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Zusammenfassender Uberblick

1 Zusammenfassender Uberblick

1.1 Einleitung und Zielsetzung

Essen und Trinken hat fir Menschen vielfaltige Bedeutung, aus physiologischer Sicht jedoch
eine essenzielle Relevanz. Eine bedarfsgerechte Energie- und Nahrstoffzufuhr ist notwendig,
um Gesundheit und Leistungsfahigkeit langfristig aufrecht zu erhalten. Dabei muss
bericksichtigt werden, dass die Kenntnisse zum Nahrstoffbedarf des Menschen nicht
vollstandig sind, jedoch durch Entwicklungen im Bereich der Ernahrungs- und
Lebensmittelwissenschaften standig weiterentwickelt werden [1]. In den Referenzwerten zur
Nahrstoffzufuhr der Deutschen Gesellschaft fiir Erndhrung, Osterreichischen Gesellschaft fiir
Erndhrung, Schweizerischen Gesellschaft fir Erndhrungsforschung und Schweizerischen
Vereinigung fir Ernahrung (DACH) werden Empfehlungen zu Nahrstoffmengen und
Energierichtwerten fir Bevolkerungsgruppen in Abhangigkeit von Geschlecht und Alter sowie
speziellen Lebenssituationen (z.B. Schwangerschaft und Stillzeit) formuliert [1]. Dies soll die
Umsetzung einer vollwertigen und damit bedarfsgerechten Ernahrung unterstitzen und
nahrstoffspezifische Mangelerscheinungen, aber auch Nahrstoffliberversorgungen vermeiden
[1]. Dabei ist zu beriicksichtigen, dass eine den Referenzwerten entsprechende
Nahrstoffzufuhr eine unzureichende Versorgung sehr unwahrscheinlich macht, aber aufgrund
individueller Nahrstoffbedarfe diese nicht ausgeschlossen werden kann. Im Umkehrschluss ist
jedoch auch eine Unterschreitung der empfohlenen Nahrstoffzufuhr nicht mit einem
Nahrstoffdefizit gleichzusetzen, sondern erhdht nur die Wahrscheinlichkeit fiir eine potenzielle
Unterversorgung, die sich moglicherweise auch erst langfristig einstellt. Darlber hinaus ist es
bei der Beurteilung der Erndhrungssituation von Bevdlkerungsgruppen von wesentlicher

Bedeutung, dass die exakte Beurteilung der Nahrstoffversorgung von Einzelpersonen auf
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Basis der Referenzwerte zur Nahrstoffzufuhr nicht méglich ist, da der individuelle Bedarf nicht

bekannt ist [1].

Hinsichtlich der Erndhrung von sportlich aktiven Menschen gibt es innerhalb der DACH
Referenzwerte fir die Nahrstoffzufuhr keine gesonderten Hinweise. Es wird davon
ausgegangen, dass im Rahmen breitensportlicher Aktivitdten der Energieverbrauch pro
Woche um bis zu 2000 kcal ansteigt und der erhdhte Energiebedarf und ggf. daraus
resultierende Nahrstoffbedarf problemlos auf Basis einer vollwertigen Mischkost realisiert

werden kann [1].

Im Bereich des Leistungssports muss aber beriicksichtigt werden, dass sich Athlet*innen
hinsichtlich ~ anthropometrischer =~ Merkmale  (z.B. Kdrpergewicht, Korpergrole,
Kérperzusammensetzung) und Trainingsbelastungen (z.B.
Trainingsinhalte, -dauer, -intensitat) stark unterscheiden, was wiederum Einfluss auf den
Energie- und Nahrstoffbedarf haben kann [2]. Deutlich wird dies beispielsweise in der Sportart
Leichtathletik, die eine Bandbreite verschiedener Belastungsformen in den Bereichen
Ausdauer, Sprint, Sprung und Wurf beinhaltet. Entsprechend kann das Koérpergewicht bei
mannlichen Werfern 100 kg Uberschreiten, hingegen im Ausdauerbereich unterhalb von 60 kg
liegen [3, 4]. Erwachsene Elite-Ausdauerleistungssportler*innen berichten von
Trainingsumfangen von 500 bis 1000 Stunden pro Jahr [5] oder einer Laufdistanz von >150
km pro Woche [5, 6]. Im Gegensatz dazu ergeben sich im Verlauf eines Trainingsjahres auch
Phasen mit geringer korperlicher Aktivitat, in der dann der tagliche Energiebedarf aufgrund
einer potenziellen Trainingsdauer von weniger als 2 Stunden pro Woche auf einem geringen
Niveau liegt und damit vergleichbar mit einer Person mit breitensportlicher Belastung ist [5-7].
Auf Basis der anthropometrischen Merkmale sowie der variierenden Trainingsbelastung liegt
der Energiebedarf bei den meisten Sportlern*innen wahrscheinlich zwischen 1500 kcal und

2
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6000 kcal pro Tag und kann z. B. im Saisonverlauf fiir eine Person mit 70 kg auf 2000 kcal bis
5000 kcal geschéatzt werden [7].

Daraus resultierend ergibt sich ein variierender Bedarf der Makronahrstoffe Protein,
Kohlenhydrate und Fett im Vergleich zur Allgemeinbevélkerung. Verschiedene Organisationen
aus dem Bereich des Sports haben in den vergangenen Jahren auf Basis der verfligbaren
wissenschaftlichen Literatur Konsensus- bzw. Positionspapiere zum Thema Sporternahrung

verdffentlicht und sportspezifische Ernédhrungsempfehlungen formuliert (Tabelle 1-1) [8-13].

Tabelle 1-1: Ubersicht iiber sportspezifische Richtwerte zur N&hrstoffzufuhr ausgewahlter

Organisationen im Vergleich zu den DACH Referenzwerten

DACH[1] IOC[8, 11] ACSM [13] DGE AG [9, 10, 12]

Protein 0,8 g/kgkG  1,3-1,8 g/kgkG  1,2-2,0 g/kgKG  1,2-2,0 g/kgKG
Kohlenhydrate >50 %E  3-12g/kgKG  3-12g/kgkG  3-12 g/kgKG
Fett 30 %E NV 20-35 %E 20-30 %E

Anmerkung: Die sportspezifischen Richtwerte zur Nahrstoffzufuhr sollten hinsichtlich anthropometrischer Merkmale,
Trainingsziele, Trainingsbelastung und individuellen Fragestellungen angepasst werden. DACH (Deutsche Gesellschaft flr
Ernadhrung, Osterreichische Gesellschaft fiir Ernahrung, Schweizerische Gesellschaft fiir Erndhrungsforschung und
Schweizerische Vereinigung fir Ernahrung); IOC (International Olympic Committee); ACSM (American College of Sports
Medicine); DGE AG (Arbeitsgruppe Sporternédhrung der Deutschen Gesellschaft fir Erndhrung); g/kgkG = Gramm pro Kilogramm

Korpergewicht; %E = prozentualer Anteil der Energiezufuhr; NV = Nicht verfligbar

Dabei ist zu berlcksichtigen, dass Richtwerte zur Nahrstoffzufuhr fiir Sportler*innen
differenziert in Abhangigkeit der oben beschriebenen anthropometrischen Merkmale,
Trainingsziele, Trainingsbelastungen und individuellen Fragestellungen angewandt werden
mussen.

AuRerdem ist in der Sporterndhrung nicht nur die absolute Nahrstoffzufuhr relevant. Die
Verteilung Uber den Tag und der Zeitpunkt der Nahrstoffzufuhr in Anlehnung an das Training
scheinen fir die Entwicklung von Anpassungsprozessen infolge des Trainingsreizes eine

wichtige Rolle zu spielen [14-17].
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Die sportspezifischen Nahrstoffempfehlungen helfen einerseits den potenziellen
Nahrstoffbedarf von Athlet*innen zu formulieren, stellen jedoch auch eine wichtige Grundlage
dar, um den Ernahrungsstatus von Athlet*innen einordnen zu kdnnen. Generell ist die
Beschreibung des Ernahrungsstatus Uber Erndhrungserhebungen ein weit verbreitetes und
akzeptiertes Instrument bei der Erfassung der Erndhrungssituation unterschiedlicher
Bevolkerungsgruppen [18, 19]. Zur weiteren Beurteilung der Erndhrungssituation von
Einzelpersonen und Untergruppen innerhalb der Bevdlkerung sollten nach Madglichkeit
zusatzlich geeignete anthropometrische und klinische Parameter hinzugezogen werden [1,
18]. Ernahrungserhebungen bei erwachsenen Sportler*innen sind im Rahmen von Studien
oder Einzelberatungen etabliert, allerdings sind Untersuchungen bei
Nachwuchsleistungssportlerinnen dabei unterreprasentiert [20, 21]. Daher sollte nach
Mdglichkeit diese Altersgruppe hinsichtlich des Erndhrungsstatus, aber auch ausgewahlter
Parameter haufiger untersucht werden [20].

Eine Aufgabe fir den Forschungs- und Servicebereich ,Sporternahrung® im Deutschen
Forschungszentrum fir Leistungssport (momentum) war und ist es daher, systematisch die
Ernahrungssituation von Nachwuchsleistungssportler*innen in Nordrhein-Westfalen (NRW) zu
untersuchen und Optimierungsmadglichkeiten abzuleiten. Eine Besonderheit der momentum
Untersuchungen stellt das validierte Ernahrungs- und Aktivitatsprotokoll dar [22]. Aufgrund der
oben beschriebenen variablen Trainingsbelastungen innerhalb dieser Population ist es
notwendig, neben dem Lebensmittelverzehr und Getrdnkekonsum, die Alltags- und
Trainingsaktivitdten der Sportlerinnen zu dokumentieren, um daraus den aktuellen
Energiebedarf abschatzen zu koénnen. Erst dadurch ist eine Bewertung der aktuellen
Ernahrungssituation in Anlehnung an sportspezifische Referenzwerte mdglich. Dariber hinaus

ist eine Kenntnis tber den Energiebedarf notwendig, um mdgliche Under- und Overreporter
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zu identifizieren [23, 24] und eine Berechnung der Energieverfiigbarkeit vornehmen zu kénnen
[25, 26]. Ergebnisse aus den momentum Daten wurden bereits in der Vergangenheit als
Original-Publikation [27] oder Kongressbeitrage [28-34] publiziert.

Diese Dissertation hat zum Ziel, auf Basis unterschiedlicher @ Methoden
(Erndhrungserhebungen, Fragebdgen, Messung von Blut- und Urinparametern)
Untersuchungen zum Ernahrungsstatus, Hydratationsstatus und
Nahrungserganzungsmittelkonsum in ausgewahlten Bevdlkerungsgruppen darzustellen, zu

bewerten und zu diskutieren.

