a
meta-analysis. Int. J. Obes. Relat. Metab. Disord. 2004;28(10):1238-1246.

168. Biddle SJ, Gorely T, Stensel DJ. Health-enhancing physical activity and
sedentary behaviour in children and adolescents. J Sports Sci. 2004;22(8):679-
701.

169. Lawlor DA, Davey Smith G, Kundu D, Bruckdorfer KR, Ebrahim S.
Those confounded vitamins: what can we learn from the differences between
observational versus randomised trial evidence? Lancet. 2004;363(9422):1724-
1727.

170. Omenn GS, Goodman GE, Thornquist MD, Balmes J, Cullen MR, Glass
A, Keogh JP, Meyskens FL, Valanis B, Williams JH, Barnhart S, Hammar S.
Effects of a Combination of Beta Carotene and Vitamin A on Lung Cancer and
Cardiovascular Disease. N. Engl. J. Med. 1996;334(18):1150-1155.

171. Sesso HD, Buring JE, Christen WG, Kurth T, Belanger C, MacFadyen J,
Bubes V, Manson JE, Glynn RJ, Gaziano JM. Vitamins E and C in the Prevention
of Cardiovascular Disease in Men: The Physicians' Health Study Il Randomized
Controlled Trial. JAMA. 2008;300(18):2123-2133.

172. Lippman SM, Klein EA, Goodman PJ, Lucia MS, Thompson IM, Ford
LG, Parnes HL, Minasian LM, Gaziano JM, Hartline JA, Parsons JK, Bearden JD,
111, Crawford ED, Goodman GE, Claudio J, Winquist E, Cook ED, Karp DD,
Walther P, Lieber MM, Kristal AR, Darke AK, Arnold KB, Ganz PA, Santella
RM, Albanes D, Taylor PR, Probstfield JL, Jagpal TJ, Crowley JJ, Meyskens FL,
Jr., Baker LH, Coltman CA, Jr. Effect of Selenium and Vitamin E on Risk of
Prostate Cancer and Other Cancers: The Selenium and Vitamin E Cancer
Prevention Trial (SELECT). JAMA. 2009;301(1):39-51.

173. Messina M, Lampe JW, Birt DF, Appel LJ, Pivonka E, Berry B, Jacobs

DR, Jr. Reductionism and the narrowing nutrition perspective: time for

51



reevaluation and emphasis on food synergy. J. Am. Diet. Assoc.
2001;101(12):1416-1419.

174.  Sweeting H, Anderson A, West P. Socio-demographic correlates of dietary
habits in mid to late adolescence. Eur J Clin Nutr. 1994;48:736 - 748.

175. Fraikin GY, Strakhovskaya MG, Ivanova EV, Rubin AB. Near-UV
activation of enzymatic conversion of 5-hydroxytryptophan to serotonin.
Photochem. Photobiol. 1989;49:475 - 477.

176. Rao ML, Muller-Oerlinghausen B, Mackert A, Strebel B, Stieglitz RD,
Volz HP. Blood serotonin, serum melatonin and light therapy in healthy subjects
and in patients with nonseasonal depression. Acta Psychiatr. Scand. 1992;86:127
- 132.

177.  Stephen EU. Sunlight and skin cancer: Lessons from the immune system.
Mol. Carcinog. 2007;46(8):629-633.

178.  Mathieu Bl, Katherine G-D, Jennifer Ol, Gilles P, James H. Influence of
Weather Conditions and Season on Physical Activity in Adolescents. Ann.
Epidemiol. 2009;19(3):180-186.

179. Mark S, Gray-Donald K, Delvin EE, O'Loughlin J, Paradis G, Levy E,
Lambert M. Low vitamin D status in a representative sample of youth from
Quebec, Canada. Clin Chem. 2008;54(8):1283-1289.

180. Lynch JW, Kaplan GA, Salonen JT. Why do poor people behave poorly?
Variation in adult health behaviours and psychosocial characteristics by stages of
the socioeconomic lifecourse. Soc. Sci. Med. 1997;44(6):809-819.

181. Warburton DER, Nicol CW, Bredin SSD. Health benefits of physical
activity: the evidence. CMAJ. 2006;174(6):801-8009.

182. Arroll B, Beaglehole R. Does physical activity lower blood pressure: a
critical review of the clinical trials. J. Clin. Epidemiol. 1992;45(5):439-447.

183. Janz KF, Gilmore JM, Burns TL, Levy SM, Torner JC, Willing MC,
Marshall TA. Physical activity augments bone mineral accrual in young children:
The lowa Bone Development study. J. Pediatr. 2006;148(6):793-799.

184.  Virchow. Industrialism and the sanitary movement In: Rosen G, ed. A
History of Public Health New York MD Publications; 1958.

52



185. Harper S, Lynch J. Trends in socioeconomic inequalities in adult health
behaviors among U.S. states, 1990-2004. Public Health Rep. 2007;122(2):177-
189.

186. Giovannucci E, Liu Y, Hollis BW, Rimm EB. 25-hydroxyvitamin D and
risk of myocardial infarction in men: a prospective study. Arch. Intern. Med.
2008;168(11):1174-1180.

187. Ojha RP, Felini MJ, Fischbach LA. Vitamin D for cancer prevention: valid
assertion or premature anointment? Am. J. Clin. Nutr. 2007;86(6):1804-1805.
188. Michels KB. The women's health initiative--curse or blessing? Int. J.
Epidemiol. 2006;35(4):814-816.

189. Jackson RD, LaCroix AZ, Gass M, Wallace RB, Robbins J, Lewis CE,
Bassford T, Beresford SA, Black HR, Blanchette P, Bonds DE, Brunner RL,
Brzyski RG, Caan B, Cauley JA, Chlebowski RT, Cummings SR, Granek I, Hays
J, Heiss G, Hendrix SL, Howard BV, Hsia J, Hubbell FA, Johnson KC, Judd H,
Kotchen JM, Kuller LH, Langer RD, Lasser NL, Limacher MC, Ludlam S,
Manson JE, Margolis KL, McGowan J, Ockene JK, O'Sullivan MJ, Phillips L,
Prentice RL, Sarto GE, Stefanick ML, Van Horn L, Wactawski-Wende J,
Whitlock E, Anderson GL, Assaf AR, Barad D. Calcium plus vitamin D
supplementation and the risk of fractures. N. Engl. J. Med. 2006;354(7):669-683.
190. Autier P, Gandini S. Vitamin D supplementation and total mortality: a
meta-analysis of randomized controlled trials. Arch. Intern. Med.
2007;167(16):1730-1737.

191. Gloth FM, 3rd, Gundberg CM, Hollis BW, Haddad JG, Jr., Tobin JD.
Vitamin D deficiency in homebound elderly persons. JAMA. 1995;274(21):1683-
1686.

192.  Schatzkin A, Abnet CC, Cross AJ, Gunter M, Pfeiffer R, Gail M, Lim U,
Davey-Smith G. Mendelian Randomization: How It Can--and Cannot--Help
Confirm Causal Relations between Nutrition and Cancer. Cancer Prev Res.
2009;2(2):104-113.

53



193. Ebrahim S, Davey Smith G. Mendelian randomization: can genetic
epidemiology help redress the failures of observational epidemiology? Hum.
Genet. 2008;123(1):15-33.

194. Lawlor DA, Harbord RM, Sterne JA, Timpson N, Davey Smith G.
Mendelian randomization: Using genes as instruments for making causal
inferences in epidemiology. Stat. Med. 2007.

195. Brennan P, Hsu CC, Moullan N, Szeszenia-Dabrowska N, Lissowska J,
Zaridze D, Rudnai P, Fabianova E, Mates D, Bencko V, Foretova L, Janout V,
Gemignani F, Chabrier A, Hall J, Hung RJ, Boffetta P, Canzian F. Effect of
cruciferous vegetables on lung cancer in patients stratified by genetic status: a
mendelian randomisation approach. Lancet. 2005;366(9496):1558-1560.

196. Cornelis MC, EI-Sohemy A, Kabagambe EK, Campos H. Coffee,
CYP1A2 Genotype, and Risk of Myocardial Infarction. JAMA.
2006;295(10):1135-1141.

197.  Uitterlinden AG, Fang Y, van Meurs JBJ, Pols HAP, van Leeuwen JPTM.
Genetics and biology of vitamin D receptor polymorphisms. Gene.
2004;338(2):143-156.

198.  Hirschhorn JN, Daly MJ. Genome-wide association studies for common
diseases and complex traits. Nat Rev Genet. 2005;6(2):95-108.

199. Garland CF, Garland FC. Do sunlight and vitamin D reduce the likelihood
of colon cancer? Int. J. Epidemiol. 1980;9(3):227-231.

54



CHAPTER 3: OBJECTIVES AND METHODS

This section outlines the objectives and methods used in this thesis.
The specific objectives are:

1) To document the vitamin D status of Quéebec youth using a population

representative sample of Québec children aged 9, 13 and 16.

2) To examine the respective contributions of diet, physical activity and fat mass

to explain the variance in serum vitamin D status in youth at high risk of obesity.

3) To examine dietary vitamin D, calcium and dairy foods intake in relation to
household income and food security status in a representative sample of Canadian

youth.

In order to address these three objectives three different databases were
used. The databases are: the Québec Child and Adolescent Health and Social
Survey (QCAHS), The Québec Adipose and Lifestyle InvesTigation in Youth
(QUALITY) study and finally the Canadian Community Health Survey (CCHS)
cycle 2.2.

3.1 Québec Child and Adolescent Health and Social Survey

Objective 1: Document the plasma vitamin D status of Québec youth using a

representative sample of Québec children aged 9, 13 and 16.
Study population

This study population comprised a probability sample of Québec 9, 13 and 16
year olds who participated in the Québec Child and Adolescent Health and Social
Survey, conducted in schools between January and May 1999. Three (one per age
group), independent, stratified, cluster random samples were drawn from the
Québec Ministry of Education list of children attending public or private schools.
Schools in the most remote regions of Québec, federal government and aboriginal

schools, those in which >50% of students had severe handicaps, and those with
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<12 eligible students were excluded. This sampling frame represented 97% of
youth of the targeted ages. The survey comprised a youth questionnaire, clinical
measurements, a parent questionnaire and a questionnaire for school principals.
Two to three weeks before data collection, an explanatory letter, a consent form
and a parent questionnaire were mailed to subjects’ homes with letters of support
from the principal and parents' committee. All other survey procedures were

conducted on school premises in a room designated for this purpose.
Biochemical measurements

After an overnight fast, venous blood was collected between 0800h and 1000h in
a1l g/L EDTA collection tube, and placed on ice. Samples were centrifuged on
site within 45 minutes of collection, transported on dry ice and stored at —800C.
25(0OH)D mostly bound to vitamin D binding protein and albumin is stable under
those conditions. 25-hydroxyvitamin D was measured in duplicate by a radio-
immunoassay following extraction in dichloromethane (IDS Laboratories, UK).
The inter assay coefficient of variation was 5.9% nmol / L at 30.6 nmol / L and
6.0 % at 115.1 nmol / L. The laboratory participates in the international External
Quality Assessment Scheme (EQAS) on vitamin D metabolites and meets the
performance target set by the Advisory Panel for Data Analysis. Two assays of
25(0OH)D, for each participant, were averaged and this value was considered the
true serum 25(OH)D value. When the two results were more discrepant than 3

nmol /L the sample was repeated.
Statistical analysis

Objective 1: Age and sex specific Z-scores for BMI were computed using a SAS
program developed by the CDC based on the 2000 US CDC growth charts *. To
take the complex study design into account, sampling weights and clustering
effects by school were estimated and incorporated into computations of
prevalence, percentile values and 95% confidence intervals. We used the non-
parametric method developed by Hutson  to estimate percentiles and their
confidence intervals. Because of the low observed frequencies we calculated

exact binomial 95% confidence intervals * for the prevalence of the three cut-offs
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for vitamin D. Differences in prevalence between sex and age groups were tested
using a likelihood ratio test in a generalized linear logistic model to take the
clustering effect within schools into account. Generalized linear models are a
flexible generalization of ordinary least squares regression. Generalized linear
models incorporate other statistical models including linear, logistic and Poisson
regression into a single framework #. The associations between mean 25(OH)D,
sex and age were tested in univariate regression analyses. We used hierarchical
regression models to estimate regression coefficients for univariate and
multivariate associations. Hierarchal regression (multi-level analysis) allows
variance to be analyzed at various levels. For example, we found significant
clustering of 25(OH)D variance at the school level that was taken into account
with the hierarchal model. Explanatory variables were treated as fixed effects and
clustering between subjects in the same school was treated as a random effect.
Analyses were stratified by sex because of a significant age-sex interaction (p
<0.0001) in a model predicting vitamin D status which included sex, age, BMI Z
score, month of blood draw, parental income and location of residence. Statistical
analyses were performed with SAS version 9.1 (SAS Institute, Inc., Cary, NC).

3.2 The Québec Adipose and Lifestyle InvesTigation in Youth (QUALITY)

Objective 2. To examine the respective contributions of diet, physical activity
and % of total mass as fat mass to explaining the variance in serum vitamin D

status in youth.
Study sample

A recruitment goal of 600 youth at risk of obesity was set. We examined the first
159 youth for which measurement of vitamin D was analysed for this purpose. To
be eligible, the child had to be between 8 and 10 years of age at inclusion, and
both biological parents had to be available for the study. Further, at least one of
the biological parents had to be obese, which was defined using a standard
definition of having either a body mass index of > 30 kg/ m? (according to
reported height and weight) or having a reported waist circumference of greater

than 102 cm in men or greater than 88 cm in women. Finally, families had to be
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Caucasians of Western-European ancestry. Families were not eligible to
participate if one of the parents had a type of diabetes other than type-2, the
mother was pregnant or lactating at the baseline evaluation, or if the family had
plans to leave the province of Québec in the near future. Exclusion criteria for the
child under study included having been diagnosed with diabetes (types 1 or 2),
having a serious illness that prevents participation at some or all of the tests,
taking anti-hypertensives or steroids (except if administered topically or through
inhalation), being on a very restrictive diet (less than 600 kcal/day), or having
serious psychological or cognitive problems that would limit participation in the

study.

Families were recruited through flyers sent to primary schools situated
within 75 km of Montréal, Québec City and Sherbrooke. The flyers informed
parents of children in grades 3 to 5 about the study, its objectives and the
eligibility criteria. Families interested in participating, and who thought that they
might be eligible to participate, were invited to contact the research coordinator
for more information and to confirm eligibility. Once eligibility was confirmed,
and consent obtained, families were given an appointment for baseline data
collection and are subsequently followed for follow-up two years later.
Measurements were undertaken at the clinical research units of CHU Sainte
Justine (Montréal) and Hépital Laval (Québec City). Families at high risk of
obesity were chosen to ensure a sufficient number of children would present with
or develop overweight / obesity during the period beginning with the ending of
childhood and the follow-up period concluding at the end of adolescence.
Recruitment into the study was limited to Caucasian families to reduce genetic

admixture of populations.
Anthropometry and DXA

Height, weight, waist and hip circumferences were measured according to
standardized protocols. BMI was computed as weight (kg) / height (m?). Sexual
maturity stage of children was scored, by visual inspection, according to Tanner °.

Determination of percentage of body fat was done using dual energy x-ray
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absorptiometry (DXA) (Prodigy Bone Densitometer System, DF+14664, GE

Lunar Corporation).
Measurement of physical activity in epidemiologic studies

We will briefly review the different methods used to measure physical activity to
contextualize the significance of the objectively measured PA in the QUALITY
study. One of the principal limitations of epidemiologic studies is the difficulty in

accurately measuring both independent and dependent variables.

