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Zusammenfassung

Zusammenfassung

Die Adoleszenz beinhaltet wichtige psychologischsoziale und physiologische
Veranderungen. Abgesehen vom ersten LebensjadeisEnergie- und Nahrstoffbedarf am
hochsten in der Adoleszenz. Um physiologisches \&taoh in dieser kritischen Zeit zu
gewahrleisten, ist eine adaquate Aufnahme von Pdglegmin Bs und Vitamin B; zwingend
erforderlich. Diese B-Vitamine sind eng mit Homazys, einem Risikofaktor fur Herz-
Kreislauf-Krankheiten verbunden. Bei Jugendlichenrde ein steigender Verzehr von
energiedichten, aber nahrstoffarmen Lebensmittekobachtet. Gleichzeitig werden
nachteilige Faktoren wie z.B. ein bewegungsarmérehsstil tbernommen. Fir Jugendliche
existieren bislang keine Referenzwerte fur die ojpemannten B-Vitamine und Homozystein,
die im Blut gemessen werden. Daher ist eine Bewgrkaum moglich. Voraussetzung fur
die Entwicklung von verlasslichen Referenzwertereistens die Beschreibung von aktuellen
Daten und zweitens die Aufklarung, inwiefern di€dstrate mit moglichen beeinflussenden
Faktoren zusammenhangen. Die untersuchten Daterodegenden Arbeit stammen aus der
HELENA Studie (“Healthy Lifestyle in Europe by Niiton in Adolescence”). Insgesamt
untersuchte die vorliegende Arbeit verschiedeneoAsasionen und stellte potentielle
Referenzdaten bereit, die als Ausgangspunkt fimdigere Entwicklung von verlasslichen

Referenzwerten dienen kdonnten.

Die Assoziationen zwischen dem Folat-, Vitamin- Bind Vitamin B,Status sowie

Homozysteinkonzentrationen und ausgewahlten niohtrfrunizierbaren Faktoren wie
Geschlecht, Alter, sexuelle Reife und dem Polymerphs der Methylentetrahydrofolate
Reduktase 677C/T und kommunizierbaren Faktorenkémperzusammensetzung, Gebrauch
von Supplementen und Rauchverhalten wurden andlyddabei zeigte sich, dass die
Cobalamin- und Homozysteinkonzentrationen nach KBeskt variierten. Ein héheres Alter
war mit hdheren Homozysteinkonzentrationen und ngeachrittenere sexuelle Reife war mit
niedrigeren Folat-, Erythrozytenfolat- und Holo-iisaobalaminkonzentrationen assoziiert.
Analog zum Alter stieg Homozystein proportional ndem sexuellen Reifegrad. Der
Polymorphismus der Methylentetrahydrofolate Redskta677C/T war mit Folat-,

Erythrozytenfolat-, Cobalamin-, Holo-Transcobalamund Homozysteinkonzentrationen
assoziiert. Normalgewichtige zeigten hohere Folatd Cobalaminkonzentrationen als
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Ubergewichtige Jugendliche. Nutzer von Supplementanesen hohere Folat-,
Erythrozytenfolat- und Cobalaminkonzentrationen und niedrigere
Homozysteinkonzentrationen auf als Nichtnutzer. dRaa war mit niedrigeren Folat-,

Erythrozytenfolat-, Cobalamin- und Pyridoxal-5-ppbatkonzentrationen assoziiert.

Des Weiteren wurde der Zusammenhang zwischen Hosteayund den kommunizierbaren
Faktoren koérperliche Aktivitat, kardiovaskularerfass und Fettleibigkeit untersucht. Wenige
Studien evaluierten dieses Thema und diese konedair sich meist auf Erwachsene.
Studien mit Jugendlichen zeigten uneinheitliche ebrgsse. In dieser Arbeit war
Homozystein weder bei mannlichen, noch bei weilgichTeilnehmern signifikant mit

korperlicher Aktivitat, kardiovaskularer Fitnesseodrettleibigkeit assoziiert.

Basierend auf Beobachtungen von HomozystinurieeRen, die in jungen Jahren unter
anderem an Osteoporose und Frakturen litten, wdrdeHypothese aufgestellt, dass der
Folat- und Vitamin B,-Status, sowie Homozysteinkonzentrationen mit der
Knochenmineraldichte assoziiert sein kdonnten. Begeddlichen standen unterschiedliche
Werte des Knochenmineralgehalts oder der -dichtatmnit dem Folat-, Vitamin & und

Vitamin B;>-Status, sowie Homozysteinkonzentrationen in Vetbiny.



Summary

Summary

Adolescence implies important psychological, so@ald physiological changes. Apart from
the first year of life, both energy and nutrienqugements are greatest during adolescence.
To ensure physiological growth during this critigagériod, an adequate intake of folate,
vitamin B, and vitamin B, is mandatory. These B-vitamins are closely coreteavith
homocysteine a well-known risk factor for cardiouadlar diseases. In adolescents, a change
towards an increasing consumption of energy dengenbtrient poor food is observed.
Simultaneously, detrimental factors e.g. a sedgntdestyle are implemented. Blood
B-vitamin and homocysteine reference values forlesb@nts do not exist. Therefore, the
assessment of B-vitamin and homocysteine concemsais not yet possible, but still needed.
A prerequisite for the development of referencaigsalis to record the present situation and to
elucidate the influencing factors of B-vitamin sgtand homocysteine concentrations.
Underlying data were taken from the HELENA studyd€althy Lifestyle in Europe by
Nutrition in Adolescence”). Overall, the presentriwveelucidated several associations and
provided potential reference data that might b&agisg point for the further development of

sound reference values.

The relation of folate, vitamin g3 vitamin By, status and homocysteine levels with selected
non-communicable factors gender, age, sexual nigtuind the methylenetetrahydrofolate
reductase 677C/T as well as selected communicabters body composition, supplement
use, and smoking were investigated. Cobalamin adobysteine levels varied between
genders. Higher age was related with increased bgstwine concentrations. Sexual maturity
was inversely associated with folate, red bloodl delate, and holo-transcobalamin
concentrations. Analogue to age, homocysteine carat®ns were positively associated with
sexual maturity. The methylenetetrahydrofolate otalse 677C/T polymorphism was
associated with folate, red blood cell folate, datvan, holo-transcobalamin, and
homocysteine concentrations. Normal weight adolascealisplayed higher folate and
cobalamin concentrations than overweight adolesc&upplement users had higher folate,
red blood cell folate, and cobalamin concentraticc@mpared with non-users and

homocysteine concentrations were lower in supplémsers than in non-users. Smoking was
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associated with lower folate, red blood cell foJatebalamin, and pyridoxal-5-phosphate

concentrations.

Furthermore, homocysteine and its association \lig communicable factors physical
activity, cardiovascular fitness, and fatness weanened. Few studies have targeted this
relationship sofar. Subjects were mostly adults stndies on adolescents display inconsistent
results. In the present study homocysteine conagois were not significantly associated
with physical activity, cardiovascular fitness, @atness after controlling for potential

confounders, neither in males nor females.

Based on observing patients with homocystinuridesufy also from premature osteoporosis
and fractures, it is hypothesised that also folteamin Bs, and vitamin B, status as well as
homocysteine levels are associated with bone nlirgeasity. However, in adolescents
variations in bone mineral content and -densityldaot be explained by folate, vitamirg,B

vitamin B, status, and homocysteine levels.
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General introduction

1 General introduction

Adolescence is defined as the period between atildiand adulthood. The period of gradual
transition that normally begins with signs of pugemplies important psychological, social,
and physiological changes. The transition may eibdleepursued by chronological age or by
stages of sexual maturation. For instance, the tolescent was defined by the World
Health Organization (WHO) as a person aged 10-E¥syfl]. Further sex organs and the
reproductive system mature and growth spurt takesepin terms of development, maturity,
and lifestyle, adolescents are an inhomogeneouggiven for a given place and age, there
Is a great diversity depending on personal andrenmiental factors. Therefore, adolescence
may be divided into three developmental stagedy ealolescence (10/13-14/15 years), mid-
adolescence (14/15-17 years), late adolescencl(y@éars, but variable) [1].

Adolescence is a period of rapid growth: up to 4&9%keletal growth takes place and 15 to
25% of adult height is achieved during adolesceffje During the growth spurt of
adolescence, up to 37% of total bone mass may deradated [3]. Height and weight gain
can be used as an indicator of this high demamdiinent requirement. Based on a selection
of German studies from 1985-1999 including in tota#,000 children and adolescents aged
0-18 years and 10,378 adolescents aged 12-17.98, Wameyer-Hauschild et al. developed
age-dependent percentile curves for height, weigind body mass index (BMI) [4].
Focussing on the age group 12.5-17.5 years us#teipresent work, the median for height
increased by 24.9 cm (12.5-17.5 years: 155.2-18flin males and by 11.1 cm (156.7-
167.8 cm) in females. The median for weight incegaby 25.3 kg (44.2-69.5 kg) in males
and by 13.0 kg (45.6-58.6 kg) in females. Thesa dat in accordance with results from the
German Health Interview and Examination SurveyGbidren and Adolescents (KiGGS) [5]
and the Centre for Disease Control and Preveni@id) growth charts from the United
States (US) [6]. Nutrition influences growth andselepment throughout infancy, childhood,
and adolescence. Apart from the first year of lfeth energy and nutrient requirements are

greatest during adolescence [7, 8.

To ensure physiological growth during this critiggdriod in general an adequate intake of
macro- and micronutrients and in particular an adég) intake of folate, vitamingBand

vitamin B> is mandatory. These three vitamins belong to aigrof eight water soluble

14



General introduction

vitamins which will be referred to as B-vitaminsa)dr physiological functions of B-vitamins
in human metabolism are their role as precursocmE&nzymes. Since B-vitamins play a
decisive role in and are closely connected with thethionine cycle, the intermediate
homocysteine, which is in contrast to B-vitaminst mitained from diet, will also be

considered.

The term folate comprises all biologically activeetabolites. The chemical structure of
nutritive folates is a pteridine ring attached tp-aminobenzoate and a polyglutamyl chain.
Though, the length may vary from one glutamyl mpigb to a multiple. Synthetic folic acid
occurs solely with an attached monoglutamyl moiesgead of a polyglutamyl chain. Due to
its high stability and quantitative absorption e substance >90%) folic acid is utilised for
food fortification and vitamin supplements. Bothate and folic acid are used to build
derivatives like tetrahydrofolate (THF) bound toeerarbon units with different oxidation
states: 10-formyl-THF, 5-formyl-THF, 5,10-metherfyHF, 5-formimino-THF,
5,10-methylene-THF, and 5-methyl-THF. The latteriddive is the predominant folate in
human metabolism and the form of transport in pasAs shown in Figure 1 (page I&)me

of these derivatives function as one-carbon groapatbrs within nucleic acid synthesis
(10-formyl-THF and 5,10-methylene-THF) and withianrethylation of homocysteine to
methionine (5-methyl-THF). Methionine as S-adenasgthionine (SAM) regulates the
formation of 5-methyl-THF from 5,10-methylene-THfrdugh inhibition of the vitamin B
dependent enzyme methylenetetrahydrofolate redei¢ld$HFR) and is also involved in the
choline synthesis, a basic module for the synthedisacetylcholine and lecithin.
Subsequently, folate engages indirectly with thentlsgsis of neurotransmitters, cell
membranes, and DNA methylation. In case of folaéctency, the disturbed nucleic acid
synthesis may lead to neural tube defects in newgband megaloblastic anemia in later life
which is morphologically identical to perniciousesmia caused by vitamin;Bdeficiency due
to lacking intrinsic factor (functional folate deiency). Biochemical markers for folate status
in human metabolism are plasma folate and red btetidolate (RBC folate) concentrations.
Plasma folate immediately changes after the intdKelates or folic acid. By contrast, RBC
folate concentration changes slowly as folate iporated and accumulated only during
erythropoiesis, the development of red blood clelising a lifetime of approximately 120
days. Therefore, RBC folate is often used as a-teng indicator for folate status [9, 10].
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10-formyl-THF

5,10-methenyl-THF

5,10-methylene-THF
g l MTHFR, B
@ 5-methyl-THF

Diet

THF

Methionine

Homocysteine

Nucleic acid synthesis

Figure 1: Simplified folate metabolism [modified from Basstdral. (2002)]

THF = tetrahydrofolate, MTHFR = methylenetetrahydtate reductase, MS = methionine synthase,
B,, = vitamin B;,, SAM = S-adenosyl-methionine

Vitamin Bs summarises a group of six related compounds. fkenizal structure is based on
pyridine with varying substitutes at position f@nd their respective 5-phosphates: an alcohol
substitute (-CHOH) leads to pyridoxine, aldehyde (-CHO) to pyridgxand an amino
substitute (-CBHNH,) to pyridoxamine. The active co-enzyme form isigigxal-5-phosphate
(PLP) but all derivatives can be interchanged &adi into PLP. Metabolic functions of PLP
as a co-enzyme are numerous [11] including the loéitan of neurotransmitters [12], amino
acids, fats, glycogen, hormones [13, 14], and imendanctions [15]. Together with
cystathionin-3-synthase (CBS) apdystathionase PLP describes an alternative pattioray
the degradation of homocysteine to cysteine. Symptdor vitamin B deficiency are
numerous e.g. seborrhoeic eczema, atrophic glessitimnolence, confusion, as well as
neuropathy. An isolated vitamingBleficiency is uncommon and often occurs in assiocia
with other vitamin deficiencies of the B complexo&hemical markers for vitamineBstatus
are PLP concentration in plasma, erythrocytes, &woleblood, urinary pyridoxic acid
concentration, enzyme activities of erythrocytenada aminotransferase (EALT) and
erythrocyte aspartate aminotransferase (EAST), #mel measurement of tryptophan
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catabolites. A review of established indicatorvitdmin Bs status suggests that plasma PLP

is probably the best single indicator becausepears to reflect tissue stores [9, 10, 16].

Vitamin By, is a collective name for biologically active cadmains in human metabolism.
The basic chemical structure is a porphyrin-likenpound, consisting of four pyrrol rings
with a central cobalt atom. Depending on the mo&tthe sixth ligand of the cobalt atom the
porphyrin-like compound becomes: cyanocobalamin YCNiydroxocobalamin (OB
aquocobalamin (bD), nitrocobalamin (N, methylcobalamin (CkJ, or adenosylcobalamin
(5-desoxyadenosyl). However, the two last-mentiordstivatives represent the most
important metabolites. In human metabolism cobaiaimctions as cofactor in two enzymes,
methylcobalamin in the methionine synthase (MS) aadenosylcobalamin in the
methylmalonyl-CoA mutase. Within folate metabolismM$S catalyses the remethylation of
homocysteine to methionine (Figure 1, page 16) aitdin uneven fatty acid degradation
methylmalonyl-CoA mutase catalyses the conversibmethylmalonyl-CoA to succinyl-
CoA. A lack of vitamin B, in the remethylation reaction of homocysteine tethmonine
induces reduced SAM concentrations. Due to a negéted-back mechanism between SAM
and MTHFR, the synthesis of 5-methyl-THF is inceshsand because of the irreversible
reaction of 5,10-methylene-THF to 5-methyl-THF flgaresults in a functional folate
deficiency (Figure 1, page 16). A lack of vitamin;Blso inhibits the folate independent
methylmalonyl-CoA mutase and methylmalonic acid (MMaccumulates. Along with
lacking SAM an excess of MMA may cause degeneratiotie spinal cord, called funicular
myelosis. Subsequently, an adequate vitaminsBatus due to its role in DNA- and central
nervous system synthesis is highly important aaghs. For transport and storage specific
cobalamin binding proteins are necessary. Theséeaubdivided into extracellular proteins
(intrinsic factor, holo-transcobalamin, and haptoc)d, membrane-bound proteins (intrinsic
factor and holo-transcobalamin receptors), and adaftular proteins (MS and
methylmalonyl-CoA mutase) [9, 10]. Biochemical menk for vitamin B, status are
cobalamin concentration in serum or plasma, h@ogcobalamin concentration, and MMA
concentration. The measurement of serum or plasbhala@min concentration is simple and
practicable in studies with large sample sizesHag limited sensitivity and specificity for
diagnostic use [17, 18]. Holo-transcobalamin is\thamin B, fraction that is available for
cellular uptake and is supposed to be an early enddk changes in vitamin ;B metabolism
[19]. MMA concentration is a very specific markeor fvitamin By deficiency but

cost-intensive [20].
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The sulphur-containing amino acid homocysteineigsynthesised from the essential amino
acid methionine via SAM and S-adenosyl-homocystéi®H). Homocysteine degradation
can be separated into the remethylation and tréosstion pathway as depicted in Figure 2
(page 19). Remethylation requires a methyl grotipeeifrom 5-methyl-THF or betaine to
form methionine from homocysteine. The pathway vitmethyl-THF occurs in all tissues
via the vitamin B,-dependent enzyme MS whereas the pathway withrigetaiconfined to
the liver and takes place vitaminBndependent. The transsulfuration pathway converts
homocysteine to cysteine through the intermedigstathionine. Homocysteine condenses
with serine to form cystathionine in a reactionabgted by the enzyme CBS. Then,
cystathionine is hydrolysed by-cystathionase to form cysteine aneketobutyrate. Both
reactions are vitamin #&dependent [21]. In plasma, homocysteine appearslynaound to
protein but appears also in free disulfide or tfiawms. All forms are measured and referred
to as plasma total homocysteine. However, withis\wWork the term homocysteine is used for
the sum of all homocysteine derivates.

Homocystinuria was first reported in 1962 in twatars during the screening of mentally
retarded children in Northern Ireland for abnorraalino acid excretion [22]. At the same

time but independently, homocystine was identifirethe urine of a retarded child in the US
[23]. Major clinical manifestations involve the syas well as the central nervous, skeletal,
and vascular systems. Based on the observation rteficsclerosis in subjects with

homocystinuria the homocysteine theory of arteterssis was developed during the period
1970-1975 [24]. Ever since homocysteine researchfa@ised mostly on adults. However, to
what extend homocysteine is associated with phygichl development in apparently healthy

adolescents was neglected at large.
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Folate Dietary protein

THF Methionine \

Dimethylglycine SAM
K— Acceptor
CHs-Acceptor

Betaine «— Choline SAH

Homocysteine 4/

@ "l"CBBS

6

MS
Bio

5,10-methylene THF

MTHFR
@IIII 82

5-methyl THF

Cystathionine

C
Be

Cysteine

Figure 2: Simplified methionine cycle (modified from Heil &t [25]). Important enzymatic
disorders can lead to elevated homocysteine coratiEmts as indicated: 1) MTHFR, 2) MS,
and 3) CBS leading to classical homocystinuria.

THF = tetrahydrofolate, MTHFR = methylenetetrahydtate reductase, MS = methionine synthase,
B, = vitamin B, B = vitamin B, By, = vitamin B;,, CBS = cystathionine R-synthase, C =
y-cystathionase, BHMT = betaine homocysteine matiytiferase, SAM = S-adenosyl-methionine,
SAH = S-adenosyl-homocysteine.

Due to rapid degradation, circulating concentratiaf homocysteine are generally low in
healthy population (<14umol/L). On the one handnboysteine as a regular intermediate in
the methionine cycle is necessary to produce orieeomost important methyl group donors
SAM. However, on the other hand, elevated homogysteoncentrations are seen as a
biomarker of increased oxidative stress which isoamted with an increased risk for
endothelial damage [26] as well as for cardiovamcdiseases [27]. Several cut-offs were set
up and Stanger et al. proposed a linear dose-respatationship with a relative risk for
cardiovascular events of 1.3-1.7 for a 5umol/L éase in plasma homocysteine [27].
Moreover, unphysiologically high homocysteine corications may contribute to the
development of dementia and Alzheimer’s diseaseg98 osteoporosis [30-32], and adverse

pregnancy outcomes [33-35].
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Major dietary sources of folate are fruits and \agkes, wholemeal products, and liver that
functions as folate storage amongst others. Dietayrces of vitamin gare ubiquitous
whereas vitamin B is exclusively found in animal and fermented pridu Usually sub-
optimal folate intake is widespread. Vulnerableug®for a deficient folate status are subjects
with increased requirements like pregnant women amolescents. Deficient vitaminiB
status predominantly appears in vegetarians andng[B6] or in subjects lacking intrinsic
factor like the elderly. Vitamin 8status could be adversely affected by alcoholiage-
related gastrointestinal changes, and the use mimmmly prescribed medications, such as

oral contraceptives [37].

In adolescents, however, a decreasing consumpfiarutvient dense food e.g. fruits and
vegetables towards an increasing consumption afggraense but nutrient poor food can be
observed [38, 39]. Smoking, alcohol consumption dreduse of oral contraceptives begin
during adolescence [40] and possibly other detrialefactors like a sedentary lifestyle are
implemented [41, 42]. Thus, during adolescencetBavin intake may deteriorate due to an
altered eating behaviour. B-vitamin and homocysteioncentrations could be affected by
changing lifestyle factors. In the case of obesiifjch may be a consequence of lacking
physical activity (PA), longitudinal studies havsogn that these behaviours to some extend
might track into adulthood [43]; associations beswd3MI in adolescence and mortality in
adulthood have been reported [44]. Whether an mzate B-vitamin intake during childhood
or adolescence influences morbidity in later lifam®only be answered by longitudinal studies
whereof at present only one is available. The &ritpopulation-based birth cohort study
National Survey of Health and Development impleradrity the Medical Research Council
(MRC) intended to correlate dietary intake datasiaf B-vitamins at age 4, 36, 43 and 53
years with psychological distress at 53 years, Wewewithout finding statistical significant

associations [45].

The assessment of B-vitamin intake requires rediabference values. However, up to date
adolescent dietary reference values for B-vitameigs as published by Germany, Austria, and
Switzerland (D-A-CH) [46] or by the US (dietary eeénce intakes (DRI)) [9] are
extrapolated from adult reference values and migitt account for special needs during
growth [47]. The underlying methodology of extraggadn could not be discerned from
D-A-CH reference values whereas in the DRI the wddlogy is described in detail [9]. The
estimated average requirements (EAR) are extraggblag weighing for body weight. Data on

body composition from the Third National Health ahdltrition Examination Survey
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(NHANES) and data on proportional increase in protequirements for growth from Food
and Agriculture Organization (FAO) and WHO from 59%rm the basis of the following

extrapolation:

EAR chig = EAR aquit F
where F = (weightnia/ weightagun) °"° (1 + growth factor)

Furthermore, dietary reference values implicateettamties like bioavailability and nutrient
loss due to varying methods of food preparationickviis allowed for by safety margins, as
well as the disregard of fortified food items. Aotimgly, the direct measurement of
B-vitamin and homocysteine concentrations in sévgracimens reflects the situation more
precisely. However, blood B-vitamin and homocysteiaference values for adolescents do
not exist. So the assessment of B-vitamin and hgseteme concentrations based on sound
reference values is not possible. A prerequisitetie development of reference values is to
record the present situation and elucidate theuaniting factors of B-vitamin status and

homocysteine concentrations.

The factors that may be associated with B-vitamatus and homocysteine levels can be
divided into non-communicable and communicabledisct The non-communicable factors
age and gender are commonly examined in relatidn B4vitamin status and homocysteine
levels. However, particularly in adolescents theestigation of sexual maturity would be
more appropriate because maturation tends to pildndependently of chronological age, so
that chronological age is not a good indicatorefumal maturity [48, 49]. Genetics represent
another non-communicable factor. The well knowmlgmucleotide polymorphism (SNP) of
the MTHFR at nucleotide position 677C/T, which fesin decreased enzyme activity in the
CT- and TT-genotype, is the main genetic deterntinah homocysteine levels [50].
Communicable factors such as fatness, vitamin oreral supplement use, smoking habits,
PA, and cardiovascular fitness (CVF) may alter 8aviin and homocysteine concentrations.
With respect to BMI and B-vitamins, an associatmath vitamin B, was found in an Israeli
adolescent cohort [51]. Several studies observegghehi homocysteine concentrations in
adolescents with a higher BMI [52-55]. Regarding@ament use in adolescents, ambiguous
results were reported. De Laet et al. did not olesemy difference in B-vitamin status
between supplement and non-supplement users [S56feak Osganian et al. discovered
significantly higher B-vitamin concentrations anowker homocysteine concentrations in

supplement users than in non-supplement users $8bking seems to be associated with

21



General introduction

homocysteine as published by several authors [B358]. Additionally, in a Spanish study
[58] lower folate concentrations in adolescent semskcompared with non-smokers were
found. Physical activity and fithess was mostlyveyed in adults[59-63]. However,

inconsistent results exist relating to the possimsociation between PA and CVF and

homocysteine concentrations in childhood and adeles [64, 65].