Die erste Publikation dieser Dissertation ,Nutrition status of young elite female German football
players” ist eine sportartspezifische Zusammenfassung einer Subpopulation aus dem
momentum Datenpool und stellt die Beschreibung des Erndhrungsstatus von
NachwuchsfuRballerinnen dar [35]. Auf Basis eines validierten Ernahrungs- und
Aktivitdtenprotokolls [22] wurde die Ernahrungssituation erfasst und in Anlehnung an
sportspezifische Referenzwerte zur Nahrstoffzufuhr bewertet. Ergdnzend wurden ausgewahlte
anthropometrische und klinische Parameter hinzugezogen, um die Bewertung der
Erndhrungssituation umfassender zu beschreiben.

Eine beobachtete Besonderheit in der Erndhrung von Leistungssportler*innen ist der weit
verbreitete Konsum an Nahrungserganzungsmitteln (NEM) [36-38]. Die Einnahme von NEM
variiert jedoch zwischen den Sportarten und steigt mit zunehmendem Alter und Kaderstatus
[37, 38]. Im Vordergrund steht der Konsum von Vitamin- und Mineralstoffpraparaten, um
madgliche Nahrstoffdefizite oder einen angenommenen héheren Bedarf auszugleichen [37, 38].
Insbesondere der unsachgemale Konsum von Vitamin- und Mineralstoffpraparaten kann zu

einem Hochkonsum mit potenziell negativen gesundheitlichen Konsequenzen und
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Trainingsanpassungen fihren [36, 39, 40]. Daher wird in den letzten Jahren verstarkt darauf
hingewiesen, dass Sportlersinnen zunachst Uber eine sportgerechte Basiskost versuchen
sollten den aktuellen Nahrstoffbedarf zu decken und erst im zweiten Schritt Uber eine
individuelle Risiko-Nutzen-Abwagung den Konsum von NEM prifen sollten [13, 37, 38, 41].
Darlber hinaus gilt fir Nachwuchsleistungssportler*innen die Empfehlung, nach Méglichkeit
auf NEM zu verzichten und zunachst zu lernen das Potenzial einer sportgerechten Erndhrung

und eines systematischen Trainings zu nutzen [13, 20, 21, 37].

Zu Beginn des Projekts momentum war insbesondere die Gruppe der
Nachwuchsleistungssportler*innen hinsichtlich des Konsumverhaltens von NEM nicht
ausreichend untersucht. Entsprechende Daten deutscher Nachwuchsleistungssportler*innen
lagen unserer Kenntnis nach zum Zeitpunkt der Erhebung nicht vor. Ziel war es daher, im
Rahmen des momentum Basischeck das Konsumverhalten der Nachwuchsathlet*innen zum
Umgang mit NEM abzufragen. Die Ergebnisse dieser Befragung sind die Grundlage fir die

zweite Publikation dieser Dissertation [42].

Eine weitere Besonderheit der Gruppe der Leistungssportler*innen ist die belastungsbedingte
Schweillbildungsrate und der dadurch bedingte Wasserverlust [43]. Die Schweif3bildungsrate
ist dabei von klimatischen Bedingungen aber auch individuellen Anpassungsmechanismen
abhangig [44]. Entsprechend lassen sich fir Sportler“innen keine einheitlichen Vorgaben fir
die tagliche Wasserzufuhr formulieren. Individuelle Messungen zum Schweilverlust in
Training und Wettkampf werden empfohlen, um die zuséatzliche Wasserzufuhrmenge fiir

Athleten abschéatzen zu kénnen [13, 43, 44].

Auch fir die ,Normalbevdlkerung“ kann hinsichtlich der taglichen Wasserzufuhr nur ein
Orientierungswert formuliert werden. Unter der Annahme einheitlicher klimatischer und

physiologischer Bedingungen wird fiir Erwachsene (19-65 Jahre) als Richtwert zur taglichen
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Wasserzufuhr 35ml pro Kilogramm Kérpergewicht ausgesprochen [1]. Dieser Wert beinhaltet
Wasser aus festen Nahrungsmitteln und Getranken. Die europaische Behdrde fir
Lebensmittelsicherheit [45] spricht sich hingegen fir eine absoluten Richtwert zur taglichen
Wasserzufuhr von 2,5 Liter fir Manner und 2,0 Liter fiir Frauen aus. Dies kénnen jedoch nur
Orientierungswerte sein, da ein erhdhter Wasserbedarf bei hohem Energieumsatz, Hitze,
trockener kalter Luft, aber auch hohem Kochsalz- und Proteinverzehr besteht. Aufgrund
dessen ist die Wasserzufuhr als alleiniger Marker fir die Bewertung des Flissigkeitsstatus
einer Gruppe oder Einzelperson nur begrenzt aussagekraftig und die Vergleichbarkeit von
internationalen Untersuchungen zur Wasserzufuhr nur eingeschrankt maoglich [46]. Zur
unterstitzenden Bewertung des Flissigkeitsstatus haben sich nicht-invasive Parameter wie
Urinosmolalitat, Urinvolumen und Urindichte in der Alltagsdiagnostik und Forschung etabliert
[13, 43, 45, 47]. Diese Marker wurden in den meisten Erhebungen zur Wasserzufuhr jedoch
nicht bericksichtigt. Entsprechend gab es einen Bedarf an Untersuchungen, die einerseits
Wasserzufuhr Gber Ernahrungserhebungsinstrumente erfassen, darliber hinaus aber den

Hydratationsstatus mit vorhandenen klinischen Markern untersuchen.

Im Rahmen eines Projekts des European Hydration Instituts war das Institut fir Biochemie als
Kooperationspartner an der ,European Hydration Research Study“ (EHRS) beteiligt. Neben
der Erfassung und Bewertung des Flissigkeitsstatus war ein Ziel des Projekts, dies mit einer
einheitlichen Methodik in verschiedenen europaischen Landern (Spanien, Griechenland,
Deutschland) durchzufihren und damit die Vergleichbarkeit der Daten zu verbessern.
Verschiedene Ergebnisse aus diesem Forschungsprojekt (z.B. Gesamtwasserzufuhr,
Urinosmolalitdt oder Urinvolumen im Landervergleich, saisonal (Sommer/Winter) sowie
geschlechtsspezifisch) sind bereits verdffentlicht [48, 49]. Die dritte Publikation dieser

Dissertation ,Differing Water Intake and Hydration Status in Three European Countries - A
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Day-to-Day Analysis* basiert auf Daten der EHRS und befasst sich mit der intra-individuellen

Wasserzufuhr und Markern des Flissigkeitsstatus im Erhebungszeitraum tber 7 Tage [50].



Zusammenfassender Uberblick

1.2 Ubersicht iber den ersten Artikel — Nutrition Status of Young Elite Female

German Football Players

FuBball gehort zu den beliebtesten Sportarten weltweit. In Anlehnung an eine Untersuchung
der FIFA gibt es mehr als 30 Millionen Fuf3ballerinnen, tber 50% davon sind Jugendliche oder
Kinder [51]. Diese grof3e Zahl an aktiven Spielerinnen verdeutlicht die Notwendigkeit, sich mit
dieser Zielgruppe zu beschéftigen und entsprechende Hinweise fir eine sportgerechte
Ernahrungsweise zu formulieren. Untersuchungen zum Ernahrungsverhalten dieser Gruppe
sind jedoch nur vereinzelt verfligbar. Im Regelfall fehlt zudem eine Erfassung der
Trainingsbelastungen, um eine Einordnung der Erndhrungssituation in Anlehnung an
sportspezifische Referenzwerte vornehmen zu kénnen.

Ziel dieser Untersuchung war es, das Ernadhrungsverhalten von jungen Ful3ballerinnen (n=56,
14,8+0,7 Jahre) in Kombination mit der Dokumentation der Alltags- und Trainingsaktivitaten
zu erfassen. Die Spielerinnen waren im Kader des entsprechenden Landesverbandes oder U-
Nationalmannschaft.

Die Probandinnen kamen im Rahmen des momentum Basischeck um ca. 8:00 Uhr nuchtern
zur Blutabnahme und Messung der Koérperzusammensetzung (BA-418 MA, Tanita,
Netherlands). Die Auswertung der Erndhrungsprotokolle erfolgte mit EBIspro (version 7.0,
2005; Dr. Jurgen Erhardt, Willstatt-Legelshurst, Germany) auf Basis des
Bundeslebensmittelschliissel (BLS) Version 2.3. Als klinische Parameter wurden Hamoglobin,

Hamatokrit, Ferritin und 25(0OH)D bestimmt.

Ein weit verbreitetes Phanomen von Erndhrungserhebungen ist das sogenannte
,Underreporting®. Dabei kommt es aufgrund der Dokumentation des Ernahrungsverhaltens zu
einer geringeren Zufuhr an Lebensmitteln als Ublicherweise oder es werden weniger
Lebensmittel angegeben als verzehrt. In Anlehnung an Black [23] gilt ein Quotient aus
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Energiezufuhr/Energiebedarf <0,76 als Underreporter und >1,24 als Overreporter. Die

Anwendung dieser Klassifikation flihrte zu einem Ausschlufd von 24 Probandinnen.

Die verbleibende Gruppe (n=32) zeigt eine mittlere Energiezufuhr (2262 kcal; 40,5 kcal/kgKG),
die 141 kcal unterhalb des geschatzten Energiebedarfs liegt (2403 kcal; 43,1 kcal/kgKG).
Dabei ist zu beachten, dass trotz Ausschluss von potenziellen Underreportern die
Energieverfugbarkeit von 17 Spielerinnen unterhalb der kritischen Schwelle von 30 kcal/kg
LBM (Lean Body Mass) liegt. Die Energieverfligbarkeit (EV) ist definiert als Energiezufuhr
minus Energieverbrauch im Training. Ausgedruckt wird die EV als kcal pro kg LBM.
Untersuchungen an Athletinnen zeigen, dass eine geringe Energieverfligbarkeit (<30 kcal pro
kg LBM) ein erhdhtes Risiko fir Midigkeits- und Ubertrainingserscheinungen,

Immunschwache, Menstruationsstérungen und Stressfrakturen bedeutet [25, 26].