Physical activity is defined as muscular movement which results in energy
expenditure. It has 3 principle dimensions: frequency, intensity and duration. PA
is a complex exposure and is difficult to measure, particularly in youth °. This is
complicated further as there is no gold standard to measure physical activity. For
example, doubly labelled water can provide activity based energy expenditure
over a 2 to 3 week period in free-living individuals. It is, however, expensive thus
limiting its use in larger studies making it more difficult to perform validation
studies for PA questionnaires and accelerometers. Measurement of PA is made
more difficult in youth due to the unstructured nature of PA in youth and
cognitive difficulties associated with the recall of complex behaviors ’. I will
briefly describe three methods to measure physical activity, this, however, is not a

comprehensive review of measurement methods for physical activity.

Doubly Labeled Water: Doubly labeled water is the closest technique to a gold
standard to measure physical activity in free-living individuals. It measures
energy expenditure over a two three- week period. Individuals are administered
isotopes of oxygen and hydrogen which equilibrate in the body fluids and COz2 is
collected 2-3 weeks later through inhalation. Measured CO2 can be converted to
energy expenditure, using equations and assumptions about hydration level. The
measurement of energy expenditure is conceptually different to the measurement
of physical activity which is defined as the muscle movement which causes
energy expenditure. Activity based energy expenditure, however can be
calculated from doubly-labeled water by calculating the resting metabolic rate and

the thermogenic effect of food, the energy associated with food digestion. The
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limitations of this approach to measure physical activity are that it is very
expensive. It is thus not a suitable approach to measure PA in large scale

epidemiologic studies.

Accelerometer: An accelerometer is a device which measures acceleration.
Accelerometers to measure PA are small devices which can be worn at the hip in
free-living individuals. Some accelerometers measure acceleration in one plane,
others can measure acceleration in three planes, though this does not result in
greatly enhanced validity °. Accelerometers do not capture the context of physical
activity, for example it does not indicate what activities are being performed to
generate the accelerometer data. Further, they are more valid when measuring
walking and running than activities such as house and yard work and golfing.
These devices do not capture upper body movement, load bearing and movement

up an incline 8.

Questionnaire: Physical activity questionnaires are the most frequently used
method for measuring PA, particularly in epidemiologic studies. Most PA
questionnaires are self-administered. PA questionnaires are able to capture
structured PA and the context within which activities occur. This is problematic
when measuring the PA of youth, where much of the activity is unstructured °. PA
questionnaires have been used to generate information regarding the intensity of
PA by assigning a metabolic equivalent to a particular activity and then summing
the duration of activities conducted with different intensities. The use of
metabolic equivalent, however, assumes that youth are conducting activities at the
assigned level of intensity and that the duration of the activity has been accurately

measured %1,

Physical activity assessment in the QUALITY study

The QUALITY study measured physical activity using accelerometers and
questionnaires. For objectively assessed PA, children wore a uniaxial Actigraph
LS 7164 activity monitor (Actigraph LLC, Pensacola, Florida) for a 7-day period
following the clinic visit. Data were downloaded in one-minute intervals. Days

were excluded when the accelerometer was worn for less than 80% of the average
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time worn on the other days. No modifications were made to the data to account
for children who indicated they had gone swimming or cycling on any of the
seven days. A total of 140 children (58.5% boys, aged 8-11 years) provided
accelerometer data. Overall, 89% of youth had greater than 4 days of
accelerometer reporting, a number of days shown to ensure adequate reliability %,
The mean daily accelerometer time worn was 13.6 hours for both sexes. 74 % of
the sample reported no cycling or swimming during the evaluation week,

activities which are not accurately represented by the accelerometer.
Dietary assessment

Children’s dietary assessment was based on three non-consecutive 24-hour
dietary recalls completed on different days of the week including one weekend
day. A dietician obtained recalls within six weeks of the clinic visit. In order to
minimize the burden to families, recalls were conducted by telephone. Each
subject received a small disposable kit of food portion models prior to the
interview. At the clinic visit the child was given a short training session on the use
of the graduated cup, bowl etc. Telephone interviews for the 24-hour dietary
recalls have been validated against dietician administered 24 hour recalls
administered in person with good results in youth *3. Cooking details for meals
cooked at home were obtained from parents. Food groups were created for dairy,
fruit and vegetable servings using the Canadian Food Guide **. A food group was
created for sweetened drinks and the portion size used was based on a 250 mL
serving size. We also collected information on the use of all dietary supplements
including the drug identification number. The nutrient analysis of the food and
supplement data was completed using the CANDAT software (Godin London

Incorporated, London, Ontario, Canada).
Lifestyle and Health Questionnaires

A questionnaire administered to the child, by a research assistant, collected
information on child lifestyle behaviors and general health. A self-administered

questionnaire for parents collected information on socio-demographic
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characteristics, child medical history, parental lifestyle behaviors, parental health

and health of other family members.
Biochemical measurements

After an overnight fast, venous blood was collected between 0800h and 0900h in
a1l g/L EDTA collection tube, and placed on ice. Samples were centrifuged
within 15 minutes of collection, and stored at —800C until use. 25-OH vitamin D

was measured as described in methods for section 1.
Statistical analysis

25(0OH)D were not normally distributed in the QUALITY study and was natural
log transformed in a sensitivity analysis to test the robustness of the findings of
the regression. Generalized linear regression was used with 25(OH)D as the
dependent variable. Independent variables included: % body fat, physical activity
measured by accelerometers, dietary intake of vitamin D including supplements,
sex and age. Vitamin D containing foods and supplements were tested for their

contributions to serum 25(OH)D status in a second model.

3.3 The Canadian Community Health Survey Cycle 2.2

Objective 3: To examine dietary vitamin D, calcium and dairy product intake in

relation to income and household food insecurity.
Study Sample

The survey targets respondents from all age groups living in private occupied
dwellings in the ten provinces. Excluded from the sampling frame were residents
of the three territories, persons living on Indian reserves or Crown lands, persons
living in institutions, full-time members of the Canadian Forces and residents of
some remote regions. The sample of 35,000 individuals was selected from four
different frames: the Labour Force Survey (LFS) area frame, a list of CCHS 2.1
dwellings, the PEI and Manitoba Healthcare registries. The use of more than one
frame was necessary to ensure the minimum number of 80 individuals required

for each Dietary Reference Intake (DRI) group per province. We examined youth
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who were 9-18 years old and excluded girls who were pregnant or breastfeeding

bringing our final sample to 8938.

Interviewers received 3.5 days of training before going out into the field.
Data collection began in 2004, spanning the entire year in order to eliminate
possible seasonal effects and to spread out the interviewer workload in the field.
The average length of interview was 60 minutes including the 24-hour dietary
recall module (30 minutes). The majority of interviews were conducted in person
and the 24 hour recall was done using a computer-assisted interviewing method.
Measured height and weight in all respondents aged 2 and older were collected at

the end of the interview.
The validity of dietary intake in youth

Under-reporting of energy intake is common in dietary surveys and has been
associated with obesity and socio-economic position *°. Basal metabolic rate was
calculated for youth participants using equations provided by the Institute of
Medicine *°. Using a measure of leisure physical activity in the past 3 months we
classified individuals into active, moderate or inactive. Estimated energy
expenditure was calculated using the basal metabolic rate and the leisure physical
activity score *. This, in turn, was compared to the total energy intake. We
conducted a sensitivity analysis to examine if individuals with implausible energy

intakes modified trends in the data *’.
Statistical analysis

As the 24 recall methodology is only appropriate for assessing the intake of foods
or nutrients for groups owing to the day-to-day variability within individuals, data
were analyzed by groups which were quartiles of income taking into account
household size. For example the third quartile of income was defined as a
household income of 40 — 80 thousand dollars / year with 3 or 4 / per members in
the household. Income groups, food insecurity, age and sex were used as
stratification variables. In order to examine the effect of low income and food
insecurity together as a measure of what is more likely persistent food insecurity,

we excluded youth who came from households in the upper two quartiles of
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income in the food insecure group. We chose to analyze dairy servings, fruits and
vegetables, sweetened drinks, dietary fiber, calcium, vitamin D and saturated fat.
These foods and nutrients were chosen for their established role in preventing or
promoting disease ***°. Descriptive statistics and comparisons of means and
proportions were undertaken to examine pre-defined risk groups (food
insecure/secure, quartile of income by age-sex group and analysis of variance was
done to compare means). The role of supplements in improving nutrient adequacy
was examined in addition to food sources; however the methodologies to
accurately adjust for within subject variability in supplement intake have not been

developed.
Quality Assurance / Quality Control

The QCAHS, QUALITY and the CCHS studies used standardized, high quality
data acquisition methods. These methods include: 1) develop detailed protocols
that clearly describes all data collection procedures; 2) training study personnel
centrally; 3) regularly monitoring of performance of the personnel using
meaningful criteria; and 4) determine standards for unacceptable levels of

measurement quality and implement corrective action as appropriate.

3.4 Ethics
The QCAHS study

At the planning phase of the QCAHS studies permission was obtained to store
residual samples from the Direction de Sante Québec and CHU Sainte-Justine
Ethics Review Boards. Two to three weeks before data collection, an explanatory
letter, a consent form and a parent questionnaire were mailed to subjects’ homes
with letters of support from the principal and parents' committee. Specific and
explicit written consent was obtained from parents (or guardians) and assent was
obtained from each youth. All data were stored anonymously. Individuals cannot
be traced because the list of names has already been destroyed as specified by the

Commission d’acces a 1’information in the case of QCAHS.
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The QUALITY study

The QUALITY study was designed to assess a broad array of health indicators in
youth at high risk of obesity. Study participants were given an information
package and given a number of days to reflect on the information before agreeing
to participate in the study. Specific and explicit written consent was obtained from

parents (or guardians) and assent was obtained from youth.

All data were stored anonymously. A toll free number was made available to
families for questions pertaining to their participation in the study. All
information on participants was stored in locked filing cabinets. The QUALTY
study has been reviewed and approved by the Ethics Review Board of CHU

Sainte-Justine approved this sub-study.
CCHS study

Statistics Canada followed federal government and Statistics Canada policies to
ensure the privacy and confidentiality of respondents of the CCHS. The CCHS
was also guided by the Policy on Informing Survey Respondents by telling
respondents, before and at the time of data collection, that their participation was
voluntary. Data was stored anonymously. Access to the Statistics Canada data
center required a number of personal security checks. Prior to the disclosure of
data for use in publication, a Statistics Canada employee verified the data to
ensure that no less than 5 respondents were in each cell to protect the

confidentiality of participant information.
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4.1 Abstract

Background: Adequate vitamin D status is important for bone growth and
mineralization and has been implicated in the regulation of autoimmunity,
metabolic function and cancer prevention. There are no reports of population-
based studies on the vitamin D status of Canadian youth, a population where

vitamin D is fortified in staple foods.

Methods: We measured plasma 25-hydroxyvitamin D, the best indicator of
vitamin D status, in a school-based cross-sectional sample representative of
Québec French Canadian youth (n=1753) aged 9, 13 and 16 years. Blood samples
were collected from January to May 1999. We defined the threshold for vitamin D
deficiency as < 27.5 nmol/L, hypovitaminosis as < 37.5 nmol/L and optimal as >

75.0 nmol/L.

Results: More than 93% of youth in each age and sex group had sub-optimal
vitamin D concentrations. The prevalence of vitamin D deficiency increased with
age in both sexes (p< 0.0001). It was 2%, 3% and 13% in 9, 13 and 16-year-old
boys and 2%, 8% and 10% in 9, 13 and 16-year-old girls. Girls with higher body
mass index and girls from households with lower income had lower vitamin D

concentrations. These effects were not observed in boys.

Conclusions: Inadequate vitamin D status is a potentially serious public health
problem among Québec youth. Youth living at high latitudes in countries with no
fortification of vitamin D are also, likely, at heightened risk of vitamin D
deficiency. These results call for renewed efforts to assure adequate vitamin D

concentrations among growing children and adolescents.
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4.2 Introduction

Vitamin D facilitates the intestinal absorption of calcium and phosphorus and
plays an important role in bone mineralization *. It follows that maintaining
optimal levels of vitamin D concentrations is particularly important during the
growth period in children and adolescents, when much of adult bone mass is
established 2. Vitamin D is believed to exert physiological effects beyond the
skeletal system 3. Indeed, the identification of vitamin D-specific nuclear
receptors which modulate the expression of a variety of genes * in a number of
tissues indicates that this hormone plays a role in several physiological processes

including cancer prevention °, immune regulation ® and glucose homeostasis .

Ultraviolet activation of 7-dehydrocholesterol in the epidermis is the
predominant source of cholecalciferol or vitamin D3 . This secosteroid is
transported to the liver where it is hydroxylated to yield 25-hydroxyvitamin Ds
{25(OCH)D}. When dietary calcium intake is low, the parathyroid glands respond
to minute decreases in ionized serum calcium by releasing parathyroid hormone
(PTH). PTH in turn, regulates the final hydroxylation of vitamin D in the renal
mitochondria yielding the biologically active hormone, 1-alpha, 25-
dihydroxycalciferol °. Active vitamin D has three target tissues relevant to the
calcium metabolism. First, active vitamin D initiates the break down of bone
tissue, releasing calcium into the serum, second, it increases the absorption of
dietary calcium in the gut, finally, active vitamin D increases the reabsorption of

calcium in the distal tubule of the kidney °.

At high latitudes cutaneous vitamin D synthesis is season-dependent and
from approximately October to March supplements or fortified foods are the only
widely available sources *°. The 1997 Institute of Medicine guidelines for dietary
intake of vitamin D were meant to prevent the seasonal increase in PTH,
associated with lower vitamin D status, assuming little or no cutaneous production
of vitamin D **. Elevated plasma concentrations of PTH are a marker of bone
remodeling; where consistently elevated levels are associated with an increase in

risk for osteoporosis in later life 2.
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A number of studies have documented vitamin D deficiency and
hypovitaminosis from populations inhabiting a wide range of latitudes, including:
male adolescents in Paris **, adolescents in Maine **, inner city adolescent girls in
Manchester UK *°, school-aged youth from Lebanon *° and adolescent girls
wearing concealing clothing in Turkey *'. Despite this, there are very few
countries with fortification of vitamin D in staple foods. Mandatory fortification
does exist, however, in the US, Canada and Finland, where staple foods, such as
fluid milk, are fortified and have been shown to increase vitamin D intake
consistent with dietary intake guidelines proposed by the Institute of Medicine 2.
Since fortification, however, an expert consensus amongst vitamin D researchers
have stated that current levels of food fortification are inadequate to support
optimal vitamin D status in adults °. It is not known, in older youth, the
effectiveness of fortification in the mitigation of vitamin D deficiency or
supporting optimal vitamin D status. Further, there are no reports of large
population-based studies on the vitamin D status of youth at high latitude in a
country with mandatory fortification of staple foods with vitamin D.

As 25(0OH)D is widely recognized as the best indicator of vitamin D status
8 we have assessed the vitamin D status of a representative sample of French
Canadian children and adolescents in Québec (450— 480 N) by measuring its
concentration in stored plasma samples collected from January to May, the nadir
for skin vitamin D synthesis. We also tested the influence of age, sex, adiposity

and socio-demographic characteristics on vitamin D status.