During the adolescent growth spurt also skeletaWwgn related demands are elevated [2, 3].
Based on recent studies on elderly it is hypotleésibat also folate and vitamin Bstatus as
well as homocysteine concentrations are associaitdbone mineral density (BMD) [66].
These hypotheses were motivated by observatiopgstients with homocystinuria who also
suffer from premature osteoporosis and fractur@$. [idependent of age, in vitro studies
support the hypothesis that homocysteine deteésridite collagen cross-linking in bone [68].
Low concentrations of cobalamin have been assatiaith suppressed osteoblast activity
[69] and low concentrations of folate, PLP, andatamin have been related with stimulated
osteoclast activity [70]. It remains unclear whetB&ID is associated with B-vitamin status

and homocysteine concentrations in apparently inaliolescents [71, 72].
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Outlines of this thesis

This thesis deals with the present B-vitamin statias adolescents as well as
non-communicable and communicable factors that trbghassociated with B-vitamin status

and homocysteine levels. The following researchstjoles will be addressed:

- To study the current folate, vitaming,Bvitamin B, status, and homocysteine blood

concentration in European adolescents

- To analyse selected non-communicable and commuerickdrtors associated with

B-vitamin status and homocysteine concentratiorslmlescents

- To discuss potential reference data for folatgmin Bs, vitamin B, and homocysteine

concentrations in European adolescents

(Chapter 3)

- To study if there is an association between thencomcable factors physical activity,

CVF, and/ or fatness and homocysteine concentiatioadolescents

(Chapter 4)

- To analyse if B-vitamin status and homocysteineceoirations are related to bone

parameters in adolescents

(Chapter 5)
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2 General methodology

2.1  The HELENA project — study design

The “Healthy Lifestyle in Europe by Nutrition in Atescence” (acronym: HELENA,; contract
number: 007034) study is a European multi-centidyssupported within the"6framework
program (FP6-2003-Food-2-A, FOOD-CT-2005-0070343eunthe coordination of Prof.
Luis A. Moreno Aznar (Universidad de Zaragoza)otder to organise the work efficiently,
14 work packages (WP) were introduced dealing wjlecific topics and research fields.
Accordingly, the HELENA project was split into fowxperimental parts: (I) a cross-over
multi-centre study (COMS); (Il) a lifestyle eduaatiintervention (LSEI); (lll) a behavioural
and food choice study (BEFO); (IV) a cross-sectiatady (CSS). All work presented in this
thesis was part of the CSS, specifically WP 9 (hetetagical, biochemical, and immunologic
data). Data of WP 7 (PA and fitness), 8 (body cositpon), and 10 (genetics) were used, too.

2.1.1 The HELENA-cross-sectional study — study designsaibgect recruitment

Within the CSS, an adolescent group was assessefddd and nutrient intake, nutrition
knowledge, PA and fitness, body composition, vitarand mineral status, lipid and blood
profile, and genetic variability. Therefore, meteodere developed and harmonised in
cooperation with all partners in order to obtaimparable data within the study centres.
Subject recruitment was done by one research groupinstitute within the ten

participating centres.

Subjects with an age range of 12.5-17.49 years wamaiited in ten cities across Europe.
Selection of cities was based on two criteria: aagl distribution and presence of an active
research group assuring sufficient expertise ansourees to successfully perform

epidemiological studies. Within the study, StockhdBweden) represented Northern Europe,
Athens and Heraklion (Greece), Rome (ltaly), Sasago(Spain) Southern Europe, Pécs
(Hungary) Eastern Europe, Gent (Belgium), Lillegikce) Western Europe, and Dortmund

(Germany), Vienna (Austria) Central Europe. The glansize of 3,000 adolescents has been
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estimated using BMI (confidence level of 95%, antDa8 error). Each partner was asked to
include 150 male and female subjects per protoespectively.

Reliable and objective data concerning age andeagendre obtained by analysing complete
school classes. On the city level, diversity of Haenple with respect to cultural and socio-
economic aspects was achieved by performing a mnpportional distribution of all
schools taking into account the site of the sci{ddtrict/zone of the city) and the type of
school (public or private). Blood sampling was perfed in one third of the adolescents
recruited (choice of entire classes representiagiésired age of the subjects). The school and
class random selection procedure, including theetubf classes fdslood samplinghas been
done centrally by one partner (Gent) for all stgdntres. In case a selected school denied its

participation, a school with comparable charactieesrom a list of substitutes was taken.

Individual exclusion criteria weneot being able to speak the local language andlsnmeous
participation in another clinical trial. All protots and informed consents for this study were
reviewed and approved by an Ethics Review Committeeach country according to the
Declaration of Helsinki and International Conferem®on Harmonization for Good Clinical
Practice. Quality control was assured throughoatwimole project as described by Beghin
et al. [1].

Prior to the start of the HELENA-CSS all methodseveested in a pilot study to assure an
optimal sampling procedure and to optimise transfomistics and analytics. These results

have been described and published elsewhere mdetaii [2].

2.1.2 Medical examination, blood sampling, and anthroptigne

Prior to the study day, participants were askeabtain from eating and drinking after 8 p.m.
At the study day, a medical doctor visited the sthdasses and asked all participants for
medical history and acute diseases. A blood sagpjirestionnaire was used to assess fasting
status, acute infections, allergies, smoking, vitaamnd mineral supplements, and medication
(Appendix). Maturity was assessed by means of Tiastege [3]. Medical data and all

information were recorded in a case report formefach participant (Appendix).

Blood sampling generally took place between 8- &pproximately 30 mL of blood were
collected from an antecubital vein in serum, hepaand ethylene diamine tetraacetic acid
(EDTA) monovetted (Sarstedt AG & Co., Nimbrecht, Germany). Then,akfast was

offered to all participants.
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After blood sampling, body weight was measuredgruking a standard beam balance (Seca,
precision 100 g, range 0-150 kg). Height was meabkur cm using a precision stadiometer
(Seca, precision 0.2 cm, range 70-200 cm). BMI eadsulated with the equation weight in
kg divided by height in m squared (kg/m?). For Ileotrical impedance analysis (BIA)
measurements, a classical tetrapolar technique wsad. Standard instructions for BIA

measurements were followed.

2.1.3 Sample pre-treatment and transport

The blood sampling procedure within the HELENA CB& been described in detail by
Gonzalez-Gross et al. [4]. Briefly, serum gel tubesre centrifuged at 3,500 rounds per
minute (rpm) for 10 minutes within one hour aftefodd drawing for measuring
holo-transcobalamin and creatinine. For the measemé of folate, cobalamin, and total
homocysteine heparin gel tubes were immediatelgeplaon ice and centrifuged at 3,500 rpm
for 10 minutes within 30 minutes after blood dragvirFor the RBC folate analysis and
desoxyribonucleic acid (DNA) isolation EDTA wholebld was collected. Within 24 hours
the supernatant of heparin and the EDTA wholeblwetkt transported at a stable temperature
of 4-7°C while serum was transported at room teatpee to the central laboratory in Bonn.
Then, EDTA wholeblood was diluted 1:5 with fresldsepared 0.1% ascorbic acid for cell
lysis and incubated for 60 minutes in the dark. ther measurement of PLP, EDTA plasma
was obtained by centrifugation at 3,500 rpm fondifutes. All samples were stored at -80°C

until withdrawn for bunched analyses.

2.2 Material

The following tables summarise all materials usedthe biochemical (folate, RBC folate,

cobalamin, holo-transcobalamin, PLP, and homoaysjeand anthropometric measurements
within the HELENA study. More precisely, Table Zdage 32) displays the used laboratory
materials and facilities, whereas Table 2.2 (pagepBesents the used chemicals. Table 2.3

(page 34) includes an overview of all machines dsethis work.
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Table 2.1:List of used laboratory materials and facilities

Product Specification Manufacturer

Balance 861 Seca, Hamburg, Germany

Calliper Holtain, Crosswell, United

Kingdom (UK)

Centrifuge Heraeus Megafuge Thermo-Electron. Corporation,
1.0R Waltham, USA

Crushed ice

Eppendorf pipettes Eppendorf Rese&rchEppendorf, Hamburg, Germany

Inelastic tape

Laboratory scale
Laboratory scale Research
Medical gloves

Monovett€ serum-gel
Monovette§ K-EDTA
Monovette§ lithium-heparin
Multifly ©

Multipette®plus

Pipette tips

Reaction tubes
Reaction tubes

Stadiometer
Transportable centrifuge
Vials

Vortex

10-100 pL,

100-1,000 pL
200 Seca, Hamburg, Germany
12200 P Soehnle, Nassau, Germany
R 160 P Sartorius, rig@tti, Germany

Flexam, Latex, REF Cardinalhealth, lllinois, USA
88471

01.1602.001 Sarstedt, Niumbrecht, Ggrman
05.1167.001 Sarstedt, Numbrecht, Germany
05.1553.001 Sarstedt, NUumbreGlermany
85.1638.005 Sarstedt, Numbrecht, Germany

4981 000.019

For 10-100 pL,
100-1,000 pL pipettes

Safe-lock tubes,

Eppendorf, Hamburg, Germany
Eppendorf, Hamburg, Germany

Eppendorf, Hamburg, Germany

1.5mL

Tubes with screw- Eppendorf, Hamburg, Germany
cap, 1.5mL

225 Seca, Hamburg, Germany

Various

Macherey-Nagel, Diren,
Germany

Zimmermann Laborausruster,
Cologne, Germany

Vortex-Geni&
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Product

Manufacturer

Aqua bidest, H20

AxSYM® Active-B12 kit
1P43-20

Deoxypyridoxine, dPN

Dipotassiumhydrogenphosphate,
KoHPO,

Immulite® 2000 Folic acid kit
L2KFO2

Immulite® 2000 Homocysteine kit
L2KHO2

Immulite® 2000 Vitamin B12 kit
L2KVB2

Perchloric acid (PCA) 70%
Phosphoric acid, §P0,, 70%
Pyridoxal-5-phosphate, PLP
Sodium hydroxide, NaOH
Sodiumdisulfite, Ng5,05

AXIS-SHIELD Ltd., Dundee, Scotland, UK

Sigma-Aldrich, St. Louis, MOSA
Carl Roth, Karlsruhe, Germany

DPC Biermann GmbH, Bad Nauheim,
Germany

DPC Biermann GmbH, Bad Nauheim,
Germany

DPC Biermann GmbH, Bad Nauheim,
Germany

Carl Roth, Karlsruhe, Bany
Carl Roth, Karlsruhe, Germany

Sigma-Aldrich, St. LoD, USA

Carl Roth, Karlsruhe, Gerynan
Carl Roth, Karlsruhe, Germany
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Table 2.3:List of used machines

Product Manufacturer

Autosampler Spark Holland Triathlon

AxSYM® Analyzer Abbot Diagnostics S.A., Spain

Column oven S 4010 Column Thermo Controller

Dual energy X-ray absorptiometer

(DXA)

Immulite® 2000 Analyzer DPC Biermann GmbH, Bad Nauheim nazery
High performance liquid Synergi 4u hydro-reversed-phase 80A, 150*4.6mm,
chromatography (HPLC) column Phenomenex, Aschaffenburg, Germany

HPLC detector RF-551 Spectrofluorometer, Shimadausburg, Germany
HPLC pump S 1100 Solvent delivery system, Sykamsteafeldbruck,

Germany

2.3  Biochemical analyses
2.3.1  Clinical biochemistry and haematology

Routine parameters of clinical biochemistry wereasuged at the university hospital in Bonn.
Creatinine was measured on the Dimension RxL @lneéhemistry system (Dade Behring,
Schwalbach, Germany) with enzymatic methods usimg manufacturer's reagents and
instructions. The proteins contained in the serame become immune complexes with
specific antibodies. These complexes scatter a lmddight when passed through the sample.
The intensity of the scattered light is proportiotmathe relevant protein concentration in the
sample. The result is evaluated by comparison witlkknown standard concentration.
Haematology including hematocrit and mean corpasotdlume (MCV) was done in situ.

2.3.2  Analyses of folate, red blood cell folate, pyridexghosphate, cobalamin,

holo-transcobalamin, and homocysteine

The biochemical analyses of folate, RBC folate ataimin, and homocysteine were done with
the use of Immulite 2000 (DPC Biermann GmbH, Badiidam, Germany). For the analysis
of holo-transcobalamin, AxSYMActive-B12 (AXIS-SHIELD Ltd., Dundee, Scotland, YK
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was used. Pyridoxal-5-phosphate was determinedrogdified HPLC method developed by
Kimura et al. [5].

Based on antigen capture technology, the Immul@d2performs a two-cycle on-board
sample treatment of plasma or ascorbic acid treatedeblood for measuring folate or RBC
folate, respectively (Figure 2.1, page 36). Theunegl volume was 50 puL plasma for folate
and 100 pL wholeblood for RBC folate. For the pregan of RBC folate, cooled EDTA
wholeblood was diluted 1:5 with freshly prepared?. ascorbic acid for cell lysis and
incubated for 60 minutes in the dark. Below, thex@ple of a competitive immunoassay is
explained using the example of folate. During tinst treatment cycle, folate was separated
from endogenous binding proteins by addition ohidihreitol (DTT) as denaturant and
sodium hydroxide and potassium cyanide (NaOH/ K@M)the scission of peptide bonds.
The treated sample was transferred to a secontareacbe containing folate binding protein
(FBP) and murine anti-FBP antibody-coated polystgreeads that were used to enlarge the
surface. During the second cycle, folate which badn released from endogenous binding
proteins in the sample competed with a defined arnotiligand labelled folate for binding
with FBP; FBP bound to the anti-FBP antibody-cogpetl/styrene beads. The beads were
washed in order to remove unbound materials. Tlgaasigenerating molecule, alkaline
phosphatase labelled anti-ligand, was added to bimstcupied FBP sites. The unbound
enzyme conjugate was removed by centrifugal waslentluminescent substrate was added
and thus transformed to a fluorescent product enpgresence of alkaline phosphatase. The
substrate consisted of a phosphate ester of adgndioketane in a 2-amino-2-methyl-1-
propanol buffer with polyvinylbenzyltributylphosphiom chloride as enhancer. Folate was
quantified by measuring the fluorescent produchwite use of the microparticle enzyme
immunoassay optical assembly. The intensity of theasured signal was inversely
proportional to the amount of folate in the sampBC folate concentrations were calculated

according to the following equation:

RBC folate = [(wholeblood folate * 100) — (plasmiafte * [100 - hematocrit])] / hematocrit.
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S Substrate reaction
E  Alkaline phosphatase

@ Folate

l Folate binding protein

Anti-folate binding
protein antibody

Coated polystyrene

S beads

Figure 2.1: Competitive immunoassay principle using the exarmplelate

For the analysis of cobalamin 75 pL plasma wasirequThe first cycle of the cobalamin
measurement was identical to the pretreatmentlatefoln the second cycle, the sample was
transferred to a reaction tube containing vitamiggddated polystyrene beads and hog
intrinsic factor (HIF). During the subsequent inatibn of 30 minutes, the vitamimB
released from endogenous binding proteins compeiigd immobilised vitamin B, for
binding with HIF. Alkaline phosphatase labelledidtit~ was introduced which binds any
HIF that is immobilised on the vitamimBcoated beads. Unbound enzyme conjugate was
removed by centrifugal wash. Substrate was addeédhtenprocedure continued as previously

described.

AXSYM Active-B12 is based on microparticle enzymmmunoassay technology. The
required plasma volume was 75 pL. A reaction mixtig formed by combining diluted

sample and microparticles coated with anti-holacabalamin monoclonal antibodies in the
sample well of the reaction vessel. Holo-transcafpah antigen binds to the coated
microparticles, forming antigen-antibody complexesthe microparticles. An aliquot of the
reaction mixture is transferred to the matrix c&le microparticles bind irreversibly to the

glass fiber matrix. The matrix cell is washed tonowe materials not bound to the
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microparticles. The anti-transcobalamin antibodalhe phosphatase conjugate is dispensed
onto the matrix cell binding with the antigen-aotly complexes. The matrix cell is washed
to remove conjugate not bound to the microparticlese substrate, 4-methylumbelliferyl
phosphate, is added to the matrix cell. The alkaihosphatase-labelled conjugate catalyses
the removal of a phosphate group from the substyatkling a fluorescent product measured

by the microparticle enzyme immunoassay opticatabdy.

For the measurement of homocysteine, the samplepvedseated with SAH hydrolase and
DTT and incubated for 30 minutes during the firgtle. The required plasma volume was
15 pL. During the second cycle, the sample wassteared to another tube containing SAH
coated polystyrene beads and alkaline phosphasasdidd antibodies specific for SAH. The
converted SAH from the sample pretreatment compeidd immobilised SAH for binding
alkaline phosphatase labelled anti-SAH antibodigg®oound enzyme conjugate was removed

by centrifugal wash. Substrate was added and teegdure continued as described for folate.

The HPLC method for the determination of PLP wascdbed in detail by Kimura et al. [5].
We modified this method by adding the internal dead deoxypyridoxin (dPN) in order to
compensate the loss of analyte during processihg. ifiternal standard (20 umol/L) was
produced by dissolving 0.0001 g dPN in 5 mL 0.8 APand then diluting 2 mL parent
solution with 8 mL 0.8 M PCA. The sample (250 plLasmrecipitated by adding 250 pL of
the PCA containing internal standard. After cengihg the sample for 10 minutes at 4,000 U
and 10°C the supernatant (200 puL) was injectedantial.

Intra- and interassay coefficients of variation (GWe given in Table 2.4 (page 38). To avoid
interassay variation, samples from each city weedepably measured by using a single kit.
The analytical detection limit of folate, vitaminB and homocysteine according to the
manufacturer is shown in Table 2.5 (page 38). Waitpect to specificity the manufacturer
observed a cross-reactivity of 0.9% between metRate and folate, 0.6% between

S-adenosyl-L-methionine and homocysteine, 6.1% &éetwcystathionine and homocysteine.
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Table 2.4: Intra- and interassay coefficients of variation fotate, wholeblood folate,
pyridoxal-5-phosphate, cobalamin, holo-transcobalaand homocysteine.

Coefficient of variation intraassay  interassay
Folate 5.4% 8.1%
Wholeblood folate 10.7% 14.0%
PLP 1% 2%
Cobalamin 5.0% 12.7%
Holo-transcobalamin 5.1% 8.9%
Homocysteine 7.1% 10.7%

Table 2.5: Sensitivity of folate, cobalamin, holo-transcobaianand homocysteine.

Sensitivity
Folate <0.8ng/mL (1.8 nmol/L)
Cobalamin <125 pg/mL (92 pmol/L)
Holo-transcobalamin <1 pmol/L
Homocysteine < 0.5 pmol/L

2.3.3  Stability

To guarantee the stability of routine biochemisanalyses in fresh serum samples, three
samples with high, mean and low baseline value® wested over different points in time
during 24 hours after blood extraction. The resaftshe stability tests carried out of each
biochemical parameter were measured at the cdabatatory of the university hospital in
Bonn. No changes in fresh serum samples were adxde@wer a time span of 24 hours, either

at high or low baseline levels [4].

To test the stability of folate and cobalamin, llowas collected from six volunteers
(29+3years, five females), then immediately cengy@d and aliquoted. Plasma aliquots were
stored at room temperature or under cooled comditiover 24 hours. All samples were
repeatedly analysed over 24 hours at the laboraioBonn. Due to practical reasons, on

cobalamin and folate, stability tests were perfatrdeectly after centrifugation and after 24
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hours. No significant differences were observednduthese 24 hours of storage at room

temperature [4].

2.4  Genetic analyses

The DNA was extracted from white blood cells withet Puregene kit (QIAGEN,
Courtaboeuf, France). The SNP MTHFR 677C/T was typed by lllumina (Eindhoven,
Netherlands) with Golden Gate assay with 100% ssccate. The genotype distribution of

the polymorphism respects the Hardy-Weinberg doyuilm (P=0.17) in the sample.

In this paragraph, the principle of the Golden Gesay is explained. The DNA sample used
in this assay is activated for binding to param#gnparticles. Assay oligonucleotides,
hybridisation buffer, and paramagnetic particlestaen combined with the activated DNA in
the hybridisation step two. Three oligonucleotides designed for each SNP locus. Two
oligos are specific to each allele of the SNP sitdled the allele-specific oligos (ASO). A
third oligo that hybridises several bases downstré@m the SNP site is the locus-specific
oligo (LSO). All three oligonucleotide sequences ntain regions of genomic
complementarity and universal polymerase chainti@a¢PCR) primer sites. The LSO also
contains a unigque address sequence targeting eupartbead type. During the primer
hybridisation process, the assay oligonucleotidgsritlise to the genomic DNA sample
bound to paramagnetic particles. As hybridisatioauos prior to any amplification steps, no
amplification bias can be introduced into the as$alowing hybridisation, several wash
steps are performed to remove excess and mis-hsddicligonucleotides. Extension of the
appropriate ASO and ligation of the extended protlmtche LSO joins information about the
genotype present at the SNP site to the addresseseg on the LSO. These joined, full-
length products provide a template for PCR usiniyarsal PCR primers P1, P2, and P3.
Universal PCR primers P1 and P2 are Cy3- and Cyéldal. After downstream-processing,
the single-stranded, dye-labeled DNAs are hybrdlisetheir complement bead type through
their unique address sequences. Hybridisation @fGblden Gate assay products onto the
Array Matrix or BeadChip allows for the separatminthe assay products in solution, onto a
solid surface for individual SNP genotype readddter hybridisation, the BeadArray Reader
Is used to analyse a fluorescence signal on theisémray Matrix or BeadChip, which is in

turn analysed using software for automated genatiystering and calling.
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25 Evaluation and statistics

Corresponding to the development of gonads/breasts pubic hair, adolescents were
graduated into five categories of maturity, randirggn stage | prepubertal state (absence of
development) and stage Il the initial, overt depetent of each characteristic that marks the
puberty onset. Stages Ill and IV mark the progressaturation, stage V indicates the adult
(mature) state. If the grade of maturity differeetviieen both observations (gonads/breasts
and pubic hair) the higher grade was chosen [3jaRBng the point mutation in the MTHFR
gene at nucleotide position 677, adolescents vdemtified as carriers of the CC-, CT- or TT-
genotype. Furthermore, adolescents were classifital four BMI categories (thinness,
normal weight, overweight, and obese) accordingag® and gender specific cut-offs
developed by Cole et al. [6, 7]. Adolescents weasgified into supplement users and non-
supplement users (questionnaires). Smoking behawas categorised into daily smoking,
smoking at least once a week but not every dayksmdess than once a week, and non-
smokers. The number of cigarettes per day wasaorstidered.

All data analyses were performed by using StasibtRackage for Social Sciences (SPSS)
version 16.0 for Windows (SPSS Inc., Chicago, dlig) USA). A weighing factor was
introduced. Descriptive statistics are shown as nmeastandard deviation (sd) unless
otherwise stated. We considered P-values <0.05tasstgally significant. A detailed

description of statistic procedure is presentegkich chapter.
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3 Folate, vitamin Bg, and vitamin B, status in European
adolescents:
associations with homocysteine, non-communicable
factors gender, age, maturity, genetic and communicable
factors body weight, supplement use,
and smoking habits

3.1 Abstract

Background: The aim was to examine the association betweentefolgitamin B,
vitamin By, status, and homocysteine concentrations with geade, maturity, genetic, body

weight, supplement use, and smoking in Europeatescents.