Der Trainingsumfang der Spielerinnen lag bei durchschnittlich 85 Minuten pro Tag. In
Anlehnung an die verfliigbaren Empfehlungen zur Nahrstoffzufuhr bei Sportler*innen ist ein
taglicher Kohlenhydratbedarf von 5-7 g/kgKG an intensiven Trainingstagen bis zu 10 g/kgKG
zu erwarten [8, 13]. Etwa ein Drittel der Spielerinnen (n=10) lagen mit der Kohlenhydratzufuhr
unterhalb von 5 g/kgKG und erreichten diese Empfehlung nicht. Ein vergleichbares Ergebnis
zeigt sich bei der Proteinzufuhr. EIf Spielerinnen (34%) liegen unterhalb der taglich
empfohlenen Proteinzufuhr von 1,2-2,0 g/kgKG. Die Kohlenhydrat- und Proteinzufuhr ist zwar
nicht mit einem Na&hrstoffmangel gleichzusetzen, entspricht jedoch teilweise nicht den
Empfehlungen und kann als unglnstige Voraussetzung fir eine sportspezifische
Nahrstoffversorgung betrachtet werden. Moégliche Verzerrungen aufgrund der bekannten
Limitationen von Erndhrungserhebungsinstrumenten [18, 19] sind mdglich, wurden jedoch

durch den Ausschlufd von Underreportern und Overreportern reduziert.
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Hinsichtlich Serum-Ferritin zeigt sich ein mittlerer Wert von 32,7 pg/L (n=29). Knapp zwei
Drittel (59%) der untersuchten Spielerinnen lagen unterhalb von 35 ug/L. In Anlehnung an
Peeling et al. (2008) zeigt dies reduzierte Eisenspeicher an [52]. Ein kritischer Wert unterhalb
von <12 pg/L wird als Eisenarmut beschrieben und lag bei 5 (17%) Spielerinnen vor. Diese
Ergebnisse zeigen einen unbefriedigenden Eisenstatus der jungen Ful3ballspielerinnen, sind
aber vergleichbar mit friheren Untersuchungen bei Nachwuchsleistungssportlerinnen aus
NRW [27].

Vitamin D nimmt unter den Vitaminen eine Sonderstellung ein, da es endogen hergestellt
werden kann. Die alimentare Zufuhr ist haufig unzureichend und auch beim untersuchten
Kollektiv (mittlere Zufuhr, 1,3 pg/Tag) deutlich unterhalb der Empfehlung. Eine genauere
Bewertung des Vitamin D Status kann Uber die Bestimmung von 25-Hydroxy-Vitamin D
[25(OH)D] vorgenommen werden, wobei ein Wert >50 nmol/L angestrebt werden sollte [1, 53].
Es wurde ein mittlerer 25(OH)D Wert von 50,2 nmol/L gemessen (n=24). 9 Spielerinnen (38%)
lagen in einem unzureichenden Bereich (30-50 nmol/L).

Die Untersuchung zum Erndhrungsstatus junger FuBballerinnen zeigt trotz moglicher
Limitationen im Bereich der Erndhrungserhebungen und Kalkulation des Energiebedarfs in
manchen Bereichen eine unbefriedigende Ernahrungssituation. Bei nahezu taglichem Training
spielt die Ernahrung und damit die Versorgung des Organismus mit Nahrstoffen eine zentrale
Rolle. So sollten junge Sportlerinnen, aber auch deren Umfeld, zuklnftig intensiver tUber eine
sportgerechte Erndhrung aufgeklart werden, um eine ausreichende Grundlage fur Gesundheit

und Leistungsfahigkeit zu legen.
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1.3 Ubersicht Giber den zweiten Artikel — Dietary Supplement Use Among Elite

Young German Athletes.

Schon vor einigen Jahren konnte aufgezeigt werden, dass der Konsum von
Nahrungserganzungsmitteln (NEM) bei Sportler*innen weit verbreitet ist und deutlich héher
liegt als in der Normalbevélkerung [54, 55]. Im Rahmen der Nationalen Verzehrsstudie Il (NVS)
gaben ca. ein Sechstel der befragten Jugendlichen an, NEM zu konsumieren [56]. Hingegen
lagen zum damaligen Zeitpunkt solche Daten fiir Nachwuchsleistungssportler*innen in

Deutschland nicht vor.

Zentrales Ziel dieser Untersuchung war es daher das Konsumverhalten zu NEM bei
Nachwuchsleistungssportler*innen zu erfassen. Im Zeitraum 09/2006 bis 12/2007 nahmen 228
Athlet*innen an der momentum Erndhrungsberatung teil. Im Vorfeld des momentum
Basischeck Termin wurden den Sportler*innen ein 5-seitiger geschlossener Fragebogen zum
generellen und aktuellen (in den letzten 4 Wochen) Konsum von NEM mit den Materialien zum
Ernahrungsprotokoll geschickt. Es wurde spezifisch nach dem Konsum von Vitamin-,
Mineralstoff-, Kohlenhydrat- und Proteinpraparaten, Sportgetranken, ergogenen Substanzen
und Pflanzenextrakten gefragt. DarUber hinaus wurden Fragen zum Motiv, Informations- und
Bezugsquellen, aber auch dem Wissen um die Kontaminationsproblematik bei NEM gestellt.
Von 181 Athlet*innen konnten die Unterlagen wieder eingesammelt werden. Aufgrund
unvollstandiger Daten oder Uberschreiten einer Altersgrenze (>25 Jahre) wurden 17
Fragebdgen ausgeschlossen. Die verbleibenden 164 Teilnehmer*innen wurden 4
Altersgruppen (10-14, 15-16, 17-18, 19-25) zugeordnet.

Von den 164 Sportler*innen gaben 80% (n= 131) an, bereits NEM konsumiert zu haben, 68%

(n=111) bestatigten einen Konsum in den 4 Wochen vor der Befragung. Der Konsum war bei
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den Athlete*innen >18 Jahre hoher als bei den Jiingeren (p<0,05). Ein sportartspezifischer

Unterschied konnte nicht festgestellt werden.

Bei den 131 NEM Konsument*innen waren Mineralstoffe (87%), Vitamine (76%),
Sportgetranke (69%) und Kohlenhydratprodukte (64%) am popularsten. Sportler*innen, die in
der aktuellen Phase NEM genommen haben (n=111), gaben an, 3 (Median) verschiedene
Praparate genommen zu haben. Dabei lag die Spannweite bei 1 bis 17 verschiedenen
Praparaten.

Hinsichtlich der Motivlage waren ,gesundheitliche Grinde“ mit 63% am haufigsten genannt,
gefolgt von leistungsbezogenen Griinden (43%). Etwa ein Finftel gab an, NEM aufgrund der
Empfehlung Anderer zu konsumieren. Als Informationsquellen zum Konsum von NEM wurden
Eltern (34%), Trainer*innen (26%) sowie Arzt*innen (24%) am haufigsten genannt.
Entsprechend gaben 39% der Sportler*innen an, die Produkte von den Eltern erhalten zu
haben oder sich selbst zu besorgen (32%). Hinsichtlich eines moglichen Kontaminationsrisiko

von NEM mit unerlaubten Substanzen gaben 36% an, dass Ihnen das Problem bekannt sei.

Die Untersuchung konnte fir Nachwuchsathlet*innen aus Deutschland erstmal aufzeigen,
dass der Konsum von NEM deutlich héher liegt als bei den bisher bekannten Befragungen in
der ,Normalbevdlkerung® [56]. Das Konsumverhalten entspricht vielmehr den vergleichbaren
sportlich aktiven Altersgruppen aus den bis zu diesem Zeitpunkt bekannten internationalen
Studienergebnissen [54, 55, 57-59].

Auffallig ist der hohe Konsum an Vitamin- und Mineralstoffpraparaten, obwohl es aus
physiologischer Sicht keine Hinweise auf einen zusatzlichen Nahrstoffbedarf bei
Nachwuchsleistungssportler*innen gibt [54] und mégliche gesundheitliche Risiken nicht

ausgeschlossen werden kénnen [60]. In Anlehnung an die WADA Verbotsliste besteht darliber
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hinaus fur Sportler*innen das Risiko des Konsums unerlaubter Substanzen durch NEM [61].

Diese Problematik war jedoch nur einem Drittel der befragten Athlet*innen bekannt.

Generell wird insbesondere bei Nachwuchssportlerinnen darauf hingewiesen, dass sie
zunachst eine vollwertige sportgerechte Erndhrung etablieren sollten, bevor sie den Konsum
von NEM in Betracht ziehen [54]. Ein Ziel der Erndhrungsberatung innerhalb des momentum
Projekts ist es, Nachwuchssportler*innen genau in diesem Bereich zu unterstitzen. Aus den
momentum Untersuchungen ist jedoch bekannt, dass nur ca. 16% der Athleten vor der
momentum Erndhrungsberatung Erfahrungen mit individueller Ernahrungsberatung gemacht

hatten.

Auf Basis der Ergebnisse dieser Untersuchung wurden abschlieRende Empfehlungen
formuliert. So erscheint es zwingend notwendig, dass Nachwuchsleistungssportler*innen und
Verantwortliche (u.a. Eltern, Trainer*innen, Arzt*innen und weitere Teambetreuer*innen) im
Umfeld intensiver Uber Risiken und Nutzen von NEM aufgeklart werden missen. Um
Jugendliche in ihrer Erndhrungskompetenz zu starken wurde vorgeschlagen, dass
Erndhrungsbildung und -beratung noch mehr fir Nachwuchsathlet*innen verfugbar gemacht
werden sollte. Insbesondere junge Sportler*innen (<15 Jahre) sollten bereits in diese Prozesse

integriert werden.
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1.4 Ubersicht Uber den dritten Artikel — Differing Water Intake and Hydration

Status in Three European Countries—A Day-to-Day Analysis.

Ein ausgeglichener Wasserhaushalt ist von grundlegender Bedeutung flir Gesundheit und
Funktionalitdt des menschlichen Koérpers [45, 62]. Ein langfristiges Wasserdefizit wird mit
verschiedenen Erkrankungen in Verbindung gebracht [63]. Kurzfristig hat ein Wassermangel
jedoch auch einen Einfluss auf Gemitslage, Mdudigkeit, Aufmerksamkeit oder
Konzentrationsfahigkeit [64-68]. Um die Konsequenzen einer Dehydratation zu vermeiden,
empfiehlt die European Food Safety Authority (EFSA) flir Manner eine tagliche
Gesamtwasserzufuhr aus fester Nahrung und Getrénken von 2,5 Liter (Frauen, 2,0 Liter). Dies
gilt auch vor dem Hintergrund, dass eine Urinosmolalitdt von <600 mOsmol/L angestrebt

werden sollte, um die Ausscheidung harnpflichtiger Substanzen zu erleichtern [45].