4.3 Methods
Study population

The study population comprised children and adolescents who participated in the
Québec Child and Adolescent Health and Social Survey (QCAHS), a school-
based survey conducted between January and May 1999. Details on the survey
design and methods have been reported previously %. Briefly, the QCAHS used a
cluster sampling design to draw three independent, provincially representative

samples of youth aged 9, 13 and 16 years. Questionnaire and anthropometric data
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were collected for 83% (1267 of 1520), 79% (1186 of 1498) and 81% (1212 of
1495) of 9, 13, and 16 year-olds, respectively. This current analysis was restricted
to French Canadians who comprised 80% (1019 of 1267), 79% (931 of 1186) and
78% (942 of 1212) of the 9, 13 and 16-year-old samples, respectively. Sixty three
percent (638 of 1019), 69% (640 of 931) and 75% (709 of 942) of 9, 13 and 16
year-olds provided a fasting blood sample. Of 1987 blood specimens available for
analysis, 234 (12%) were excluded because parents refused consent for analyses
other than glucose and lipids, the samples were thawed on arrival at the laboratory
or they were of insufficient quantity for the vitamin D assay. There were no
differences in sex, body mass index (BMI) Z score, or parental income among
youth for whom blood samples were studied versus those not studied. The Ethics
Review Board of CHU Sainte-Justine approved this study. Written informed
assent and consent were obtained from participants and their legal guardians,

respectively.
Variables

Height was measured to the nearest 0.1cm at maximal inspiration using a
measuring tape and a triangular level. Weight was measured in light indoor
clothing with shoes removed. Body mass index (BMI) was calculated by dividing
weight by the square of height (kg /m? ). Youth were categorized as overweight or
obese if their BMI was > 85th and < 95th or > 95th percentile values,
respectively, for their sex and age according to the 2000 US-CDC growth charts
2! 'Household income was categorized as superior, upper middle, lower middle or
lowest based on total income and number of persons living in the household ?
Household income was coded as missing if parents did not respond to the income
question. We used the location of each school as a proxy for the location of the
participants’ residences. Schools were classified as rural or urban based on the

census classification used by Statistics Canada.

After an overnight fast, venous blood was collected between 0800 and
1000h in 1 g/L EDTA collection tubes and placed on ice. Samples were

centrifuged on site within 45 minutes of collection, transported on dry ice and
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stored at -80° C. We used a radioimmunoassay for the quantitative determination
of plasma 25(OH)D (Immunodiagnostic Systems Limited, Boldon, UK). Our
laboratory participates in the International Vitamin D External Quality
Assessment Scheme on vitamin D metabolites and meets the performance target
set by the Advisory Panel for Data Analysis. The interassay coefficient of
variation was 5.9% at 30.6 nmol/L and 6.0 % at 109.4 nmol/L.

Defining cut-offs for vitamin D

We used three cut-offs to describe vitamin D status: deficiency, hypovitaminosis
and optimal. In the absence of rickets or osteomalacia, there are no outcome-
based criteria to define vitamin D deficiency, although there is widespread
consensus in the paediatric literature that vitamin D deficiency can be defined as
plasma 25(OH)D below 25-30 nmol/L 2. The Institute of Medicine defines
vitamin D deficiency as 25(OH)D < 27.5 nmol/L ?*. For hypovitaminosis D, we
used a cut-off of < 37.5 nmol/L, a value commonly reported in the literature 22
The value for optimal vitamin D status was > 75 nmol/L, a value thought to be
consistent with both improved bone health % and other health outcomes %’ in

adults.
Statistical Analysis

Age and sex specific Z-scores for BMI were computed using a SAS program
developed by the CDC based on the 2000 US CDC growth charts 2. To take the
complex study design into account, sampling weights and clustering effects by
school were estimated and incorporated into computations of prevalence,
percentile values and 95% confidence intervals. We used the non-parametric
method developed by Hutson % to estimate percentiles and their confidence
intervals. Because the low observed frequencies we calculated exact binomial
95% confidence intervals *° for the prevalence of the three levels of vitamin D
status. Differences in the prevalence between sexes and across ages were tested
using a likelihood ratio test in a generalized linear logistic model to take the
clustering effect within school into account. The association between mean

25(0OH)D, sex and age was tested in univariate regression analysis. We used
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hierarchical maximum likelihood regression to estimate regression coefficients for
univariate and multivariate associations. Explanatory variables were treated as
fixed effects and clustering between subjects in the same school was treated as a
random effect. Analyses were stratified by sex because of a significant age*sex
interaction (p <0.0001) in a model including sex, age, BMI Z score, month of
blood draw, parental income and location of residence. Statistical analyses were
performed with SAS version 9.1 (SAS Institute, Inc., Cary, NC).

4.4 Results

Selected characteristics of participants are shown in Table 4.1. The majority of
blood samples (78%) were drawn between January and March. Plasma 25(OH)D
concentrations ranged from 11.4 nmol/L to 115.9 nmol/L. Mean age and sex
specific plasma 25(OH)D concentrations and selected percentiles values are
presented in Table 4.2. With the exception of 16-year old girls, the value of the
95th percentile in each age and sex group was below the optimal concentration of
75 nmol/L. We observed no significant differences in mean 25(OH)D between
sexes (p = 0.9). In both sexes combined, 13- and 16-year-olds had significantly
lower mean 25(OH)D than 9-year-olds (p < 0.0001).

More than 10% of 16-year-olds were vitamin D deficient (Table 4.3). The
prevalence of deficiency increased significantly with age in both sexes. As many
as 38% of 16-year-old boys and 30% of the same-age girls had vitamin D
concentrations consistent with hypovitaminosis. The prevalence of
hypovitaminosis increased significantly with age in both sexes. Vitamin D
concentrations were not optimal in the vast majority of children and adolescents.

Girls in the lowest category of household income had significantly lower
plasma vitamin D than those in the superior income category after adjustment for
age, month of blood draw, area of residence and BMI Z score (Table 4.4). Male
and female participants with missing income had the lowest concentrations of
vitamin D. In contrast to boys, BMI Z score was significantly associated with
vitamin D concentrations in girls: a 1 SD increase in BMI was associated with a

1.7 nmol/L decrease in vitamin D. There was no association between plasma
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25(0OH)D and month of blood draw or living in rural or urban setting in both

SEXES.

4.5 Discussion

Our study, the first to examine vitamin D status during winter and spring months
in a representative, population-based sample of French Canadian youth in the
province of Québec, revealed a relatively high prevalence of vitamin D
deficiency, in particular among 16-year old boys and girls. We did not detect any
differences in vitamin D concentrations between samples collected in January-
March and April-May suggesting that the period of deficiency or hypovitaminosis
extended beyond the winter months. As Canada, the US and Finland are the only
countries with mandatory fortification of vitamin D in staple foods, our results
likely represent a ‘best case scenario’ for vitamin D status of Caucasian youth at

high latitudes.

Our results concur with those of others to suggest that vitamin D
deficiency and hypovitaminosis D are widespread among children and
adolescents at high latitudes. For example, white girls from Manchester, UK
reported a mean serum 25(OH)D concentration of 37.3 nmol / L at the end of
May, though this sample size was small *°. A population based sample of
adolescent girls from Denmark, Finland, Ireland, and Poland taken during
February and March reported a median serum 25(OH)D of 29.4 nmol / L 3%,
Similar findings were reported among youth in Philadelphia ** and in New
Zealand *. In Canadian children, rickets is an ongoing concern. Ward et al. **
reported 104 cases of vitamin D-deficient rickets between July 2002 and June
2004 (incidence rate = 2.9/100 000). Affected children had a mean age of 1.4
years and many were dark skinned or residing in Northern Canada. Both skin
color and living in the North have been associated with decreased cutaneous

synthesis of vitamin D *.
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In Québec youth, a high prevalence of vitamin D deficiency and
hypovitaminosis associated with lower than recommended dietary calcium intake,
as revealed in a 1999 province-wide survey %, may prevent the attainment of an
optimal bone mass, which may in turn impact on the development of osteoporosis
in later life. A 3-year prospective study of 171 peri-pubertal Finnish youth
reported that baseline vitamin D deficiency {defined as 25(OH)D < 20 nmol/L} in
a context of high dietary calcium intake (1575 mg/day) was associated with a
decrease in bone mineral content of the lumbar spine 3 years later in older girls
(9). Furthermore, recent findings from observational and randomized trials
suggest that optimal vitamin D levels and adequate dietary calcium intakes are
important for the prevention of cancer °, of type | diabetes *, of type 11 diabetes *

and of other health outcome 3.

Similar to a study of New Zealand youth *, our analyses showed an
inverse association between vitamin D concentrations and body weight in girls.
The sequestration of vitamin D into adipose tissue is thought to explain this
association ¥. Our finding that girls of low-socio-economic position had lower
levels of 25(OH)D was not consistent with a report from Philadelphia in which
caregiver education and annual income were used as measures of socio-economic
position *2. Youth whose parents did not respond to the question on income had
the lowest concentrations of 25(OH)D. Non-response is generally thought to be
most common among individuals in highest and lowest socio-economic position
%8 Further research is needed to explore the association between vitamin D

concentrations and socio-economic position.

Because we restricted the sample to French Canadians, the findings may
not be generalizable to other groups in which there may be a higher risk of
deficiency due to darker skin color 3. Our blood specimens were collected in
1999. However it is unlikely that vitamin D status has changed substantially since
1999. Our plasma vitamin D samples have been stored since 1999 raising
concerns over the stability of 25(OH)D. It has, however, been shown that

25(0OH)D is stable under repeated freeze/thaw cycles *°. Finally we did not collect
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information on the sources of vitamin D, namely dietary or supplement intake and

Sun exposure.

In conclusion, vitamin D deficiency and hypovitaminosis were highly
prevalent in Winter-Spring 1999 in Québec children and adolescents, a population
where staple foods are fortified with vitamin D. No recent representative surveys
of vitamin D status in youth are available in Québec and none are available
elsewhere in Canada. This lack calls for an urgent monitoring of indicators of the
vitamin D status in Canada and elsewhere. In that respect, Vieth et al.”®, in their
editorial, have recently called for international agencies to reassess the dietary
recommendations for vitamin D to ensure optimal concentrations of 25(OH)D.

Our study militates in favour of such a plea.
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Tables

Table 4.1: Selected characteristics of study participants in the QCAHS study
(n=1753)

Characteristic Boys, % Girls, %
(n=882) (n =871)
Age, years
9 30.9 30.1
13 31.7 29.3
16 374 40.6
Household income
Superior 14.2 11.6
Upper middle 31.3 34.9
Lower middle 27.4 27.8
Lowest 12.6 12.4
Missing 145 13.3
Area of residence
Urban 54.4 54.9
Rural 45.6 45.1
Month of blood draw
January — March 78.1 78.2
April — May 21.9 21.8
BMI category °
Normal weight 77.5 78.5
Overweight 12.8 13.3
Obese 9.7 8.52

% normal weight is defined as <85th percentile, overweight is the 85th to 95th
percentile and obese is > 95th percentile of the 2000 US-CDC growth charts.



Table 4.2: Selected percentile values and mean plasma 25(OH)D (nmol/L) by sex and age

Percentile Boys Girls
0, .
(95% Cl): 9 years 13 years 16 years 9 years 13 years 16 years
(n=284) | (n=293) (n =305) (n =275) (n = 249) (n=347)

5" 35.3 30.1 23.5 30.3 25.3 24.6
(30.9-37.8) [ (27.3-31.5) | (20.0-24.9) |(29.0-34.8)( (22.4-27.7) |(22.4-25.9)

25" 44.7 37.2 33.0 42.6 34.9 34.4
(42.9-45.9) [ (35.0-38.3) | (30.2-35.2) ((41.2-43.4)| (33.2-36.2) [(32.8-37.8)

50" 51.1 44.0 41.1 48.6 40.2 44.7
(49.7-52.7) [ (42.2-45.4) | (39.7-43.6) |(46.7-50.2) | (38.8-42.6) [(42.4-47.0)

75" 57.2 50.2 51.6 55.2 47.1 56.7
(56.5-58.7) [ (49.2-51.1) | (49.3-53.2) |(53.7-57.0) | (45.7-49.4) |(52.9-60.0)

5™ 70.3 60.9 66.6 65.8 57.9 78.8
(67.3-74.2) [ (55.9-65.3) | (62.3-70.8) |(62.5-68.9)( (55.3-63.9) |(73.1-89.7)

Mean 51.5 43.9 42.7 48.6 41.3 47.3

(95% CI) |(50.2-52.7) | (42.8-45.1) | (41.2-44.3) |(47.3-49.9)| (40.0-42.6) ((45.4-49.1)

% Data are percentile (95% CI) and mean (95% CI).
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Table 4.3: Percent of participants according to three cut-off values of plasma 25-
hydroxyvitamin D by age and sex

Plasma 25- 9 years 13 years 16 years p?
hydroxyvitamin D
cut-off values
(95% Cls)
Deficient:< 27.5 nmol/L
Boys 15 3.3 12.6 <0.0001
(0.3-4.3) (1.3-6.7) (9.0-17.3)
Girls 15 7.9 10.1 <0.0001
(0.2 4.5) (44-127) | (6.7-14.4)
P value ° Ns 0.036 Ns
Hypovitaminosis:< 37.5 nmol/L
Boys 7.8 25.5 37.8 <0.0001
(4.6-12.2) (19.9-31.7) | (31.9-43.9)
Girls 13.0 345 29.9 <0.0001
(8.6 —18.6) (27.8—-41.8) | (24.4-35.8)
P value ° Ns 0.020 0.016
Sub-optimal:< 75 nmol/L
Boys 97.3 99.7 98.8 Ns
(94.2-99.1) (97.8—-100) | (96.7—99.8)
Girls 98.7 99.5 93.2 0.0003
(95.8 - 99.8) (96.9-100) | (89.4-95.9)
P value ° Ns Ns 0.002

8 p values for differences across ages.
® p values for differences between sexes.
N, not significant (p > 0.05).
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Table 4.4: Associations between 25-hydroxyvitamin D concentration (nmol/L)
and selected socio-demographic and anthropometric variables

Explanatory variable Boys (n=878) Girls (n=867)
B? SE p value B SE P

Age, years

9 Ref. - - Ref. - -

13 -6.9| 1.0 | <0.0001 -6.7 1.3 | <0.0001

16 86| 11 <0.0001 -1.2 1.2 ns
Month of blood draw

April — May Ref. - - Ref. - -

January — March | 0.13 1.0 ns -1.5 1.2 ns
Household income

Superior Ref. - - Ref. - -

Upper middle -1.4 1.3 ns -1.2 1.6 ns

Lower middle 2.1 1.3 ns -1.9 1.6 ns

Lowest -2.4 1.6 ns -4.8 1.9 0.0100

Missing 35 15 0.022 -6.8 1.9 0.0003
Area of residence

Urban Ref. - - Ref. - -

Rural -0.30| 0.88 ns -0.65 1.1 ns
BMI Z score (1 SD) |-0.58| 0.38 ns -1.7 0.42 0.0001

B: regression coefficient; SE: standard error; P: probability value for the

regression coefficient; ns: not significant (p > 0.05); BMI: body mass index.
& B refers to the difference, in nmol/L, of plasma 25(OH)D per unit increment of
the explanatory variable.
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BRIDGE STATEMENT

Prior to this study, little was known with respect to the vitamin D status of
Canadian youth. Moreover, there are few population based samples of youth at
high latitudes. The QCAHS study was thus a unique opportunity in Canada to
examine the vitamin D levels of a representative sample of Caucasian youth at the
end of winter and beginning of spring. We showed that vitamin D deficiency is
observed in Québec youth and was more prevalent in older youth and amongst
youth from lower socio-economic status. While a role for vitamin D in the
resolution of rickets has long been recognized, more recent work has found
associations between lower vitamin D levels and an elevated risk of a number of
chronic diseases{Holick, 2005 #24}. Thus exposure to low vitamin D status in

youth may contribute to an increased risk of chronic disease in adulthood.

One of the limitations of the QCAHS study was the absence of dietary and
physical activity measurements to assess the lifestyle correlates of vitamin D
status. The inability to collect in depth information on study participants is an
implicit limitation of epidemiologic studies. For example, in the QCAHS study
we found that girls from lower income households had lower vitamin D status but
we had not measured exposures to discern the reasons for this. Further, in not
measuring dietary vitamin D intake we were unable to determine if inadequate
dietary vitamin D and/or inadequate sunlight exposure was also associated with
low socio-economic position. Consequently we are unable to assess if the vitamin
D deficiency seen in Canadian youth could be remediated by higher vitamin D
intake through supplementation or perhaps higher levels of fortification. The
QUALITY study represents an opportunity to examine the correlates of vitamin D
levels, including diet and accelerometer measured physical activity in a sample of
youth who are at high risk of obesity. Examination of lifestyle correlates of
vitamin D levels could help inform public health measures to increase vitamin D

levels.
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5.1 Abstract

Introduction: Sub-optimal vitamin D levels are observed in Canadian youth
despite mandatory food fortification. We examined the modifiable correlates of
plasma vitamin D concentrations to inform public health efforts to remediate low

vitamin D status.