Methods: Plasma folate, red blood cell (RBC) folate, PLP,balamin, and holo-

transcobalamin (competitive immunoassays, CVsaassay 1-11%, interassay 2-14%) were
measured in 1097 adolescents (53%14.9+1.2 years) participating in the multi-center
HELENA-CSS. To check if vitamin levels are assaamiatwvith gender, age, maturity (Tanner
stages), MTHFR 677C/T polymorphism, BMI, supplemasg, and smoking a univariate

ANOVA was done separately for each substrate.

Results: Cobalamin and homocysteine levels varied betweemders (cobalamin:
d:329.1+125.9 versus (vs)?:368.8+155.8 pmol/L; homocysteine?: 8.0+4.6 vs
Q:6.8+2.5 umol/L; t-test, P<0.001). Higher age wasociated with increased homocysteine
concentrations (12.5-13.9 y: 6.5£3.2 vs 16-17.8.$+5.3 umol/L, P<0.001). Analogue to
age homocysteine concentrations were positivelgaated with maturity (grade I: 5.5£1.1 vs
grade V: 7.4+3.6 umol/L, P=0.025). Maturity was emsely associated with folate (grade I:
28.6£21.9 vs grade V: 18.0+9.4 nmol/L, P=0.018),(Ridlate (grade |. 1008.6+468.2 vs
grade V: 790.5£352.3 nmol/L, P=0.032), and holombalamin concentrations (grade I:
75.6+42.5 vs grade V: 61.4+31.9 pmol/L, P=0.024)e MTHFR 677C/T polymorphism was
associated with folate (CC: 20.2+10.1 vs TT: 15@#61nmol/L, P<0.001), RBC folate
(CC: 826.2+320.5 vs TT: 805.5+413.4 nmol/L, P=0)Q0fobalamin (CC: 365.5+144.0 vs
TT: 336.84140.9 pmol/L, P=0.021), holo-transcobatam (CC: 66.7+38.8 vs
TT: 57.0£22.0 pmol/L, P=0.003), and homocysteinencemtrations (CC: 6.6+2.0 vs
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TT: 10.2+7.4 umol/L, P<0.001). Normal weight adcksts displayed higher folate and
cobalamin concentrations than overweight adolescgnbrmal weight: 19.2+10.8 vs
overweight: 17.1+8.6 nmol/L, P=0.030; 355.8+1473 %19.9+121.3 pmol/L, P=0.001).
Supplement users had higher folate (supplement sus@B8.3£13.4 vS non-users:
17.949.5 nmol/L, P<0.001), RBC folate (supplemersers: 921.1+411.9 vs non-users:
767.3£328.5 nmol/L, P<0.001), and cobalamin comegions (supplement users:
384.2+158.0 vs non-users: 347.1+142.5 pmol/L, PX®).0compared with non-userss.
Homocysteine concentrations were lower in supplémeserss than in non-userss
(supplement users: 6.0+2.1 vs non-users: 7.5+3.8/fLP<0.001). Smoking was associated
with folate (every day: 15.5+8.7 vs don’t smoke:3t10.3 nmol/L, P=0.023), RBC folate
(every day: 712.7+282.3 vs don’t smoke: 791.4+33hol/L, P=0.002), cobalamin (every
day: 308.8+122.2 vs don’'t smoke: 357.0+145.4 pmolE0.029), and PLP concentrations
(every day: 51.4+43.6 vs don’'t smoke: 61.5+49.2 Wim&<0.001).

Conclusion: The present study provides possible reference aatiblate, RBC folate, and
PLP, cobalamin, holo-transcobalamin, and homoaysteconcentrations in European
adolescents. Compared with chronological age, $eraturity seems to be a better predictor
of B-vitamin status within European adolescentsc8&ithe examined communicable factors
interfere with B-vitamin and homocysteine levelsgege factors should be taken into account

for the development of reference values.
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3.2 Introduction

Adequate intake of the water-soluble vitamins flavitamin B, and vitamin B, is

mandatory to ensure physiological growth and orgewvelopment. Major sources of folate,
vitamin Bs;, and vitamin B, are vegetables, whole grain products, and animadlycts,

respectively. However, in adolescents a decreasimgumption of nutrient dense food e.g.
fruits and vegetables towards an increasing consampf energy dense but nutrient poor
food can be observed [1, 2]. Smoking, alcohol comsion and the use of oral contraceptives
begin [3], and possibly other detrimental factoise Isedentary lifestyle that may alter

B-vitamin status are implemented [4, 5].

The sulphur-containing amino acid homocysteine igegular intermediate in methionine
metabolism [6]. Circulating concentrations of hoiwysieine are generally low in healthy
adults (<14pmol/L) due to either a rapid remethgtatto methionine or by degradation
through the transsulphuration pathway, where folatamin Bs, and vitamin B, are required
as cofactors. Elevated homocysteine concentrattmasseen as a biomarker of increased
oxidative stress and a higher risk for endothaleinage [7]. Homocysteine is, thus, widely
accepted as an independent risk factor for cardmyar diseases [8].

In apparently healthy adolescents folate, vitamgn\Btamin By, status, and homocysteine
concentrations have been reported only in ternmatbnal surveys in European [9-20], Asian
[21] and North American countries [22-24]. Withimese studies, the examination of age and
gender in relation with folate and vitamin Bstatus is common. However, particularly in
adolescents, the investigation of maturity would rbere appropriate because maturity is
rather correlated to metabolism than age. The SN#e@ MTHFR at nucleotide position
677C/T, which results in decreased enzyme actidityhe CT- and TT-genotype, is the main
genetic determinant of homocysteine concentratjidbg Body weight, supplement use, and
smoking habits may reflect communicable determmafitvitamin status. The assessment of
B-vitamin status and homocysteine concentratiorgmpered by a lack of reference values
for adolescents. Therefore, the aim was to desdhbestatus quo, to analyse associations
between B-vitamin status and homocysteine valuesh wiommunicable and non-
communicable factors, and to discuss possible ester data for folate, RBC folate, PLP,

cobalamin, holo-transcobalamin, and homocysteine.
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33 Methods

A description of the study design and implementai® given in the general methodology.

The statistical analysis is described as follows.

3.3.1 Statistics

The dependent variables folate, RBC folate, PLFyal@min, holo-transcobalamin, and
homocysteine concentrations were normalised byralatagarithm transformation. X2-test
was used for categorical variables and studentésttfor comparing two groups. Centre,
gender, age category, grade of maturity, MTHFR 8T 7g&notype, BMI category, smoking,
and supplement use were defined as independerdblesi For each of the dependent
variables, we used univariate analysis of varig@d¢OVA) to analyse how it is influenced
by the independent variables. To study the assonsmbf homocysteine, folate quintiles were
added to the list of independent variables. Thef@&wooni post-hoc test was used for the

subgroup analysis.

34 Results

34.1 Basic characteristics

Table 3.1 (page 56) shows basic characteristicalf@dolescents and by gender. The mean
age of males and females was 14.9+1.2 years. Thaityg43.3%) of the adolescents were
situated in grade IV of maturity followed by 30.9%cated in grade V. Seven adolescents
were situated in grade |. Females were signifigargpresented with a higher number in
grades IlI-V and with a lower number in grade | dnethen compared with males (P=0.006).
The average BMI was 21.4+3.6 kg/m?, 22.2% of thelegtents were overweight or obese.
Five point four percent of the adolescents wersstigd as too thin. The MTHFR 677 TT-
and CT-genotype were prevalent in 14.2% and 44r8%gectively. Vitamin and/or mineral
supplements were taken by 10.8% of the adolesckmisg the last month before the blood
drawing. Unfortunately, it was not possible to ihgtish if a supplement containing folic
acid, vitamin B and/or vitamin B, was taken or one that should not affect the Bavitaand
homocysteine concentrations. Ten point three pérsemoked every day, 3.8% more than

once a week but not every day, 4.7% smoked lessdhee a week, and 81.1% did not smoke
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at all. Compared with males, females showed higbbalamin concentrations (P<0.001) and
lower homocysteine concentrations (P<0.001). T&uke (page 57) describes the percentile
distribution of folate, RBC folate, cobalamin, hd@tanscobalamin, PLP, and homocysteine
concentrations for all adolescents as well as imdge In Table 3.3page 58) percentiles of

normal weight and non-smokers for B-vitamins anchboysteine are given.

3.4.2  Associations of non-communicable factors age, nitgtiand MTHFR 677C/T

genotype with B-vitamin status as well as homonystevels

Tables 3.4-3.6 present associations of age, matuaitd MTHFR 677C/T genotype with
B-vitamin and homocysteine concentrations. Highge avas significantly associated with
increased homocysteine concentrations (P<0.001)uri\a was significantly and inversely
associated with folate, RBC folate, and holo-trabstamin concentrations (P=0.018,
P=0.032, P=0.024, respectively). Analogue to theomblogical age, homocysteine
concentrations were positively associated with migtuP=0.025). The MTHFR 677C/T
polymorphism was significantly associated with fela RBC folate, cobalamin,
holo-transcobalamin, and homocysteine concentratig@<0.001, P=0.005, P=0.021,
P=0.003, P<0.001, respectively). Carriers of thegémotype displayed lowest RBC folate
concentrations compared with the CC- and TT-gereotypith respect to other substrates the

TT-genotype presented the lowest concentrationgpaosa with the CC- and CT-genotype.

3.4.3 Associations of communicable factors body masirsigplement use and

smoking habits with B-vitamin status and homocgstisvels

Tables 3.7-3.9 summarise the associations of BMipkement use, and smoking habits with
B-vitamin and homocysteine concentrations. The BMHs significantly associated with

folate and cobalamin concentrations (P=0.030, R30.0respectively). Overweight

adolescents displayed lower folate and cobalaminceatrations than normal weight
adolescents. Furthermore, overweight and obeseesmwits showed lower cobalamin
concentrations compared with underweight adolesceéupplement users had significantly
higher folate, RBC folate, and cobalamin conceitnat compared with non-users (P<0.001,

P<0.001, P=0.016, respectively). At the same timmdrysteine concentrations were lower
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in supplement users than in non-users (P<0.001dkE#mm was significantly associated with
folate, RBC folate, cobalamin, and PLP concentreti®=0.023, P=0.002, P=0.029, P<0.001,

respectively).

35 Discussion

Strengths of the present investigation are the lsimeous analysis of gender, age, maturity,
MTHFR 677C/T genotype, body weight, supplement ase, smoking habits with respect to
folate, vitamin B, and vitamin B, status as well as homocysteine concentrationd-Has
power analyses for our significant results showed with a probability of >90% the effects

in our sample could be found in the population.

Table 3.10 (page 62) summarises data from pulbicatbeing discussed within the present
chapter. Conflicting data exist with respect to dmndifferences in folate, vitaminBstatus
and homocysteine concentrations. The following is&idoresented significantly greater
homocysteine concentrations in male than in feradi@escents, according to our findings:
the NHANES consisting of 6461 children and adolatc@gecl8 years (e.g. non-hispanic
white: 4.96£0.07 pmol/L vs 4.69+0.07 pmol/L, P<@®@Q shown as geometric mean
standard error) [22], the Child and Adolescent [Tfa Cardiovascular Health (CATCH
study) consisting of 3321 US American adolescegesidl4.1+0.5 years (5.48+1.90 umol/L
vs 5.09+1.78 pumol/L, P<0.001, shown as mean = 24), the Taipei Children Heart Study
consisting of 1235 adolescents aged 12-15 year§5{#8.13 pmol/L vs 8.95+2.61 pumol/L,
P<0.05, shown as mean * sd) [21], and a Spanisly stith 165 adolescents aged 13-18.5
years (8.92 (5.51-22.94) umol/L vs 7.91 (5.09-1B.g6ol/L, P=0.003, shown as median
(2.5"-97.5" percentile)) [19]. Our results as presented inl@&bl (page 56) lie within the
range of the last three publications probably dua tsimilar age range. On the one hand,
differences in muscle mass [26] and on the othedhendogenous sex hormones [27] are
discussed as an explanation for gender differeimceemocysteine. The formation of creatine
phosphate the muscle specific energy carrier frayinme and glycine needs SAM as methyl
group donor; subsequently, SAM results in homoaysteAndersson et al. found decreased
homocysteine concentrations during pregnancy, & stiaaracterised by elevated estrogen
concentrations [28]. In women with polycystic ovagndrome homocysteine concentrations

were positively correlated with androstenedionecentrations [29]. Furthermore, greater
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cobalamin concentrations in females than in maleasehbeen found in adolescents
participating in the CATCH study (379.8 pmol/L v§234 pmol/L, P<0.001, no measure of
variation available) [24] and a Spanish study (824(280.63-1,559.64) pmol/L vs 540.00
(268.00-946.47) pmol/L, P=0.003) [19] as it is ttese in our study (Table 3.1, page 56).
However, cobalamin concentrations in the Spanisheadents were nearly twice the number
as found in our results. We did not have signifiassociations between folate, RBC folate,
holo-transcobalamin, PLP and gender. On the contrdre CATCH study additionally
revealed greater folate concentrations in males thdemales (40.8 nmol/L vs 35.1 nmol/L,
P<0.001, no measure of variation available) [24]je British National Diet and Nutrition
Survey (NDNS) of 4-18 year-old children and adotéegs (n=840) found higher serum folate
and RBC folate concentrations in males compareth ¥@tmales (folate: 21.4 (15.2-27.2)
nmol/L vs 19.3 (13.6-26.1) nmol/L, P=0.025 and RBGte: 585.0 (466.0-726.0) nmol/L vs
523.0 (413.0-667.0) nmol/L, P<0.01, shown as med@3"-75" percentile)) [30].
Remarkable is the relatively high range of folabeaentrations found in the CATCH study
which might be due to the onset of folate fortifioa in the US. To the best of our knowledge
four publications deal with vitamingtatus in adolescents [30-33]. Adolescents ppetaig

in the NHANES (n=1317, 13-20 years) showed PLP entrations of 37 (35-40) nmol/L
(shown as geometric mean (95% confidence interJa)) which is not in line with our
results (Table 3.1, page 56) possibly owing toedédht analytical assays. In the NHANES an
enzymatic assay was utilised whereas in our andbtlwaving studies, which corroborate our
findings regarding vitamin Bstatus, a HPLC method was used. Chang et al. ashed
comparing vitamin Bstatus with vitamin Bintake within the Nutrition and Health Survey in
Taiwan (NAHSIT). In 103 adolescents aged 13-15y¢32] and 127 adolescents aged 16-18
years [33] among others plasma PLP was analyseel.ydhnger age group showed PLP
concentrations >20 nmol/L without further detailBhe older age group revealed PLP
concentrations >35 nmol/L, except for one femal@estent (28.7 nmol/L). The average PLP
concentration for males and females was 58.1+177d655.2+19.3 nmol/L shown as mean *
sd, respectively. Kerr et al. found significant dendifferences for PLP within the NDNS
(n=840, 4-18 years) [30]. Males had higher PLP eatrations compared with females
(60.6 (43.4-78.9) nmol/L vs 54.1 (41.0-70.3) nmekhown as median (#575" percentile),
P<0.01). Other studies did not find significant dendifferences in folate, cobalamin and
homocysteine concentrations [11, 13, 14, 16, 17,3236]. Gender differences usually
appear in children and adolescents after the ookgiuberty due to the release of sex
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hormones estrogen, testosterone, and androgenn@iageon factors like body composition,
nutritional status, and ethnicity, puberty (hereasured by the age at menarche) begins at the
average age of 12.8 years in German and US Amefmaale adolescents [37, 38]. As
shown in Table 3.1 (page 5&male adolescents were represented more frequaniignner
stages llI-V than male adolescents of the samegagep (12.5-17.5 years) implying that
female adolescents either start earlier with pybartd/or pass through quicker than male
adolescents. Several authors not observing gendfaretices examined a sample of
minimum 120 up to 264 subjects with an age spaalmbst twenty years (minimum age
range 2-17 years and maximum 0-19 years) [11, ¥6,34-36]. Probably the number of
pre-pubertal subjects might be disproportionatelghér compared with pubertal and
post-pubertal subjects. Thus, it could be diffidatdemonstrate gender differences within

these studies.

Nearly all currently available studies reported age-dependent development of
homocysteine [9-12, 14, 17, 20, 24, 30, 35, 3%las found in the present work (Table 3.2,
page 57). To have a better comparability, exempilaoge studies are cited that presented
their results by age groups. Homocysteine concemtiawere significantly greater with age
in 647 Belgian children and adolescents aged 5eHsy(5-9 years: 6.21 (5.14, 7.5) umol/L,
10-14 years: 7.09 (5.69, 8.84) umol/L, and 15-18&¥e8.84 (6.36, 12.29) umol/L, shown as
geometric mean + sd, P<0.001) [9]. Huemer et ghomed a significant age-dependent
homocysteine development in 264 Austrian childred adolescents aged 2-17 years (2-5
years: 5.5+1.3 umol/L, 6-9 years: 6.2+1.9 umol/Q;1B years: 7.3£1.9 umol/L, 14-17 years:
8.6%£2.3, shown as mean * sd, P<0.0001) [11]. In R8&&h children and adolescents aged
0-19 years an age-related homocysteine increase \passent (0-1 years:
5.1 (4.6, 5.6) pumol/L, 2-5 years: 4.6 (4.2, 5.1)ghln 6-10 years: 6.2 (5.6, 6.9) umol/L,
11-14 years: 7.3 (6.7, 8.0) umol/L, 15-19 year3: @.9, 9.6) umol/L, shown as geometric
mean (95% confidence interval), P<0.0001) [17]. Hloenocysteine ranges within the cited
publications are consistent with our results. Eas lauthors describe an inverse correlation of
folate and vitamin B status with age [9, 11, 14, 17]. De Laet et gloreed decreasing folate
and cobalamin concentrations with age (5-9 yedr€16x7.99 nmol/L folate and 517.4+£172.6
pmol/L cobalamin, 10-14 years: 18.87+6.61 nmol/ld a&26.1+167.3 pmol/L, 15-19 years:
15.02+6.34 nmol/L and 340.8+138.9 pmol/L, P<0.0(d]) Van Beynum et al. stated the

following folate and cobalamin concentrations id §ear-old: 79 (60, 104) nmol/L and 439
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(326, 591) pmol/L, 2-5 year-old: 24 (22, 27) nmodhd 497 (441, 560) pmol/L, 6-10 year-
old: 18 (16, 20) nmol/L and 389 (345, 438) pmollll-14 year-old: 16 (15, 18) nmol/L and
318 (284, 355) pmol/L, 15-19 year-old: 16 (14, I8hol/L and 242 (216, 272) pmol/L,

shown as geometric mean (95% confidence intervdl) ®<0.0001 [17]. In our study, the

decrease in folate and cobalamin concentrationk witreasing age was statistically not
significant (Table 3.4, page 59). Our folate condions are in line with ranges, but our
cobalamin concentrations differ from observed range De Laet et al. [9] and Van Beynum
et al. [17] despite similar analytical assays. Theasure of variation in both studies is

relatively high.

With higher pubertal stage folate, RBC folate, amalo-transcobalamin concentrations
significantly decreased and similarly to the analyby age category homocysteine
concentrations significantly increased. Only cobataand vitamin B did not significantly
decrease in our study, neither analysed by aggaat@or analysed by pubertal stage (Table
3.5, page 59). There could be an increased B-wuitamninover due to the stimulation of
growth hormone secretion during puberty and follayvgrowth spurt. Subsequently, elevated
requirements contribute to increasing homocysteorentrations. In addition, during these
ages the change in food preferences and choice fatment dense to energy dense but
nutrient poor food possibly could be responsible doreduced intake of folate and might
worsen the situation [40-42]. Al-Tahan et al. [18hd Hogeveen etal. [16] found no
significant association between sexual maturitys€dased by Tanner and menstruation/
axillary hair growth, respectively) and folate, etdomin and homocysteine concentrations. In
the case of the Dutch study this finding might e ¢b the large age range (0-19 years) and
the relatively low number of children and adolessem=186) [16]. The Spanish study
comprised a similar number of adolescents (n=166)yever, with a smaller age range
(13-18.5 years). Ninety-three percent of the malere represented in grade V-V and 96% of
the females were situated in grade IlI-V. There, &ssociation between sexual maturity and
substrates was analysed with the use of a one-WHY\AA. In the present work a univariate
ANOVA was performed which takes into account otpetential confounders. Since age is
not necessarily and precisely linked with sexuatumiy the latter seems to be a better

predictor of B-vitamin status and homocysteine eoi@ations.

To date, the MTHFR 677 C/T polymorphism in adolessavas examined in six studies [11,
13, 17-20]. Huemer et al. [11], Al-Tahan et al. Jj1&nd Papoutsakis et al. [13] found
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significantly lower folate and higher homocystew&ues in carriers of the TT-genotype
compared with carriers of the CC-genotype. Theidifigs support our results (Table 3.6,
page 60). Regarding folate and homocysteine coratenis in Austrian adolescents the
following results were found for CC-genotype: 2Z4& nmol/L and 6.2+1.7 pmol/L,
CT-genotype: 20.2+7.7 nmol/L and 6.9+£2.5 pmol/Ld ar-genotype: 17.7+8.2 nmol/L and
6.7£1.7 umol/L (shown as mean = sd, P for folat®%@nd P for homocysteine =0.03) [11].
In Spanish adolescents, the following folate antchboysteine concentrations were reported
for CC-genotype: 13.0 (7.0-24.5) nmol/L and 7.5794412.94) umol/L, CT-genotype:
12.0(4.7-19.7) nmol/L and 8.81 (5.51-21.63) pumpl/Land TT-genotype:
9.3 (6.2-17.9) nmol/L and 10.83 (7.00-22.82) pmolighown as median (2'®7.5"
percentile) with P for folate =0.001 and P for haysieine <0.001) [19]. Van Beynum et al.
examined only the relation between homocysteineMm#iIFR 677C/T polymorphism by a
multiple linear regression model [17]. After addithg interaction ternfolate concentration x
genotypeto the model, the result became significant (P=0.8% contrast, Gil Prieto et al.
[18] and Raslova et al. [20] did not find signifntalifferences regarding the MTHFR 677C/T
polymorphism. However, Gil Prieto et al. focusedwitamin By, status which is usually not
affected by the MTHFR 677 C/T polymorphism [18].sRea et al. firstly did not measure
folate concentrations and secondly discovered spiscific SNP in 4.8% of their sample
which might be insufficient to find statisticallygsificant differences for homocysteine. A
power analysis was not performed [20]. In our s&anthle TT-genotype occurred in 14.2% of
all cases which is in line with prevalence in Sphn(15.1%) [19], Greek (16.7%) [13],
Austrian (10.4%) [11], and Dutch adolescents (8.2%7]. In these publications, the
association between vitaminB status and MTHFR 677C/T polymorphism was not
significant whereas our results were significantthwirespect to cobalamin and
holo-transcobalamin concentrations. This associaten not be explained in the context of
biochemical cycles. Therefore, the assumption atisat there might be a genetic linkage of
MTHFR 677C/T to another SNP that affects vitamia Btatus. Our subgroup analysis
showed a significant difference of folate and hoyst&ine concentrations in carriers of the
TT-genotype compared with carriers of the CC- andgénotype (Table 3.6, page 60).
Additionally, our sample revealed a significant casation between RBC folate and the
MTHFR 677C/T polymorphism. Unexpextedly, RBC folatencentrations were lowest in the
CT-genotype and significantly different from the ©Q€notype. Studies carried out with
adults usually report RBC folate concentrationgadowest in the TT-genotype. To the best
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of our knowledge the present work is the only staggmining the association between RBC

folate concentrations and MTHFR 677C/T genotype.