Erhebungen zur Wasserzufuhr der europaischen Bevdlkerung zeigen sehr unterschiedliche
Ergebnisse hinsichtlich des Erreichens dieser Empfehlungen [45, 46]. Dabei ist unklar, in
welchem MaRe die abweichenden Ergebnisse in unterschiedlichen Erhebungsmethoden
begriindet liegen. Ziel der ,European Hydration Research Study (EHRS)“ war es daher, mit
einer einheitlichen methodischen Vorgehensweise die Wasserzufuhr und den
Hydratationsstatus in drei europaischen Landern [(Spanien (ESP), Griechenland (GRE),
Deutschland (GER)] zu erheben und zu vergleichen. In drei ausgewahlten Metropolen (Toledo,
Athen, Koéln) wurden in den Jahren 2013 und 2014 insgesamt 573 Erwachsene zur Teilnahme
gewonnen. Die Akquise erfolgte moglichst gleich verteilt hinsichtlich Geschlecht, Jahreszeit
(Sommer/Winter) und Altersgruppen (20-30, 31-40, 41-50, 51-60 Jahre). Zur Erfassung der
Gesamtwasserzufuhr dokumentierten die Teilnehmer*innen tber 7 Tage ihren Lebensmittel-
und Getrankekonsum. Parallel dazu wurden Uber den gesamten Zeitraum alle Urinabgaben

gesammelt.
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Ergebnisse zur Wasserzufuhr und zum Flissigkeitsstatus wurden im Landervergleich [48],
sowie in Abhangigkeit der koérperlichen Aktivitdt und Umgebungstemperatur [49] bereits
publiziert. Der dritte Artikel zu diesem Projekt und innerhalb dieser Dissertation beschaftigt
sich tiefergehend mit der individuellen Bewertung der Wasserzufuhr und Markern des

FlUssigkeitsstatus im Erhebungszeitraum Gber 7 Tage.

Die mittlere tagliche Gesamtwasserzufuhr lag bei 2,76+1,2 L/Tag, wobei Manner (2,94£1,1 L)
eine signifikant héhere (p<0,01) tagliche Wasserzufuhr aufweisen als Frauen (2,57+0,89 L).
Etwas mehr als ein Drittel (37%) der Manner und knapp ein Viertel (22%) der Frauen haben
Uber den Erhebungszeitraum hinweg eine Gesamtwasserzufuhr, die unterhalb der EFSA
Empfehlungen von 2,5 Liter fir Manner und 2,0 Liter fir Frauen liegt. Dabei zeigt sich eine
sehr unterschiedliche Verteilung zwischen den Landern (ESP: 55% Manner, 39% Frauen;
GRE: 50% Manner, 24% Frauen; GER: 6% Manner, 7% Frauen). Die EFSA Empfehlungen
zur taglichen Gesamtwasserzufuhr erreichen 60% der deutschen Teilnehmer*innen (ESP:
24%; GRE 21%), hingegen liegen 49% der griechischen Teilnehmer*innen (ESP: 41%, GER
11%) an mindestens 4 Tagen und sogar 20% (ESP: 11%, GER 1%) an allen Einzeltagen

unterhalb der EFSA Empfehlungen.

Die Osmolalitdt der 24h-Urine lag im Mittel bei 638+254 mOsmol/kg (Frauen: 5951261
mOsmol/kg: Manner: 681+237 mOsmol/kg) und war an allen Wochentagen bei den Frauen
signifikant niedriger (p<0.01) als bei den Mannern. Im Erhebungszeitraum lag die mittlere
Urinosmolalitat der 24h-Urine bei 26% der Manner (Frauen 44%) <500 mOsmol/kg. Nur 11%
der untersuchten Teilnehmer*innen erreichten an allen Tagen eine Urinosmolalitat <500
mOsmol/kg. Im Gegensatz dazu zeigt fast die Halfte (46%) der spanischen Teilnehmer*innen

eine Urinosmolalitdt 2800 mOsmol/kg an mindestens 4 Tagen des Untersuchungszeitraums
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(GRE: 29%; GER: 11%) und knapp ein Zehntel der Proband*innen aus Spanien (9%) und

Griechenland (8%) an allen Tagen.

Unserer Kenntnis nach war dies die erste Untersuchung, die mit einer einheitlichen Methodik
sowohl Wasserzufuhr als auch Marker des Flissigkeitsstatus in verschiedenen europaischen
Landern parallel erfasst hat. Die Untersuchung prasentiert eine zufriedenstellende mittlere
Gesamtwasserzufuhr in Anlehnung an die Empfehlungen der EFSA. Ein Blick auf die
Einzelwerte zeigt jedoch eine intra-individuelle Varianz mit einer unbefriedigenden Situation
vor allem in Griechenland und Spanien, insbesondere bei den Mannern. Die Abweichungen
zwischen den Landern konnten im Rahmen der Untersuchung nicht geklart werden. Ein
Misreporting bei Erndhrungserhebungen ist zwar bekannt [45], ob dies jedoch landerspezifisch
auftritt ist bisher nicht beschrieben. Aufgrund der schwankenden Gesamtwasserzufuhr
zwischen den einzelnen Tagen wird empfohlen, dies bei weiteren Untersuchungen zur
Gesamtwasser- oder auch Getrankezufuhr zu bericksichtigen, insbesondere wenn 24h-
Ernahrungsprotokolle verwendet werden sollen [69]. Da der tagliche Wasserbedarf unter
anderem von den Schweillverlusten und dem produzierten Urinvolumen abhangt, ist die
Erhebung der Gesamtwasserzufuhr kein ausreichender Parameter flr die Bewertung der
Hydratationsstatus. Vielmehr hat sich die Messung der Urinosmolalitat im 24h Urin als Marker
etabliert, wobei ein Wert <5600 mOsmol/kg angestrebt werden soll [45] und >800 mOsmol/kg
eine milde Hypohydratation anzeigt [70-73], die Symptome wie Schwindel, Kopfschmerzen,

Mudigkeit und Konzentrationsvermégen hervorrufen kann [64-68, 74-79].

Abschlielend erscheint es bedenklich, dass nur 11% der Proband*innen eine Urinosmolalitat
<500mOsmol/kg an allen Untersuchungstagen erreichen und ein hoher Anteil der Manner
(40%) eine Urinosmolalitat >800mOsmol/kg an mindestens 4 Tagen im Erhebungszeitraum
aufweist. Welche individuellen Konsequenzen sich dadurch fir die Teilnehmer*innen dieser

17



Zusammenfassender Uberblick

Studie ergeben haben ist unklar. Eine Steigerung der taglichen Gesamtwasserzufuhr erscheint
jedoch notwendig, um Auswirkungen einer chronischen Hypohydratation zu vermeiden [64-68,
74-81]. Bei zukunftigen Untersuchungen sollten die intra-individuellen Schwankungen der
Gesamtwasserzufuhr und 24h-Urinosmolalitdt berlicksichtigt und die Auswirkungen auf

Gesundheit und Wohlbefinden genauer untersucht werden.
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1.5 Zusammenfassung und Ausblick

Diese Dissertation hat zum Ziel, Ergebnisse zum Erndhrungsstatus, Hydratationsstatus und
Nahrungserganzungsmittelkonsum in ausgewahlten Bevdlkerungsgruppen darzustellen, zu
bewerten und zu diskutieren. Die Publikationen zu diesem Themenfeld sind auf Grundlage
verschiedener Forschungsprojekte der Abteilung Sporterndhrung im Institut flir Biochemie der

Deutschen Sporthochschule Kéln entstanden.

Im Rahmen der Untersuchung zum Erndhrungsstatus junger FulBballerinnen konnte
aufgezeigt werden, dass die Erndhrungssituation hinsichtlich Zufuhrempfehlungen aber auch
unabhangiger klinischer Parameter nicht angemessen ist. Welche Konsequenzen fir
Gesundheit und Leistungsfahigkeit daraus zu erwarten sind, kann auf Basis dieser Studie nicht
beurteilt werden. Weitere Publikationen aus dem momentum Datenpool zeigen fir Ferritin [27]
und Vitamin D [28] a&hnliche Ergebnisse. Es erscheint also notwendig,
Nachwuchssportlerinnen (und -sportler) noch intensiver tUber die Relevanz und Umsetzung
einer sportgerechten Ernahrung aufzuklaren und das entsprechende personliche und

sportliche Umfeld in diesen Prozess zu integrieren.

Eine regelmalige Erhebung der Erndhrungssituation ist mdglich und zumutbar. Zu klaren
bleibt die Qualitat der Datenerhebung durch die Proband*innen. Hier sollten im Vorfeld die
Bereitschaft und Motivation aber auch das Verstandnis fir die Bedeutung der Dokumentation
vermittelt werden. Aulzerdem ist die regelmafige Analytik ausgewahlter Parameter kritischer
Nahrstoffe wiinschenswert, jedoch aufgrund ethischer und praktischer Rahmenbedingungen
nur eingeschrankt maéglich. Eine neue Mdglichkeit insbesondere im Nachwuchsbereich ware
der Einsatz von Dried Blood Spots (DBS) Methoden [82]. Hierzu werden mikroinvasiv je nach

Methodik ca. 20 uL Kapillarblut benétigt und auf speziellen DBS Filterkarten gesammelt. Die
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Blutabnahme kann selbststéandig, dezentral und ohne arztliche Aufsicht erfolgen und wirde

somit ein vereinfachtes Screening auch im Nachwuchsleistungssport gewahrleisten.

In der zweiten Studie dieser Dissertation konnte aufgezeigt werden, dass der Konsum von
NEM bei Nachwuchsleistungssportler*innen deutlich erhéht ist. Bevorzugt wurden von den
Sportler*innen Vitamin- und Mineralstoffpraparate genutzt. In den letzten Jahren wurde
bekannt, dass eine U(bermalige Zufuhr an Mikrondhrstoffen kritisch hinsichtlich
Gesunderhaltung und Leistungsentwicklung sein kann [36, 39, 40, 83-85]. Um auch die
quantitative Zufuhr von Mikronahrstoffen durch NEM bei den momentum Athlet*innen zu
erfassen, wurde auf Basis der vorliegenden Ergebnisse die Befragung zum NEM Konsum
angepasst. Die momentum Athlet*innen dokumentieren nun detailliert die konsumierten NEM
(Hersteller, Dosierung, Zufuhrmenge pro Tag) parallel zum Ernahrungsprotokoll. Erste
Ergebnisse zeigen beispielsweise eine NEM bedingte GbermaRige Zufuhr an Vitamin B6, Zink,
Magnesium und Eisen [86]. Diese Mengen filhren zu einer Uberschreitung der sogenannten
Upper Intake Level, mit denen sich das Risiko fir Nebenwirkungen aufgrund der
Hochdosierung erhéht [40]. Im Rahmen einer (sportspezifischen) Ernahrungsberatung sollte
daher die Erfassung und Bewertung des NEM Konsum unbedingt integriert werden. Erst dann
ist ein zielgerichtetes Risiko-Nutzen Management im Bereich der NEM mdglich, so wie es von

verschiedenen Sportorganisationen mittlerweile gefordert wird [13, 37, 41, 87].