Methods: We recruited 159 children aged 8-11 sampled once throughout the
year. Vitamin D status was assessed by measuring plasma 25-hydroxyvitamin D
{25(0OH)D} using a radioimmunoassay. Dietary intake was measured using three
dietitian-administered 24 hour diet recalls. Fat mass was measured by dual energy
X-ray absorptiometry. Computer Science and Applications accelerometers were

worn for 7 days to estimate physical activity (PA).

Results: Correlates of plasma 25(OH)D concentrations were examined using
multiple regression in an analysis controlling for season of measurement. Seven
percent of youth had hypovitaminosis D {25(OH)D < 37.5 nmol / L} during
winter and spring. Only 3.8% of participants had optimal vitamin D status
{25(CH)D > 75nmol / L} in all seasons. The mean dietary vitamin D intake was
above recommendations. A serving increase in milk consumption and a standard
deviation increase in physical activity was associated with a 2.9 nmol/L and 2.1
nmol/L increase in plasma 25(OH)D, respectively. There was no association
between 25(OH)D and adiposity.

Conclusion: Our results suggest currently recommended intake of dietary vitamin
D will not support optimal vitamin D status in youth. Increased levels of vitamin

D intake should be examined in Canada.
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5.2 Introduction

Vitamin D status has been associated with the attainment of peak bone mass *'?,
glucose homeostasis, ® and is potentially protective of colorectal and breast cancer
*, Although important for health, vitamin D deficiency and sub-optimal vitamin D
levels are prevalent among Canadian youth >°. Plasma vitamin D concentrations
are lower in older youth thus increasing the risk of vitamin D deficiency and
insufficiency in this group. In fact, more than 10% of 16-year old adolescents in a
representative sample of Québec youth had vitamin D deficiency at the end of
winter °.

In adults, the modifiable correlates of vitamin D status are intake of food
and supplements containing vitamin D, sunlight exposure and adiposity. Little,
however, is known about the correlates of vitamin D status in youth. Latitude of
residence, which is associated with length of winter, is an important determinant
of vitamin D status. During winter, at latitudes higher than 37°, ultraviolet B
radiation (UVB) is not of sufficient intensity to catalyze the cutaneous synthesis
of vitamin D 7, thus necessitating dietary intake of vitamin D to maintain adequate
levels. The level of intake of dietary vitamin D needed to obtain optimal vitamin
D status in youth (plasma 25(OH)D > 75 nmol /L) 8, is not well characterized and
may be greater than the currently recommended 200 1U per day at high latitudes °.
As vitamin D is fat soluble, excess adiposity sequesters vitamin D and is thought
to be a risk factor for low vitamin D status *°. The association between excess
body fat and lower plasma 25(OH)D concentrations, however, may be
confounded by the negative association between weight status and physical
activity ' 2. In adults, physical activity has been associated with higher vitamin
D status in NHANES 111 2 as well as in other studies in adults ***°, but this has
not been examined in youth.

Our aim is to describe the modifiable correlates of vitamin D status in
youth; potential correlates investigated included intake of vitamin D from foods
and supplements, physical activity and adiposity. Identification of the independent
correlates could inform public health actions by measuring the degree to which

differences in these modifiable factors explain vitamin D status.
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5.3 Materials and methods

Study population

The Ethics Review Board of Ste-Justine Hospital approved the study, and written
informed assent and consent were obtained from the participants and their legal
guardians. We studied the first 159 children aged 8-11 years recruited in the
Québec Adipose and Lifestyle InvesTigation in Youth (QUALITY) study. These
children were at risk of obesity because the recruitment criteria required that at
least one biological parent had overall (BMI >30 kg/m?) or central obesity (waist
circumference >88 cm for women and >102 cm for men). Participants were
recruited between 2005 and 2007 through public or private primary schools using
pamphlets distributed to children in grades 2-5 in schools located within 75 km of
Montréal or Québec City, Québec, Canada (45° N). The pamphlet invited parents
to contact the study center if they met the inclusion criteria. Both parents had to
be available for the study. For families that expressed interest, screening for
eligibility was conducted in a structured telephone interview using pre-selection
criteria. Criteria for children included: an absence of diabetes, no dieting, no
regular medications and no psychological ailments. Recruitment into the study
was limited to Caucasian families due to genetic analyses undertaken in the
QUALITY study. Parental education was categorized by completion of university
degree (yes/no). For analysis, study participants were grouped according to the
season during which they had blood drawn. As there was no difference in
25(0OH)D concentrations between youth who had their blood drawn during the
summer or fall (p=0.60), they were placed in the same category.

Assessment of vitamin D status

Plasma 25(OH)D concentration is widely recognized as the best indicator of
vitamin D status ’. We measured 25(0OH)D concentration using a radio-
immunoassay (IDS Laboratories, UK). This assay measures vitamin D3 with
100% specificity and vitamin D2 with 75% specificity 2. The lower specificity of
the assay for vitamin D2 was not a concern as in Canada, milk is fortified with
vitamin D3 and supplements also contain vitamin Dz *°. Samples were assayed in

duplicate. Our laboratory participates in the International Vitamin D External
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Quality Assessment Scheme on vitamin D metabolites and meets the performance
target set by the Advisory Panel for Data Analysis. The interassay coefficient of
variation was 5.9% at 30.6 nmol/L and 6.0 % at 109.4 nmol/L.

Defining cut-offs for vitamin D status

We used two different cut-offs to describe vitamin D status, hypovitaminosis and
optimal. In the absence of rickets or osteomalacia, there are no outcome based

criteria to define vitamin D deficiency although the Institute of Medicine defines

vitamin D deficiency as 25(0OH)D < 27.5 nmol/L ?°. None of the youth had this

level of deficiency in this study. We used < 37.5 nmol/L to define

hypovitaminosis a value above which the IOM states that 25(OH)D levels are

consistent with bone health °. More recently, it was observed in a study of

adolescents that 25(OH)D levels below < 37.5 nmol were associated with

hypertension, fasting hyperglycemia, low high-density lipoprotein cholesterol and

metabolic syndrome **. Although there is no widely agreed upon cut-off for

optimal levels of vitamin D levels, 25(OH)D levels > 75 nmol/L are thought to be

consistent with overall health and disease prevention in adults.

Anthropometry and DXA

Height was measured with a stadiometer with participants standing against a wall
with their heads in the Frankfort horizontal plane and looking ahead. Height was
recorded to the nearest millimeter during maximal inspiration. Weight was
measured to the nearest 0.1 kg, with an electronic scale, with participants wearing
light indoor clothing and no shoes. BMI was computed as weight (kg)/height
(m?). Age and sex percentiles for BMI were computed using a SAS program
developed by the CDC based on the 2000 US CDC growth charts ?*. Dual energy
X-ray absorptiometry (DXA) (Prodigy Bone Densitometer System, DF+14664,
GE Lunar Corporation, USA) was used to assess fat mass which was converted

into a fat mass index by dividing fat mass by the square of height (m) .
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Physical activity assessment

To obtain objective measures of physical activity, children wore a uniaxial
Actigraph LS 7164 activity monitor (Actigraph LLC, Pensacola, Florida) for a 7-
day period following the clinic visit. These accelerometers have been validated in
9 year old children with a correlation (r=0.54) between mean counts / minute and
activity based energy expenditure assessed by doubly-labeled water . One-
minute intervals of data were downloaded and categorized as light (> 800 and <
3199 countsemin-1), moderate (3200 to 8199 countsemin-1) or vigorous (> 8200
countsemin-1) activity. A total of 140 children provided accelerometer data. Days
were excluded when the accelerometer was worn for less than 80% of the average
time worn on the other days. Of the 140 youth with accelerometer data, 97% had
more than 4 days of data, which has been shown to ensure adequate reliability 2.
In both sexes, the mean number of hours that the accelerometer was worn daily
was 13.6 hours. Since 74 % of the sample reported no cycling or swimming
activity during the evaluation week, no modifications were made to the data to
account for children who indicated they had gone swimming or cycling on any of
the seven days.

Dietary assessment

Children’s dietary assessment was based on three 24-hour dietary recalls
completed on non-consecutive, different days of the week including one weekend
day. A dietitian obtained recalls following the clinic visit. In order to minimize
the burden to families, recalls were conducted by telephone. At the clinic visit the
child was given a short training session on the use of a graduated cup, bowl! and
other portion size models. Each participant received a small disposable kit of food
portion size models prior to the interview. Telephone interviews for the 24-hour
dietary recalls have been validated in youth with good results 2°. Cooking details
for meals cooked at home were obtained from parents. Food groups were created
for dairy, fruit and vegetable servings following the Canadian Food Guide for
Healthy Eating %’. A food group was created for sweetened drinks and units of a
250 mL serving size were reported. We also collected information on the use of

dietary supplements, using the Drug Identification Number (DIN) on each day of
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dietary recalls. The nutrient analysis of the food and supplement data were
completed using the CANDAT software (Godin London Inc., London, Ontario,
Canada), using food composition data obtained from the 2007b Canadian Nutrient
File. In order to measure the potential for attenuation in the relation of dietary
intake and vitamin D status, we assessed the number of days needed to obtain an
estimate of observed dietary intake within 20% of the true intake using the
method outlined by Willett 8, We assessed attenuation in milk servings since it
had the strongest association with vitamin D levels, and it also the most important
source of dietary vitamin D and calcium.

Statistical analysis

T statistics and non-parametric statistics were used to test for differences between
sexes in non-normally distributed variables. Since plasma 25(OH)D was not
normally distributed we conducted a sensitivity analysis to test the robustness of
the findings from Table 2 by natural log transforming plasma 25(OH)D values.
To compare aspects of diet quality according to the plasma concentration of
25(0OH)D, we stratified participants according to the lowest and upper three
quartiles of 25(OH)D specific for each season. T statistics were used to test for
differences between these two categories of 25(OH)D. Since there was a non-
significant trend of higher energy intake in the upper 3 quartiles we conducted a
sensitivity analysis to assess whether energy intake confounded the relationship
between the quartile of vitamin D levels and dietary quality. The sensitivity
analysis was done by including energy intake, as an independent variable with the
season adjusted quartile of vitamin D status, in a multiple regression model with
dietary variables as dependent variables. We used logistic regression to assess
whether youth were meeting adiposity and physical activity guidelines using
season specific quartiles of 25(OH)D as the independent variable. All statistical

analyses were conducted using SAS version 9.1 (SAS Institute, Inc., Cary, NC).

5.4 Results

Characteristics of the study participants are presented in Table 5.1. Girls had more

educated parents, lower energy intakes, a higher mean fat mass index and lower
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mean accelerometer counts than boys. Participants sampled in winter had, on
average, 10.4 nmol/L lower plasma 25(OH)D levels than participants sampled in
the summer/fall. The mean 25(OH)D concentrations, all seasons included, were
52.5 nmol/L (95% ClI: 49.9-55.1) and 54.0 nmol/L (50.9-57.1) in boys and girls,
respectively. Only 8% of participants had optimal levels of vitamin D {25(OH)D
> 75 nmol/L} in the summer and fall when vitamin D levels are at their zenith.
The range of dietary vitamin D intakes, including supplements, for both sexes was
0.5 to 25 pg and the means and medians of total dietary vitamin D intake were
above 5 g per day as recommended by the Institute of Medicine (IOM). The
mean daily vitamin D intake as supplements in users (N = 32) was 5.1 pg. After
adjusting for season there was no difference in plasma 25(OH)D between
supplement users and non-users (p= 0.374).

In Table 5.2, we present correlates of plasma 25(OH)D status. Season was
the strongest correlate of plasma 25(OH)D concentrations, therefore all
associations between 25(OH)D and the other potential correlates were examined
after adjustment for the season of blood draw. In bivariable models, after
controlling for season, physical activity, fat mass, milk intake, and dietary
calcium intake were all associated with 25(OH)D concentrations. In a
multivariable analysis including season, physical activity, sex, fat mass and milk
intake a serving increase in milk intake was associated with a 2.9 nmol/L mean
increase in plasma 25(OH)D. Similarly, a 1 SD increase in physical activity was
associated with 2.1 nmol/L mean increase in plasma 25(OH)D. Physical activity
accounted for 3% of the variance in 25(OH)D after accounting for sex and season.
The results of the sensitivity analysis using log transformed 25(OH)D status were
analogous to regression results presented in Table 2. We included only milk
intake (and not dietary vitamin D and calcium intakes) in the multivariable model,
since milk was strongly correlated with dietary vitamin D {r = 0.62 (p <.0001)}
and calcium {(r = 0.83 (p <.0001)} intakes. Since we assessed usual diet with
three days of intake, the § coefficient for milk intake in the regression was
attenuated due to the imprecision of the measurement 2. To assess the degree of

attenuation we found that 12 days of dietary reports are required to obtain an
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estimate of observed milk intake within 20% of the usual intake %. We thus
applied a correction factor to the B coefficient for milk intake. 2® Using this factor,
one serving of milk was associated with a mean increase of 3.5 nmol/L of plasma
25(0OH)D.

We compared the diet quality between participants in the season-specific
lowest quartile of 25(OH)D and those in the upper 3 quartiles to see if any
lifestyle habits were linked to low vitamin D status (Table 5.3). Those in the
lowest quartile of 25(OH)D concentrations had lower dietary fibre intake and a
trend towards less milk and calcium intake. There was a higher proportion, though
a non-significant trend, of youth meeting guidelines for steps / day *° and MVPA

% in the 3 highest season specific quartiles of 25(OH)D.

5.5 Discussion

Our study of the correlates of vitamin D status showed that milk consumption and
levels of physical activity, assessed by accelerometer were associated with
vitamin D status. Moreover, despite mean vitamin D intakes above recommended
levels, the vast majority of youth had sub-optimal vitamin D levels. Thus the sizes
of the measured effects are most likely insufficient to achieve optimal vitamin D
status in Québec youth.

The mean levels of 25(0OH)D reported in this study {49.5 nmol / L (95%
Cl1 47.6 — 51.5)}were similar to those reported in 9 year olds from a representative
sample of Québec youth evaluated in winter and spring 1999 {50.0 nmol/L (49.1-
50.8)} °. While there was no vitamin D deficiency {25(OH)D < 27.5 nmol / L}
among QUALITY participants, 1.5% of 9 year olds from the representative
sample of Québec youth had vitamin D deficiency °. As these youth age, however,
they may be at heightened risk of vitamin D deficiency. The level of deficiency is
higher in older youth as 10% of 16 year olds in Québec had vitamin D deficiency
at the end of winter or beginning of spring °. Consistent with other studies of
Canadian youth, greater than 90% of QUALITY participants had sub-optimal
vitamin D status. Sub-optimal vitamin D status has been associated with the

development of common malignancies in studies of adults *.

95



Similar to other studies, we found that physical activity, some of it likely
occurring outdoors, was associated with vitamin D status. The magnitude of
change in physical activity required to meaningfully increase vitamin D levels,
however, is large. For example, in QUALITY, one standard deviation increase in
accelerometer measured physical activity was associated with a 2.1 nmol / L
increase in mean 25(OH)D, while a 20 nmol/L increase was required to achieve
optimal concentrations. In a study of adults from NHANES 111 participants who
undertook daily outdoor activity > 31 times per month had approximately 10 nmol
/ L higher levels of vitamin D compared to those who reported no outdoor activity
in the last month 3. In addition, at latitudes greater than 37° UVB rays are not of
sufficient intensity to generate vitamin D production during winter ’. Hence, sun
exposure has no effect on vitamin D status for half of the year. In youth, time
spent outside has been associated with increased physical activity **. Thus a
public health message calling for more time spent outside during summer months
could potentially increase vitamin D levels and physical activity as well.
However, sunlight exposure without adequate sun protection is a risk factor for
skin malignancies, particularly malignant melanoma. The annual incidence of
malignant melanoma amongst Canadians is 12 / 100 000 % so there is reluctance
to suggest high levels of UVB exposure. To further inform this debate about risks
and benefits of sun exposure, the broad spectrum of possible health consequences
of low vitamin D status requires further investigation.