Higher homocysteine concentrations in adolescentis & higher BMI were observed in
several studies [11, 21, 24, 43]. An age and genagched case control study including 40
obese and 20 non-obese adolescents aged 7-17geadssignificantly higher homocysteine
concentrations in obese than in non-obese (14.8#l1fnol/L vs 8.7+5.9 umol/L, P=0.017)
[43]. In the Taipei Children Heart Study 1,235 adwlents aged 12-15 years took part.
Homocysteine levels were significantly correlateithvBMI only in boys [21]. Huemer et al.
found a significant positive correlation betweemmogysteine and BMI (r=0.44, P<0.001)
[11]. The CATCH Study reported a significant poaaticorrelation for homocysteine with
BMI (r=0.09, P=0.001). However, after adjusting #1wvitamins the significant relationship
disappeared [24] pointing out the importance ofustipg for B-vitamins when analysing
homocysteine which was done in our study. With eespo homocysteine and BMI, these
observations can not be confirmed by this work. @sults show a significant negative
association of folate and cobalamin with BMI whislalso supported by Huemer et al. (folate
r=-0.27, cobalamin r=-0.28, P for both <0.001) [1With respect to cobalamin, this
association is confirmed by results from an Isreehort consisting of 228 normal weight and
164 obese children and adolescents aged 6-19 y&#es.adjustment for age and sex, a four
times higher risk to have low cobalamin concertragi(<246 pg/mL) was revealed for obese
compared with non-obese (4.33 (1.54-12.2), showadals ratio (95% confidence interval))
[15]. Since these associations can only be foumdfdtate and cobalamin concentrations
measured in extra-cellular compartments but notirftra-cellular measured concentrations,
the assumption arises that vitamin concentratids® @epend on plasma volume. We did not
measure plasma volume directly. Instead, we usiad hody water derived from BIA which
comprises intra- and extra-cellular water in a bata correlation analysis. However, results
were inconsistent as total body water was sigmfigacorrelated with folate, cobalamin, and
homocysteine concentrations (folate: r=-0.132, B&D, cobalamin: r=-0.174, P=0.034;
homocysteine: r=0.266, P<0.001) but not with RBGte PLP and holo-transcobalamin
concentrations. Since PLP and holo-transcobalarancentrations were also measured in

plasma, these parameters should also correlataatihbody water.

Three studies revealed a vitamin and/or minergpleupent use ranging from 4.6% to 19% of

the respective sample [9, 24, 30, 34]. De Laetl.e[9% did not observe any difference in
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B-vitamin status between supplement und non-supghnusers. Kerr et al. reported
significantly higher folate and RBC folate concatibns and lower homocysteine
concentrations in supplement users compared withusers (folate: 24.0 (17.0-30.2) nmol/L
vs 19.5 (14.0-25.6) nmol/L, P<0.01, RBC folate: @08(463.0-737.0) nmol/L vs
551.0 (435.0-673.0) nmol/L, P=0.006, and homocpgstei 5.9 (4.7-7.0) pumol/L vs
6.5 (5.1-8.2) pmol/L, P=0.005, shown as media"(25" percentile)) [30]. Osganian et al.
discovered significantly higher B-vitamin concetitvtas and 6% lower homocysteine
concentrations in supplement users than in nonieammt users (no details) [24]. These

results are in agreement with our findings (Tab& Bage 61).

An eventual influence of smoking on homocysteinecemtrations was considered by several
authors [12, 17, 19, 24, 30]. Except Van Beynumalef17] and Kerr et al. [30] all authors
observed significantly higher homocysteine con@ins in smokers compared with
non-smokers. One explanation might be that vitaranesoxidised by free radicals mediated
through cigarette smoke. However, this hypothesrroborated by only two studies. Lower
folate concentrations in Spanish adolescent smokempared with non-smokers were
experienced (smokers: 11.04+1.60 pmol/L homocystammd 7.8+1.9 nmol/L folate vs non-
smokers: 8.80£2.85 pumol/L homocysteine and 12.6:816I/L folate; P=0.036 and P<0.001)
[19]. Kerr et al. found lower PLP concentrationssimokers compared with non-smokers
(47.2 (36.1-65.4) nmol/L vs 56.4 (42.1-77.0) nmokhown as median (#575" percentile),
P=0.017) [30]. We found an association between s&mgo&nd folate, RBC folate, PLP, and
cobalamin, but not with homocysteine levels (Téb® page 61).

The assessment of B-vitamin and homocysteine caratems in adolescents with respect to
B-vitamin deficiency or elevated risk for cardiovakar disease is difficult because sound
reference values for this life stage are lackingsé&l on adult threshold values, 3% of the
adolescents show folate concentratigi@samol/L [44], 2% show RBC folate concentrations
<305 nmol/L [45], 5% show PLP concentration®0 nmol/L [46], 0.5% show cobalamin
concentrations<120 pmol/L [47], 3% show holo-transcobalamin conaions<29 pmol/L
[48], and 3% show homocysteine concentratioh4 pumol/L [8]. Due to growth spurt and
sexual maturation, adolescence is an energy amgbmutemanding period. Therefore, adult
threshold values might not be applicable. Anothppraach to assess B-vitamin and
homocysteine concentrations in adolescents coultb m@mpare our percentiles (Table 3.2,

page 57) with percentiles of other adolescent sasnplmmarised in Table 3.11 (page 68).
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Concluding from our results, the analysed non-compable and communicable factors
work together with B-vitamin status and homocystelavels to some extend. In order to
focus on apparently healthy adolescents withoutirdental lifestyle factors, we created a
second percentile compilation including normal vigadolescents and non-smokers
(Table 3.3, page 58). Different grouping by genateage makes the comparison difficult and
a general statement is not possible. Further, @élexton of a percentile for the assessment of
sub-optimal status or deficiency e.g. the™5", or 13" percentile for B-vitamin status and
equivalent for homocysteine the 97,95" or 90" percentile always involves a distinct
arbitrariness. The linkage to a clinical outcomg. enegaloblastic anemia for folate and/or
vitamin By, deficiency or cardiovascular disease for elevdiethocysteine concentrations
would contribute to a well-founded selection ofereince percentiles. Mean corpuscular
volume (MCV) together with other parameters is tdeied as a possible marker for
macrocytosis in the context of folate or vitamin, Bleficiency. Thresholds vary between
values >96 fL and >100 fL [49]. The maximal MCV walof our sample was 96 fL implying
that folate or vitamin B deficiency is unlikely. However, a consequencerah deficiency
which is common in children and adolescents [50this microcytic anemia and can be
followed also by MCV [51]. In the present work, titen status was not taken into account.
Thus, a definite conclusion refering to folate amd/itamin B, deficiency is not possible.
More specific markers like segmentation of neutr@shwere not available within this study.
Cardiovascular disease hardly appears in adolescEmtis, a longitudinal study design would
be more appropriate wherein the multifactorial esusf cardiovascular disease should be
taken into account. Nevertheless, subclinical daficy often takes place without clinical

symptoms. The early identification is mandatorytfa prevention.

In conclusion, the present study provides possilerence data on folate, RBC folate, and
PLP, cobalamin, holo-transcobalamin, and homoaysteconcentrations in European

adolescents. Gender and age are still importanicoormunicable factors for the comparison
in-between publications. In addition to homocysteagoncentrations, which was associated
with age in our study, folate, RBC folate, and hwlnscobalamin concentrations were
associated with sexual maturity. This result inthsathat sexual maturity might be a better
predictor of B-vitamin and homocysteine concentradi than age. The MTHFR 677 TT-

genotype was related to all parameters except PiBrweight adolescents had lower folate

and cobalamin concentrations than normal weighppfument use and smoking were also
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associated with B-vitamin and homocysteine conegiotis. Since the communicable factors

body weight, supplement use, and smoking interfgtle B-vitamin and homocysteine levels,

these parameters should be taken into accourntiéadd@velopment of reference data.
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Table 3.1:Basic characteristics for all and by gender

Gender
All Male Female P-value
Age in years (n) 14.9+41.2 (1097)  14.9+1.3(513) 93#4.2 (584)  >0.05°
Grade of maturity 0.006

I 0.7 (7) 15 () 0 (0)

I 5.8 (61) 7.7 (37) 4.1 (24)

1 19.7 (204) 19.3 (91) 20.0 (113)

\Y 43.3 (412) 41.6 (184) 44.8 (228)

v 30.5 (284) 29.9 (128) 31.1 (156)

BMI in kg/m2 (n) 21.4+3.6 (1097) 21.4+3.8 (513)  243.4(584)  >0.05°
BMI category >0.05

Thinness 5.4 (60) 5.1 (26) 5.7 (34)

Normal 72.4 (791) 69.9 (357) 74.5 (434)

Overweight 16.6 (184) 17.5 (91) 15.8 (93)

Obese 5.6 (62) 7.5 (39) 3.9 (23)

MTHFR 677ct genotype >0.05

CC 41.3 (437) 40.1 (201) 42.3 (236)

CT 44.5 (469) 46.8 (237) 42.5 (232)

TT 14.2 (150) 13.1 (66) 15.2 (84)
Supplement use in % (n) 10.8% (112) 11.5 (59) 93) ( >0.03
Smoking status in % (n) >0.05

Every day 10.3 (111) 9.4 (47) 11.2 (64)

Z;C"’eek' butnotevery 5 g 41) 3.8 (19) 3.8 (22)

<1/week 4.7 (51) 5.0 (25) 4.5 (26)

Don’t smoke 81.1 (872) 81.9 (411) 80.5 (461)

Folate in nmol/L (n) 18.8+10.5 (1057)  18.5+10.41p0 19.0+10.5 (556) >0.05*
RBC folate in nmol/L (n) 785.0+340.7 (1048)03.2+366.5 (499)768.4+314.8 (549) >0.05*
Cobalamin in pmol/L (n) 349.9+143.7 (105829.1+125.9 (503)368.8+155.8 (556) <0.001*
Holo-transcobalamin in pmol/L (n) 63.4+33.5 (1029) 62.7+31.1 (474) 64.1+35.5 (555) .050
PLP in nmol/L (n) 62.7453.0 (877)  65.0+46.5 (407) 0.%:58.0 (470)  >0.05*
Homocysteine in umol/L (n) 7.4£3.7 (1058) 8.0+4667%) 6.8+2.5 (556) <0.001*

Parameters are shown as mean = sd.

* Univariate ANOVA, adjusted for center, age catgggrade of maturity, BMI category, smoking status

supplement use, and MTHFR 677C/T polymorphism.

* Xe-test

° student’s t-test

Abbreviations: RBC Folate — red blood cell folg®P — pyridoxal-5-phosphate.
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Table 3.2: Percentile distribution for the whole sample anddgr specific percentiles for
folate, RBC folate, cobalamin, holo-transcobalar®bP and homocysteine

Percentiles
25 5 10 25 50 75 90 95 97.5
Folate in nmol/L
All (n=1057) 65 76 92 119 160 223 317 394634
Males (n=502) 65 77 92 118 16.0 221 314 39.86.2
Females (n=555) 62 76 92 120 16.1 226 32.0 83949.1

RBC folate in nmol/L
All (n=1048)

Males (n=499)
Females (n=548)
Cobalamin in pmol/L
All (n=1059)

Males (n=503)

Females (n=556)

320.0380.2 430.2 553.6 721.0 942.8 1218.2 1398.1 1592.1
327.6376.0 426.4 568.9 728.6 952.9 1246.0 1452.2 1638.2

306.880.6 430.3 544.2 707.4 930.5 1191.3 1349.0 1487.5

156.4 172.0 193.0 240.0 319.0 436.0 557.0 638.0 696.0
156.0168.3 193.0 231.0 302.7 402.0 509.4 569.0 606.3

150.974.0 195.5 253.6 334.8 463.0 603.2 672.2 722.0

Holo-transcobalamin in pmol/L

All (n=1029)
Males (n=473)
Females (n=554)
PLP in nmol/L
All (n=877)
Males (n=404)

Females (n=468)

Homocysteine in pmol/L

All (n=1058)
Males (n=502)

Females (n=555)

275 31.0 351 445 579 731 92.0 .007127.1

296 321 356 440 587 719 9144801252
26.3 296 346 447 575 743 9348.6 160.4
164 19.7 249 344 487 753 1135 .846186.9
158 199 272 374 525 781 113.80.2 187.9

17.0 195 234 317 458 70.3 110251 1845

36 39 44 54 67 84 104 122 156
37 41 45 57 70 89 109 138 521

35 38 43 52 64 80 9.9 114 512

Abbreviations: RBC Folate — red blood cell fola®,P — pyridoxal-5-phosphate.
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Table 3.3: Percentile distribution for normal weight and naonekers for folate, RBC folate,
cobalamin, holo-transcobalamin, PLP and homocystein

Percentiles
2.5 5 10 25 50 75 90 95 97.5
Folate in nmol/L
All (n=598) 7.0 8.4 95 123 170 242 328 39.9 .946
Males (n=270) 73 80 95 120 16.7 24.0 31.7 38.240
Females (n=327) 6.8 8.6 9.6 128 174 245 33.6 341515

RBC folate in nmol/L
All (n=592)

Males (n=269)
Females (n=323)
Cobalamin in pmol/L
All (n=601)

Males (n=271)

Females (n=329)

330.0 379.8 430.7 557.1 732.3 959.8 1276.4 1450.3 1682.3
293.3370.0 425.1 568.2 737.2 978.4 1346.7 1591.7 1804.4

334.892.5 445.0 544.9 727.6 944.7 1202.2 1367.9 1581.5

163.1 176.6 195.7 246.0 333.0 451.0 574.3 643.6 707.0
153.1169.8 194.0 238.3 317.0 420.1 522.3 578.0 638.3

166.277.0 196.0 254.1 348.6 481.0 620.1 683.7 736.6

Holo-transcobalamin in pmol/L

All (n=585)
Males (n=262)
Females (n=323)
PLP in nmol/L
All (n=500)
Males (n=223)

Females (n=277)

287 312 349 449 0592 742 942 512178.7

295 315 344 429 60.7 73.8 93.39.10 166.0
27.0 305 355 464 581 746 971H9.2 1925
16.4 196 258 353 508 744 110.7 .238153.6
154 182 289 387 540 782 111.37.11 154.2

17.7 197 240 33.6 469 723 109680.6 153.9

Homocysteine in umol/L

All (n=599) 36 38 44 52 66 83 103 118 134
Males (n=271) 37 41 47 57 70 88 109 126 O016.
Females (n=328) 34 37 42 49 6.2 80 9.7 11.3 512

Abbreviations: RBC Folate — red blood cell fola®,P — pyridoxal-5-phosphate.
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Table 3.4:Age specific B-vitamin and homocysteine concentrai

Age category in years

12.5-13.99 14-14.99 15-15.99 16-17.49 P-value*

Folate in nmol/L (n) 20.4+10.6 (265) 19.3+9.8 (27218.5+10.1 (271) 16.7+11.1 (248) >0.05

RBC folate in 786.7£343.4  808.3:336.7 76313023 781433801 . .
nmol/L (n) (263) (271) (268) (245) '
Cobalamin in 369.7t1532  360.5+147.5 ~ 3312t133.4  337.7#136.6 .
pmol/L (n) (267) (271) (271) (250) '

Holo-transcobalamin
in pmol/L (n)
PLP in nmol/L (n)

65.2+27.8 (267) 65.9+34.8 (261) 60.2+36.6 (266) 2634.2 (234) >0.05
65.7+69.9 (233) 59.4+36.0 (238) 60.6+45.3 (209) 5654.6 (192) >0.05

E&rgl‘/’fﬁt)e'”e N 6.5£3.2(266)° 6.842.5(272)% 7.6+3.0 (271)" 8.6+5.3 (248)° <0.001

Parameters are shown as mean + sd.

* Univariate ANOVA, adjusted for center, genderade of maturity, BMI category, smoking status, dep@nt
use, and MTHFR 677C/T polymorphism.

Abbreviations: RBC Folate — red blood cell fola®.,P — pyridoxal-5-phosphate.

P<0.05: a= 16-17.49y vs 12.5-13.99y, b= 16-17.49¢4+14.99y, c= 12.5-13.99y vs 15-15.99y, d= 1894.
vs 15-15.99y

Table 3.5: Maturity specific folate, RBC folate, cobalamin,ltvdranscobalamin, PLP, and
homocysteine concentrations

Grade of maturity

| I 1 v \% P-value*
. 28.6£21.9 21.3+8.4 18.9+9.5 17.6£10.7 18.0+9.4
Folate in nmol/L (n) ) (551 (181) (410F (284) 0.018
RBC folate in nmol/L  1008.6+468. 909.2+357.0 755.6+305.2 756.6+331.5 790.5+352.3 0032
(n) 2(7) (54)+° (179¥ 408y (280) '
Cobalamin in pmol/L  397.1+127.6 389.6+152.1 368.6+167.2 347.1+144.3 332.5+128.9 >0.05
(n) 7 (55) (182) (4112) (284) '
Holo-transcobalamin  75.6142.5 74.44+28.2 63.3133.4 61.4430.0 61.4+31.9 0.024
in pmol/L (n) (6) (54 (182f (390} (278f :
. 51.0+28.5 65.7+28.9 58.9+33.7 65.5454.2 61.1+68.9
PLP in nmol/L (n) 4) (47) (154) (333) (232) >0.05
Homocysteine in 6.2+5.7 7.2+4.3 7.7£3.4 7.4+£3.6
umol/L () 55+1.1(6)  (gopbe  (1g2p¢  (a10p¢  (2g5p 0025

Parameters are shown as mean * sd.

* Univariate ANOVA, adjusted for center, gendereagtegory, BMI category, smoking status, suppldémse,
and MTHFR 677C/T polymorphism.

Abbreviations: RBC Folate — red blood cell fold®P — pyridoxal-5-phosphate.

P<0.05:a=1lvs IV, b=1lvs V, c= 1l vs lll, ddllvs IV
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Table 3.6: Folate, RBC folate, cobalamin, holo-transcobalanihf, and homocysteine
concentrations according to MTHFR 677ct genotype

MTHFR 677 genotype

CcC CT TT P-value*
Folate in nmol/L (n) 20.2+10.1 (431) 18.7+10.6 (459)° 15.9+10.6 (142" <0.001
RBC folate in nmol/L (n) 826.2+320.5 (427)751.1+332.2 (458) 805.5+413.4 (142) 0.005
Cobalamin in pmol/L (n) 365.5+144.0 (431) 340.8+24@162) 336.8+140.9 (143) 0.021
Holo-transcobalamin in pmol/L (n) 66.7+38.8 (409)  62.3+29.0 (45%) 57.0+22.0 (139)° 0.003
PLP in nmol/L (n) 66.2464.9 (361)  62.4+44.4 (373) 6.®37.9 (122) >0.05
Homocysteine in pmol/L (n) 6.6+2.0 (48f) 7.2+2.7 (461° 10.2+7.4 (145 <0.001

Parameters are shown as mean + sd.
* Univariate ANOVA, adjusted for center, gendereagtegory, grade of maturity, BMI category, smgkin

status, and supplement use.
Abbreviations: RBC Folate — red blood cell fola®.P — pyridoxal-5-phosphate, MTHFR —
methylenetetrahydrofolate reductase.

P<0.05:a=TTvs CC,b=TT vs CT, c=CT vs CC

Table 3.7: Folate, RBC folate, cobalamin, holo-transcobalanihf, and homocysteine
concentrations according to BMI category

BMI categories in kg/m?2

Thinness Normal Overweight Obese P-value*

Folate in nmol/L (n) ~ 18.5+9.3 (59) 19.2+10.8 (765)17.1+8.6 (176) 18.5+11.6 (57)  0.030

RBC folate in 703.5#253.0  796.1+361.9  777.4+291.8  742.0+240.1 £0.05
nmol/L (n) (57) (759) (174) (57) '
Cobalamin in 395.1+150.0  355.8+147.7  319.9+121.3  318.8+126.6 0.001
pmol/L (n) (58)°° (768 (1777° (56) '

Holo-transcobalamin g 7,5 g (57)  64.0435.1 (743) 63.6+33.7 (175) 5985 (53)  >0.05
in pmol/L (n)

PLPinnmol/L (n)  56.7+41.3 (46) 62.6+53.3 (623) .®A8.2 (148) 68.0+68.8 (54)  >0.05

Homocysteine in
umol/L (n) 6.8+2.9 (58) 7.34£3.5 (766) 7.614.8 (176) 7.5£2.9)(5 >0.05

Parameters are shown as mean * sd.

* Univariate ANOVA, adjusted for center, gendereagtegory, grade of maturity, smoking status, Eupent
use, and MTHFR 677C/T polymorphism.

Abbreviations: RBC Folate — red blood cell folg®. P — pyridoxal-5-phosphate, BMI — body mass index.

P<0.05: a= overweight vs nhormal, b= overweighthisrtess, c= obese vs thinness
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Table 3.8:Impact of supplement use on folate, RBC folate ataninin, holo-transcobalamin,
PLP, and homocysteine status

Supplement use

No Yes P-value*
Folate in nmol/L (n) 17.9+9.5 (893) 23.3+13.4 (110) <0.001
RBC folate in nmol/L (n) 767.3+328.5(885)  921.1+411.9 (107)  <0.001
Cobalamin in pmol/L (n) 347.1#142.5(895)  384.2+158.0 (110)  0.016
Holo-transcobalamin in pmol/L (n) 62.8+32.0 (865) 69.0+40.1 (106) >0.05
PLP in nmol/L (n) 61.4+52.6 (738) 74.4+63.5 (88) >0.05
Homocysteine in umol/L (n) 7.5+3.8 (893) 6.0+2.1 (110) <0.001

Parameters are shown as mean * sd.

* Univariate ANOVA, adjusted for center, gendereagtegory, grade of maturity, BMI category, smgkin
status, and MTHFR 677C/T polymorphism.

Abbreviations: RBC Folate — red blood cell fold®P — pyridoxal-5-phosphate.

Table 3.9: Impact of smoking status on folate, RBC folate,atalnin, holo-transcobalamin,
PLP, and homocysteine status

Smoking status

>1/week, but not

Every day <1/week Don't smoke P-value*
every day

Folate in nmol/L (n)  15.548.7 (115) 19.8+15.7 (44)  18.4+9.7 (47) 19.3+10.3 (829)0.023
RBC folate in 712.7+282.3  939.64566.7  782.74¢308.7  791.4%3325 ...
nmol/L (n) (114f (44y° (47) (820¥ :
Cobalamin in pmol/L  308.8+122.2 371.1+170.1 319.0+118.4 357.0+145.4 0.029
(n) (114y* 44y (47) (832F '
Holo-transcobalamin ¢, 193 5 (117)  64.3420.7 (35)  57.3+21.6 (46) 684&% (809) >0.05
in pmol/L (n)
PLP in nmol/L (n) 51.4+43.6 95.3+101.6 61.5+49.2

(90)* (28P* 86.5+74.1 (38) (7025 <0.001

Homocysteine in

umol/L (n) 8.5+5.9 (115) 7.212.4 (44) 7.4+2.3 (47) 7.2+3.39B2 >0.05

Parameters are shown as mean % sd.

* Univariate ANOVA, adjusted for center, gendereagtegory, grade of maturity, BMI category, suppat
use, and MTHFR 677C/T polymorphism.

Abbreviations: RBC Folate — red blood cell fold®P — pyridoxal-5-phosphate.