Zur methodisch einheitlichen Bewertung der Gesamtwasserzufuhr und des Hydratationsstatus
von gesunden Erwachsenen in Europa wurde die ,European Hydration Research Study
(EHRS)“ unter Beteiligung des Instituts fiir Biochemie der Deutschen Sporthochschule Koéin
durchgefiihrt. Es konnte aufgezeigt werden, dass die mittlere Gesamtwasserzufuhr in
Anlehnung an die EFSA Empfehlungen vor allem bei den deutschen Proband*innen
zufriedenstellend ist, hingegen unbefriedigend bei zahlreichen Teilnehmer*innen aus Spanien
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und Griechenland. Bestatigt wurde diese Tendenz durch die Messung des Hydratationsstatus
auf Basis der Urinosmolalitat von 24h-Urinen. Welche Konsequenzen sich daraus im Einzelfall
hinsichtlich Gesundheit und Wohlbefinden ergeben, wurde im Rahmen der Studie nicht
untersucht. Eine Dehydratation wird jedoch kurzfristig mit einem unglinstigen Einfluss auf
Gemltslage, Mudigkeit, Aufmerksamkeit oder Konzentrationsfahigkeit [64-68, 78] und
langfristig mit verschiedenen Erkrankungen in Verbindung gebracht [63]. Bei weiteren eigenen
Untersuchungen mit  Nachwuchsleistungssportlerinnen  zeigten Messungen des
Hydratationsstatus ebenfalls unbefriedigende Ergebnisse [88, 89]. Intervention mit Schulung
der Sportler*innen hinsichtlich der Relevanz eines ausgeglichenen Wasserhaushalts und dazu
notwendiger Trinkmenge zeigte Verbesserungen des Hydratationsstatus [88, 89]. Die
Erkenntnisse  aus  der europdischen  Studie sowie den  Projekten  mit
Nachwuchsleistungssportler*innen werden genutzt, um bei Fortbildungen mit Trainer*innen
und Athlet*innen auf die Relevanz eines ausgeglichenen Wasserhaushalts im Sport
hinzuweisen. Dariber hinaus werden im Rahmen der momentum Aktivitdten sogenannte
Diagnostikcamps durchgeflihrt, in denen die Bewertung des individuellen Hydratationsstatus

vorgenommen und eine Rickmeldung zur Optimierung der Situation gegeben wird.

Die Ergebnisse und Erkenntnisse aus den drei dargestellten Arbeiten werden bereits
verwendet, um handelnden Personen im Sport (z.B. Sportler*innen, Trainer*innen und Eltern)
sowie in der Normalbevolkerung (z.B. Polizeibeamt*innen in NRW) Hinweise zur
Verbesserung der Erndhrungssituation, Flissigkeitsstatus und Reduzierung der Risiken durch
unsachgemafien NEM Konsum zu gegeben. Darliber hinaus konnten die Ergebnisse genutzt
werden, um die Methodik der Datenerfassung weiterzuentwickeln und in neuen Projekten

anzuwenden.
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2.1 Abstract

Purpose: To investigate energy intake, energy expenditure and the nutritional status of young
female elite football players using a 7-day food and activity record and blood parameters.
Methods: A total of 56 female elite football players (14.8+£0.68 yrs) completed the requested
food and activity protocols. Misreporting was assessed by the ratio of energy intake to energy
expenditure. The food records were analyzed concerning energy, macronutrient and
micronutrient intake and energy expenditure was calculated using predictive equations.
Hematological data and 25-hydrodxy-vitamin-D (25(OH)D) serum concentrations were
determined. Results: Mean energy intake was 2226+368 kcal/d (40.5+7.0 kcal/kg/d) and
estimated energy expenditure averaged 2403+195 kcal/d. 53% of the players exhibited an
energy availability <30 kcal/kg lean body mass. 31% of the athletes consumed <5 g/kg
carbohydrates and 34% consumed less than 1.2 g/kg protein. A large proportion of players (%)
had intakes below the RDA of folate (75%), vitamin D (100%), iron (69%) and calcium (59%).

Ferritin and 25(OH)D serum levels were below recommendations of 59% and 38%,
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respectively. Conclusion: A remarkable number of players failed to meet energy balance and
suggested recommended carbohydrate and protein intakes. Low iron and 25(OH)D serum
levels were observed elucidating a suboptimal nutrition status of some young female football
players. As a consequence, strategies have to be developed for a better information and

application of sport nutrition practice among young female football players.

2.2 Introduction

Football is one of the world’s most famous sports, meanwhile played by over 30 million females
worldwide. 54% of all registered female football players are youth players [1]. In Germany
football is, after gymnastics, the most common sport for girls between the age of 7 and 18
years, played by a total of 314,602 young female athletes [2]. The large number of young
female football players outlines the need of appropriate training and nutrition guidelines for
athletic performance, growth and development [3, 4]. Currently, specific nutrient
recommendations for youth athletes are insufficiently studied, forcing the potentially not

adequate use of adult recommendations.

When training and competing female athletes tend to eat less than required [5, 6], which can
lead to a low energy and carbohydrate intake and an insufficient supply of some nutrients such
as vitamin E, vitamin D, calcium, iron and magnesium [3, 7, 8]. Suitable fueling and nutrition
plays an important role for a team sport, such as football, considering its metabolic demands
including running, sprinting, stopping, turning, and jumping. Football is physiologically
described as a high-intensity, intermittent sport with a relatively large amount of running
distance. The average total distance covered during a game of female elite football players lies
between 10 and 11 km of which approx. 2.500 m (24%) are covered at high speed (> 19.8

km/h) [9, 10]. A reduction in physical strength and sprint performance during the second half,
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especially in the last 15 min by 26% up to 57% indicates that some female elite players are
unable to maintain the required speed for the duration of the whole match. This can be
attributed to muscular fatigue and/ or an insufficient training capacity, but the question arises
whether this might also be partly attributed to an insufficient fueling before and during a football
match. Previous studies have shown that the majority of female football players fail to meet
the increased energy demands caused by training and competition [3, 8, 11-13]. Thereby, the
minimum needs of carbohydrate intake for adequate glycogen synthesis are often not met, as
it has been shown in previous studies investigating the nutritional behavior of female junior
elite football players [3, 11, 13, 14]. Carbohydrates are the main energy source during the high-
intensity parts of a football match, such as sprints and jumps. Thus, sufficient carbohydrate
and protein intake is required in order to replenish glycogen stores as well as maintain body
weight and synthetize muscle tissue [15].

For the development of appropriate dietary recommendations for young female elite athletes,
the status quo needs to be defined regarding the respective demands. The two main
challenges during this process are choosing the right assessment tool for the quantification of
nutrient intake to minimize misreporting as well as determining the energy expenditure as
precise as possible. In most previous studies the nutritional intake was gathered either using
a 3-day food record or a 24-hour-recall [3, 11, 12, 14]. Both methods lower the burden of the
subjects, but for an increased reliability a 7-day food record is unequivocally recommended
[16]. Only Martin et al. (2006) used a 7-day food record for the nutrient intake of national female
football players. However, the calculation for energy expenditure was performed using the
software Diet Organizer 2.0 (MulberrySoft 2014), leaving uncertainties about the formulas used
and the respective reliability of the calculations. It is suggested, that the most accurate method

for estimating energy expenditure of young athletes in the field is the use of the Metabolic
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Equivalent of Task (MET), expressing the energy costs of different physical activities by
multiplying the MET factor with the basal metabolic rate (BMR) [15, 17].

A major source of error during the assessment of the nutrition status is misreporting in the
dietary records. Poslusna et al. (2009) evaluated misreporting of energy intake in 69 studies
and identified 7.6 — 49.0% (median: 32.5%) of all female subjects in the studies to be ‘under-
reporters’ [18]. A similar number was found by Black (2000), who identified 37% of all women
participating in 21 different studies to be under-reporters [19]. This large proportion of
underreported protocols connotes a much lower average energy and nutrient intake than
actually consumed, leading to wrong conclusions about the nutrition status. For that reason,
under- as well as over-reporters need to be excluded from analysis. Hitherto, only one study
excluded under-reporters, not considering over-reporters though [14]. For the development of
solid sports nutrition recommendations for young female athlete’s defective protocols must be
excluded.

The purpose of the present study was to perform an extensive analysis of the nutritional status,
blood parameters, energy intake and expenditure of young elite female football players with

the exclusion of misreported protocols.

2.3 Methods

2.3.1 Study Design

Data from young female football players, who visited the German Research Centre of Elite
Sports in Cologne between March 2008 and August 2014, was analyzed retrospectively. All
athletes participated in a routine examination including an extensive medical check-up,

biomechanical and performance testing, psychological consultation, and a nutritional
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assessment. Data of the food record, activity protocol and blood parameters were used for this

study.

2.3.2 Subjects

All athletes eligible for this study were chosen by the football sports federation. At the time of
the study they were playing for the age-related national team or regional representative team
and can be considered to be among the (national) elite with respect to their age.

The study was approved by the German Sports University’s local ethics committee and written

informed consent was obtained from a legal representative of each subject.

Only athletes for whom all necessary data (nutrition, physical activity data and hematological
profiles) was available, were included in this present study. 56 data sets were complete and

used for the analysis of the nutrition status.

2.3.3 Study Protocol

At the time of the evaluation, athletes were asked to complete a detailed 7-day food record
paralleled with a 7-day activity protocol prior to the testing day. After an overnight fast, the
subjects reported to the lab at 08:00 am and body weight and body composition were assessed
by bioimpedance using a BA-418 MA (Tanita, The Netherlands). Body height was measured

using a calibrated scale and a venous blood sample was drawn from the anticubal vein.

2.3.4 Dietary Assessment

Dietary intake was assessed using a standardized 7-day food record. The applied food record
had been validated against doubly labelled water (DLW) and 24-h urea excretion [20]. The
standardized record comprised a list of frequently used food items. Standard portion sizes
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were included to the choice of each food item to reduce misjudgment of portion sizes by the
subjects and to minimize the respondents’ burden. Detailed instructions for completing the
food record were provided and a sample page of an accurately completed food record was
included. All athletes were strongly encouraged to add foods and to change portion sizes if
needed. Nutrient data from the diet logs was analyzed using the EBISpro software (version
7.0, 2005), based on the German Nutrient Data Base (Federal Research Centre for Nutrition
and Food 2004). The recommended daily allowances (RDA) released by D-A-CH [21], a
cooperation of the German, Austrian and Swiss Nutrition Societies, were used for the
evaluation of the intake of minerals, vitamins and trace elements. Micro-Nutrients coming from

dietary supplements were not included in the analysis.