Adiposity was not related to vitamin D levels in our study even though we
had a wide range of adiposity to examine this issue. In a representative sample of
Québec youth, BMI was negatively associated with vitamin D levels in girls, but
not boys, such that a standard deviation increase in BMI Z score was associated
with a 1.7 nmol/L lower level of plasma 25(OH)D ©. Similarly, in a population
based sample from New Zealand, obese youth had 6 nmol / L lower levels of
vitamin D than healthy weight and overweight youth *. In a study of youth from
Northeastern U.S., however, adiposity measured by DXA was not associated with
vitamin D levels . Higher levels of adiposity are associated with lower levels of

physical activity ', potentially confounding the adiposity and 25(OH)D
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relationship. Consistent with this, in our study adiposity was significantly related
to 25(OH)D in bivariable analysis which included season, but when physical
activity, assessed by accelerometer, was entered into the regression, adiposity was
no longer associated with 25(OH)D levels.

In multivariable regression a serving of vitamin D fortified milk was
associated with 2.9 nmol / L higher levels of vitamin D. In Canada, a 250 ml
serving of milk is legislated to contain 2.5 pg of vitamin D *°. Increasing milk
consumption amongst Canadian youth as a means of increasing vitamin D levels
would require major shifts in the consumption of milk. Levels of vitamin D in
fortified milk would have to be considerably higher for milk consumption to
remediate sub-optimal levels of vitamin D. Amongst Finnish girls (60°N)
supplementation of 20 pg of vitamin D per day was required to prevent
hypovitaminosis {25(0OH)D < 37.5nmol / L} during winter months **. Twenty
percent of youth in our study used vitamin D supplements. Participants who took
vitamin D supplements on the days of the dietary recall had the same vitamin D
levels as participants who did not take vitamin D supplements. Moreover,
encouraging supplementation in all youth creates challenges as this is unlikely to
be adhered to for a variety of reasons, including family income. Evidence from
the Dutch public health campaigns to increase the consumption of folic acid found
that poorly educated women had a lower consumption of folate supplements than
better educated women *. In a representative sample of Québec youth, girls from
low income households had lower vitamin D levels ®. Thus a public health
campaign aiming to increase levels of vitamin D supplementation amongst youth
may exacerbate inequities in vitamin D status. Ensuring that the whole population
increases their vitamin D intake levels argues towards further fortification of a
variety of commonly consumed foods.

Youth in the lowest season-specific quartile of vitamin D levels had
similar diets as youth in the upper quartiles with the exception of dietary fibre.
We compared diet quality using group means, since accurate quantification of diet
at the individual level is difficult due to the high intra-individual variation in

nutrient and food intakes *’. Group means, however, can be used as an accurate
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representation of dietary intake *®. Despite the difference in dietary fibre intake,
fruit and vegetable intake was not different between the two groups and was
below the 6 servings recommended for this age group by Canada’s Food Guide
for Healthy Eating 2”. Similarly dairy consumption was below the 3-4 servings
recommended by the Canada’s Food Guide for Healthy Eating ' in all groups.

This study has a number of limitations. Youth in the QUALITY study
were not representative of Québec youth since they had a higher prevalence of
overweight and obesity. They did, however, have very similar levels of plasma
25(0OH)D as compared to a representative sample of 9 year olds from Québec.
Our sample allowed for the measurement of adipose tissue with DXA, objective
measurement of physical activity and good quantitative dietary assessment. We
did not measure UV exposure directly even though cutaneous production of
vitamin D is the largest determinant of vitamin D levels *. Sunlight exposure,
however, is difficult to measure “° and when measured by questionnaires,
correlates weakly with vitamin D levels **. Physical activity was not likely a
strong proxy for sun exposure since much of the physical activity would have
taken place indoors or in winter %2, Consistent with this, physical activity
explained only 3% of the variance in 25(OH)D levels after accounting for season
of blood draw and sex.

Vitamin D status is sub-optimal in many Canadian youth, even in the
summer months **. We found that even though our population had vitamin D
intakes above recommended levels, vitamin D status remained sub-optimal.
Dietary intakes above the currently recommended adequate intake value will be
needed to achieve optimal levels of vitamin D status; we believe that it is unlikely
that increasing milk consumption or increasing (outdoor) physical activity would
increase vitamin D status sufficiently to achieve optimal levels. Improving levels
of vitamin D in the Canadian population will likely require re-evaluation of
current dietary needs for vitamin D and examination of the best means to increase

dietary vitamin D intake.
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Tables

Table 5.1: Characteristics of QUALITY study participants (n=159)

Characteristic Both Boys Girls Difference
sexes (59%) (41%) between
Mean Mean (SD) | Mean (SD) | sexes (P)
(SD)
Age (years) 9.2(0.83) | 9.3(0.84) | 9.1(0.83) 0.220
Parent’s university 47.8 404 57.8 0.030
educated (%)
Plasma 25(0OH)D
(nmol / L)
Winter (n= 32) 47.8 (8.8) | 46.9(8.0) | 49.5(10.5)
Spring (n=61) 50.4(9.8) | 49.6(9.2) | 51.5(10.9) 0.570
Summer / Fall (n=66) | 58.2 14.5) | 58.4 (15.2) | 57.8 (13.8)
Difference by seasons (P) <0.0001 | <0.0001 <0.0001
Vitamin D status
Optimal (%) 3.8 4.3 3.1
Suboptimal (%) 96.2 95.7 96.9
Hypovitaminosis (%) 3.8 4.2 3.1
Energy intake (kcal) 1767 1844(374) | 1652 (306) 0.001
(359)
Milk intake (servings) 1.30 1.41 (1.06) | 1.16 (0.78) 0.089
(0.96)
Vitamin D in foods (ug) 5.6 (3.5) 6.3 (3.9) 4.7 (2.6) <0.001
Vitamin D in supplements 5.1(3.9) 54(4.1) 5.1(3.7) 0.854
in 32 users (ug)
Total vitamin D in foods 6.6 (4.3) 7.3(4.7) 5.8 (3.6) 0.043
and supplements
Dietary calcium intake 908 (341) | 959(366) | 836 (285) 0.019
(mg)
BMI > 85" percentile (%) 42.1 45.7 37.5 0.304
% body fat 25.7 24.2 (11.0) | 27.8 (11.6) 0.050
(11.3)
Mean accelerometer 561 (161) | 608 (173) | 497 (117) <0.001

counts/min
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Table 5.2: Associations between plasma 25(OH)D and selected covariates in the

QUALITY study (n=159)

Explanatory variable

Bivariable model
including season

Multivariable model with
lifestyle covariates

B SE P B SE P
Season *

Winter -10.36 | 2.54 | <0.001 |-9.76 |2.48 <0.001
Spring =777 (211 | <0.001 |-753 |211 <0.001
Summer / Fall Ref. Ref. | Ref. Ref. Ref. Ref.

Physical activity (1 SD)’ 1.95 0.97 | 0.044 2.14 1.02 0.036
Sex
Girls 0.94 1.92 | 0.62 3.83 2.03 0.045
Boys Ref Ref. | Ref. Ref Ref. Ref.
Fat mass (1 SD) -2.88 |0.92 | 0.002 -1.45 | 1.00 0.145
Milk (serving) 2.97 0.96 | 0.002 2.90 0.96 0.003
Dietary calcium (1 SD) 2.42 0.93 | 0.009 - - -
Dietary vitamin D (1 SD) 1.60 0.94 | 0.089 - - -
Parents university educated | 2.73 1.87 | 0.145 - - -
(yes / no)
Age (years) -0.19 | 1.12 | 0.866 - - -

* Season is examined in univariable analysis
" Activity is available for 140 participants and is based on counts/minute assessed

by accelerometer.
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Table 5.3: Comparison of diet between the season-specific lowest and top 3 quartiles of
25(0OH)D in the QUALITY study participants (n=159)

Variable Lowest 25(OH)D 3 highest 25(OH)D P

quartile mean (95% quartiles mean

Cl) (n=40) (95% CI) (n=119)
Total energy intake (kcal) 1716 (1609-1823) 1784 (1718-1851) 0.247
Dietary carbohydrate (% of kcal) 54.0 (51.9-55.9) 53.1 (52.0-54.1) 0.623
Dietary fat (% of kcal) 32.2 (30.5-34.0) 32.6 (31.7-33.4) 0.704
Dietary protein (% of kcal) 15.5 (14.9-16.0) 15.0 (14.2-15.9) 0.652
Dietary fiber (g) 11.7 (10.7-12.7) 14.0 (13.2-14.7) 0.002
Fruit and vegetable (servings) 3.9 (3.3-4.5) 4.2 (3.8-4.6) 0.412
Milk (servings) 1.1 (0.8-1.4) 1.4 (1.2-1.6) 0.064
Dairy products (servings) 1.8 (1.5-2.1) 2.1(1.8-2.3) 0.149
Sweetened drinks (servings) 0.5 (0.4-0.7) 0.5 (0.4-0.6) 0.575
Calcium from foods (mg) 827 (721- 933) 935 (873- 997) 0.086
Vitamin D from foods (ug) 5.5 (4.0-7.0) 5.7 (5.1- 6.2) 0.340
Vitamin D from supplements (pg) 1.2 (0.3-2.1) 1.0 (0.5- 1.5) 0.449

Adherence to adiposity and physical activity guidelines

Percent > 85" percentile of BMI 42.0 (33.0-51.0) 42.5 (26.5-58.5) 0.958
Meets guidelines for steps / day * 25.0 (10.9-39.0) 36.1 (27.4-44.9) 0.199
Meets guidelines for MVPA' 75.0 (61.0-89.0) 78.2 (70.6-85.7) 0.683

* Guidelines are 12000 steps / day for girls and 13000 steps /day for boys
" MVPA guidelines are greater than 60 minutes per day for youth of both sexes
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BRIDGE STATEMENT

In chapter 4, the QCAHS study, we described a high prevalence of vitamin D
deficiency in a representative sample of Québec youth. We also found that
vitamin D levels were patterned by socio-economic position. For example, girls
and boys that came from the lowest income households had 4.8 nmol / L and 2.4
nmol / L less vitamin D than households with the highest income, respectively.
Amongst vitamin D researchers there has been a recognition that currently
recommended levels of vitamin D intake will not be sufficient to support optimal

vitamin D levels.

In chapter 5, the QUALITY study, we found that the lifestyle correlates of
vitamin D level had a modest association with vitamin D levels. For example, a
serving increase in milk intake is associated with a 2.9 nmol / L higher levels of
vitamin D. Our results suggest that a public health message to increase vitamin D
levels by increasing milk consumption is likely to have limited impact on the
prevalence of vitamin D deficiency in Canada. Consistent with the need for higher
vitamin D intake, the Institute of Medicine has initiated a review of the evidence
concerning vitamin D and health with the aim of revising guidelines for vitamin D
dietary intake. This review will likely result in the upward revision of currently
recommended vitamin D intake. If dietary vitamin D guidelines are updated,
population wide interventions to improve vitamin D levels, such as a review of
the current fortification policy in Canada, will likely be needed. In chapter 6,
using the CCHS database, we will examine the diet quality of a representative
sample of Canadian youth by income and food insecurity. To assess diet quality
we will examine those nutrients related to bone health which include dietary
vitamin D, calcium and vitamin D fortified dairy products. Understanding how
income influences and food insecurity these nutrients could help inform efforts to
remediate vitamin D deficiency possibly through revision of current fortification
policies. The success of fortification policies in effecting public health change is
shown by the addition of folic acid to flour resulting in a lower incidence of

neural tube defects amongst offspring of women of periconceptional age.
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6.1 Abstract

Introduction: Low socio-economic position is associated with poorer health.
This association is evident at all ages and in adults is associated with a higher
prevalence of chronic disease. The contribution of diet to health inequalities is

poorly understood.

Methods: We used data from the Canadian Community Health Survey (CCHS)
Cycle 2.2, a nationally representative sample, to examine the diets of 8938 youth
aged 9-18. A single 24 hour recall was used to collect dietary information.
Interviews were conducted in person with anthropometric measurements provided
in 71 % of the sample. Estimates of variance for means were calculated using
bootvar with weights specific to the CCHS survey. Generalized linear models
were used to examine the associations between the independent variables income,
low income-food insecurity and the dependent variables of anthropometric

measures, food and nutrient intake.

Results: Low income girls had a higher prevalence of BMI> 85th percentile and
mean height percentiles were higher amongst high income boys and girls. Vitamin
D fortified milk consumption was lower in low income boys, while sweetened
beverage intake was higher in this group. Calcium and vitamin D intakes were
lower in low income households. Among low income-food insecure households
there was evidence of a higher prevalence of BMI > 85 percentile in boys and low
income-food insecure girls had lower milk intakes and a greater intake of
sweetened beverages. Finally, the intake of fruits and vegetables was lower

amongst low income-food insecure boys.

Conclusion: Public health messages aiming to increase diet quality amongst low
income youth may be unsuccessful due to budgetary constraints amongst low
income and particularly the subset of low income-food households which are food

insecure.
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6.2 Introduction

There are important health disparities by income in both Canada and the US *2.
Among disadvantaged children, there is higher infant mortality, a higher
incidence of deaths from infectious diseases and accidental deaths *. Older youth
living in disadvantaged settings may be more adversely exposed to smoking,
obesity, poor diet and physical inactivity, contributing to chronic disease in
adulthood * °. Moreover the contribution of these exposures to increased
morbidity and mortality appears to be additive ® and clustering of risk behaviors
appears to be common in Canadian youth, particularly amongst those from low
income households . The contribution of lower diet quality to poor health and
higher risk of chronic disease in youth is not well understood ®.

The high cost of nutrient dense foods, such as milk, fruits and vegetables,
relative to inexpensive foods rich in added sugar and fat are thought to constrain
dietary choices in low income households, and may contribute to long term
nutritional deprivation *°. In NHANES (1999-2004) sweetened beverage intake
was higher in youth from households living below the poverty line **. And there is
concern that sweetened beverage intake, which is associated with weight gain *?,
will displace milk intake in youth *. Low income is associated with greater
adiposity and lower height in industrialized countries ** **. The association
between low income and adiposity has been documented in youth from the US °
and a number of European countries *’. A higher prevalence of overweight and
obesity has been documented in low income Canadian youth, although this study
was limited by use of self-reported height and weight .

Food insecurity is defined as the ability to acquire or consume an adequate
diet quality or sufficient quantity of food in socially acceptable ways, or the
certainty that one will be able to do so *®. A recent report from the Canadian
Community Health Survey (Cycle 2.2), found that teenage girls that came from
food insecure households consumed less milk products, and fruits and vegetables

when compared to food secure youth *°. The relationship between food insecurity
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and height and weight has not examined in a representative sample of Canadian

youth.

We set out to examine the influence of low income and food insecurity on
diet quality in a representative sample of Canadian youth aged 9-18 years. We
also examined longer term indicators of diet quality, height and weight in this
sample. As the experience of food insecurity is not confined to the lowest income
groups and food insecurity and low income have both been shown to compromise
diet quality, we sought to isolate the effect of food insecurity while controlling for
low income by dichotomizing youth from the two lowest income groups into a

food secure and food insecure group.

6.3 Methods

The Canadian Community Health Cycle 2.2 targeted respondents from all age
groups living in private occupied dwellings in Canada’s ten provinces. Residents
of the three Canadian territories, persons living on First Nations reserves or
Crown lands, persons living in institutions and residents of some remote regions
were excluded from the sampling frame. Our study population included 8938

youth aged 9-18 y; those who were pregnant or breastfeeding were excluded.