P<0.05: a= every day vs don’t smoke, b= every dayMweek, but not every day, c= >1/week, but rerye
day vs don’t smoke, d= every day vs <1l/week
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Table 3.10:Summary of results from several authors for assiocia with folate, PLP, cobalamin, and homocyst&ioecentrations

Author Study design Factors Folate PLP Cobalamin Hmocysteine
Ganiji et al. NHANES, n=6461, Gender m>f,
[22] <18y, US, mean * sd 5.48+1.90 vs 5.09+1.78
pmol/L, P<0.001
Osganian et CATCH, n=3321, Gender m>f, f>m, m>f,
al. [24] 14.1+0.5y, US, mean 40.8 vs 35.1 nmol/L, 379.8 vs 352.4 pmol/L,  5.48+1.90 vs 5.09+1.78
* sd, after adjustment P<0.001 P<0.001 pmol/L, P<0.001
for several
confounders
including B-vitamins
association for age
and BMI n.s.
Age r=0.06, P<0.001
Suppl. User > non-user User > non-user Usem<user
4.82 vs 5.09 pmol/L,
P=0.001
Smoking Smokers > non-smokers
5.19 vs 5.00 pmol/L,
P=0.03
BMI r=0.09, P=0.001
Shen et al. Taipei Children Heart Gender m>f,
[21] Study, n=1235, 10.5+4.13 vs 8.95+2.61

12-15y, Taiwan,
mean + sd

Age
BMI

pmol/L, P<0.05

m: sign. corr.
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Author Study design Factors Folate PLP Cobalamin Hmocysteine
Al-Tahanet  n=165, 13-18.5y, Gender n.s. f>m, m>f,
al. [19] Spain, median 594.82 (280.63-1,559.64) 8.92 (5.5-22.94) vs 7.91
(2.5"97.5" vs 540.00 (268.00- (5.1-13.86) umol/L,
percentile) 946.47) pmol/L, P=0.003 P=0.003
Age n.s. n.s. n.s.
MTHFR n.s.
677 CC 13.0 (7.0-24.5), 7.57 (4.94-12.94),
CT 12.0 (4.7-19.7), 8.81 (5.51-21.63),
TT 9.3 (6.2-17.9) nmol/L, 10.83 (7.00-22.82)
P=0.001 pmol/L,
P<0.001
BMI n.s. n.s. n.s.
Sexual n.s. n.s. n.s.
maturity
Smoking smokers < non-smokers, n.s. smokers > non-smokers
7.8+1.9 vs 12.6+3.6 11.04+1.60 vs 8.80+2.85
nmol/L, P<0.001 pmol/L, P=0.036
Kerr et al. NDNS, n=840, Gender m>f, m>f,
[30] 4-18y, UK, median folate: 21.4 (15.2-27.2) v: 60.6 (43.4-78.9) vs 54.1
(25"-75" percentile) 19.3 (13.6-26.1) nmol/L, (41.0-70.3) nmol/L,
P=0.025, RBC~: 585.0 P<0.01
(466.0-726.0) vs 523.0
(413.0-667.0) nmol/L,
P<0.01
Age -, P<0.05 n.s. -, P<0.05 +, P<0.05
Suppl. folate: 24.0 (17.0-30.2) v 5.9 (4.7-7.0) vs 6.5 (5.1-

19.5 (14.0-25.6) nmol/L,
P<0.01,

RBC~: 608.0 (463.0-
737.0) vs 551.0 (435.0-
673.0) nmol/L, P=0.006

8.2) umol/L, P=0.005
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Author Study design Factors Folate PLP Cobalamin Hmocysteine
Smoking smokers<non-smokers n.s.
47.2 (36.1-65.4) vs 56.4
(42.1-77.0) nmol/L,
P=0.017
Morrisetal. NHANES, n=1317, 37 (35-40) nmol/L
[31] 13-20y, US, GM (ClI)
Chang etal. NAHSIT, n=103, >20 nmol/L
[32] 13-15y, Taiwan
Changetal. NAHSIT, n=127, >35 nmol/L, f: 58.1+17.6
[33] 16-18y, Taiwan, and m: 57.2+19.3 nmol/L,
mean * sd n.s.
De Laet et al. n=647, 5-19y, Gender adolescents >15y: m>f,
[9] Belgium, GM + sd P<0.05
Age - - +
5-9y: 21.06+7.99, 517.4+172.6, 6.21 (5.14, 7.5),
10-14y: 18.87+6.61, 426.1+167.3, 7.09 (5.69, 8.84),
15-19y: 15.02+6.34 nmol/L, 340.8+138.9 pmol/L, 8.84 (6.36, 12.29)
P<0.001 P<0.001 pmol/L, P<0.001
Suppl. n.s. n.s.
Huemer et al. n=264, 2-17y, Gender n.s. n.s. n.s.
[171] Austria, mean + sd
Age +
2-5y: 5.5+1.3,
6-9y: 6.2+1.9,
10-13y: 7.31£1.9,
14-17y: 8.612.3 pumol/L,
P<0.0001
MTHFR n.s.
677 CC 22.4+£7.9, 6.2+1.7,
CT 20.2£7.7, 6.9£2.5,
TT 17.7+8.2 nmol/L, 6.7+1.7 umol/L,

P=0.01

P=0.03
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Author Study design Factors Folate PLP Cobalamin Hmocysteine
BMI =-0.27, P<0.001 =-0.28, P<0.001 r=0.090m91, after
adjustment P>0.05
Van Beynum n=234, 0-19y, Gender n.s. n.s. n.s.
etal. [17] Netherlands, GM
(Cn
Age - - +
0-1y: 79 (60, 104), 439 (326, 591), 5.1 (4.6, 5.6),
2-5y: 24 (22, 27), 497 (441, 560), 4.6 (4.2,5.1),
6-10y: 18 (16, 20), 389 (345, 438), 6.2 (5.6, 6.9),
11-14y: 16 (15, 18), 318 (284, 355), 7.3 (6.7, 8.0),
15-19y: 16 (14, 18) nmol/L, 242 (216, 272) pmol/L, 8.7 (7.9, 9.6) pmol/L,
P<0.0001 P<0.0001 P<0.0001
MTHFR n.s., but P=0.05 in the
677 CC linear regression model
CT including folate x
TT genotype interaction as
independent variable and
adjusted for age
Smoking  n.s. n.s. n.s.
Hogeveen et n=186, 0-19y, Gender n.s. n.s.
al. [16] Netherlands
Age r=-0.53, P<0.05 r=0.68, P<0.05
Sexual n.s. n.s.
maturity
Papoutsakis e n=198 (92m/ 106f)  Gender n.s. n.s. n.s.
al. [13] 10,8-13,5y, Greece,
GM
MTHFR n.s. TT vs CT, CC
677 CC 20.7 nmol/L 7.7 umol/L, P=0.028
CT 20.4 nmol/L 7.8 umol/L, P=0.014
TT 17.5 nmol/L 8.9 umol/L

overall P=0.028
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Author Study design Factors Folate PLP Cobalamin Hmocysteine
Gil Prieto et  n=313, 13-15y, Spain Age n.s.
al. [18]
MTHFR n.s.
677 CC
CT
TT
Raslova et al. n=386 (149m/ 237f) Gender n.s.
[20] 11-18y, Slovakia
Age n.s.
MTHFR n.s.
677 CC
CT
TT
Narin et al. Age and gender Gender n.s. n.s. n.s.
[43] matched case control
study, 40 obese, 20
non-obese, 7-17y,
Turkey
BMI obese > non-obese,
14.34£11.8 vs 8.745.9
pmol/L,
P=0.017
Pinhas- 164 obese, 228 non- BMI risk for low cobalamin
Hamiel et al. obese, 6-19y, Israel, concentrations (<246
[15] odds ratio (95% pg/mL), obese: 4.33
confidence interval) (1.54-12.2)
Bates et al. NDNS, n=1193, Age +
[12] 4-18y, UK
BMI n.s. n.s. n.s.
Smoking Smokers > non-smokers
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Author Study design Factors Folate PLP Cobalamin Hmocysteine
Vilaseca et al. n=195, 0-18y Gender n.s.
(35]
Age r=0.5556, P<0.001
Bjorke n=700, 0-19y Gender n.s. n.s. n.s.
Monsen et al.
[34]
Papandreou e n=524, 6-15y Gender n.s. n.s. n.s.
al. [14]
Age + + =
BMI n.s. n.s. n.s.

Abbreviations: RBC Folate — red blood cell folg®P — pyridoxal-5-phosphate, BMI — body mass indéXHFR — methylenetetrahydrofolate reductase, Suppl

Supplement use, m — males, f — females, n.s. sigofficant, sign. corr. — significantly correlategl—positively associated, - — negatively assediat
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Table 3.11:Summary of percentiles from several authors foatigl RBC folate, cobalamin,
PLP, homocysteine concentrations

Author Gender  Age group Substrate P25 P5 P 9597.®
Al-Tahan et al. Male All Folate 4.8
[19] Female (13-18.5y) 6.6
Cobalamin 268.0
280.6
Homocysteine 22.9
13.9
De Laetetal. [9] All 10-14y Homocysteine 10.2
15-19y 15.2
Hogeveenetal. All All Cobalamin 139.0
[16] (0-19y) Homocysteine 13.9
Huemer et al. All 10-13y Folate 8.4
[11] 14-17y 8.2
Cobalamin 148.0
117.0
Homocysteine 11.9
12.8
Kerr et al. [30] All All Folate 9.8
(4-18y) RBC Folate 311.0
Cobalamin 156.0
PLP 28.9
Homocysteine 11.7
Morris et al. [31]  All 13-20y PLP 35.0
Osganian etal.  All All Homocysteine 8.5
[24] (13-14y)
Papoutsakis et al. Male All Folate 17.8
[13] Female (11-13.5y) 18.8
Cobalamin 360.0
388.0
Homocysteine 8.6
8.1
Rauh et al. [10] Male All Folate 8.6
Female (6-17y) 10.0
Cobalamin 261.0
306.0
Homocysteine 10.5
9.2
Van Beynum et All 11-14y Folate 15.0
al. [17] 15-19y 14.0
Cobalamin 284.0
216.0
Homocysteine 8.0
9.6

Folate, RBC folate, and PLP in nmol/L, cobalamipmol/L, and homocysteine in pmol/L
Abbreviations: RBC Folate — red blood cell folg® P — pyridoxal-5-phosphate, P — percentile, yarge
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4 Homocysteine concentrations are not influenced by
physical activity, cardiovascular fitness,
and fatness in European adolescents

4.1 Abstract

Background: As shown in adults, homocysteine concentrations e communicable
factors PA, CVF, as well as fatness might influeaaeh other. Inconsistent results have been
found regarding this association in studies witblescents. Thus, the aim was to examine the

association between homocysteine levels and PA, @N@ fatness in European adolescents.

Methods: In European adolescents (n=1097, 14.9+1.2 yeaP$5MTHFR 677 genotype:
CC 41%, CT 45%, TT 14%) participating in the mudtiter HELENA-CSS PA
(accelerometer), CVF (20-m shuttle run test), atddss (skinfold thicknesses and body fat)
were assessed; plasma folate, cobalamin, and h@tetoy concentrations were measured
(competitive immunoassays, CVs: intraassay 5-7%rassay 8-13%). Multiple regressions
examined the association between tHcy and PA, CAfig fatness (confounders: age,

maturity, folate, cobalamin, creatinine, smokingpglement use, and MTHFR 677C/T
genotype).

Results: Compared with males (t-test, P<0.001), femaleslayga significantly lower PA
(134.6+36.2 vs 158.1+44.6 min/d), CVF (34.7+£5.856s5+8.9 mL Q/kg/min) and greater
skinfold thickness (102.8+35.7 vs 76.0+£39.2 mm) @ody fat (27.5+7.6 vs 21.1+£10.6%).
Homocysteine {: 8.0+4.6 vsQ: 6.842.5 umol/L) and cobalamin?(329.1+125.9 vs?:
368.8+155.8 pmol/L) concentrations varied betweendgrs (t-test, P<0.001), but folate was
similar (2:18.5£10.4 vsQ: 19.0£10.5 nmol/L). Homocysteine concentrationsrev@ot
significantly associated with PA, CVF, or fatne$3>Q.05) after controlling for potential

confounders, neither in males nor females.

Conclusion: Homocysteine concentrations in European adolesaecltgled in the HELENA
Study could not be related to PA, CVF, or fatness.

73



Homocysteine concentrations are not influenced by physical activity, cardiovascular fitness,
and fatness in European adolescents

4.2 Introduction

The sulphur-containing amino acid homocysteine tisgular intermediate in the methionine
cycle [1]. Circulating concentrations of homocysteiare generally low in the healthy
population (<14umol/L) due to either a rapid renykttion to methionine or by degradation
through the transsulphuration pathway. Elevated daysteine concentrations are seen as a
biomarker of increased oxidative stress which isoemted with an increased risk for
endothelial damage [2] and cardiovascular disef3esavioreover, unphysiologically high
homocysteine concentrations may contribute to theeldpment of dementia and Alzheimer’s

disease [4, 5], osteoporosis [6-8], and oral cl&t4.0].

Individual homocysteine concentrations depend on-cwmmunicable factors like age,
gender, and genetics [11-16], but can be effectivebdified by lifestyle, especiallgating
behaviour.In adults,inadequate folate and vitamin Bntake[13, 15-18] excessive alcohol
intake, smoking, and hyper-energetic nutrition H&sgiin obesity can increase homocysteine
above acceptable concentratiord4umol/L) [18-20]. In children and adolescents, similar
results have been observed [21]. The effect of R\ faness in adults has been reported in
few studies. On the one hand, lack of PA might eorthe situation [22&nd on the other
hand, subjects with a highly physically active sifjde (>758 minutes per week) might have
increased homocysteine concentrations due to eléwattamin requirements [23].

Whether PA and CVF are associated with homocystsimeentrations already in childhood
and adolescence is not clear. In a small sampl8painish adolescents from the AVENA
study (Alimentacién y Valoracion del Estado Nuwital de los Adolescentes) an inverse
association between homocysteine and CVF was aigémfemales [15]. In contrast, results
from the Swedish part of the European Youth Heandy (EYHS) do not support these
previous findings [16]. The purpose of this studgswthus, to examine the association of
homocysteine concentrations with objectively meaduiPA, CVF and fatness after

controlling for potential confounders in a largengde of European adolescents.

4.3 Methods

A description of the study design and implementai® given in the general methodology.

Below, the assessment of PA, CVF and anthroponeetigscribed.
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4.3.1  Assessment of physical activity

A uni-axial accelerometer (Actigraph MTI, model GM1Manufacturing Technology Inc.,
Fort Walton Beach, FL, USA) was used to assessAblescents were instructed to place
the monitor underneath the clothing, at their lowack, using an elastic waist band and to
wear it for seven consecutive days. They were ialstoucted to wear the accelerometer at all
times except during water-based activities andogperiof sleep. At least three days of
recording with a minimum of eight hours registratiper day was set as an inclusion
criterion; the time-sampling interval was 15 secndl measure of total volume of activity
was expressed as the sum of recorded counts peh elpaded by the total daily registered
time in minutes. The time engaged in moderate P& \dgorous PA was calculated and
presented as the average time per day during ttiee eecording. The time engaged at
moderate PA [3-6 metabolic equivalents (METs)] wakulated based upon a blanket cut-off
of 2,000 counts per minute — approximately equivate the intensity of a brisk walk (4.5
km/h). Periods of vigorous PA (>6 METs) were bagpdn a blanket cut-off of 4,000 counts
per minute. Also, the time spent in at least mogeirgensity level (>3 METSs) was calculated
as the total time spent in moderate and vigorousipal activity (MVPA, min/day). Each
minute spent above the specific cut-off was sumsedrin the corresponding intensity level
group. Time spent in light and low PA was definedtlae sum of time per day in which
counts per minute were <2000 and <100, respectiVlthin this study the sum of minutes

spent in low, moderate, and vigorous PA was useédsahereafter called total PA.

4.3.2 Assessment of cardiovascular fitness

Cardiovascular fitness was assessed by a 20-meshwutttest. Adolescents were instructed to
run in a straight line and to pace themselves aaegito the audio signals emitted from a pre-
recorded cassette tape. The initial speed wasr8/B,kvhich was increased by 0.5 km/h per
minute (one minute equal to one stage). The tapd uss calibrated over one minute. The
test was finished when the subject either failedetach the end lines concurrent with the
audio signals on two consecutive occasions or sidpecause of fatigue. Cardiovascular
fitness was qualified as the number of stages cetegl(precision of 0.5 steps). In addition,
to facilitate comparison with previous studies maali oxygen consumption (\M@ax, mL

O, /kg/min) was estimated using Ruiz’s equation [24].
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4.3.3  Anthropometry

The anthropometric methodological approach withhie HELENA-CSS was described in
detail by Nagy et al. [25]. Briefly, body weight svaneasured in kg using a standard beam
balance (Seca, precision 100 g, range 0-150 kgyhtlevas measured in cm using a precision
stadiometer (Seca, precision 0.2 cm, range 70-2Q0 Body mass index was calculated with
the equation weight in kg divided by height in muaged (kg/m?2). Skinfold thicknesses
(triceps, biceps, subscapular, suprailiac, thigil ealf) were repeatedly measured at the left
side of the body using a Holtain caliper (CrymythK, range 0—-40 mm) and the mean
calculated. Only adolescents having data of alskirfolds (hereafter referred to as ‘skinfold
thickness’) were included for the analyses. Perbedy fat was calculated with the use of the
following equation based upon Slaughter et al. [24] (%) = 0.61*(triceps skinfold in mm +
calf skinfold in mm) + 5.1 for females and fat (%)0.735*(triceps skinfold in mm + calf

skinfold in mm) + 1 for males.

434  Statistics

Blood homocysteine, folate, vitaminBconcentrations, levels of CVF (stages andviéx),

and BMI were normalised by natural logarithm transfation.

To test gender specific differences student’s t+#¥ess used for metric variables aKetest
for categorical variables. A bivariate correlati@malysis was performed to check the
associations between homocysteine and PA, CVFgstagd V@Gmax), and fatness (BMI,
skinfold thickness, and body fat) by gender. Separaultiple regressions were executed split
by gender to study the relation between homocystand PA, fitness and fatness after
controlling for potential confounders: age, matyriolate, vitamin B,, creatinine, smoking,
supplement use, and MTHFR 677C/T.

4.4 Results

Table 4.1 (page 81) reveals the gender specificactexistics of the study population
(n=1097). Females (n=584, 53%) were in a more achdirpubertal stage and displayed
significantly greater skinfold thickness and body ¢ompared with males. Physical activity
as well as CVF expressed in stages andiv&x was significantly higher in males than
females. Eleven percent of the adolescents smokexy elay, 4% at least once a week, 5%

76



Homocysteine concentrations are not influenced by physical activity, cardiovascular fitness,
and fatness in European adolescents

less than once a week, 80% didn’t smoke. A vitaamd/or mineral supplement was taken by
11% of the adolescents. Smoking behaviour and supgit use did not vary between
genders. Table 4.2 (page 82) presents bivariategelations between homocysteine
concentrations and PA, CVF (stages and:viéx), BMI, skinfold thickness, and body fat. In
males, PA was negatively associated with homoaysteoncentrations. In females, CVF
variables were negatively and BMI was positivelgasated with homocysteine. Table 4.3
(page 83) shows the gender specific relationshipvden homocysteine and PA, fitness, and
fatness after checking for age, maturity, folatéanain B;,, and creatinine concentrations,
smoking, supplement use, and MTHFR 677C/T polymismh respectively. Variation in
homocysteine concentrations could not be explanyeA, CVF, or parameters of fatness.

4.5 Discussion

Strengths of the present research are the includianrelatively large number of adolescents
and several potential confounders including the MRH677C/T genotype. Cardiovascular
fithess was objectively measured by the 20-m ghutth test and herewith \(@ax was
estimated for a better comparability with otherdsts. The indirect measurement of Maax

is feasible within epidemiologic studies: it is motly practical, time-efficient, low in cost and
equipment requirements, but can also performed amgel numbers of adolescents
simultaneously [27]. In addition to BMI, body congition was measured by skinfold
thickness which is suggested to be a better padiot body fatness in later life than
BMI [28].

Table 4.4 (page 84) summarises results from sewstudies discussed in this investigation.
To encourage an active lifestyle, the internaticenadl national public health organisations
recommend at least 30 minutes of PA with at leasdierate intensity on most days per week
[29, 30]. The WHO proposes that school-aged childifgould complete at least 60 minubés
moderate to vigorous intensity PA each day to ensar healthy development [31].
Adolescents participating in the HELENA Study aski@ 145.0+41.8 min/d. However,
within this study, low, moderate, and vigorous PA&rgvpooled together. Physical activity on
a moderate to vigorous intensity will probably fotine smaller part. Few studies targeted the
relationship of PA with homocysteine; most of thesre carried out on adults. The first hint
that regular PA may significantly reduce homocysteconcentrations was provided by a
study performed on 21 overweight women with polyicysvary syndrome aged 29.7+6.8

years [32]. Brisk walking three times a week ovepegiod of six months led to decreased
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homocysteine concentrations (baseline: 10.06+3.22after exercise: 7.36£1.96 pmol/L,
generalised linear hierarchical analysis: P<0.081d increased Vénax values compared
with baseline values (baseline: 2.50+0.31 vs afieercise: 2.60+0.35 L/min, P=0.019).
Studies with apparently healthy adults did not djesupport this hypothesis. Independent of
B-vitamin status, homocysteine concentrations vegam@lar in physically less active<420
min/week, n=40) compared with active (>420 min/week36) adults aged 265 years (low
PA: 7.5£1.6 vs high PA: 7.7+1.6 umol/L, P=0.36). idover, the extremely high active group
(>750 min/week, n=11) showed significantly high@ntfocysteine concentrations compared
with extremely low physically active participantsl@0 min/week, n=9) (extremely high PA
shown as mean (range): 8.6(6.1-12.3) vs extremmly PA: 6.9(2.9-9.1) umol/L, t-test:
P<0.001) [23]. Results from the Women’s Health $tucluding 27,158 women aged
54.7+7.1 years showed a significant associatiomvéat homocysteine concentrations and
quintiles of PA without adjustment for B-vitaminasis (highest quintile (>1574 kcal/week)
shown as median: 10.4 vs lowest quintile (<145 /weztk): 10.8umol/L, Cusick’s
nonparametric test for trend: P<0.001). Odds rdboshe association of quintiles of PA with
homocysteine concentrations did not significantffed (P for linear trend =0.49) [33]. A one
year follow up based on a sample of 915 Danishtadaded 30-60 years indicated that
homocysteine may not be reduced by general lifeshgerventions such as quitting smoking
habits, reducing the consumption of alcoholic bages, coffee and/or tea, increasing PA, or
modifying dietary habits [34]. With regards to cmgén and adolescents the EYHS (n=680,
9-10 and 15-16 years) [16] was the first to exantin@eassociation between homocysteine and
PA. However, no significant results were found (tiplé regressions: P=0.30 in adolescents)
after adjustment for gender, pubertal developm&mtjoeconomic status, folate awidamin

B1, intake, and MTHFR 677C/T genotype being in accocgavith our findings.

Cardiovascular fitness is defined as the abilityaofive skeletal muscle to utilise oxygen
during exercise. Recent data suggest that fitressiimportant marker for several health
outcomes in young people like obesity, cardiovamcusk, skeletal and psychological health
[35]. Changes in tissues and systemic vasculatang daeteriorate the physiological capacity
and subsequently may also negatively affect the . OWsome extent, elevated homocysteine
concentrations may attribute to these pathologatelnges by the generation of reactive
oxygen species and impairing the nitric oxide puiiun and bioavailability [2]. High

homocysteine concentrations have been associatadoaor CVF in women participating in

the NHANES (n=1,444, aged 20-49 years) with avélabeasures of CVF and homocysteine
[36]. Multiple logistic regressions were done foonhocysteine as continuous variable
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(P=0.003), as quartiles (P<0.001) as well as oddi®s (P<0.001) after adjustment for
potential confounders including folate avithmin B;, concentrations. In former male athletes
aged 35-62 years, homocysteine concentrations a&seciated with current levels of PA
[37]. Exercising ex-athletes showed lower homodgsteoncentrations than sedentary ex-
athletes (PA (n=52): 9.43£2.12 vs sedentary (n=28)32+4.49 pmol/L, ANOVA: P<0.001).
Regarding adolescents, CVF was significantly ancerigely associated with homocysteine
concentrations in Spanish female adolescents fhmAVENA Study (n=156, aged 14.8+1.4
years) [15]. Regression models included folate witaimin B;, concentrations as well as
MTHFR 677C/T genotype (P=0.007). In contrast, rssfriom the EYHS did not indicate a
significant association between homocysteine atmed$s in children and adolescents [16]
which is in line with our results. The differencetlveen results from the AVENA and the
EYHS as well as our study might be due to the ssnathmple size, a power analysis was not
performed. Eventually, it must be considered tisatally healthy children and adolescents do
not show cardiovascular pathologies. Higher homtetys concentrations in adults due to
advanced age and longer exposure of homocysteitieeatissue might be an explanation for

differences between adults and adolescents.