2.3.5 Energy Expenditure

The participants’ energy expenditure (EE) was estimated using a self-reported 7-day activity
protocol, which had to be completed parallel to the food record. The activity protocol contained
25 activities, which were categorized into general activities (sleep, work, school, etc.), leisure
activities (locomotion, leisure sports) and sports-related activities (training, competition,
strength training, etc.). All athletes received written instruction for its completion and were
asked to list the duration of all activities as precise as possible. The activity protocol had been

validated against indirect calorimetry and doubly labelled water [20].

EE was calculated using the compendium of physical activities to determine the appropriate
metabolic equivalent (MET) values for each activity performed [22]. The MET values are
multiplication factors of the basal metabolic rate (BMR). In the present study BMR was
calculated using the ‘Harris-Benedict-Formula’, which considers age as an individual

parameter. The daily total energy expenditure (TEE) comprised the BMR, leisure activity
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energy expenditure (LEE) and the energy expenditure of all sports-related activities (ExEE)
and was calculated as the sum of the EE of all recorded activities.

Further, the energy availability (EA), which is defined as (energy intake (kcal) — exercise energy
expenditure (kcal))/ lean body mass (kg), was calculated. EA is categorized as insufficient

when <30 kcal/kg lean body mass (LBM) are consumed [5, 6].

2.3.6 Identifying Records of Poor Validity: Under- and Over-Reporter

Subjects were classified as under-reporter (UR), average-reporter (AR) and over-reporter
(OR), from their individual ratio of reported energy intake (El) to TEE according to Black [19].
According to this, ARs were identified by representing an EI/TEE ratio in the range of 0.76 —
1.24, URs by EI/TEE <0.76 and OR by EI/TEE >1.24. 19 athletes were identified as URs
(0.56+0.14), 32 athletes were classified as ARs (0.941£0.14) and 5 athletes showed a mean
ratio greater than 1.24 (1.72+0.57) whereby being categorized as ORs. For the analysis of the
nutritional intake and status of the young female athletes only the 32 ARs were considered

unless stated differently.

2.3.7 Hematological Data

Measurements of the venous blood samples were conducted using a Sysmex KX-21N blood
analyzer (Sysmex, Nordersted, Germany) regarding: hemoglobin and hematocrit. Serum iron
concentrations were measured using a Cobas 400 (Roche, Mannheim, Germany) and for
ferritin levels the immunoassay analyzer Elecsys 2010 (Roche, Mannheim, Germany) was
used. Serum ferritin levels were considered low at concentrations below 35 pg/L and critical

below 12 pg/L [23]. Female athletes detecting serum ferritin levels below 12 ug/L were
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considered ‘iron deficient’. Hemoglobin and hematocrit values were classified in females as
abnormal below 12 g/dL and 36% respectively, showing an iron deficiency anemia [24].

The analysis and interpretation of the vitamin D status is referring to 24 subjects. Blood
samples were analyzed for 25-hydrodxy-vitamin-D (25(OH)D) by a one-step immunoassay
(ADVIA Centaur VitD-test) using the ADVIA Centaur (Siemens Healthcare, Germany). The
25(OH)D concentrations of the athletes were classified as ‘severely deficient’ (<12 nmol/L),
‘deficient’ (12-30 nmol/L), ‘inadequate’ (30-50 nmol/L) and ‘adequate >50’ (>50 nmol/L) [25,
26]. In addition, data was considered ‘adequate >75’ with respect to Heaney et al. (2010) who

defined 25(OH)D status >75 nmol/l as adequate [27].

2.3.8 Statistical Analysis

All data was tested for normal distribution using Kolmogoroff-Smirnov-test. Depending on the
normality of these data, the Student-t-test (parametric data) or the Mann-Whitney U-test (non-
parametric data) was used. Differences were statistically significant at a probability of error
below 5% (p < 0.05). If not stated otherwise, values were expressed as meanzstandard
deviation (SD). All statistical comparisons were conducted using the SPSS software

(SPSS Inc., version 24.0).

2.4 Results

2.4.1 Physical Characteristics

The physical characteristics of the participants are presented in Table 2-1. The subjects’
characteristics are subdivided in UR, AR and OR. Significant differences for the body mass
index (BMI) were found between UR and OR as well as AR and OR (p < 0.05). A significant
difference in body weight was shown between the the UR and OR (p < 0.05). No significant
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difference in the percentage of body fat was found between those groups (p = 0.08). For all

other anthropometric parameters and training time no significant results were observed.

Table 2-1: Anthropometric characteristics and training duration during study period

Total (n=56) UR (n=19) AR (n=32) OR (n=5)

Mean (SD) (min; max) Mean (SD) (min; max) Mean (SD) (min; max) Mean (SD) (min; max)
Age, y 14.8 (0.7) (13; 17) 14.8 (1.0) (13; 17) 14.8 (0.5) (13; 15) 14.6 (0.5) (14; 15)
Weight, kg 56.8 (6.1) (43.5; 74.9) 58.7 (6.1) (50.7; 74.9)* 56.3 (6.2) (43.5; 71.1) 53.1 (2.8) (49.9; 57.1)*
Height, em 166 (5) (155; 180) 167 (5) (158; 176) 166 (6) (155; 180) 166 (6) (158; 172)
BMI, kg.r‘m2 20.6 (1.5) (17.5; 24.2) 21.1 (1.5) (18.7; 24.2)%  20.5 (1.5) (17.5; 23.2)** 194 (0.7) (18.2; 20.3)***
LBM, kg 46.9 (4.3) (37.2; 57.0) 47.8 (4.3) (41.2; 57.0) 46.6 (4.2) (37.2; 55.5) 45.6 (3.7) (40.2; 49.7)
Body fat, % 17.2 (3.9) (8.3; 24.9) 18.3 (3.3) (11.2; 24.9) 16.9 (4.0) (8.3; 24.8) 14.2 (3.6) (9.8; 19.4)
Training, min/d 85 (31) (26; 205) 89 (40) (26; 205) 85 (26) (31: 150) 68 (22) (41; 104)

Note: UR = under-reporter, AR = average reporter, OR = over-reporter. * shows a significant difference (p<0.05) between under-

reporter (UR) and over-reporter (OR); * shows a significant difference (p<0.05) between average reporter (AR) and OR

2.4.2 Energy Balance and Energy Availability
Mean energy intake, energy expenditure and energy availability of the AR is shown in Table

2-2. Statistical analysis revealed no significant difference between El and TEE (p < 0.05),

Table 2-2: Daily Energy Intake, Expenditure, Energy Availability, and the Percentage of

Players Below Recommendations

Athletes consuming <

Energy Intake, mean (SD) Range recommendations, % (n) Recommendations
Intake

total, keal 2262 (368) 1702 1o 3194

body weight, kcal/kg 40.5 (7.0) 28510 574
Expenditure

total, keal 2403 (193) 1946 1o 2753

body weight, keal/kg 43.1 (4.8) 34.8 10 56.3
Energy balance

total, keal =141 (327) =549 o +509 75 (24) Energy balance
Energy availability

lean body mass. keal/kg 30.0(7.3) 20310510 53 (17) >30 keal/kg lh‘am body

Mass”

Nofe:alLoucks [28]
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suggesting that energy balance was achieved in the group of AR. 53% of the players did not
meet the minimum recommendation of 30 kcal/ kg LBM [5, 6]. Daily mean training time
amounted to 8526 min (including 4511 min football specific training), which represents

24.7%6.4% of the daily TEE.

2.4.3 Macronutrient intake

Total and relative macronutrient intake are shown in Table 2-3. Compared with sport nutrition
recommendations 10 athletes (31%) stayed below the recommended intake of 5-10 g/kg/d for
moderate to high exercise programs lasting 1-3 hours [29]. 11 subjects (34%) didn’'t meet the

current suggestion of dietary protein intake in the general range from 1.2-2.0 g/kg/d [15, 30].

Table 2-3: Daily Macronutrient Intake and the Percentage of Player Not Meeting DRIs and

Sport Nutrition Recommendations

Intake, Athletes consuming < RDA or RDA or sport nutrition
Macronutrient mean (SD) Range recommendations, % (n)® recommendation
Carbohydrate
total, g 303 (62) 191-466 - -
body weight, g/kg 54 (1.1 3.2-84 31 (10) 5-10 g/ke/d®
total EL, % 549 (5.4) 45.0-66.0 - -
Protein
total, g 77 (11) 55-103 - -
body weight, g/kg 1.4 (0.3) 1.0-2.0 34 (1D 1.2-2.0 g/kg/d*?
total EL, % 14.1(2.3)  10.0-19.0 - -
Fat
total, g 78 (19) 47-121 - -
saturated fatty acids, % 13.0 (2.4) 9.0-18.3 84 (27) <10% total energy de
monounsaturated fatty acids, % 10.8 (2.0) 7.5-14.2 59 (19) 10%—15% total energy®
polyunsaturated fatty acids, % 8.8 (1.3) 4.0-9.6 81 (20) 7%—10% total energy®
body weight, g/kg 1.4 (0.4) 0.9-2.2 - -
total EL % 30.7 (5.00  22.0-40.0 50 (lo) 30%—35% total energ_\,’d'e

Note: *except: % saturated fat (> DRI). 2Burke et al. [29], ® Desbrow et al. [31], ¢ Thomas et al. [15], ¢ RDA = Recommended Daily

Allowance. For females 13 — 19 years old [21].
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2.4.4 Micronutrient and fluid intake

Micronutrient and fluid intakes compared with the respective RDA values [21] are presented in
Table 2-4. No player met the RDA for vitamin D and a considerable group of participants stayed
under the RDAs for vitamin Bi2 (53%), Folate (75%), vitamin A (53%), calcium (59%),
phosphorus (38%) and iron (69%).

Subjects showed a high inter-individual variability of mean total daily fluid intake.