Data were collected in all months of 2004. Interviewers received 3 days of
training and interviews were conducted in person using a computer-assisted
interviewing method. Twenty-four hour dietary recalls of participants between the
ages of 6 to 11 were conducted with the guardian, dietary recalls with youth 12
years and older were conducted alone. We chose to analyze milk, calcium and
vitamin D intakes, as they are implicated in bone health in youth and there is
considerable vitamin D deficiency amongst Canadian youth > %, Sweetened
drink consumption has been associated with a greater risk of obesity *2. We also
examined fruits and vegetables which have been associated with a myriad of
health benefits ?>. We used Canada’s Food Guide to Healthy Eating * to define
fruit, vegetables (excluding potatoes) and milk servings which included soy milk.
A sweetened drink category was created which included pop and sweetened fruit

drinks. To examine the quality of dietary intake data, basal metabolic rate was
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calculated for youth participants using equations provided by the Institute of
Medicine 2*. Energy expended during physical activity was assessed by presenting
participants with a list of physical activities and asked the frequency and duration
of the activities conducted in the last 3 months. As participants were not asked
about the intensity of physical activity, the lowest metabolic equivalent of each
physical was assumed. Energy expenditure was calculated using the frequency,
duration and metabolic equivalents of each task (MET) value of the activity®.
Participants were classified as inactive if their total energy expenditure
(kcal/kg/day) was < 1.5 to > 0, moderately active was classified as <3.0to > 1.5
and active was classified as < 96 to > 3.0 %. The ratio of energy intake divided by
the estimated energy requirements (El / EER) was compared across income and
food insecure groups to identify potential differences in reporting of energy
intake. Sedentary activity included the number of hours in a typical week in the
last 3 months. Sedentary activities included time spent viewing television, using a
computer, playing video games and reading. The number of hours of sedentary
activity per week was ranked such that youth who were sedentary for 5-9 hours /
week were assigned a value of 2 for the sedentary activity variable, 10-14 hours

corresponded to a value 3, and 15-19 hours corresponded to a value of 4.

A parent or guardian was asked questions relating to household income
and food security if the participant was < 17 years old. A variable integrating
information on total household income and household size was stratified into 4
income groups where low income was defined as < $ 20 000 if 3 or 4 people lived
in the house and the highest income category was defined as > $ 80 000 for 3+
individuals in the household. Household food security was measured using a set
of 18 questions adapted from the U.S. Food Security Survey Module ?°. The
module consists of 10 adult referenced questions and 8 child-referenced questions
designed to categorize households into food secure, insecure without hunger,
insecure with hunger at any time in the last 12 months. The relationship between
low income and household food insecurity is complex as both of these states can
be fluid for some households but not others. In the Canadian National

Longitudinal Survey of Children and Youth of those who reported hunger in
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1994, only 23 % reported hunger in 1996 ’. Further, while the proximal cause of
food insecurity is low-income, less than 50% of Canadians who reported food
insecurity in the last 12 months were from the lowest and lower middle income
groups ™. Thus, in Canada, the experience of food insecurity is not restricted to
the lowest income households %. To examine the effect of food insecurity
amongst low income households, we dichotomized youth from the two lowest
income groups into a food secure and food insecure group. For participants’ > 12
years old, a dichotomous variable was created differentiating ever smokers from
never-smokers. Height and weight were measured for 71.1 % of our sample.
There were no differences in household income or age in youth who had height
and weight measured vs. those who did not. Height was measured to the nearest
0.1cm at maximal inspiration using a measuring tape and a triangular level.
Weight was measured in light indoor clothing with shoes removed. Body mass
index (BM1) was calculated by dividing weight by height squared (kg /m?). Youth
were categorized as being overweight if they were > 85% percentile of BMI for

their sex and age using CDC norms %.

All analyses used a weighting scheme specific to the Canadian
Community Health Survey Cycle 2.2 to take into account unequal probabilities of
selection resulting from the sample design, non-response, and planned over-
sampling of selected subgroups. Bootvar was used to estimate the variance for the
generation of confidence intervals. Multiple regression using variance estimates
from bootvar was used to generate p-values for estimates and in the case of food
and nutrients, the confounding influence of age and height were controlled by
including energy intake as an independent variable. To control for the
confounding influence of age on physical activity, sedentary behavior and the
BMI percentiles, we adjusted for age in the regression as it was higher amongst
higher income and food secure groups. All analyses were conducted using SAS
version 9.1 (SAS Institute, Inc., Cary, NC).
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6.4 Results

A comparison of youth (9-18 y) characteristics by family income level indicated
that boys from higher income households were older than low income boys
whereas this was not so for girls (Table 6.1). There were more youth from single
parent households in the low income groups and a higher prevalence of youth
with BMI values > 85th percentile amongst lower income girls and a similar non-
significant trend in boys. Youth from lower income households had lower age and
sex-specific height percentiles than youth from higher income households. We
also found that 9-11 old youth had income associated height disparities similar to
those 12-18. There were no differences in prevalence of < 5th percentile of BMI
across income levels. Smoking, reported by those over 12 years of age, was more
prevalent amongst low income girls. Sedentary activities were significantly higher
amongst higher income boys. There were no differences in self-reported leisure

physical activity in either sex (data not shown).

As shown in Table 6.2, higher income boys were older and thus had
higher mean energy intake. All nutrient and food analyses for both boys and girls
were adjusted for energy intake. Both boys and girls from high income
households had higher calcium intake than those from low income households
after adjusting for energy intake. Only boys from the highest income group had a
mean calcium intake above the recommended 1300 mg / day, the recommendation
for this age group. Dietary vitamin D intakes were lower in low income boys but
the means of the different income groups were above 5 pg, the daily dietary
vitamin D intake recommended by the Institute of Medicine *. Vitamin D
fortified milk intake was lower in low income boys while the intake of sweetened
beverage was higher in this group. The mean servings of fruit and vegetable
consumption was below 6-8 servings recommended by the Canadian Food Guide
for Healthy Eating in all groups 2. Girls from the highest income households had
a lower ratio of energy intake to estimated energy expenditure, suggesting dietary
under-reporting in this group. There was a lower intake of dietary supplements

amongst low income groups (data not shown).
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In Table 6.3, we examine the impact of food insecurity in the two lowest
income groups and compare these food insecure youth to youth in similarly low
income groups who were not food insecure. There was a higher prevalence of
youth from single parent households in the food insecure group and youth were,
on average, younger than those in the food secure group. Boys from food insecure
households had a higher prevalence of BMI > 85th percentile. There was no
difference in height percentiles between the two groups. Boys from food insecure
households had lower mean hours of sedentary behavior than boys from food
secure households. There was no difference in smoking prevalence or amount of

leisure physical activity (data not shown) between different food security groups.

As food insecurity is sometimes observed in middle income households *°,
we sought to examine the influence of food insecurity amongst the two lowest
income groups on nutrient intake and anthropometric measures. The comparison
between low income-food secure and low income-food insecure groups (Table
6.4) largely supported the findings from the comparison of the low income
groups. Dietary vitamin D intakes were lower in food insecure girls and were
below the 5 pg/day recommended by the Institute of Medicine. Compared to girls
in the lowest income group, girls who came from food insecure households had
lower milk consumption. Amongst the low income-food insecure girls there was a
higher intake of sweetened drink consumption than the low income-food secure
girls. Fruit and vegetable consumption was higher in food insecure boys though
the mean intakes for all groups, was the mean intake was below 6-8 servings
recommended by the Canadian Food Guide for Healthy Eating 2.

6.5 Interpretation

Our analysis of nutritional health indicators from the CCHS indicated a clear
socio-economic gradient in calcium intake. Consistent with this, milk
consumption was low compared to higher income youth and sweetened beverages
intake was higher. Long term indicators of nutritional status supported the nutrient

intake findings. For example, height was lower in low income boys and girls. Low
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income girls and low income-food insecure boys had a higher prevalence of >
85th percentile of BMI. Smoking was more prevalent amongst the low income
girls. These results suggest that, amongst Canadian youth, exposures associated
with a higher risk of chronic disease tend to be more prevalent in disadvantaged

households.

Amongst low income and low income households which reported food
insecurity in the previous 12 months we found that purchasing patterns may be
constrained with respect to expensive, nutrient dense foods such as milk and fruit
and vegetables. For example, milk intake was lower in low income-food insecure
girls but sweetened drink consumption was higher. This was consistent with lower
milk consumption amongst 14-18 year old girls from food insecure households
compared to those from households which were food secure in the CCHS 2.2 °.
This result was also supported by a study in NHANES (1999-2004) which
showed that sweetened beverage intake was higher in youth who were living
below the poverty line **. As milk intake is highly correlated with calcium and
vitamin D intake *, we found that these nutrients were lower in low income and
food insecure households. Consistent with this, studies from the U.S and Canada
have shown that serum vitamin D levels were lower amongst low income

youth 23

and vitamin D deficiency is relatively common in Canadian youth,
particularly during the end of winter and beginning of spring . Although much
of our vitamin D comes from sunlight, Canadians rely on vitamin D from food
and supplements to maintain vitamin D levels in winter. These were both lower in
less advantaged youth. Amongst low income-food insecure boys, fruit and
vegetable consumption was lower than low income households which were food
secure. Amongst 9-18 year old boys in the CCHS 2.2 food insecurity alone was
not associated with a decrease in fruit and vegetable consumption *°. This
suggests that food insecurity and low income may have additive effect on
nutritional deprivation. The largely community-based response to food-insecurity
and income subsidies to low income households may have shielded low-income

and food insecure youth from greater nutritional deprivation *.
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We found evidence that low income was associated with lower height in
youth from both sexes. Youth from households belonging to the two lowest
income groups who had reported being food insecure in the previous 12 months
did not have lower height percentiles compared to their food secure counterparts.
Similar results have been reported in youth recruited from a study in Northern
Ireland where 15 year olds had a 3cm height difference comparing those whose
parents had manual occupations versus youth whose parents had non-manual
occupations *. We also found that 9-11 old youth had income associated height
disparities similar to 12-18 year olds suggesting that these height differences are
established before puberty. Approximately 80% of income associated height
differences are established early, during the period of rapid postnatal growth.
Thus the height differences reported here are likely due to nutritional and/or

psychosocial exposures in the first 2 years of life *.

As shown by our data and others ¢, the association between low income
and obesity is complex. We found low income was associated with a higher
prevalence of obesity in girls. As low income women are widely reported to be at
increased risk of being overweight > our results suggest that the relationship
between low income and overweight in women may be established early. The
relationship between low income and overweight in men is less consistent. In our
data, there was a non-significant trend of increased prevalence of > 85th
percentile of BMI in boys from lower income households. The reasons for the
inconsistency in the relationship between overweight and low socio-economic
status across sexes is not well understood. Low income-food insecure boys had a
higher prevalence of obesity than low income-food secure boys. Amongst the
food insecure families there was a tendency for there to be more boys, the boys
were significantly more overweight and the boys tended to be taller. As these data
are cross-sectional, it may be that the greater caloric intake of larger boys may
prove difficult for low-income households to maintain the dietary adequacy. This
finding is supported by a qualitative study which showed that even with two
incomes the large appetite of growing children makes it difficult to maintain a

balanced budget *.
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Among low income and low income-food insecure households there was a
higher prevalence of single parent households than higher income households and
low income-food secure households, respectively. Lone parent households, and in
particular single mothers, experience heightened economic vulnerability #’. In
Canadian youth from lone parent households there was a higher prevalence of
multiple chronic disease risk factors such as excess adiposity, smoking and
sedentary behavior ’. Our results are consistent with this report as there was a
higher prevalence of smoking and greater adiposity amongst low income girls
though we did not isolate the contribution of lone parent households in our

analysis.

This study has a number of limitations. For example, the sampling frame
does not capture hard to reach populations, such as street youth, who experience
higher levels of socio-economic * and nutritional vulnerability *°. There is a high
degree of intra-individual variability in a single dietary 24 hour recall **. A single
24 hour recall, however, can be used to accurately assess the mean dietary intake
of a group of individuals but there is likely some attenuation of the effects seen
due to misclassification. There was likely dietary under-reporting in the highest
income girls. Dietary under-reporting is common in youth, particularly youth who
may have body image issues **. Consistent with this, girls from the highest
income households had the lowest prevalence of > 85th percentile of BMI. Thus,
while these youth may be under-reporting unhealthy food choices, like sweetened
beverages, the effect of these food choices on the anthropometric measures was
not evident. Finally, as this study is cross-sectional we cannot establish the
causality between low income, food insecurity and anthropometric measures such

as height and obesity.

To conclude, using a representative sample of Canadian youth, we found
evidence that girls from low income households and boys from food insecure
household had higher levels of > 85th percentile of BMI. Both boys and girls
from low income households had lower height percentiles than those of high
income households. We also found evidence that milk was and may be partially

replaced by less costly sweetened beverages. Consistent with this, calcium and
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vitamin D intakes were lower in low income and there was some evidence of this
amongst low income-food insecure households. Public health campaigns to
increase diet quality amongst low income and food insecure youth may be
unsuccessful due to the budgetary constraints on low income households .
Alternative means of increasing diet quality amongst low income and food

insecure youth may be needed *.
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Tables

Table 6.1: Demographic, height, weight and activity measured by income in youth of the CCHS study aged 9-18

(n=7378)
Sex Lowest income Low Middle Upper middle Highest income P
(%) (10.4) (20.8) (35.9) (33.0)
% Female 51.8 (45.7-57.9) | 49.1 (45.1- 53.0) | 49.2 (46.5—51.9) | 46.7 (44.1-49.3) | 0.151
Age Boys | 13.0 (12.5-13.5) | 13.1(12.8-13.3) | 13.3(13.1-3.5) | 13.4(13.2-13.6) | 0.020
Girls | 13.0 (12.5-13.5) | 13.3(13.0-13.6) | 13.0(12.8-3.3) | 13.4(13.2-13.7) | 0.160
% of households with | Boys | 49.4 (41.0-57.7) | 57.0 (51.4-62.6) | 72.5(69.0-76.0) | 86.7 (83.4-90.0) | <0.001
post-sec. degree Girls | 47.4(39.7-55.1) | 62.3(57.3-67.4) | 72.8(69.0-76.6) | 85.8(82.8-88.8) | <0.001
% Food insecure Boys | 34.7 (25.6-43.8) | 14.3(9.9 -18.6) 4.1(25-5.7) 2.2 (0.50-3.9) <0.001
Girls | 30.0 (23.2-38.7) 9.9 (6.6-13.2) 3.7(22-5.1) 0.5(0.1-0.9) <0.001
% Single parent Boys | 43.8(35.4-52.1) | 32.9(27.4-38.3) | 20.0 (16.6-23.3) 6.7 (4.4-9.0) <0.001
households Girls | 47.6(39.9-55.2) | 27.8(23.2-32.3) | 15.4(12.6-18.3) 6.2 (4.1-8.2) <0.001
% Immigrant Boys | 13.3(8.2-18.4) 11.1 (7.5-14.5) 7.7 (5.0-11.0) 4.3 (3.9-6.0) <0.001
households Girls | 16.1 (9.9 —22.3) 10.5 (7.0-14.1) 5.8(3.9-7.8) 3.4 (1.9-4.9) <0.001
% > 85" percentile T | Boys | 30.9(20.5-41.3) | 31.0(24.9-37.2) | 33.7(28.6-38.8) | 26.6(21.7-31.6) | 0.313
Girls | 31.9(22.9-40.9) | 27.8(21.2-34.4) | 29.5(25.1-33.9) | 21.5(17.0-26.0) 0.031
Height percentile Boys | 51.4(45.0-57.9) | 57.9 (54.4-61.3) | 56.7 (53.7-59.7) | 59.9 (56.7-63.1) 0.047
Girls | 52.3 (47.0-57.6) | 47.8(44.0-51.7) | 55.6(52.3-58.9) | 58.0 (54.8-61.3) 0.001
Sedentary behaviour | Boys 2.7 (2.2-3.2) 3.1(2.8-3.5) 3.5(3.2-3.8) 3.3 (3.0-3.6) 0.012
(hours) ¥ Girls 2.5(2.0-2.9) 2.7 (2.3-3.0) 2.6 (2.4-2.8) 2.9 (2.7-3.5) 0.099
% Ever smoked * Boys | 14.5(10.2-18.8) | 12.7(9.8-15.6) | 13.0(10.9-15.1) | 10.5(8.6-12.5) 0.258
Girls | 21.3(16.3-26.3) | 15.5(12.4-18.6) | 14.0(11.7-16.3) 11.3(9.1-13.5) 0.039