Associations between BMI and homocysteine conceotrs were frequently investigated in
adolescents. In an Austrian sample of 264 childesal adolescents aged 2-17 years,
significant, positive correlations were found betw&®mocysteine levels and BMI (r=0.44,
P<0.001) [38]. The cross-sectional Taipei Childigart Study including 1,235 adolescents
aged 12-15 years revealed a positive associatibmeba homocysteine quintiles and BMI
only in males after adjusting for age (P for trer@d001) [39]. Narin et al. examined 40 obese
and 20 non-obese children and adolescents agedyédld. Obese had significantly higher
homocysteine levels than non-obese from the age-sam-matched control group (obese:
14.3£11.8 umol/L vs non-obese: 8.7+5.9 umol/L, PZ0) [40]. Osganian et al. found a
positive association between homocysteine conderisaand BMI in 3,524 adolescents aged
13-14 years, but after adjustment for potential foonders, particularly blood vitamin
concentrations, which had the strongest effeciadsociation was no longer significant [41].
These findings stress the importance of adjustimg B-vitamin status when examining
associations between homocysteine and other paendéissociations between body fat and
homocysteine concentrations were hardly investjateadolescents. Gallistl et al. examined
homocysteine concentrations before and after a&tweek weight loss program in 37 obese
girls aged 12.0+1.8 years and 19 obese boys ag®d1lT years (BMI,Q: 26.9+5.25,:
26.2+5.2 kg/m?). Instead of body fat, lean body snd8M) was chosen that is calculated by
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subtracting body fat from body weight. Multiple diar regression analysis indicated that only
baseline LBM was positively associated with homteiye concentrations (P=0.002) [42].
We adjusted for B-vitamin status and MTHFR 677C/@ngtype and did not find an
association between homocysteine concentrationsfatndss (expressed as BMI, skinfold
thickness, and body fat). This is in accordancé viiidings reported by several European
cross-sectional studies including the EYHS [16f ®ritish National Diet and Nutrition
Survey (n=922, 4-18 years) [43], a Belgian (n=6871,9 years) [44], a Spanish (n=165,
13-18.5 years) [45], and a Greek study (n=524, &ddrs) [46], as well as a Brazilian case
control study (n=239, 5-19 years) [47].

In conclusion, the results of the present studygesgthat objectively measured PA, CVF,
and fatness were not associated with homocysteiredd in European adolescents, even after

controlling for several potential confounders irthg the MTHFR 677C/T genotype.
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Table 4.1:Gender specific characteristics of the study sample

All Male Female P-value

Age in years (n) 14.9+1.2 (1097) 14.9+1.3 (513) 14.9+1.2 (584) 0.810°
Maturity in stages % (n) 0.019

I 0.7 (7) 1.5(7) 0 (0)

Il 5.8 (61) 7.7 (37) 4.1 (24)

1 19.7 (204) 19.3 (91) 20.0 (113)

v 43.3 (412) 41.6 (184) 44.8 (228)

\Y, 30.5 (284) 29.9 (128) 31.1 (156)
MTHFR 677C/T in % (n)

CcC 41.3 (437) 40.1 (201) 42.3 (236) 0.227

CT 44.5 (469) 46.8 (237) 42.5 (232)

TT 14.2 (150) 13.1 (66) 15.2 (84)
Physical activity in min/day  145.0+41.8 (730 158.1+44.6 (324 134.6+£36.2 (406 <0.001°
(n)
Cardiovascular fitness in 4.79+2.75 (841) 6.32+2.78 (405) 3.36+1.78 (436) <0.001°
stages (n)
Cardiovascular fitness in mL  42.3+10.9 (841) 50.5+8.9 (405) 34.7045.77 (436, <0.001°
O, /kg/min (n)
Body mass index in kg/m2 (n  21.4+3.6 (1097) 21.4+3.8 (513) 21.3+3.4 (584) 0.689°
Skinfold thickness in mm (n) 90.2+39.6 (1023 76.0+39.2 (480) 102.8+35.7 (543 <0.001°
Body fat in % (n) 24.5+9.7 (1054) 21.1+10.6 (494) 27.5%7.6 (560) <0.001°

Parameters are shown as mean = sd.

° student’s t-test

# Xe-test

Abbreviations: MTHFR — methylenetetrahydrofolatduetase.
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Table 4.2:Bivariate correlations between homocysteine andpeddent variables by gender

Males Females

Pearson P-value Pearson P-value
Physical activity in min/day -0.223 0.000 -0.027 .0®
Cardiovascular fitness in stages 0.019 >0.05 -0.112 0.024
Cardiovascular fitness in mL,Zkg/min -0.029 >0.05 -0.099 0.046
Body mass index in kg/mz 0.084 >0.05 0.114 0.007
Skinfold thickness in mm -0.079 >0.05 0.045 >0.05
Bodyfat in % -0.086 >0.05 0.022 >0.05
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Table 4.3: Standardised multiple regression coefficiengy, (standard error (SE), and
semipartial correlation (sr) examining the assommtof physical activity, cardiovascular
fitness, and fatness with homocysteafer controlling for age, maturity, folate, vitami,

and creatinine concentrations, smoking, supplemsg&tand MTHFR 677C/T polymorphism

Males Females

R SE Sr P-value R SE Sr P-value
Physical activity in -0.069 0.000 -0.083 >0.05 20.020 0.000 -0.025 50.0
min/day
Cardiovascular fitnessin - ner 0035 0079 >0.05 .0.034 0.030 -0.040 >0.05
stages
Cardiovascularfitnessin 555 100 0.078  >0.05 0.014 0106 -0.016 >0.05
mL O, /kg/min
Body mass index in kg/m2  -0.029 0.097 -0.037 >0.05 0.004 0.091 0.004 >0.05
Skinfolds thickness inmm -0.033 0.000 -0.042 >0.05 -0.005 0.000 -0.005 >0.05
Bodyfat in % .0.010 0.036 -0.013 >0.05 0.011  @05-0.013 >0.05
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Table 4.4: Summary of results from several authors for assiocia between physical
activity, cardiovascular fitness, and fatness amdcysteine concentrations

Author Study design Factors Homocysteine
Randeva et al Intervention, 21 overweight PA baseline: 10.06+3.22 vs after exercise:
[32] women with polycystic ovary 7.36+1.96 umol/L, P<0.001
syndrome, 29.7+6.8y, brisk
walking 3x per week over six
months
Joubert et al. less active (<420 min/week, PA low PA: 7.5+1.6 vs high PA: 7.7+1.6
[23] n=40) compared with active pmol/L, P=0.36
(>420 min/week, n=36) adults, extremely high PA (>750 min/week,
26+5y, mean (range) n=11): 8.6 (6.1-12.3) vs extremely low
PA (<130 min/week, n=9): 6.9 (2.9-9.1)
pumol/L, P<0.001
Mora et al. Women's Health Study, PA highest quintile (>1574 kcal/week): 10.4
[33] n=27,158, 54.7+7.1y, quintiles vs lowest quintile (<145 kcal/week):
of PA, median 10.8umol/L, P<0.001
Odds ratios for the association of
quintiles of PA with homocysteine
concentrations n.s.
Husemoen et general lifestyle intervention, PA n.s.
al. [34] one-year follow up, n=915, 30-
60y
Ruiz et al. EYHS, n=680, 9-10 and 15-16y, PA n.s.
[16] adjustments for gender, maturity,
socioeconomic status, folate andCVF ns
vitamin By, intake, and MTHFR =
677C/T genotype BMI n.s.
Kuo et al. NHANES, n=1444, 20-49y, CVF as continuous variable (P=0.003),
[36] multiple logistic regressions, as quartiles (P<0.001)
adjustments include folate and as odds ratios (P<0.001)
vitamin B;, concentrations
Unt et al. [37] Currently active ex-athletes CVF active: 9.43+2.12 vs sedentary:
(n=52) compared with sedentar 12.32+4.49 pmol/L, P<0.001
ex-athletes (n=25), 35-62y
Ruiz et al. AVENA study, n=156, CVF - in females, P=0.007
[15] 14.8+1.4y, regression models
included folate anditamin By,
levels as well as MTHFR
677CIT genotype
Huemer et al. n=264, 2-17y, Austria, mean =+ BMI r=0.09, P=0.001, after adjustment P>0.05
[48] sd
Shen et al. Taipei Children Heart Study, BMI m: sign. corr.
[39] n=1235, 12-15y, Taiwan, mean
+sd
Osganian et CATCH, n=3321, 14.1+0.5y, BMI +, after adjustment for blood vitamin
al. [41] US, mean + sd concentrations P>0.05
Gallistl et al.  three-week weight loss LBM + baseline LBM, P=0.002
[42] intervention, 37 obese females
and 19 obese males, 11.9+1.7y
Bates et al. NDNS, n=1193, 4-18y, UK BMI n.s.
[43]
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Author Study design Factors  Homocysteine
De Laet et al. n=647, 5-19y, Belgium, GMtsd BMI n.s.

[44]

Al-Tahan et  n=165, 13-18.5y, Spain, mediai BMI n.s.

al. [45] (2.5"-97.5" percentile)

Papandreou et n=524, 6-15y, Greece BMI n.s.

al. [46]

Brasileiro et  case control study, n=239, BMI n.s.

al. [47] 5-19y, Brazil

Abbreviations: PA — physical activity, CVF — cardéscular fithess, BMI — body mass index, MTHFR —
methylenetetrahydrofolate reductase, n.s. — noifgignt, + —positively associated, - — negativebgociated.
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5 Bone mineral density in association with folate,
vitamin Bg, vitamin B1, status and homocysteine
concentrations in Spanish adolescents

51 Abstract

Background: As shown in elderly, homocysteine is associated vat higher risk for
osteoporosis and fractures. Independent of ageitio studies support the hypothesis that
folate, vitamin B, status, and homocysteine concentrations mightsbecsated with BMD.

In studies with adolescents, inconsistent resudtgehbeen found. Thus, the aim was to
examine the association between B-vitamin and hgsteme concentrations with bone area
(BA), bone mineral content (BMC), and BMD in Spdn&lolescents.

Methods: In Spanish adolescents (n=114, 14.8+1.0 years, 54MTHFR 677 genotype:
CC 39%, CT 42%, TT 19%) participating in the mudtiter HELENA-CSS BA, BMC, and
BMD were assessed (DXA); plasma folate, RBC folat®LP, cobalamin,
holo-transcobalamin, and homocysteine concentratiomere measured (competitive
immunoassays, CVs: intraassay 1-11%, interassal¢@-IMultiple regressions examined the
association of folate, vitamingBvitamin B, status, and homocysteine concentrations with
whole body and lumbar spine BA, BMC, and BMD (canfders: sex, age, height, weight,
maturity, creatinine, vitamin D, MTHFR 677C/T polgnphism, calcium intake, and PA ).

Results: Males showed greater BAJ( 1967.1+294.3 vs?: 1803.8+164.6 cm?, t-test:
P=0.001), BMC {: 2138.3+540.4 vs?: 1870.0+298.5 g, P=0.003), and were physically
more active §: 142.6+35.0 vs?: 125.5+32.0 min/d, P=0.013) compared with females.
Variations in whole body or lumbar spine BMC and BMould not be explained by folate,
vitamin Bg, vitamin By, status, and homocysteine concentrations (P>0f@&)aontrolling for

potential confounders.

Conclusion: Folate, vitamin B, vitamin B, status, and homocysteine concentrations in

Spanish adolescents were not associated with BVEIMD.
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52 Introduction

Bone mineral density is predominantly influenceddaequate calcium intake, endogenous
vitamin D availability, intake and synthesis, andl fairoughout the whole life [1]. Based on
recent studies in elderly it is hypothesised thsab dolate and vitamin B status as well as
homocysteine concentrations are associated with BRJDIn addition, polymorphisms like
the MTHFR 677C/T may play a further role [3]. Thelsgpotheses were motivated by
observations in patients with homocystinuria, aesevnborn error of metabolism which is
characterised by unphysiologically high concendrai of homocysteine (>100umol/L).
Among other clinical manifestations, patients suffeom premature osteoporosis and
fractures [4]. The main nutritional and geneticedetinants of homocysteine, that is folate,
vitamin Bs, and vitamin B, and the MTHFR 677C/T polymorphism, may also hawe a
independent effect on bone tissue. Independeng&fia vitro studies support the hypothesis
that homocysteine disturbs the collagen cross#igkin bone [5]. Low concentrations of
cobalamin have been associated with suppressedobtesteé activity [6] and low
concentrations of folate, PLP, and cobalamin haenkassociated with stimulated osteoclast

activity [7].

Low BMD and BMC have been associated with low vitaiB,, status in former macrobiotic
adolescents [8]. The MTHFR 677 TT-genotype wasiagmtly associated with lower spinal
BMD within the Avon Longitudinal Study of Parentsica Children (ALSPAC) in 3,196
9-year-old children [9]. It remains unclear whetB&D is associated with folate, vitamirs,B
vitamin By, status, and homocysteine concentrations in appatesalthy adolescents. Thus,
the purpose of this study was to examine the iotena of B-vitamin status and homocysteine
concentrations with BA, BMC, and BMD after contmd] for potential confounders in

Spanish adolescents.

53 Methods

A detailed description of the study design and enpntation is given in the general
methodology. The measurement of bone-related Magakitamin D, PA, and calcium intake

is described as follows.
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5.3.1  Study design and subjects

Data collection took placeithin a European multicenter CSS that was performigain the

6" European Union (EU) framework programme to asae$sealthy Lifestyle in Europe by
Nutrition in Adolescence” (HELENA) [10]. This works confined to a subset of 114
adolescents aged 12.5-17.49 years from Saragos$iaavailable data for BMD as well as
folate, vitamin Bs, vitamin B, status, and homocysteine concentratioh$ protocols and
informed consents for this study were reviewed apgroved by the Research Ethics
Committee of the Government of Aragon in Spainoadinng to the Declaration of Helsinki
1961 (revision of Edinburgh 2000) and Internatio@ahferences on Harmonization for Good

Clinical Practice [11].

5.3.2 Dual energy X-ray absorptiometry measurement

The total BA (cm?) and BMC (g) was measured by DX#ing a paediatric version of the
software QDR-Explorer (Hologic Corp., Software vens12.4, Waltham, MA); the BMD

(g/cm2) was also calculated. The DXA was calibratesthg a lumbar spine phantom as
recommended by the manufacturer. Subjects werenedaim supine position and the scans

were performed at high resolution [12].

5.3.3  Biochemistry

Vitamin D was analysed with the use of IDS OCTEBI®/droxy vitamin D kitThe kit is an
enzyme immunoassay for the quantification of 25rbyg vitamin D and other hydroxylated
metabolites. Calibrators, controls and samplequ25were diluted with 1 mL biotin-labelled
25-hydroxy vitamin D and thoroughly vortexed for d€conds. The diluted samples (200 pL)
were incubated for two hours at room temperatue2B°C) in microtitre wells coated with a
highly specific sheep 25-hydroxy vitamin D antibo@yl wells were washed three times with
300 pL wash solution; a possible excess of wadltisal was removed before proceeding to
the next step. Enzyme-labelled avidin (200 pL)this case horseradish peroxidase binding
selectively to complexed biotin, was added usinghatichannel pipette to guarantee a
simultaneous onset of reaction. The microtitre plafis incubated for 30 minutes at room
temperature. Past another wash step (3x, 300 jdlgurcis developed by adding 200 uL
chromogenic substrate (tetramethylbenzidine, TMB) aafter an incubation time of

30 minutes at room temperature. After adding 10Gsfdp solution (hydrochloric acid, HCI)
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within 30 minutes the absorbance of the stoppedticamixtures were read in a microtitre
plate reader at 450 nm (reference 650 nm). Theucokdensity is inversely proportional to

the concentration of 25-hydroxy vitamin D. Intraxdainterassay CVs were 6.7% and 8.7%,
respectively. The sensitivity of vitamin D wa® nmol/L. With respect to specificity the

manufacturer observed a cross reactivity of <0.0#tween cholecalciferol and

25-hydroxyvitamin D3, and <0.3% between ergocatoifand 25-hydroxyvitamin D3.

5.3.4  Assessment of physical activity and calcium intake

A uni-axial accelerometer (Actigraph MTI, model GM1Manufacturing Technology Inc.,
Fort Walton Beach, FL, USA) was used to assessAblescents were instructed to place
the monitor underneath the clothing, at their lowack, using an elastic waist band and to
wear it for seven consecutive days. They were ialstoucted to wear the accelerometer at all
times except during water-based activities andogperiof sleep. At least three days of
recording with a minimum of eight hours registratiper day was set as an inclusion
criterion; the time-sampling interval was 15 secndl measure of total volume of activity
was expressed as the sum of recorded counts peh elpaded by the total daily registered
time in minutes. The time engaged in moderate P& \dgorous PA was calculated and
presented as the average time per day during thee eecording. The time engaged at
moderate PA [3-6 metabolic equivalents (METs)] wakkulated based upon a blanket cut-off
of 2,000 counts per minute — approximately equivate the intensity of a brisk walk (4.5
km/h). Periods of vigorous PA (>6 METs) were bagpdn a blanket cut-off of 4,000 counts
per minute. Also, the time spent in at least mogeraensity level (>3 METs) was calculated
as the total time spent in moderate and vigorousipal activity (MVPA, min/day). Each
minute spent above the specific cut-off was sumsedrin the corresponding intensity level
group. Time spent in light and low PA was definedtlae sum of time per day in which
counts per minute were <2000 and <100, respectiWglthin this study the sum of minutes
spent in low, moderate, and vigorous PA was usedsahereafter called total PA.

Food consumption was assessed by a computer-dsssstéadministered 24h-recall. Data

were linked to national food composition databdseesalculate calcium intake [13].
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5.3.5 Statistics

Folate, RBC folate, PLP, cobalamin, holo-transcalmah, homocysteine, creatinine, and

vitamin D concentrations were normalised by lodpemiic transformations.

Gender-specific differences were tested using sitgleétest for metric variables an-test

for categorical variables. A bivariate correlatiamalysis was performed to study the
correlations between BA, BMC, BMD and B-vitamin ahdmocysteine concentrations.
Separate multiple regression models were builtv@uate the association between folate,
vitamin Bs, vitamin By, status, and homocysteine concentrations and wiwdg BMC and
BMD; potential confounders were: sex, age, heighgight, maturity, creatinine, MTHFR
677C/T, vitamin D, calcium intake, and total PA.eThnalysis was repeated with lumbar
spine BMC and BMD as dependent variables to examiter regions of the body are more
sensitive to folate, vitamin 8 vitamin By, status, and/or homocysteine concentrations. In
order to have a higher statistical impact, bothdges were analysed together while gender
was chosen as a covariate. Evaluating the effelsboiocysteine variables of folate, PLP, and

cobalamin concentrations were added as covariates.

5.4 Results

Table 5.1 (page 97) shows the gender specific ctarstics of the study population (n=114).
All subjects were situated in Tanner stages 11 IV (n=19), and V (n=84). Females
(n=62, 54%) were in a more advanced pubertal staggpared with males (P=0.016). The
TT-genotype of the MTHFR 677C/T polymorphism wasgant in 19.3% of the adolescents.
Males had higher creatinine concentrations, wegaifstantly taller, had a higher calcium
intake, showed a greater BA and BMC, and were ghilgi more active compared with
females (P<0.05). Seven percent of the males smekexy day, 10% less than once a week,
83% didn’t smoke. Their smoking behaviour diffesgnificantly (P=0.042) from females of
which 10% smoked every day, 3% at least once a warek 87% did not smoke. A vitamin
and/or mineral supplement was taken by 16% of thkesnand 2% of the females (P=0.011).
Table 5.2 (page 98) presents bivariate correlati@mt&een BA, BMC, BMD and independent
variables. Age, maturity, height, weight, BMI, aodkatinine concentration were positively
correlated with whole body BA, BMC and BMD (all P86). Table 5.3 (page 99) shows
multiple regressions studying the association ¢ditéy vitamin B, vitamin B, status, and
homocysteine concentrations with whole body andblamspine BMC and BMD after

controlling for potential confounders. Variations whole body or lumbar spine BMC and

93



Bone mineral density in association with folate, vitamin B6, vitamin B12 status and homocysteine
concentrations in Spanish adolescents

BMD could not be explained by folate, vitamin, Biitamin By, status, and homocysteine

concentrations.

55 Discussion

Strengths of our study are the use of a combinatidwo biomarkers for the measurement of
folate and vitamin B status (plasma folate and RBC folate, cobalamind an
holo-transcobalamin). To prevent misinterpretatifmtate and cobalamin concentrations were
added as covariates to the multiple regressiorysisalvhen examining associations between

homocysteine and bone parameters.

Our results do not support the hypothesis thatanyeages BMD is associated with folate,
vitamin Bs, and vitamin B, status or homocysteine concentrations in appardmghlthy
adolescents. Beside BMD (g/cm?) we included BMC ({g)the analyses because no
assumptions are made about the relationship betB&@ and BA; potential size-related
artefacts are avoided [14]. Kalkwarf et al. pubddlBMD percentile curves based on three
annual measurements for 1, 554 healthy childrerd &3&@6 years [15]. Percentiles were
modelled by sex, race, and age. In 12-16 year-oklesn the median ranges from
0.886-1.098 g/cm? and in females from 0.900-1.0¢thg Data is comparable with our
results (Table 5.1, page 97).To achieve a higherpba size, we omitted gender specific
analyses of our data. Therefore, gender was adsledcanfounder to the multiple regression
analysis. A possibly varying sensitivity to vitam@oncentrations of different parts of the
body we additionally considered BMD and BMC of thenbar spine as dependent variables
for multiple regression analysis, but associatiensild not be shown either (Table 5.3,

page 99).

Up to date, there are two publications examinirggridationship between B-vitamin status or
B-vitamin related genetic and BMD in children [9hda adolescents [8]. The ALSPAC
published data about the MTHFR 677C/T genotype spidal BMD from 3,196 children
aged 9 years [9]. Genetic effects were assessad asiecessive model for the minor T allel
(TT versus CT+CC) and a dose model (reflecting dheount of T alleles) for the child
genotype. Analyses were adjusted for age, heigkighw, and sex. With a power of 80% the
TT-genotype was significantly associated with lowBMD (recessive: P=0.009, dose:
P<0.001). Usually a borderline folate and vitamin 8atus leads to increased homocysteine
concentrations especially in the TT-genotype. Tioeee this result argues indirectly for an

association between folate, cobalamin and/ or hgsteme concentrations and BMD in
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children but not necessarily for an associatiorhwgénetics. However, in this study, folate,
riboflavin, vitamin B, and vitamin B, intakes were estimated using standard portiors size

typical foods eaten in the UK. Since blood vitaro@ncentrations reflect vitamin status more
precisely than dietary intake, the direct relattopsvas not corroborated. To ensure that only

vitamin status is observed we adjusted for the MRHF 7C/T polymorphism in our analysis.