Table 2-4: Daily Micronutrienta and Fluid Intake Compared With the Respective RDA Values

Athletes consuming

Micronutrient/Fluid Intake, mean (SD) Range Intake, % of RDA < RDA, % (n) RDAP
Thiamin, mg/d 1.5 (0.3) 0.9-2.2 150 6(2) 1.0
Riboflavin, mg/d 1.4 (0.2) 1.0~1.8 127 9 (3) 1.1
Niacin, mg/d 277 (4.4) 19.4-36.6 213 0 (0) 13
Vitamin B6, mg/d 1.9 (0.3) 1.3-2.6 136 3 (1) 1.4
Vitamin B12 2.9 (1.0) 1.0-4.8 97 53 (17) 3.0
Folate. pg/d 256 (61) 144-395 85 75 (24) 300
Vitamin A, pg/d 1228 (1088) 383-6762 123 53 (17) 1000
Vitamin D, pg/d 1.3 (0.9) 0.3-3.7 7 100 (32) 20
Vitamin E, mg/d 13.8 (2.8) 9.0-20.4 115 25(8) 12
Vitamin C, mg/d 169 (59) 79-333 199 3(1) 85
Calcium, mg/d 1107 (382) 459-1972 92 59 (19) 1200
Phosphorus, mg/d 1314 (202) 936—-1692 105 38 (12) 1250
Magnesium, mg/d 446 (131) 265-707 144 22(7) 310
[ron, mg/d 14.0(2.7) 9.2-22.1 93 69 (22) 15
Zinc, mg/d 1.1 (6.1) 8.0-14.9 159 0 ) 7.0
Potassium, mg/d 3412 (575) 2355-4457 180 0 (0) 1900
Sodium, mg/d 2791 (643) 1808-4444 507 0 () 550
Fluid intake

total, mL 2456 (905) 9764557

body weight, mL/kg 43.8 (15.1) 17.1-79.1 110 44 (14) 40

Note: RDA, recommended daily allowance. aData show micronutrient intake from food only, micronutrients from dietary

supplements are not included. PFor females 13-19 years old [21].

2.4.5 Biochemical data
Ferritin, hemoglobin and hematocrit values are shown in Table 2-5. Low ferritin values (<35
Mg/L) suggestive for iron depletion were measured in 17 (59%) female football players. The

high prevalence of critical ferritin values (<12 ug/L) classified 5 players (17%) as fron depleted.

43



Nutrition Status of Young Elite Female German Football Players

A small proportion of the subjects had measures below the reference values for hemoglobin
(n=2; 7%) and hematocrit (n=2; 7%). As both players were identical for the low hemoglobin
and hematocrit values. 9 Players (38%) demonstrated inadequate vitamin D values below 50
nmol/L. As the blood samples were collected during the whole year, the lowest average serum

concentrations were identified in March (47.6+5.0 nmol/L).

Table 2-5: Biochemical Data, Prevalence of Abnormal Values for Iron-Related Indices (n = 29)
and Vitamin D (n=24)

Players below defined

Parameter Mean (SD) Range parameter range, % (n)
Ferritin, pg/L* 32.7 (19.4) 5.1-86.3
low (<35) 59 (17)
critical (<12) 17 (5)
Hemoglobin, g/dL" 13.2 (0.7) 11.4-14.6
abnormal (<12) 7(2)
Hematocnt, % 39.0 (1.8) 34.8-42.1
abnormal (<36) 7(2)
25-hydroxyvitamin D, nmol/L 50.2 (16.6) 33.0-88.5
adequate (>75)° 21 (5)
adequate (>5[))d 42 (10)
madequate (f\lFSl))d 38 (9
deficient (12 to <30)* 0 (0)
severely deficient (<12)¢ 0 ()

Note: 2Peeling et al. [23], ® Deakin[24], ¢ Heaney et al. [27], ¢ Close et al. [25], Owens et al. [26]

2.5 Discussion

This retrospective study assessed the nutritional status of young elite female football players
via a nutritional analysis combined with an individual calculation for energy expenditure and
an analysis and interpretation of nutritional related blood parameters. The main outcome of
this study was that despite excluding misreported protocols, the average relative El (40.5+7.0
kcal/kg) and EA (30.0+7.3 kcal/kg) just met the minimum requirements for female athletes,
leaving a considerable number of players below the minimum energy requirements. Therefore,

the average CHO intake is comparatively low (5.4+1.1 g/kg; 69% < 5g/kg), which in turn may
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limit some players’ energy supply for playing football at elite level. Another striking finding is
the occurrence of a significant difference in the BMI and body weight between the group of UR
and OR as well as between the ARs and ORs (BMI only). Hence, this indicates a relation

between body weight and misreporting among young female athletes.

2.5.1 Energy balance and energy availability

A low energy availability among young female athletes can have severe negative health
outcomes, such as menstrual dysfunction, stress fractures, reduction of the BMR and
decreased reproductive hormone concentrations as well as a decline in performance [5, 28,
32, 33]. Athletes show increased occurrence of disordered eating patterns compared to their
not-active peers, although this occurs mainly in older athletes who compete on a high
performance level [32]. However, the age group of 14 — 18 year old female athletes exhibits a
trend towards a lower energy intake and an impaired diet quality [3, 14]. In the present study,
a mean energy deficit of 141 kcal/ day was identified after the exclusion of 19 (34%)
underreported diet protocols. The mean relative ElI of 40.5+£7.0 kcallkg BW implies an
insufficient energy intake compared to their relative EE of 43.1+4.8 kcal/ kg BW. Similar
findings of inadequate energy intake of female elite football players in this age group and older
have been published elsewhere [3, 8, 11, 12, 14]. The recommended relative El for adult
female athletes training with a workload of >90 min is reported as 45-50 kcal/ kg body weight
(BW) [34], which is slightly higher than the energy expenditure calculated in this study. Even if

the El is not significantly different from TEE, a tendency for low El is shown.

The current cut-off criteria for a low EA is 30 kcal’kg LBM/day which was just accomplished by
the young football players in the present study [28, 32]. 17 athletes (53%), did not meet the

minimum requirement, with the lowest EA being 20.3 kcal/ kg LBM. Long-term effects of low
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EA can be health-damaging and are potentially irreversible [32]. However, if diagnosed in an
early state the impairments caused by a low EA are reversible emphasizing the need to

correctly identify young female athletes with low EA.

2.5.2 Diet records of poor validity: Under- and Over-reporter

One important fact in the discussion of a low EA and a low El is the right estimation and
calculation of the caloric intake per day. It is well described that a high prevalence of
misreported dietary intake with various assessment methods exists [16, 18, 19, 35]. The review
of Magkos and Yannakoulia [16] identified an underestimation of the actual EI by 20-50%
using estimated food records, which is the most applied assessment tool in research. Reasons
for under-reporting can be a misjudgment of portion sizes or incomplete listing of snacks or
drinks with caloric value, which is considered intentional of unintentional ‘underrecording’.
Under-reporting can also be caused by an intentional or unintentional ‘undereating’, underlying
an acute reduction of food intake during the study period [16]. A review of published studies
using DLW revealed that under-reporting amounted to 10 — 45% or TEE and was primary

related to under-recording rather than under-eating [16].

In comparable studies the possible occurrence of under-reporters is mentioned in the
limitations, thus such protocols have not been excluded [3, 8, 11, 13]. The challenge of
identifying misreported protocols entails to distinguish different cut-off criteria, however the
Goldberg cut-off [36] is the most common one in literature [18]. This cut-off criteria has been
restated and the applied factors have been revised by Black [19], making it the most plausible
cut-off value in current publications [18]. There are limitations to a cut-off criteria as there is a
risk of excluding athletes with an actual low energy intake, however this source of error seems

to be lower than the falsely accepted misreported protocols. The mean reported energy intake
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of [8] of 1904 kcal/ day was below the calculated Goldberg cut-off value of 1911, which would
have led to an exclusion of the majority of protocols. Considering the subjects’ steady weight
before and after that study, under-reporting has presumably taken place.

Taking this into account, 19 out of 56 protocols were excluded using the cut-off criteria of Black
[19] due to a potential under-reporting in the present study. In addition to that, further 5
protocols were excluded due to over-reporting. Under-reporting is found among all age groups
and genders, however it is more common among females who are overweight or rather
discontent with their body weight [37]. This phenomenon is consistent with the results of the
present study. The BMI and body weight of the UR is significantly higher than the BMI of the
OR (p < 0.05). A significant difference was also found between the AR and OR (p < 0.05) with
the OR having the lowest BMI of 19.4+3.7 kg/m2. Social desirability, discontentment with the
own body weight or meeting the demands of the athletic environment (coaches, advisers, etc.)
might have played a role during the evaluation of dietary intake.

Notwithstanding, even after the exclusion of 19 protocols (34%), the El and EA still barely met

the requirements, pointing out that a low EI among some of the young athletes exists.

2.5.3 Macronutrient intake

Carbohydrates are the primary energy source for the high-intensity bouts in football [4, 38, 39].
It is inevitable that the glycogen stores in the liver and muscles are replenished sufficiently to
deliver performance in training and competition. Current adult sports nutrition
recommendations range from 5-7 g/kg/d for a moderate exercise program for about 1 h/d up
to 6-10 g/kg/d for moderate to high intensity exercise for 1-3 h training per day [15, 29]. The
average training time in the present study was 85+26 min including all intensities, estimating

the range for carbohydrate requirements to be about 5-10 g/kg/d. In the position statement of
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sports nutrition for adolescent athletes [31] no different carbohydrate requirements of
adolescents compared to adult athletes were stated. The average CHO intake of
5.4+1.1 g/kg/d is in the lower range of the aforementioned recommendations. Considering that
31% (10 players) who trained 77+20 min/d did not meet the minimum requirement of 5 g/kg/d
leads to the assumption that some players were not able to adequately replenish muscle
glycogen stores. Similar low mean CHO intakes of young female football players were detected
in previous studies [3, 8, 11, 13, 14]. Zehnder et al. found deficits of about 10% in glycogen
replenishment for average amounts of CHO intake at 4.8 g/kg/d [39]. Cumulative deficits of
10% might result in a decrease of physical performance [39]. For that reason, young female
football players should pay attention to their habitual diet and add more CHO to prevent
deficits, especially on long and/ or intensive training days.

Protein recommendations for adult athletes range from 1.2-2.0 g/kg/day. Sufficient dietary
protein intake is necessary for maximum muscle protein synthesis and repair mechanisms
after strenuous exercise [30, 40]. For adolescent athletes, it is also a critical macronutrient for
growth and development. Nevertheless, protein recommendations for youth athletes seem to
be consistent with adult recommendations [31]. In the plurality of studies about young male
football players, protein is no macronutrient of special interest as the recommended intake is
sufficiently complied or exceeded. The average intake for male football players ranges from
1.5 to 2.4 g/kg/d [14, 35, 41-44]. In contrast, young female football players do not meet the
minimum recommendations with an average protein intake of 1.0 g/kg/d in the post-season
[11, 13] or show a low to moderate average protein intake of 1.2-1.4 g/kg/d in season [3, 8]. In
the present study, the mean protein intake was 1.4+0.3 g/kg/d including 34% (11 players), who
did not meet the minimum sport nutrition recommendation of 1.2 g/kg/d. Female athletes need

to ensure a sufficient protein intake through a variety of food.
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Mean dietary fat intake was 30.7+5.0%, which is in the range of the recommendations for girls
between 13-15 years [21]. Fat is an important component of a healthy diet, as it provides
energy and assists the absorption of fat-soluble vitamins [15]. Athletes should avoid a chronic
fat intake of less than 20% of total daily energy intake as a concomitant deficit of other nutrients
may occur. Here, the average intake ranged from 22-40% leaving no athlete below the 20%
limit. However, 15% exceeded the recommendations exhibiting a too high dietary fat intake.
Some young football players may benefit from consuming fewer calories from fat and an
increasing caloric intake from carbohydrates. The quality of fats also has to be considered as
84% exceeded the maximum of 10% of total energy coming out of saturated fats [15, 21]. The
consumption of less saturated fats should be administered in favor of a greater intake of mono-

and polyunsaturated fatty acids.