Values in cells are means (95% confidence interval); P-values represent a trend in income

" Adjusted for age in regression; * Smoking is not measured in participants < 12 years of age
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Table 6.2: Foods and nutrients of public health importance by household income in 9-18 year olds in the CCHS 2.2

(n=7378)
Sex Lowest income Low Middle Upper middle Highest income P
(%) (10.4) (20.8) (35.9) (33.0)
Total calories Boys | 2490 (2333-2647) | 2660 (2526-2794) | 2592 (2500-2685) | 2778 (2662—2893)|  0.013
Girls | 2115 (1983-2247) [2087 (1979-2195) | 2088 (2015-2162) | 2013 (1955-2071) | 0.124
Fruit / vegetable | Boys 2.3(1.8-2.8) 2.6 (2.2-3.0) 2.5 (2.2-2.8) 2.4 (2.2-2.6) 0.410
SETVINgs Girls 2.3 (1.9-2.7) 2.7 (2.1-3.2) 2.6 (2.3-2.8) 2.7 (2.4-2.9) 0.150
Sweetened drink | Boys 1.9 (1.5-2.3) 1.6 (1.4-1.9) 1.8 (1.7-2.0) 1.8 (1.6-2.0) 0.006
SETVINgs Girls 1.3 (1.0-1.6) 1.4 (1.2-1.5) 1.3 (1.2-1.4) 1.1 (1.0-1.2) 0.410
Milk servings Boys | 1.3(1.1-1.5) 1.4 (1.3-1.6) 1.5(1.4-1.7) 1.8(1.6-1.9) 0.001
Girls 1.1(0.9-1.3) 1.1 (0.9-1.3) 1.1(1.0-1.2) 1.2(1.1-1.3) 0.111
Vitamin D Boys 6.4 (5.6-7.2) 7.3 (6.6-8.0) 6.9 (6.5-7.3) 8.0 (7.5-8.5) 0.026
(ng) Girls 5.3 (4.6-6.0) 5.5 (4.7-6.3) 5.3 (5.0-5.7) 5.7 (5.2-6.2) 0.210
Calcium Boys | 1145 (1010-1281) |1200 (1119-1282) | 1203 (1143-1263) | 1374 (1306-1443) |  0.005
(mg) Girls | 914 (828-1001) | 920(838-1002) | 967 (919-1015) | 1014 (951-1077) | <0.001
Fiber (grams) Boys | 17.1(15.7-18.5) | 17.0(15.8-18.2) | 16.9 (16.1-17.8) | 17.7 (16.9- 18.5) | 0.490
Girls | 14.4(13.0-15.8) | 14.4(13.5-15.3) | 14.4(13.7-15.1) | 14.7 (14.0-15.3) 0.130
Saturated fat Boys | 10.1(9.6-10.7) | 11.1(10.6-11.7) | 10.6(10.3-10.9) | 11.1(10.7-11.4) 0.131
(% of energy) ' Girls | 10.1(9.5-10.8) | 10.6 (10.1-11.0) | 10.4(10.0-10.8) | 10.6 (10.3-11.0) 0.270
Energy intake / Boys | 0.93(0.83-1.04) | 0.97 (0.91-1.03) | 0.91(0.87-0.96) | 0.98 (0.93-1.02) 0.563
estimated energy | Girls | 1.01(0.93-1.09) | 1.03 (0.95-1.1) | 1.03(0.98-1.07) | 0.95 (0.90-0.99) 0.042

expenditure '

Values in cells are means (95% confidence interval); P-values represent a trend in income after adjusting for energy intake

" Not adjusted for energy intake; * Smoking is not measured in participants < 12 years of age
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Table 6.3: Demographic, height, weight and activity stratified by food security
status amongst the two lowest income groups in youth of the CCHS study aged 9-

18 (n=2280)
Characteristic Sex Food secure and | Food insecure and P
low income low income
(%) (79.7) (20.3)
Female (%) 50.9 (47.5-54.4) 45.0 (37.4-52.7) 0.181
Age (years) Boy | 13.3 (13.0-13.5) 12.1(11.6-12.6) <0.001
Girl 13.2 (13.0-13.5) 12.9 (12.3-13.5) 0.318
% of households Boy | 56.3(51.3-61.2) 59.1 (54.3-64.0) 0.280
with post-secondary | Girl | 48.6 (38.1-59.2) 50.6 (41.2- 60.0) 0.094
degree
% Single parent Boy | 32.5(27.6-37.5) 51.1 (40.2-61.9) 0.002
households Girl | 31.2 (26.6-35.9) 49.9 (40.2-61.9) <0.001
% Immigrant Boys | 13.6 (10.3 — 16.9) 45(1.2-7.7) 0.003
household Girl 12.5 (9.0- 16.0) 12.4 (4.7- 20.2) 0.995
> 85" percentile of [ Boy | 27.1(21.8-32.4) | 45.0(31.1-58.9) 0.034
BMI Girl | 30.0(24.0-36.1) 26.8 (17.0-36.7) 0.525
Height percentile Boy | 54.8(51.4-58.2) 60.0 (52.3-67.7) 0.209
Girl | 49.6 (46.1-53.2) | 49.1 (42.7-55.5) 0.876
Sedentary behaviour | Boy 3.0(2.7-3.3) 2.8 (2.2-3.5) 0.038
" (hours / day) Girl 2.6 (2.3-2.9) 2.4 (1.9-2.9) 0.471
Physical activity ' Boy 2.5 (2.2-2.8) 2.1 (1.4-2.7) 0.920
Girl 1.6 (1.4-1.9) 1.3 (1.0-1.5) 0.082
% Ever smoked * Boy 9.1(6.2-11.9) 6.6 (2.9 - 10.3) 0.849
Girl 12.0 (8.4-15.6) 6.8 (2.9 —10.6) 0.140

Values in cells are means (95% confidence interval); P-values represent the effect of food

insecurity amongst individuals in the two lowest income groups
" Adjusted for age in regression
* Smoking not measured in participants < 12 years old




Table 6.4: Nutrients and foods of public health importance by strata of food security for
CCHS participants aged 9-18 years (n= 2280)

expenditure

Low income and Lower Income and P
(%) Food Secure (79.7) [Food Insecure (20.3)

Total calories Boy 2611 (2494-2728) 2581 (2332-2830) 0.833

Girl 2091 (1996-2185) 2143 (1990-2297) 0.573
Fruits and vegetable Boy 2.7 (2.3-3.0) 2.0 (1.4-2.7) <0.001
servings Girl 2.6 (2.1-3.0) 2.2 (1.6-2.8) 0.535
Sweetened drink Boy 1.8 (1.6-2.0) 1.5(1.1-1.9) 0.204
servings Girl 1.3(1.1-1.4) 1.7 (1.3-2.0) 0.032
Milk servings Boy 1.4 (1.3-1.6) 1.3 (1.0-1.5) 0.302

Girl 1.2 (1.0-1.3) 0.8 (0.6-0.9) <0.001
\Vitamin D from food Boy 7.1 (6.5-7.8) 6.5 (5.4-7.6) 0.262
(ng) Girl 5.6 (4.9-6.3) 4.7 (4.0-5.3) 0.008
Calcium Boy 1181 (1107-1256) 1187 (1003-1370) 0.718

Girl 932 (859-1004) 874 (774-973) 0.377
% energy from fat Boy 10.8 (10.4-11.2) 11.1 (9.8-12.3) 0.656
saturated fat * Girl 10.4 (10.0-10.9) 10.4 (9.7-11.1) 0.963
Fiber (grams) Boy 17.1 (16.0-18.2) 16.6 (14.5-18.7) 0.730

Girl 14.6 (13.8-15.4) 13.9 (12.4-15.5) 0.202
Energy intake / Boy 0.95 (0.89-1.00) 1.0 (0.86-1.13) 0.547
estimated energy Girl 1.00 (0.95-1.08) 1.06 (0.96-1.16) 0.503

Values in cells are means (95% confidence interval); P-values represent the effect of food
insecurity amongst individuals in the two lowest income groups after adjusting for energy
intake " Not adjusted for energy intake in regression analysis

124




6.6 References

1. James PD, Wilkins R, Detsky AS, Tugwell P, Manuel DG. Avoidable mortality
by neighbourhood income in Canada: 25 years after the establishment of universal health
insurance. J. Epidemiol. Community Health. 2007;61(4):287-296.

2. Williams DR, Collins C. US Socioeconomic and Racial Differences in Health:
Patterns and Explanations. Annual Review of Sociology. 1995;21(1):349-386.

3. Shah CP, Kahan M, Krauser J. The health of children of low-income families.
CMAJ. 1987;137(6):485-490.

4. Lynch JW, Kaplan GA, Salonen JT. Why do poor people behave poorly?
Variation in adult health behaviours and psychosocial characteristics by stages of the
socioeconomic lifecourse. Soc. Sci. Med. 1997;44(6):809-819.

5. Vozoris NT, Tarasuk VS. Household food insufficiency is associated with poorer
health. J. Nutr. 2003;133(1):120-126.

6. Whitlock G, Lewington S, Sherliker P, Clarke R, Emberson J, Halsey J, Qizilbash
N, Collins R, Peto R. Body-mass index and cause-specific mortality in 900 000 adults:
collaborative analyses of 57 prospective studies. Lancet. 2009;373(9669):1083-1096.

7. Alamian A, Paradis G. Clustering of chronic disease behavioral risk factors in
Canadian children and adolescents. Prev. Med. 2009;48(5):493-499.
8. Darmon N, Drewnowski A. Does social class predict diet quality? Am. J. Clin.

Nutr. 2008;87(5):1107-1117.

9. Drewnowski A, Specter SE. Poverty and obesity: the role of energy density and
energy costs. Am. J. Clin. Nutr. 2004;79(1):6-16.

10.  Silventoinen K. Determinants of variation in adult body height. J. Biosoc. Sci.
2003;35(02):263-285.

11. Miech RA, Kumanyika SK, Stettler N, Link BG, Phelan JC, Chang VW. Trends
in the association of poverty with overweight among US adolescents, 1971-2004. JAMA.
2006;295(20):2385-2393.

12. Malik VS, Schulze MB, Hu FB. Intake of sugar-sweetened beverages and weight
gain: a systematic review. Am. J. Clin. Nutr. 2006;84(2):274-288.

125



13. Nielsen SJ, Popkin BM. Changes in beverage intake between 1977 and 2001. Am.
J. Prev. Med. 2004;27(3):205-210.

14.  Casey PH, Simpson PM, Gossett JM, Bogle ML, Champagne CM, Connell C,
Harsha D, McCabe-Sellers B, Robbins JM, Stuff JE, Weber J. The Association of Child
and Household Food Insecurity With Childhood Overweight Status. Pediatrics.
2006;118(5):e1406-1413.

15.  Cavelaars AE, Kunst AE, Geurts JJ, Crialesi R, Grotvedt L, Helmert U, Lahelma
E, Lundberg O, Mielck A, Rasmussen NK, Regidor E, Spuhler T, Mackenbach JP.
Persistent variations in average height between countries and between socio-economic
groups: an overview of 10 European countries. Ann. Hum. Biol. 2000;27(4):407-421.
16. Freedman DS, Ogden CL, Flegal KM, Khan LK, Serdula MK, Dietz WH.
Childhood overweight and family income. MedGenMed. 2007;9(2):26.

17. Batty GD, Leon DA. Socio-economic position and coronary heart disease risk
factors in children and young people. Evidence from UK epidemiological studies. Eur J
Public Health. 2002;12(4):263-272.

18. Kendall A, Olson CM, Frongillo EA, Jr. Validation of the Radimer/Cornell
measures of hunger and food insecurity. J. Nutr. 1995;125(11):2793-2801.

19. Kirkpatrick Sl, Tarasuk V. Food insecurity is associated with nutrient
inadequacies among Canadian adults and adolescents. J. Nutr. 2008;138(3):604-612.
20. Mark S, Gray-Donald K, Delvin EE, O'Loughlin J, Paradis G, Levy E, Lambert
M. Low Vitamin D Status in a Representative Sample of Youth From Quebec, Canada.
Clin. Chem. 2008;54(8):1283-1289.

21. Roth DE, Martz P, Yeo R, Prosser C, Bell M, Jones AB. Are national vitamin D
guidelines sufficient to maintain adequate blood levels in children? Can. J. Public
Health. 2005;96(6):443-449.

22.  Van Duyn MA, Pivonka E. Overview of the health benefits of fruit and vegetable
consumption for the dietetics professional: selected literature. J. Am. Diet. Assoc.
2000;100(12):1511-1521.

23. Health Canada. Eating Well with Canada's Food Guide. In: Canada H, ed; 2007.
24, Institute of Medicine Food and Nutrition Board; Standing Committee on the

Scientific Evaluation of Dietary Reference Intakes. Dietary Reference Intakes for Energy,

126



Carbohydrate, Fiber, Fat, Fatty Acids, Cholesterol, Protein, and Amino Acids
(Macronutrients). Washington (DC): National Academy Press; 2005.

25. Canadian Fitness and Lifestyle Research Institute. Available at:
http://www.cflri.ca/eng/index.php. Accessed August 20009.

26.  Carlson SJ, Andrews MS, Bickel GW. Measuring Food Insecurity and Hunger in
the United States: Development of a National Benchmark Measure and Prevalence
Estimates. J. Nutr. 1999;129(2):510-.

27.  Mclintyre L, Glanville NT, Raine KD, Dayle JB, Anderson B, Battaglia N. Do
low-income lone mothers compromise their nutrition to feed their children? CMAJ.
2003;168(6):686-691.

28.  Starkey LJ, Kuhnlein HV, Gray-Donald K. Food bank users: sociodemographic
and nutritional characteristics. CMAJ. 1998;158(9):1143-1149.

29.  CDC. 2000 CDC Growth Charts: United States. Available at:

http://www.cdc.gov/nccdphp/dnpa/growthcharts/resources/sas.htm.

30. Institute of Medicine FaANBSCotSEoDRI. Dietary reference intakes for calcium,
phosphorus, magnesium, vitamin D and fluoride. Washington (DC): National Academy
Press; 1997.

31.  Weaver CM, Heaney RP. Dairy consumption and bone health. Am. J. Clin. Nutr.
2001;73(3):660-661.

32.  Weng FL, Shults J, Leonard MB, Stallings VA, Zemel BS. Risk factors for low
serum 25-hydroxyvitamin D concentrations in otherwise healthy children and
adolescents. Am. J. Clin. Nutr. 2007;86(1):150-158.

33. Ransome K, Rusk J, Yurkiw MA, Field CJ. A School Milk Promotion Program
Increases Milk Consumption and Improves the Calcium and Vitamin D Intakes of
Elementary School Students. Can J Diet Pract Res. 1998;59(4):70-75.

34.  Van Lenthe FJ, Boreham CA, Twisk JWR, Strain JJ, Savage JM, Smith GD.
Socio-economic position and coronary heart disease risk factors in youth. Eur J Public
Health. 2001;11:43 - 50.

35. Cole TJ. The secular trend in human physical growth: a biological view. Econ
Hum Biol. 2003;1(2):161-168.

127


http://www.cflri.ca/eng/index.php
http://www.cdc.gov/nccdphp/dnpa/growthcharts/resources/sas.htm

36.  Stunkard AJ, Sorensen TI. Obesity and socioeconomic status--a complex relation.
N. Engl. J. Med. 1993;329(14):1036-1037.