Ninety-three former macrobiotic adolescents comgbaméth 102 omnivorous adolescents
aged 9-15 years were examined to elucidate théameship between vitamin B status and
BMD [8]. In the whole sample, after adjusting fagight, weight, BA, percent LBM, age,
puberty, and calcium intake, MMA was significantygher in subjects with a low BMD
(P=0.0003) than in subjects with normal BMD. Cobala was significantly lower in the
group with low BMD (P=0.0035) or BMC (P=0.0038) tthia the group with normal BMD or
BMC. The group of ex-macrobiotic adolescents diggdaa significant inverse association
between MMA and BMD but not between vitamin,Band BMD (P<0.05). This result
indicated that MMA may be a more specific and deressimarker than serum cobalamin for
vitamin B, deficiency. The present study chose holo-trandaofia as a functional
parameter also known to be a better indicator fbanvin By, deficiency than serum
cobalamin [16, 17]. Though, we did not observe angnificant association between
cobalamin concentrations and BMD or between haagcobalamin concentrations and
BMD. Better sensitivity and specificity of MMA comaped with holo-transcobalamin might
be possible but is still discussed in relevant jmaltibns [18]. In general, the macrobiotic diet
is characterised by reduced intake of animal prtsduss a long-term effect of this diet a
suboptimal or even deficient vitamim Bstatus is likely. Furthermore, low calcium intake
might have contributed to low BMD in the macrobiogjroup. Dhonukshe-Rutten et al. [8]
reported that 41% of the macrobiotic group had b concentrations below thé"5
percentile of the control group (<229 pmol/L). Iurosample of apparently healthy
adolescents, the"5percentile of cobalamin concentrations (202 pmjolias lower than that
of a Dutch control group. Besides deviating dietaapits, the different age range within these
two studies (9-15 years vs 12.5-17.49 years) mightresponsible since age seems to be

inversely associated with B-vitamin status [19,.20]

Other studies primarily focused on elderly in thentext of osteoporosis and fractures.
Concerning folate, vitamin B status and homocysteine concentrations theseestutdive
found inconsistent results. Folate status was &ssoc with vertebral BMD in 117
postmenopausal women aged 54.4+0.5 years [21].iNtitle Hordaland Homocysteine Study
(HHS) including 3,070 subjects aged 47-50 and 73&ds, the relationship between folate
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and hip BMD was observed only in females [22]. Hiamingham study comprising 1,002
subjects aged 75.3+4.9 years confirmed the assmtidietween folate and femoral neck
BMD in males and females [2]. A significant asstiola between vitamin B and BMD has
been shown by several studies [2, 23, 24]. A Dstaidy with 194 participants older than 69
years found this association only in women but inotnen. No association between other
B-vitamins or homocysteine and BMD could be showthee [23]. In men and women this
association could be corroborated by the FramingBdispring Osteoporosis Study [2, 24].
With respect to homocysteine, the HHS showed onlyfemales an inverse association
between BMD and homocysteine [22]. An inverse assion was also found in the
Framingham Study but could not be maintained aftustment for potential confounders
[2]. This study pointed out the importance of atpg by all influencing variables including

folate and cobalamin whenever homocysteine weréatiget variable.

This study has some limitations. The HELENA-CSS was primarily designed to examine
the influence of B-vitamin status on BMD and suhssadly the number of participants might

be too small to detect an influence.

In conclusion, this study provides data on the ti@ighip between BMD and folate,
vitamin Bs, and vitamin B, status and homocysteine concentrations. Noneeskthitamins
or metabolites could be related to whole body onldar spine BMD and BMC suggesting

that these bone parameters are not affected bywitstatus in early ages.
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Table 5.1:Characteristics of the study sample by gender

All Male Female P-value
Age in years (n) 14.8+1.0 (114) 14.9+1.1 (52) 14.7+0.9 (62) >0.05°
Pubertal stage in % (n) 0.016
I 9.1 (11) 12.5 (7) 6.3 (4)
IV 16.3 (19) 26.2 (14) 8.0 (5)
Vv 74.5 (84) 61.3 (31) 85.7 (53)
MTHFR 677 C/T in % >0.0%
(n)
cc 38.8 (43) 41.0 (21) 36.9 (22)
cT 41.9 (46) 42.9 (22) 41.0 (24)
TT 19.3 (21) 16.1 (8) 22.1 (13)
Height in cm (n) 165.149.3 (114) 169.4+9.9 (52) 161.5+7.2 (62)  0.000°
Body mass index in o
g (0 20.8+2.8 (114)  21.0¢#3.1(52)  20.7+2.6 (62)  >0.05
Creatinine in mg/dL (n) 0.72+0.14 (111) 0.77+0.14 (52) 0.68+0.12 (59) 0.001°
Vitamin D in nmol/L (n) 63.1£19.1 (107) 63.4+22.1 (49) 62.8+16.3 (58) >0.05°
(Pnr)‘ys'ca' activity INMin- 133 4434 4 (100) 142.6+35.0 (46) 125.5+32.0 (54) 0.013°
Calcium intake in 747.8+335.4 (51) 874.5+388.2 (23) 648.84252.9 (28) 0.017°
mg/day (n)
Whole body bone areai 1879.9+246.9 1967.1+294.3 1803.8+164.6 0.001°
cm? (n) (110) (51) (59) :
Whole body bone 1995.1+447.1 2138.3+540.4 1870.0£298.5 0.003°
mineral content in g (n) (110) (51) (59) '
Whole body bone
mineral density in g/cm? 1.051+0.108 1.072+0.120 (51) 1.031+0.092 (59) 0.050°

o) (110)

Parameters are shown as mean =+ sd.

° student’s t-test

# Xa-test

Abbreviations: MTHFR — methylenetetrahydrofolatduetase.
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Table 5.2: Bivariate correlations between whole body bone ,dbeae mineral content, and
-density and independent variables

Whole body bone area

Whole body bone mineralWhole body bone mineral

content density
Pearson P-value Pearson P-value Pearson P-value
Age in years 0.280 0.003 0.273 0.004 0.261 0.006
Maturity in stages 0.387 0.000 0.413 0.000 0.441 0.000
Height in cm 0.886 0.000 0.820 0.000 0.614 0.000
Weight in kg 0.852 0.000 0.793 0.000 0.598 0.000
BMI in kg/m? 0.421 0.000 0.393 0.000 0.309 0.001
Physical activity 0.059 >0.05 0.075 >0.05 0.066 050.
Calciumintake in - 55, >0.05 0.259 >0.05 0.195 >0.05
mg/day
log Vitamin D 0.063 >0.05 0.050 >0.05 0.020 >0.05
log folate 0.060 >0.05 0.049 >0.05 0.014 >0.05
log RBC folate 0.128 >0.05 0.130 >0.05 0.101 >0.05
log cobalamin -0.177 >0.05 -0.129 >0.05 -0.047 50.0
log holo- -0.029 >0.05 0.018 >0.05 0.088 >0.05
transcobalamin
log PLP 0.044 >0.05 0.008 >0.05 -0.038 >0.05
log homocysteine  0.118 >0.05 0.119 >0.05 0.125 >0.05
log creatinin 0.400 0.000 0.457 0.000 0.502 0.000
MTHFR 677C/T 164 >0.05 0.166 >0.05 0.161 >0.05
polymorphism
Smoking -0.027 >0.05 -0.013 >0.05 -0.016 >0.05
Supplements 0.132 >0.05 0.122 >0.05 0.052 >0.05

* P<0.05 (2-tailed). ** P<0.01 (2-tailed).
Abbreviations: RBC folate — red blood cell folald,P — pyridoxal-5-phosphate, MTHFR —

methylenetetrahydrofolate reductase.
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Table 5.3: Standardised multiple regression coefficiems $tandard error (SE), and partial
correlation (partial) examining the associatiorfashte, vitamin B, and vitamin B, status as
well as homocysteine concentrations with whole baxg lumbar spine bone mineral density
and —content after controlling for sex, age, heiggight, maturity, creatinine, vitamin D,
MTHFR 677C/T polymorphism, calcium intake, and pbgbactivity

R SE Partial P-value

Whole body bone mineral density

log folate 0.206 0.026 0.258 >0.05
log RBC folate 0.121 0.034 0.154 >0.05
log cobalamin 0.008 0.039 0.009 >0.05
log holo-transcobalamin 0.148 0.036 0.199 >0.05
log PLP -0.164 0.018 -0.240 >0.05
log homocysteine 0.040 0.049 0.047 >0.05

Whole body bone mineral content

log folate 0.122 63.817 0.243 >0.05
log RBC folate 0.096 83.042 0.194 >0.05
log cobalamin 0.026 94.083 0.051 >0.05
log holo-transcobalamin 0.008 92.435 0.016 >0.05
log PLP -0.079 43.027 -0.191 >0.05
log homocysteine 0.082 117.412 0.156 >0.05

Lumbar spine bone mineral density

log folate 0.150 0.034 0.177 >0.05
log RBC folate 0.134 0.044 0.161 >0.05
log cobalamin -0.128 0.051 -0.146 >0.05
log holo-transcobalamin -0.021 0.049 -0.026 >0.05
log PLP -0.226 0.023 -0.308 >0.05
log homocysteine 0.152 0.062 0.170 >0.05

Lumbar spine bone mineral content

log folate 0.108 2.707 0.155 >0.05
log RBC folate 0.100 3.488 0.146 >0.05
log cobalamin 0.099 4.071 0.136 >0.05
log holo-transcobalamin -0.077 4.003 -0.112 >0.05
log PLP -0.063 1.908 -0.105 >0.05
log homocysteine 0.076 4.895 0.105 >0.05

Abbreviations: RBC folate — red blood cell folalt,P — pyridoxal-5-phosphate.
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6 General discussion and conclusion

The HELENA study as a whole is the first study thatvides data on various markers for the
assessment of health and nutrition measured insangple of European adolescents. To
guarantee a high level of quality, a pilot studysvperformed to check if standard operating
procedures were adopted by all research partnersk YWackage 2 monitored the compliance
with guidelines for Good Clinical Practise and wasponsible for the quality control
throughout the whole project [1]. The present wakconfined to a subgroup within the
HELENA-CSS. In this subgroup, blood samples wekenafor the measurement of various
health and nutrition related parameters, therefstaility tests were carried out [2]. Within
this work, the B-vitamin status and their assooi@i to homocysteine and selected non-
communicable and communicable factors were invatdy The simultaneous analysis of
gender, age, maturity, MTHFR 677C/T genotype, badight, supplement use, and smoking
habits with respect to folate, vitami,B/itamin By,, status and homocysteine concentrations
(univariate ANOVA) presents a clear strength. To@idvmisinterpretations, we took into
account folate and cobalamin concentrations as ocmafers when homocysteine was
concerned. We did not include dietary intake ofiBuwins because these data were not yet
available. However, blood vitamin concentrations a&rdely presumed to reflect dietary
intake more accurately because usually food da¢sbdisregard the intake of fortified food
items. The additional measurement of two biomarKersfolate and vitamin B status
complete the measurements and may confirm reswt® fust one parameter. Another
strength is the inclusion of a large number of adoénts based on a multinational European
population. The post-hoc power analyses perfornoedofir significant results showed that

with a probability of >90% the effects in our sampbuld be found in the population.

In the following, the associations between non-camicable factors gender, age, sexual
maturity, and MTHFR 677C/T genotype and B-vitamtatss as well as homocysteine
concentrations are recapitulated. Especially genage, and maturity seem to be closely
related in adolescence. Usually, gender differengés respect to B-vitamin status and
homocysteine concentrations become more apparemttaé onset of sexual maturation. To
the best of our knowledge one publication evaludBedtamin status and homocysteine

concentrations by sexual maturity measured by Tiastages [3]. The sample of 165 Spanish
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adolescents was predominantly situated in gradeg. [Their age range (13-18.5 years) is
comparable to ours (12.5-17.49 years). Here, gedifi@rences with respect to cobalamin
and homocysteine concentrations were found (both@®3). Differences by grades of sexual
maturity could not be shown, possibly due to thecpeding sexual maturity in this sample, a
relatively low number of participants, and the istatal analysis (one-way ANOVA) not
taking into account other potential confounders. dther study surveyed puberty features
(menstruation/ axillary hair growth, respectiveiy) a Dutch sample of 186 children and
adolescents aged 0-19 years without finding gemtiéerences or variations by puberty
features [4]. With an age range of almost 20 yetmmight be difficult to find gender
differences which can be supported by studies padd on infants and children [5, 6]. A
higher grade of sexual maturity is not necessarily somehow linked with higher age.
Puberty measured by the age at menarche begaa avéhage age of 12.8 years in German
and US American female adolescents. The age may dgpending on factors like body
composition, nutritional status, and ethnicity 8}, The older an adolescent the more probable
is the complete sexual maturation. But sexual nasittm does not take a linear course in
terms of age. Hence, the evaluation by sexual ntyatbecomes vital for adolescents due to its
link to physiology. However, most of the currentbpcations omitted this important non-
communicable factor [9-18]. The evaluation of Bawitin and homocysteine concentrations
by gender and age is common, but published reswt® ambiguous. According to our
findings, significantly higher cobalamin concentras in females compared with males were
observed in two studies from the US and Spain [&n@ significantly higher homocysteine
concentrations in males compared with females weperted in four publications [3, 9, 10,
19]. Increasing homocysteine concentrations wittreéasing age were present in nearly all
presently available publications [9, 11, 12, 14, 1B, 20-24]. Significantly higher folate [9,
11] and PLP concentrations [11] in males comparid f@males were reported not being in
line with our findings. The association between doviolate and higher homocysteine values
in carriers of the MTHFR 677 TT-genotype and coregawith carriers of the CC-genotype
was supported by four out of six studies [3, 14,18). However, Gil Prieto et al. [25] did not
measure folate or homocysteine concentrations astbRRa et al. [17] did not measure folate
concentrations and discovered a prevalence of 408%he TT-genotype which might be too
small to detect an association. In studies perfdrnom adults, usually RBC folate
concentrations were lowest in the TT-genotype 8, Though, in our study RBC folate
levels were lowest in the CT-genotype. Other swidierformed on adolescents did not

investigate RBC folate levels together with MTHFR/€/T genotype.

103



General discussion and conclusion

Several associations between the communicable rea@dMI, body fat, supplement use,
smoking habits, PA, and CVF and B-vitamin and hoysteine concentrations have been
identified within this work. In line with our reds| a negative association between BMI and
folate concentrations was reported [14]; a negadssociation between BMI and cobalamin
concentrations was described in the same Aust@anpke and furthermore in an Israeli
sample [14, 28]. Not in accordance with our findingigher homocysteine concentrations in
adolescents with a higher BMI were observed in isdv&udies from the US, Austria and
Turkey [9, 10, 14, 29]. Associations between baatyaind homocysteine concentrations were
hardly investigated in adolescents. Gallistl etalried out a three-week weight loss program
in 37 obese girls aged 12.0£1.8 years and 19 olbess aged 11.9+1.7 years with
homocysteine and LBM measurements before and #ferintervention [30]. Therefore,
results are difficult to compare. Two authors répadra significantly higher folate status and
lower homocysteine concentrations in supplementsusempared with non-users [9, 11]
which is in agreement with our findings. We found association of smoking habits with
folate, RBC folate, PLP, and cobalamin, but nothwhbmocysteine concentrations. These
findings are supported to some extent by resutisifa Spanish study and the British NDNS
[3, 11]. Significantly lower folate [3] and PLP [[Ltoncentrations in adolescent smokers
compared with non-smokers were experienced. Sagmfly higher homocysteine
concentrations in smokers compared with non-smokere observed in three publications
[3, 9, 22]. Few studies targeted the relationshipA with homocysteine in adolescents. With
respect to children and adolescents the EYHS (n=%8@ and 15-16 years) [31] was the first
study wherein the association between homocysi@mkPA was examined. However, no
significant results were found after adjustment fgender, pubertal development,
socioeconomic status, folate and vitamin, Bntake, and MTHFR 677C/T genotype.
Regarding cardiorespiratory fithess significant anderse association with homocysteine
concentrations was found in Spanish female adaksdeom the AVENA Study (n=156,
aged 14.8%£1.4 years) [32]. Regression models iecudlate and vitamin B levels as well
as MTHFR 677C/T genotype. In contrast, results ftoenEYHS did not indicate a significant
association between homocysteine and fitness Idrehi and adolescents [31]. In the present
work, a comparable age group was evaluated andasistatistics were applied. Thus, the
main determinants of homocysteine remain folatea@ihlamin concentrations as well as the
MTHFR 677C/T genotype as demonstrated by Kluijtmetral. [33].
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The association of B-vitamin status and homocysteioncentrations with bone parameters
was examined in a Spanish adolescent sub-sampte thie HELENA study. However, no
associations were found concerning whole body BNiQ lumbar spine BMD. Up to date,
there are two publications examining the relatigm&etween B-vitamin status or B-vitamin
related genetic and BMD in children [34] and adoéeds [35]. A British study reported data
from 3196 children aged nine years about the MTHIRC/T genotype and spinal BMD
[34]. With a power of 80% the TT-genotype was digantly associated with lower BMD.
Since no adjustments were made for folate and witdBy, status the association might be
ambiguous because the altered physiology of caraethe TT-genotype also depends on the
folate and vitamin B status. A Dutch study compared former macrobiatiolescents with
omnivorous adolescents aged 9-15 years to elucitiateelationship between vitamin B
status and BMD [35]. After adjusting for severahfmunders, in the whole sample MMA was
significantly higher in subjects with a low BMD than subjects with normal BMD.
Cobalamin was significantly lower in the group witw BMD or BMC than in the group
with normal BMD or BMC. In the group of ex-macrobadolescents a significant inverse
association between MMA and BMD but not betweeandin B, and BMD was observed. A
macrobiotic diet during childhood might leave itsank by depleted cobalamin stores and
decreased BMD through low calcium intake. Altervatdiets were not checked within the
present work. Participants from the HELENA studyrevapparently healthy. Therefore, the
amplitude of vitamin concentrations in our popwatimight be too narrow and the range

concentrations too high to detect an association.

Up to date sound reference values for adolesceatkeking for intake recommendations as
well as for vitamin concentrations measured e.golood. Subsequently, the assessment of
B-vitamin and homocysteine concentrations in adaets with respect to B-vitamin
deficiency or elevated risk for cardiovascular dses remains difficult. Adolescents have
their own specific needs and the comparison witlhiltadeference values is probably
inappropriate [36]. Without linking population reémce data like ours to markers for
B-vitamin deficiency it would be unadvised to derikecommendations for the maintenance
of health. In the present work MCV was used as akemafor macrocytosis, a clinical
outcome of folate and/or vitamimBdeficiency. The maximal MCV value of our sampleswa
96 fL (cut-off varies between >96 and >100 fL [3T§plying that folate or vitamin B
deficiency is unlikely. However, a definite condlusis not possible since the iron status was

not checked. Iron deficiency, which is frequenthgyalent in adolescents [38], lowers MCV
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values and might veil folate and/or vitamin,Bleficiency [39, 40]. Studies with artificially
induced vitamin deficiencies are unethical. Sodheent state of the art persists namely the
development of reference values e.g. by establishopulation reference data and out of it
defining percentiles. Though, the determinationpefcentiles e.g. the 2'55" or 1¢"
percentiles to define suboptimal supply or vitaéficiency, or the respective ©095", or
97.58" percentiles to define an elevated risk for cardsmular disease imply a distinct
arbitrariness. This was stated by Kromeyer-Haudclgt al. in conjunction with the
development of reference values for BMI [41]. Agrarequisite for the development of sound
reference values, possible associations betweenitaBuns, homocysteine and
non-communicable as well as communicable factone aealysed within the present work.
Hence, the question arises how to integrate nommmamcable or communicable factors in
the development of reference values. Regardingléivelopment of reference values for BMI
Cole et al. subdivided their sample into gender @l categories [42, 43]. In our study some
but not all of the examined substrates were aswutiaith gender, age, sexual maturity,
MTHFR 677C/T polymorphism, BMI, supplement usagegd amoking behaviour. To some
extent B-vitamin concentrations were significaniibyver in overweight/ obese adolescents
and smokers. Therefore, based on reference pdeshii Cole et al. [42, 43] we generated
another percentile compilation (Table 3.3, page &8y including data from normal weight
and non-smoking adolescents. These percentiles wkghtly higher compared with
percentiles including the whole sample. Furthermouoe data suggest an integration of sexual
maturity because most of the examined substraeeasmociated with this non-communicable
factor. Atkinson et al. dealt with the derivatioh ratrient intake values and arrived at the
conclusion that the standardization of age grolnmulsl be based on a biological basis like
growth and pubertal stages with consideration devent developmental milestones
throughout childhood [36]. Concurrently, one shokégp in mind that population reference
data can underlie temporal changes. In the caBdlbfupward trends have been observed by
Gulliford et al. and Lahti-Koski et al. over thespa@ecades [44, 45].

This study has some limitations. In general, thessisectional design does not allow the
drawing of causal conclusions. Some prospectivgilodinal studies on the development of
cardiovascular risk factors from adolescence tdthdad were implemented; however, up to
date most of these studies omitted the relativelyw misk factor homocysteine. One main
difficulty for assessing our results in the contekobther findings is the lacking comparability

in-between studies. Many research groups use €liffexge groups and age ranges or merge
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children and adolescents. To evaluate by age caésgis widespread and simple. Though,
the evaluation by sexual maturity would be moreugilale in a physiological context. Another
step forward could be to involve the sex hormomust Especially in adolescents it would
have been interesting to examine the associatitwele® endogenous sex hormones and
folate, vitamin B, vitamin B, status, and homocysteine concentrations which werte
analysed in our study. Then, the target group efHELENA study were apparently healthy
adolescents. One needs to consider that usuallfhizeadolescents do not show manifest
cardiovascular pathologies. A suboptimal intakeeegdly with folate is widely presumed
throughout all ages and social classes but vitadaficiencies usually do not occur in
industrial countries. Subsequently, the range ¢&mwin concentrations in our population

might be too narrow and the concentrations too togtetect an influence.

In conclusion, the underlying current folate, vitarBe, vitamin By, status, and homocysteine
concentrations in European adolescents particigatirthe HELENA study were described.
Due to the cross-sectional design, these dataysméect the current B-vitamin status and
homocysteine concentrations in European adolescenisrder to explore the influence of
B-vitamin status and homocysteine concentrationsadolescence for the later life, a
longitudinal study design would be necessary. Withis work selected non-communicable
and communicable factors in relation with folatéamin Bs, and vitamin B, status and
homocysteine concentrations were analysed and aleassociations were identified. The
commonly considered non-communicable and commuldciaetors gender, age, and BMI
should be maintained for future research though atoparameters were associated with
gender, age, and BMI in our study. Our results f@oinout that sexual maturity is an
important determinant in adolescents with respedblate and vitamin B status as well as
homocysteine levels. The importance of MTHFR 677@6lymorphism was corroborated
also for adolescents. Likewise supplement usage smdking habits were relevant
determinants in adolescents. Physical activity @W& was not associated with homocysteine
concentrations. Bone parameters could not be cetatéolate, vitamin B vitamin By, status
and/or homocysteine concentrations. Finally, thiskaprovides potential reference data that

might be a starting point for the further developinaf sound reference values.
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Appendix

Healthy Lifestyle
in Europe

by Nutrition

in Adolescence

Healthy Lifestyle in Europe by Nutrition in Adolestce in 13-16 years
Adolescents across Europe.
Cross-sectional study (HELENA-CSS) and Pilot Study.

CASE
REPORT
FORM

Subject number : H2

Subjectsinitials : i

first name/second name /family name
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GENERAL INSTRUCTIONS FOR THE INVESTIGATOR

General Instructions for the Investigator (see SOPRf the CRF)

When completing this CRF, please

- Use a ballpoint, fine-tip pen (permanent ink), klac blue.

- Make sure that all entries are clear and legikiefgpably in block letters.

- Use English and specific medical terminology.

- Make corrections by drawing a single line throulé incorrect item, which must remain legible, arriten
the correct data next to it.

- Do not use correction fluids or any other methoérasure!

- Date and initial for all corrections and changes.

- Tick closed boxes and circlfg

Do not use
- abbreviations and acronyms

Subject Initials : first name-middle-family/last name (ex)

Jean Marcel DUPONT J M

- If, there is no second name, put a “-“ i

- Subject initials must remain consistent throughbatCRF.

Enrolment Code

- Subjects will be assigned an enrolment code numabénclusion : study code Helena CSS — H1 - city
number (see Appendix) -number of study inclusion

Sub]ect numbe‘r H2 1 L ' L L ' [R— TR 1 [R— TR 1
Number of centre  Number of school Number ofdlass Number of subject

Exemple H2 .Q...4... ) 1. 0....5..2..0.,

Missing Data
- If some information has been impossible to obtpiease strike out the field/box and explain briefxt to
the field/box why the information is missing.

Historical dates
- If a historical date, or part of a historical datas been impossible to obtain, please fill in agimas is
known and strike out the remaining field(s)

Sic
- Indicate data which are unusual or unexpected tilltarrect by noting ‘Sic’ next to that data. Sten be
understood as ‘so is correct.’
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SELECTION OF SUBJECTS

Inclusion Criteria

Yes
Male and female subjects aged 13 +IByears []
Schooling in one of the participating cities ]
Informed consent form signed by the parents and/or []
the legal representative.
Exclusion Criteria
Subject participating simultaneously in anotheeagsh trial []

Subject number :

Date of consent: . . 2 0 0

“Tday "~ wonth T 77T T year "

Visit Date : e ..., 2,00,
day month year

Name and signature of the investigator :

Appendix
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PHYSICAL EXAMINATION

1) Date of Birth : e ... 9
day month year
2) Sex Male [ Jw Female[ ]

3) Medical personal history (including traumatic accidents):

None [ o)

Or Medical diagnosis (see coding annéy):

Year of diagnosis /or Past medical or surgical history
intervention (coding)
2 L /
3| .. /
41 L. /
S| L /
6| .. /
T /
8| ... /
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4) Current treatment (medication or supplements)
Has the subject taken any treatment for more thaawyg during the last 30 days ?

Yes[ o No[ ]

If yes, please specify when and what was taken):

During of medication What CODE(see
Start date End date on goingl Medication |appendix 1V)
(dd/mmiyear) (dd/mmlyear) (INNs)
1 [ [ /
2 [ [ /
3 [ [/ /
4 [ [ /
° [ [ /
6 [ [ /
! [ [/ /
8 [ [/ /

Has the subject taken any treatment in the lasio24s? (except when on going
Is ticked)

Yes[ ](1) No[ ] (0)

Fever (>38°C) during the last 24 hours Yebw No[ ]
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5) Allergy
Has patient any allergy? Yes[ ] @ No[ ] o)

If yes, please indicate which type of allergen?

Q Pollen
Q Dust
Q Food
OAnimal
Q Other:

If Other, please specify

(one letter per case)

Which is/are the clinical signs ?

OAtopic dermatitis
QuUrticaria
QAllergic rhinitis
OAsthma

QOther

If Other, please specify

(one capital letter per case)
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6) Clinical examination of following items and tickthe appropriate box :

Normal Abnormal If abnormal findings, specify
a) General condition [ []00) cenee e
b) Abdominal palpation [ [0 oo
c) Pulmonary auscultation [ Ju [0 e
d) Cardiac auscultation [ [10) ceneeeeee e,

e) Other abnormalities if detected

(one capital letter per case)

7) Pubertal status (see appendix |)

Girls

a) breast b) pilosity

1 2 3 4 5 1 2 3 4

5
EEESEEE NN EEeEEn

Only for girls, if adaptable

Have you already your menses?

YGSD @ No |:| 0)
Age of menarchy:
Months™ 77 7Y Year "~
Date of last menstruation : . . . . . ... .
dd mm Year
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Daily oral contraception ? Yiedw) No[ ]
Or
Patch contraception? Yeda No[ ]

CLINICAL PARAMETERS

8) Anthropometry
a) Height: o+ _.__. cm
b) Weight :  ~--+__+__s kg

9) Bio-impedancemetry:

measurement

Resistance Reactance

0 % of Body Density by Bop Pod (optional):

measurement
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10) SKIN FOLD THICKNESS

Appendix

1% measurement 2" 3
measurement | measurement
a) Bicipital (mm)
b) Tricipital (mm)
C) Subscapular
(mm) ________ Yo | o L__a__1 Y2 | L__a__2 ’
d) Suprailiac (mm)
e) Thigh (mm)
f) Calf (mm)
11) CIRCUMFERENCES
1% measurement 2" 3"
measurement | measurement

a) Arm (mm)

b) Biceps(mm)

c) Waist (mm)

d) Hip (mm)

e) Proximal thigh
(mm)

119



Appendix

12) VITAL SIGNS
a) Blood pressure (mmHg) :

Systolic 1 Diastolic 1 Systolic 2 Diastolic 2

b) Heart Rate ( beats/min) :  ---+--+--u

13) Do the subject participate to accelerometry assesst ~ Yes| Ja) No_]

BLOOD SAMPLES

Laboratory Assessments, blood

Yes No
Subject allocated to a blood samples class ? [] []
Yes No

Blood samples have been collected (including spegifestionnary ?)

Sample Date e I a_ a1

Did the adolescent have fever/cold the day of blsmdplesﬂ D

Please fill the appropriate Laboratory request fordELENA-CSS
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STUDY TERMINATION

Has the subject completed all exams and questiesaf the study?

Yes D No D

If no, please specify:

Essential for each subject:

Yes No
1. Inclusion criteria [] []
2. Weight and height [ ] [ ]
3. Informed consent signed [] []

Optional (each subject must complete at least 7b#teofollowing,
l.e. 12 measurements)

1. Clinical examination (validity assessed by kedical Doctor)

Yes No
[] []
2. Anthropometric measurements (all the measeinésh
Yes No
[] []
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3. BIA
Yes No
[] []

4. General Questionnary for adolescents Selbfigan Socio-economic
Status  (not fully blank)

Yes No
[] []
5. Nutrition Knowledge (NKT-C)(75% of the quests responded)
Yes No
[] []
6. Eating Behaviour (EWI-C) (75% of the quessisasponded)
Yes No
[] []
7. YANA-C (2 days)
Yes No
[] []
8. Food choice and preference (75% of the questiesponded)
Yes No
[] []

9. Determinants of Healthy Eating (HEPDeterminants of physical activity
(PA)

Yes No

[] []
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10.Physical Activity (PAQ)

Yes No
[] []
11. Questionnary for parents (QP) (75% of the aqoestresponded)
Yes No
[] []
12. Blood Sampling (including questionnaire)
Yes No
[] []
13. Accelerometry assessment (minimum criteriangefiinto the protocol)
Yes No
[] []
14. Physical fitness tests
Yes No
[] []

Main reason (only one) for premature discontinuatio
Withdrawal of the subject

Adverse event
Please make sure that AE form is completely filled

Subject lost of follow-up

0O O O

Other
Please Specify.......ccccevvvieiiiiiiiiiiiinnn.
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Name and signature of the person checking the CRF

Date and signature

Name of the investigator: ..o,

Date and signature

Appendix
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Healthy Lifestyle
in Europe

by Nutrition

in Adolescence

Appendix

Healthy Lifestyle in Europe by Nutrition in Adolescence in 13-16 years adolescents

across Europe.

Cross-sectional study (HELENA-CSS) and Pilot Study.

BLOOD SAMPLING

QUESTIONNAIRE

From UL2/Bonn November 2005

Subject number: H 1

Nemof class

Nuiber 6t suk')ject

Subjects initials:

[T Y RO F R ]

first name/second name /family name

Evaluation date:

'Da); “UMorth ! Year
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Please ask the adolescem¢fore taking the blood samples and tick the

appropriate box to answer each question.

1. Has the adolescent fasted for at least 10 hours?

Yed | @ No[ ] o

Please specify what time he had his last meal ksoadrink (other than water):

2. Did the adolescent come to school by motorismusport (car, bus, ...)?

Yed | No[ ] o

Or walking?

Yed | @ No[ ] o

3. Did the adolescent have a common cold or otifeciious disease during the
last week?

Yes| | No[ ]

If yes, please specify type of disease

(one letter per case)

Answer will be coded (Coding instructions will beyaded) by investigator before electronic data tap.

...........................

If yes, please indicate for how long:

...........................

4. Did the adolescent have any symptoms of alldtging the last week?
Examples of symptoms: Red itchy, watery eyes oreang/congestion/runny nose or
urticaria or abdominal pain or asthma or other.

Yes| | No[ ]
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If yes, please indicate for how long:

...........................

If yes, please indicate which kind of allergy?

Q Pollen
QO Dust

Q Food allergens

Q Animals
Q Others:

for others, please specify :

Appendix

one letter per case

Answer will be coded (Coding instructions will beyided) by investigator before electronic data tap

...........................

5. Did the adolescent take any medication duriegalt month?

YGSI:‘(l)

No[ ] o

If yes, please specify when, what was taken andsi(iable):

Duration (days)

Name of the
medication

Quantity per day

gl | W] DN
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6. Did the adolescent take any supplement (vitamimérals) during the last
month?

Yes | No[ ]

If yes, please specify when, what was taken andgitiable):

Duration (days) Name of the Dose per day
supplement

ol ] WO DN

7. Has the adolescent been vaccinated during shéwa weeks?

Yes | No[ ]

If yes, please specify when and what vaccine:

Date of vaccination:

dd mmTT Uyear

Type:

one letter per case

Answer will be coded (Coding instructions will beyaded) by investigator before electronic data tcap

...........................
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8. (Only for girls) Is the girl menstruating at tment?

Yes[ ] No[ ]

Please specify first day of last menstruation:

Date:

dd mmTT UUyear

9. Has there been any complications during thedkxtraction?

Yes| o No[ ]

If yes, specify the problem:

one letter per case

Answer will be coded (Coding instructions will beyaded) by investigator before electronic data tcap

And fill an adverse event form in the Case Reportii-!!!!

END OF THE BSQ
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Healthy Lifestyle
in Europe

by Nutrition

in Adolescence

Healthy Lifestyle in Europe by Nutrition in Adolescence in 13-16 years adolescents
across Europe.

Cross-sectional study (HELENA-CSS)

MANUAL FOR BLOOD SAMPLING

WP9

Bonn, September 2006
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CHANGES SINCE THE PILOT STUDY

Since the end of the Pilot study we had to chaongeesaspects. We are sorry for that, but now
we think we simplified some parts of the manual. Weady included the changes in the
general manual below, so that you just have tooolthe instructions. But for a better

understanding, here we pointed out all changes:
A.) First of all, we changed the amount of the haemgtotube:
EDTA 1.2 mi (old) = EDTA 2.7 ml (new)
B.) Next, weremoved?2 tubes:
CITRATE 3 ml andHEPARIN 4.5 m|

C.) We added another SERUM FOR GEL tube, and changedritfount of the tubes from 9
mL to 7.5 mL

Serum 9 ml (old)= 2 x Serum 7.5 ml (new)

D.) We had to add another Eppendorf (GREEN cap) fof wimole EDTA blood. You have
to cool it together with the other Eppendorfs (Red, Biellow).
Green Eppi: 1 mL whole blood

E.) The Eppendorf with thBLUE cap containenly 400 pl(instead of 500 pl)
metaphosphoric solutionandonly 400 ul plasma(instead of 500 pl).

F.) The Eppendorf with thRed cap containgnly 400 pl(instead of 500 ul) EDTA whole
blood and we already pipettd@0 ul Cytochexin it.

G.) There are bio-bottles with two sizes. The volum2.5L or 3 L. But there is no

difference for the transport or handling, you care them equally.

H.) Empty tubes (Heparin tube, Serum tubes): We daedrthem anymore. Yalon't have

to send them to Bonn, they are waste like the msed|

[.) Transport:
The non-cooled transport contains oty (instead of three) bio-bottles.

(reason is the missing empty tubes.)
The cooled transport contains a bio-bottle Vit (instead of three)  plastic bags

[see point D].

131



Appendix

MANUAL FOR BLOOD SAMPLING

A. AT LEAST THREE DAYS IN ADVANCE
« Please confirm with us the address of the schabkiame of the pick up for the courier

B. THE DAY BEFORE

a. The day before blood sampling, one researcher gusb school in order teemind
the adolescentshat the next morning at 8 a.m. they will haveltmor a blood sample
and that they have to be fasted.

b. If requested, EMLA patches will be provided. Théjsat has to fix them on both
arms in the morning before leaving the house.

c. Atthelab

Preparing of the metaphosphoric solution Pour the liquid content of bottle A into
bottle B (with the solid content). Shake it gentiytil all solid substance is solved.
Then pipette 400 pl of the metaphosporic solutiorthie corresponding eppendorfs
(BLUE cap). It must be stored in the refrigerator (4-8°Cgought.

d. You already havd00 pul cytochexin corresponding eppendorfRED cap). Storage
in a refrigerator is not necessary but possible.

e. Pleaseprepare all the materials you need the next morning for blood sampling.
Make sure that the labelled tubes you take with gorespond to the class where
blood is sampled.

f. Pleasefreeze all cooling elementdor the transport to Bonn at leashe day in
advance.

g. Make sure that you haweushed icefor the next daly

h. Pleaseremove all stickersfrom the cardboard boxes before you use themHer t
transport.

C. MATERIALS FOR BLOOD SAMPLING

medical gloves

tourniquet and cushion

disinfectant spray

gauze swabs

butterfly’s

labelled tubes (5 tubes each scholar) + some reserv
labelled empty eppendorfs (yellow, green, whitspime reserves
labelled prepared eppendorfs (blue, red) + sonmerves
labelled plastic tube (for SERUM) + some reserves
10 4 plastic bags for separating the different eppesdo
11.cryobox for the serotec/fatty acids

12. pipettes and tipps

13.crushed ice

14.emla-patches

15. waterproof pens

16.adhesive strips

17.small waste container

CoNooOrWNE
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18.yellow waste bin for contaminated waste (used bilgts...)
19.transportable centrifuge
20.transport boxes, shipping address, all label elésnemd tape for the transport

21.telephone number of the Bonn group
22.cooling elements
23.blood sampling questionnaires and fax of tracegddir Bonn

D. PERSONS FOR BLOOD MANAGEMENT
For the blood drawing day, you need at least:
a. 1 medical doctor/nursefor the blood drawing itself

b. 1 personfor the tube shaking, tube/rack handling and deigiations (this work is
connected to the doctor, with 2 doctors you nepdrons)

c. 1 personfor blood separation and pipetting
d. 1 personas interviewer for the BSQ/breakfast

E. PREVIOUS CONDITIONS
All the subjects must fulfil the following conditis:

a. The subjects patrticipating in the blood samplingsmhave signed the informed
written consent (and their parents).

b. 10/12 h fasted. The last food should be eatenpatn8 the day before blood sampling.
During the fasting period, only water intake ismédted.

F. ANALYTICAL CONDITIONS
1. Blood samples must be takbatween 8 and 10 a.m

2. Before taking the blood sample, the subject mustiwen the “Blood sampling
questionnaire” and take it with him/her to the docPlease make sure that you get a
very specific answer to these topics included eBISQ:

a. Having or not practiced vigorous exercise 24 h teefilood sampling.
b. Following or not their normal diet (Remember spebd@idays).

c. Suffering or not from any acute infectious diseat@®ng the last week.
d

. Suffering or not from any allergic symptoms (redhit, watery eyes or
sneezing/ congestion/ runny nose) during the |agtkw

e. Consuming or not any medication during the faspegod (exception made
for those strictly necessary, for example, insulin)

3. Before blood sampling, the subject should restirfgit about 5 minutes and take off
the EMLA patches.

4. Blood samples must be taken while the subjecttingi

5. All researchers, including the person who is gamtake the blood sample, must wear
gloves.

6. Please make sure before starting that the labélleds correspond to the subject
whose blood is going to be taken.
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7. Blood should be taken using the Sarstedt® systawviged by the Bonn group.

8. The total amount of blood will be around 25 ml.

9. The tubes should be filled-in in th@lowing order:

PO T®

EDTA 2.7 ml
SERUM 7.5 ml
SERUM 7.5 ml
HEPARIN 2.6 ml
EDTA 4 mi

10.PLEASE NOTE THAT ALL THE TUBES MUST BE FULL!

11.The tubes should be managed in the following way:

a.

EDTA 2.7 ml (turn it up and down carefully threenés, then place it in the
rack)

SERUM tube 7.5 ml (turn it up and down carefullyeth times, then place it in
the rack)

SERUM tube 7.5 ml (turn it up and down carefullyet times, then place it in
the rack)

HEPARIN 2.6 ml (BLUE labelled) (turn it up and dovaarefully 3 times,
place itimmediately on ice!)

EDTA 4 ml (turn it up and down carefully three tispghen place it directly
into a bio bottle)

12.0Once the subject has finished, put at first a gawadb and tell him/her to press on the
arm for 2 minutes if required replace it with aghéa.

13.The subject should leave the room and be told wkieeebreakfast is going to be
served.

14.For the following, please make sure that the |aloedippis correspond to the subject.

Further blood handling:

1. From the EDTA 2.7 miube:

take 0.4 ml with the micropipette and put it in #@pendorf already filled-in
with 0.4 ml of cytochexRED cap). Close properly and mix carefully.

take another 1 ml with the micropipette and putithe eppendorfGREEN
cap). Close properly.

Close the EDTA 2.7 ml tube and send the remainlogdto the local lab for
the hemogram.

2. Once there are enough serum tybesntrifuge them at room temperature for 10
minutes at 3500 rpm (aprox. 2500 x g). (we will deach centre the centrifugation
speed to there corresponding centrifuge)

After centrifugation, putl mL of serum in the correspondingppendorf
(WHITE) for the serotec and put it in the cryobox.

134



Appendix

* Then fill another eppi (WHITE) with 1 ml of serum for the fatty acid
determination and put it in the same cryobox. Thegeendorfs have to be
frozenlocally as soon as possible

* Decant therest of both serum tubesinto the correspondinglastic tube.
Close properly._ Throw awathe empty SERUM tubes with the remaining
RBCI!

3. Once there are enoutEPARIN 2.6 ml tubes, centrifuge them at room temperature
for 10 minutes at 3500 rpm (aprox. 2500 x g).

» After centrifugation take 400 pl of the supernatantd put it in the eppendorf
already filled with 400 ul of metaphosphoric sautiBLUE cap). Close the eppi
properly and mix carefully.

* Decant the rest of the plasma into the correspgnéiopendorf (or pipette it)
(YELLOW cap). Throw away the emptyHEPARIN tube with the RBC!

4. Please put as soon as possible all eppendBidE, GREEN, RED, YELLOW ) in
the corresponding plastic bags.

5. For the cooling: Collect all plastic bags with the coloured eppid place them in the
bio-bottle. Then put the bio-bottle in the Styrafoebox and place the cooling
elements around (Details see below at point 32 “CIDG”).

6. The EDTA 4 ml tube will be packed in one bio-bottle (may be dire after blood
drawing) and sent to Bonn without further manipiolat

7. Once finished, you must hayi®r each subject):
a. EDTA 4 ml tube
b. EDTA 2.7 ml tube containing 1.3 ml of whole blood

c. 1 eppendorf (RED cap) containing 0.4 ml of EDTAddomixed with 0.4 ml
cytochex

d. 1 eppendorf (BLUE cap) containing 0.4 ml hepariaspha mixed with 0.4 ml
metaphosphoric solution

e. 1 eppendorf (YELLOW cap) containing the rest of dr@p plasma (aprox. 1
ml)

f. 1 eppendorf (GREEN cap) containing 1 ml of EDTAduo
g. 1 eppendorf (WHITE cap) containing 1 ml serum foe tocal serotec

h. 1 eppendorf (WHITE cap) containing 1 ml serum fdre tfatty acid
determination

I. 1 plastic tube containing the rest of serum (apéoml)

8. All tubes must be sent to Bonn, with the excepttbnumbelb, g and h.

9. Take all the EDTA 2.7 ml tubes containing 1.3 ml ttee local lab for the
hemogranthaematology. Once you have the results, make g ang send the copy
to Bonn. (See shipping address Bonn or per fax 228733217). Keep the original
with all the other documents.
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* Try to get back the EDTA 2.7 ml tube from the lotath after analysing the
blood! Then freeze it together with the cryobox@sec/fatty acids).

10.Take the cryobox with all the eppendorfs containinml of serum to your local lab
and freeze them at —20°/-80° C. These will be sei®onn once all together after the
study.

11.For the rest of the tubes, please proceed in tlawing way:

COOLING:
J. Take one Bio-bottle and place the adsorbing paijpem(the inside of the bottle)
on the ground. Put the four plastic bags inside.
k. Close the Bio-bottle and put it back into the oraibox.

. Then place this box into the styrofoam transport. bicake the cooling elements
out of the freezer and place them around and owfttipe Bio-bottle box.

m. Close the Styrofoam transport box and put it inte cardboard box for
transportation.

Please be sure that everything is properly closed

1 Bio-bottle box for the cooled transports
(2-10°C)

1 plasticbag with
Eppis (BLUE)

| + adsorhing paper |

1 plasticbag with
Eppis (RED)

1 plasticbag with
Eppis (YELLOW)

1 plasticbag with Thermo box with
Eppis (GREEN) cooling elements I
e

i. y
Fim iy Lo e yim 1 ELTRO PR By Fulidion o Aol mecents - - FFB. £UH un ded sludy 5

Tubes:

a. Take another Bio-bottle (with adsorbing paper ie¥ignd fill in all EDTA 4 ml tubes.

b. Take another Bio-bottle (with adsorbing paper iagidnd fill in all plastic tubes with
SERUM.

c. Put the closed Bio-bottles into the original Biotle®cartons and then into the second
larger cardboard box.

NOTE: It is not important that exactly all tubes foethon-cooledtransport are in the
corresponding Bio-bottle as long as every tube bélsent to Bonn.

PLEASE BE SURE THAT EVERYTHING IS PROPERLY CLOSED .
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2 Bio-bottle boxes for room temperature
(20-25°C) transport

1 box for all EDTA-tubes (4 ml)
1 box for all Serum plastic tubes

o g
Iq A
Haalhy L el vie m ELFOPE By Mulidion i Sdoleecents - PP EUH un ded sludy 5

2 Bio-bottle boxes for room temperature
transport

One cardboard
‘box for two Bio-
bottle boxes

,?
Haatiny L felyvie m EUROFE By Muliion in Soolecenty - FPE U unded sy '
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Transport:

1. Just put theshipping addressand theJN 3373 stickeron eactcardboard box.

Please be sure that yoemoved all old stickersfrom the cardboard boxes before
you use them for the transport.

2. Fill out the way bill and the exemption letter.

3. The courier GO!) will come at the agreed time to take the teardboard boxes
(one box for the cooled transport, one for the noaled transport) directly from the
schools

4. If you have problems with the courier please callwe have to organise it from

Bonn, also if it seems a little bit complicated.

Shipping address Bonn:

Christina Breidenassel
IEL-Ernéhrungsphysiologie

Rheinische Friedrichs-Wilhelms Universitat
Endenicher Allee 11-13

D-53115 Bonn

GERMANY

Office Bonn: +49 228 733767
Fax Bonn: +49 228 733217
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Wochenende ins Institut, um unsere HELENA-Blutprobsr dem Auftauen zu retten.

Vielen Dank fur die Einsatzbereitschaft!

Oliver Melsheimer, Dr. Julia Anna Knoll und Proft.Ldoachim Kunert danke ich herzlich fur
die statistische Beratung und fir die geduldigenBgartung meiner Fragen!

Meinen Arbeitskollegen, insbesondere Andre Spinnelenke ich fir die schéne Zeit am
Institut und die erfrischenden Diskussionen!

Mein Dank fiirs Korrekturlesen geht an Zséfia Patall Gudrun Frings!

Meiner Familie, meinen Freunden und Vertrauten,nerai Erfolgsteam, und insbesondere
meinem Ernst, danke ich fir das Verstandnis, difsibéreitschaft und Unterstiitzung.

139