37.  Sobal J, Stunkard AJ. Socioeconomic status and obesity: a review of the
literature. Psychol. Bull. 1989;105(2):260-275.

38. Dayle JB, Mcintyre L, Raine-Travers KD. The dragnet of children's feeding
programs in Atlantic Canada. Soc. Sci. Med. 2000;51(12):1783-1793.

39.  Boivin JF, Roy E, Haley N, Galbaud du Fort G. The health of street youth: a
Canadian perspective. Can. J. Public Health. 2005;96(6):432-437.

40. Dachner N, Tarasuk V. Homeless "squeegee kids": food insecurity and daily
survival. Soc. Sci. Med. 2002;54(7):1039-1049.

41. Beaton GH, Milner J, Corey P, McGuire V, Cousins M, Stewart E, de Ramos M,
Hewitt D, Grambsch PV, Kassim N, Little JA. Sources of variance in 24-hour dietary
recall data: implications for nutrition study design and interpretation. Am. J. Clin. Nutr,
1979;32(12):2546-2549.

42. Livingstone MB, Robson PJ. Measurement of dietary intake in children. Proc.
Nutr. Soc. 2000;59(2):279-293.

43.  O'Loughlin JL, Paradis G, Gray-Donald K, Renaud L. The impact of a
community-based heart disease prevention program in a low-income, inner-city
neighborhood. Am. J. Public Health. 1999;89(12):1819-1826.

44.  Tarasuk V. A Critical Examination of Community-Based Responses to Household
Food Insecurity in Canada. Health Educ. Behav. 2001;28(4):487-499.

128



CHAPTER 7: PUBLIC HEALTH POSSIBILITIES TO IMPROVE VITAMIN D
LEVELS

Chapter 4 of this thesis established that vitamin D deficiency is observed amongst
Québec youth at the end of winter and beginning of spring. Data from the 2007-2009
Canadian Health Measures Survey (CHMS), representative of the Canadian population,
has been released allowing us to comment on the generalizability of our findings. The
mean 25(OH)D levels of the 6-19 year old youths of the CHMS, comparable in age to the
youth sampled in this thesis, had near optimal levels of vitamin D *. Even in winter, the
mean of 6-11 year olds was close to optimal levels of vitamin D (> 75 nmol/L). In the
QCAHS study there was a mean 25(OH)D level in youth of about 50 nmol/L during

winter, about 15 nmol/L lower than youth of comparable age and season in the CHMS.

Despite these differences in 25(OH)D levels our results, reflecting the vitamin D
status of Québec youth, are still likely consistent with the findings of the CHMS. In the
QCAHS the samples were collected in 1999 but 25(OH)D assays were done in 2006
raising the possibility that our samples had degraded. We thus assessed if there had been
25(0OH)D degradation over time by testing a small sub-set of 25(OH)D samples 18
months apart. We found no evidence of sample degradation. The apparent differences
between the QCAHS and the CHMS results also cannot likely be explained by
differences in latitude. For example, the highest latitude sampled in the QCAHS was 48.3
% N which is a more southerly latitude than Vancouver, British Columbia (49.2 ° N), the
3" largest city in Canada. There are no data yet available to examine differences in
25(0H)D levels by province in the CHMS, thus we are unable to ascertain if there is
heterogeneity, by province, in 25(0OH)D levels as there is for other chronic disease risk
factors 2. In the CHMS, however, the 10" percentile of 25(OH)D levels for 12-19 year
olds was 32.0 nmol/L, a value which reflects youth sampled both in the summer and
winter %, Thus the CHMS indicates, similar to the QCAHS that there is significant
vitamin D deficiency in the winter. Further in both the CHMS and the QCAHS there was
an age associated decline in vitamin D levels suggesting that adolescents are at risk of
vitamin D deficiency, particularly at the end of winter.
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Canadian Public Health Authorities must decide if vitamin D levels observed in
Québec and Canadian youth are incompatible with bone health and and/or will place
youth at greater risk of cardiovascular disease * and common malignancies in adulthood °.
If vitamin D levels are considered to be too low then population wide measures will be
needed to increase vitamin D levels. Chapters 5 and 6 of this thesis provide important
information to guide public health actions to increase vitamin D levels in youth. In the
QUALITY study we showed that a serving increase in milk consumption was associated
with a 2.9 nmol/L increase in vitamin D levels and that physical activity conducted
outdoors is not likely a viable public health option to increase vitamin D levels. Finally
using a representative sample of Canadian youth, the CCHS study, we found evidence
that milk intake may be being displaced by sweetened beverages in low socio-economic
position households. Thus as we showed that both milk intake and vitamin D levels were
patterned by household income in representative samples, care must be taken not to
exacerbate socio-economic disparities in vitamin D levels through public health actions.
Some of the possibilities to increase vitamin D levels at the population level are outlined

below.

7.1 Safe sunlight exposure and malignant melanoma

Safe sunlight exposure is defined as exposure to sunlight which brings benefits such as
cutaneous vitamin D production without the detrimental effects of skin damage and its
ensuing risk of skin malignancies. The amount of safe sun exposure depends on the
amount of pigmentation (melanin) in the skin. Dermatologists have classified skin type
into 5 types. The darkest, class 5, is resistant to UV damage, the lightest skin is from
individuals who, upon exposure to UV light, accrue immediate DNA damage to

epidermal cells °.

Malignant melanoma is a potentially lethal skin malignancy caused by a
malignant transformation of melanocytes. The age standardized incidence rate of
malignant melanoma in Canadians is 12 / 100 000 ’. The estimated five-year survival
ratio for malignant melanoma is 90%. The incidence of malignant melanoma is
increasing in Canada at approximately 1.5% / year. It is not clear, however, if the

increase in malignant melanoma incidence is an artifact of improved clinical detection .
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The primary etiologic exposure causing malignant melanoma is believed to be
ultraviolet radiation, though the relationship between exposure and malignancy is not
linear . For example, outdoor workers have a lower incidence of malignant melanoma
than indoor workers, suggesting that chronic sun exposure is protective. Further,
malignant melanoma develops most frequently on the backs of men and the legs of
women, areas of the body which are less exposed to sunlight. Evidence in support of UV
light as an etiological exposure includes a higher incidence of this malignancy in
Caucasians. Moreover individuals with the genetic disorder xeroderma pigmentosum,
who lack DNA repair enzymes which repair thymidine dimers caused by UV exposure to
the skin, have a 1000 fold greater risk of malignant melanoma than those without this
condition. Malignant melanoma has also been associated with intermittent sun exposure.
For example, a meta-analysis of 23 studies found that intermittent sun exposure was
associated with an odds ratio of 1.71 while chronic sun exposure had an odds ratio of
0.76, suggesting a protective effect °. There has been some suggestion that UVA
exposure also poses a risk for the development of malignant melanoma *°. The
association with UVA is germane as most tanning salons use UVA bulbs to produce
cosmetic tans **. Consistent with a role for UVA in malignant melanoma, a number of
reports have found an association between tanning bed use, sunlamps and malignant

melanoma .

Public health concerns over malignant melanoma have been primarily responsible
for ‘Sun Safe’ public health messages *>. As UVB exposure is the largest determinant of
vitamin D status a conflict exists between scientific and corporate interests, such as the
artificial tanning industry and the sun-screen manufacturers, who advocate for more
sunlight exposure for vitamin D synthesis or less sunlight exposure to protect against skin
malignancies, respectively **. For example malignant melanoma researchers insist that
vitamin D can be obtained using dietary supplements or through fortification. Some
vitamin D researchers, however, have argued for ‘safe’ sunlight exposure as a solution to

a high prevalence of low vitamin D status *°.
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7.2 Dietary vitamin D

Dietary vitamin D plays a small but important role in maintaining vitamin D levels,
particularly at high latitudes during winter months. Milk, however, often does not contain
the legislated amount of vitamin D °. For example, 62% of milk samples, which included
13 different brands, had less than 80% of the vitamin D stated on the label *". Other
dietary sources of vitamin D are equally variable in their vitamin D content. For example,
farmed salmon has substantially less vitamin D than wild caught salmon *2. It is
becoming increasingly clear that doses of vitamin D required to prevent hypovitaminosis
(£37.5 nmol /L) may have to be higher than the currently recommended 5 pg/day in
youth. For example, 20 ug were required to prevent hypovitaminosis in Finnish (60° N)
youth *°. Thus increased amounts of vitamin D intake are unlikely to be achieved through

dietary means as most foods, except for oily fish do not contain sufficient vitamin D.

7.3 Fortification

Fortification of foods is defined as a public health policy of adding nutrients to foods to
ensure that minimum dietary requirements are met in the population. The scientific
justification for fortification should be a public health need, such as a level of nutrient
deficiency documented in a representative sample of a population. There are two
different means by which nutrients can be added to the food supply, through either
mandatory or through discretionary fortification. Mandatory fortification is a policy
implemented by a central governing agency when a public health need is identified. All
individuals are expected to benefit from fortification through the consumption of staple
foods 2. Discretionary fortification, on the other hand, is an unregulated process left to
food manufacturers who often use the addition of extra nutrients as a means to market

food products .

7.4 Discretionary versus mandatory fortification

Discretionary fortification is not likely to achieve higher levels of nutrient intake in the
whole population as the cost of fortified foods tends to be higher than their non-fortified
counterparts. In the US, discretionary fortification of vitamin D is found in a range of
food products including: cereal flours, such as rice and macaroni, yogurt, fluid milk and
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dry whole milk %°. Discretionary fortification is further complicated by the difficulty of
manufacturers in adhering to fortification guidelines resulting in too little or too much
vitamin D than stated on the label ‘°. This underscores the need for the active regulation
of the addition of vitamin D in foods by conducting regular surveys of the vitamin D

content of staple foods.

7.5 Vitamin D fortification in Canada

As vitamin D is fat soluble, accumulating in fatty tissues %, the excessive intake of
vitamin D through fortification has resulted in a number of cases of vitamin D toxicity
owing to the consumption of excessively supplemented milk > 2*. The clinical symptoms
of vitamin D toxicity include: hypercalcemia, hypercalciuria, anorexia, nausea and
vomiting. Health Canada, under the authority of the Food and Drugs Act, regulates the
safety and nutritional quality of all foods, this includes the mandatory fortification of
fluid milk and margarine with vitamin D (16). Under the current fortification scheme
each 250 ml serving of milk is mandated to contain 6.25 pg of vitamin D °. Thus for
youth and adults less than 50 years of age, consumption of 2 glasses of milk provide

more than the recommended daily intake of vitamin D.

It is widely recognized that current levels of dietary vitamin D in the North
American food supply are inadequate to support optimal vitamin D levels °. In response,
the IOM has commenced a review of the Dietary Reference Intakes for calcium and
vitamin D as they relate to various health outcomes including those of bone health and

for a number of chronic disease as well %

. This committee includes experts from Canada
and the US. The results from this enquiry are expected to be published in 2010. If the
IOM should increase the recommended amount of dietary vitamin D this would open the
possibility of increasing the amount of dietary vitamin D in the food supply through

higher levels of fortification.

7.6 Challenges associated with fortification

One of the rationales for the modification of a fortification policy is to meet the
nutritional needs of a population. The IOM recognizes four distinct life stages during

which individuals’ nutrient needs are physiologically different. These stages are: infancy,
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toddlers aged 1 to 3 years, pregnancy and lactation (25). With respect to infancy, the
Canadian Pediatric Surveillance System has reported an annual incidence of 2.9 / 100 000
of clinically confirmed cases of vitamin D deficient rickets 2. Vitamin D deficiency has
also been observed amongst pregnant and lactating women in Canada *°. Our work has
shown that youth are also at risk of vitamin D deficiency, particularly at the end of winter
and beginning of spring *°. Finally, increased age is associated with a decreased ability to
synthesize cutaneous vitamin D placing the elderly at risk of low vitamin D levels *.
Thus the target populations for vitamin D fortification are broader than the fortification of
flour with folic acid which reduced the incidence of neural tube defects in Canada and the
us .,

Fortifying staple foods without increasing the risk of adverse physiologic effects
is complex. For example, long-term consumption of higher than recommended folic acid
increases the risk of colorectal malignancy in individuals at high risk of colorectal
neoplasia *?. This finding is supported by work in animal models which showed that
folate supplementation may have a pro-mutagenic effect on neoplastic foci once they
have become established *. Thus while the fortification of flour with folic acid met its
objective of reducing the incidence of neural tube defects, a greater exposure to folic acid
may be detrimental to other physiologic states and increase the risk of disease in an
unforeseen way. Moreover as energy intake is highly correlated with the intake of most
nutrients, individuals who have the greatest food intake, such as growing adolescents,

have the greatest exposure to a nutrient fortified in a staple food **.

7.7 Knowledge translation steps

Knowledge translation, defined by the Canadian Institute of Health Research (CIHR), is
the dynamic and iterative process that includes synthesis, dissemination, exchange and
ethically-sound application of knowledge to improve health, provide more effective
health services *°. In this thesis we showed that levels of vitamin D deficiency in the first
representative sample of Canadian youth may constitute of a public health problem.
Unfortunately, the modifiable correlates of vitamin D levels are not likely effective
public health targets to obtain optimal levels of vitamin D . This suggests that an

increase in vitamin D levels in youth will require a change in Canada’s fortification
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policy. This is a complex multi-step process. We will propose a number of steps by

which to achieve this end.

1) Establish a multidisciplinary committee to examine the long-term consequences of
vitamin D deficiency or sub-optimal vitamin D in Canadian youth versus the risks of
increasing the amount of vitamin D in a staple food through fortification. This committee
would consist of clinicians, epidemiologists and experts on vitamin D toxicology. These
efforts would coincide with the initiative of the Institute of Medicine, to revise, likely
upward, the recommended intake level of vitamin D. Similarly, the upper level (UL) of
vitamin D consumed without adverse effects is also likely going to be revised upwards in

adults and in youth Z.

2) Examine different fortification strategies with which to increase the amount of vitamin
D in the Canadian food supply. Our results from the CCHS study showed an income
related gradient in milk intake in Canadian youth. Thus increasing the amount of vitamin
D in milk would likely exacerbate income related disparities in vitamin D levels that we
observed in the QCAHS study. The fortification of white flour with vitamin D should be
considered. A study in adults showed that bread supplemented with (50 pg) of vitamin D

per day was associated with optimal vitamin D levels.
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CHAPTER 8: CONCLUSIONS AND SUMMARY

We established, using the first representative sample of youth in Canada, that vitamin D
deficiency was observed amongst Québec youth. Data from the Canadian Health
Measures Survey * suggest our results are generalizable to Canadian youth. We found
that milk intake resulted in only a modest association with vitamin D level and that milk
consumption was being displaced by sweetened beverages amongst low socio-economic
position youth. Thus a public health message to increase milk consumption as a means to
increase vitamin D levels in youth might not be the most efficacious means to increase

vitamin D levels.

This thesis has a number of limitations. First, all three data sources were cross-
sectional thus we cannot infer causality from our results. It is, however, unlikely that
vitamin D levels could influence the season with which vitamin D was sampled or that
vitamin D levels could influence physical activity. Second, we did not measure sun
exposure in the QUALITY study and this is the greatest source of vitamin D *'. Sunlight
exposure, however, is difficult to measure particularly using questionnaires . Qur
sample was restricted to Caucasian youth thus our results represent a best case scenario as
darker skin pigmentation is associated with lower vitamin D levels *8. Finally, though we
found low vitamin D levels in Québec youth, we did not assess the physiologic
implications of this. For example, low vitamin D levels have been associated with lower
bone density in youth ** and have been associated with a number of common

malignancies in adults °.

As most dietary vitamin D in the Canadian food supply comes from fortified
foods, efforts to increase vitamin D levels will require changing levels of fortification in
staple foods. To help inform this public health action, the associations between low
vitamin D levels and a number of chronic diseases will have to be validated in well
designed and powered randomized trials. Our results, using the first representative
sample of youth in Canada, suggest that vitamin D deficiency is observed in Canada and

public health actions are needed to increase vitamin D levels.
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