2.5.4 Micronutrient intake and hematological data

Athletes with a low energy intake often consume suboptimal amounts of micronutrients,
affecting mostly the intake of iron, vitamin D, calcium and some antioxidants [45, 46]. Iron is
considered as one of the most critical micronutrients for female athletes due to menstrual iron
losses, via sweat, gastrointestinal bleeding and foot-strike hemolysis [7, 23]. Lowered iron
status may reduce exercise capacity and impair sports performance [47, 48]. In the diagnosis
of iron status disorders it is important to differentiate between ‘reduced iron stores’ (ferritin <35
pg/L), ‘iron depleted’ (ferritin <12 ug/L) and ‘iron deficiency anemia’ (hematocrit <36%,
hemoglobin <12 g/dL) [7, 31]. In the present study 59% of the female football players showed
ferritin concentrations below 35 ug/L and 17% were below 12 pg/L, therefore being categorized
as /ron depleted. 7% (2 players) were diagnosed with /ron deficiency anemia due to abnormal

hemoglobin and hematocrit values. In view of the dietary iron intake of female football players,
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the results are consistent with the hematological data as the mean iron intake was 14.0+2.7
including 69% of the players below the RDA of 15 mg/d. Comparable results have been
published in previous studies analyzing the iron intake of young female football players [3, 8,
11]. No significant differences in dietary iron intake between deplefed and not-depleted
athletes were found, indicating that depleted iron stores can occur even if the intake meets the
RDA [42]. Kang und Matsuo studied a 4-week iron supplementation on hematological status
in 25 elite female football players [49]. The results showed increased body iron stores and a
prevention of decreased hemoglobin levels induced by football training. Hence, it is important
to examine the iron status of young elite football players regularly and ensure an iron-rich diet
or, if necessary, include iron supplements.

None of the athletes in this study met the DRI for vitamin D. Mean dietary vitamin D intake was
1.3+£0.9 pg/d with a range of 0.3-3.7 ug/d. Recommendations by the German Nutrition Society
are 20 ug per day, if endogenous vitamin D synthesis through the exposure to sunlight (UV-B
rays) is missing [21]. Dietary recommendations for vitamin D are challenging as the exposure
and consequently the endogenous vitamin D synthesis differs between populations and
seasons during the year [26]. Between October and April UV-B radiation is minor at latitudes
of >50°N [50], minimizing the endogenous production. The data in the present study was
retrieved over the course of all seasons, whereby it is evident that the nutritional intake was
not sufficient for some players. The analysis of the 25(OH)D serum concentrations revealed,
that 38% of the female football players had inadequate 25(OH)D levels below 50 nmol/ L. No
deficient or severely deficient vitamin D statuses were observed. Chronic low 25(OH)D levels
increase the risk of stress fractures, musculoskeletal dysfunction and impairs the development
and maintenance of bone mineral density [26, 51]. Very low dietary vitamin D intakes were

shown in comparable studies [3, 8, 11, 14], underlining the necessity of a seasonal screening
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of vitamin D of young female football players. Corrections of a vitamin D deficiency through
supplementation may be essential to maintain bone health and ensure optimal performance in

adolescent athletes.

2.5.5 Fluid intake

Mean relative fluid intake of the female football players met the RDA of 40 ml/kg/d [21],
anyhow, the large standard deviation demonstrates large intra-individual differences. 44% of
the young football players did not meet the RDA, in which sweat losses during physical
exercise are not included. These results are coherent with other studies examining the fluid
intake and status of young female football players [52-54]. Chapelle et al. found 44-78% of 18
female youth players to be at least minimally hypohydrated before an official 4-day tournament
[52]. Being euhydrated is crucial for physical exercise as dehydration can adversely affect on-
field performance, aerobic capacity, concentration and mental performance [55-57]. Water and
beverage consumption is difficult to quantify as drinks consumed outside of meals are prone
to under-reporting [16]. Apart from this source of error, urine specific gravity, weight loss during
training and urine color were not measured, therefore limiting the significance of these values.
However, it is noticeable that 44% of the players did not meet the recommended 40 ml/kg/d
[21]. Considering the variability in sweat rates during adolescence [31], the fluid needs of young
athletes should be monitored regularly. Young athletes should be encouraged to be sufficiently

hydrated before training and matches, especially in hot environments.

2.5.6 Methodological considerations and limitations
Self-reported dietary intake protocols are frequently biased towards underestimation and the

assessment accuracy relies on the participant’s ability to judge portions sizes and food
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composition precisely. We cannot exclude that errors in estimation of the right portion sizes
occurred, even if detailed instructions were provided. The incidence of misreporting was limited
by using the cut-off criteria of Black [19].

For the calculation of TEE all activities during the day were summed up seperateley with the
corresponding MET values. Different intensities during training and different types of training
could be chosen for a preferably high accuracy of the EXEE. However, much variation between
subjects comes from differences in time spent sleeping, sitting, standing and moving about
different activities during the day [18]. Misestimation of the exact times of the above mentioned

activities might have occurred as no activity tracker was used simultaneously.

The use of dietary supplements containing micronutrients was not assessed in this study,
which alterates the level of supply of micronutrients. However, the missing data of supplement
intake has no consequences on the reported abnormal values of the iron related blood

parameters and the vitamin D status.

2.6 Conclusion

Despite the limitations, our investigation represents a retrospective study with a homogeneous
group of young female elite German football players. The findings of the present study are
consistent with the results of previous literature [3, 8, 11, 12] and show that the nutrition status
of young female football players is in need of improvement. A caloric deficit, low carbohydrate
and fluid intakes were observed, wherefore sports drinks containing carbohydrates and
electrolytes during/ after training and games are recommended to increase fluid and CHO
intake and approach energy balance. Furthermore CHO and protein intakes should be
monitored throughout the day to be sufficient for daily training energy expenditure, growth and

regeneration processes.
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A large proportion of players showed insufficient 25-hydroxyvitamin-D and iron/ferritin serum
levels. A repeated screening program of those blood parameters should be implemented and,
if necessary, a supplementation under physician supervision needs to be provided.

When working with young female athletes, coaches and medical staff need to create more
favourable framework conditions for the implementation of an adequate and healthy sport
nutrition. This includes regular screening dates alongside with the provision of information of
healthy and appropriate nutrition guidelines for the athletes as well as their parents.
Longitudinal studies are required to monitor the effectiveness of nutritional interventions

among young female football players and other comparable groups of athletes.
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3.1 Abstract

Little is known about the prevalence and motives of supplement use among elite young
athletes, who compete on national and international level. Therefore, the present survey was
performed in order to assess information regarding the past and present use of dietary
supplements among 164 elite young athletes (16.6 £ 3.0 years of age).

A five-page questionnaire was designed to assess the past and present (last 4 weeks) use of
vitamins, minerals, carbohydrate-, protein-, and fat supplements, sport drinks and other
ergogenic aids. Furthermore information about motives, sources of advice, supplement

sources and supplement contaminations was assessed.
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Eighty percent of all athletes reported the use of at least one supplement and the prevalence
of use was significantly higher in older athletes (p < 0.05). Among supplement users, minerals,
vitamins, sport drink, energy drinks and carbohydrates were most frequently consumed. Only
a minority of the athletes declared to use protein/amino acids, creatine or other ergogenic aids.
Major motives for supplement use were health related, whereas performance enhancement
and recommendations by others were less frequently reported. Supplements were mainly
obtained from parents or by athletes themselves and were mostly purchased in pharmacies,

supermarkets and health food stores.

Among all athletes, only 36% were aware of the problem of supplement contaminations.

The survey shows that supplement use is common and widespread among German elite
young athletes. This stands strongly in contrast to recommendations by leading sport

organizations against supplement use by minor athletes.

3.2 Introduction

In the past years many studies have shown that the use of dietary supplement (DS) is
widespread among the group of athletes [1, 2]. It should be noted, that the term “dietary
supplement” is not used consistently among scientific publications, as terms such as nutritional
supplements, nutritional ergogenic aids or sports supplements have also been used by authors
in the same context. Apparently, no clear definition exists for supplements, which are explicitly
used by athletes [3]. According to the US Food and Drug Administration (FDA), a DS is a
product (other than tobacco) that is intended to supplement the diet that bears or contains one
or more of the following dietary ingredients: a vitamin, a mineral, an herb or other botanical, an

amino acid, a dietary substance for use by man to supplement the diet by increasing the total
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daily intake, or a concentrate, metabolite, constituent, extract, or combinations of these
ingredients [4].

Despite the heterogeneous definition of the term supplement, it is indisputable that the
prevalence of use is far greater in athletes than in the general (sedentary) population [2, 5].
Figures for elite athletes lie in the range of 44 and 100% use, strongly depending on age, sport
and level of competition [2, 3, 6, 7].

Generally, there is good evidence that DS use increases with age both in elite athletes [3] and
in the general population. Recently published data of the German National Nutrition Survey Il
showed that 16 to 19% of German adolescents (age 14 to 18) reported the use of supplements,
whereas use among 18 to 24 year old Germans was more common (21%) and increased
further with age [8].

To our knowledge, the supplementation practices of young German athletes have not been
described in the literature so far. In young United States figure skaters (mean age: males 16.9
y, females 15.2 y) DS use was reported to be 65% for male and 76% for female athletes [9].
For British junior national track and field athletes the use of DS was documented to be 62%
[10]. Even though a generalization of these results upon other sports and other levels of
competition might be critical, this study indicates that supplement use by young athletes seems
to be lower than in adult athletes, as a prevalence of 85% was reported for elite senior track

and field athletes competing at international championships [3].

When considering the supplement use in adolescent athletes, high school and college athletes
have been studied to a far greater extent than elite athletes. Percentages of use have been
reported to lie between 13 and 76% [11]. However, this group is not comparable to elite young
athletes, who compete on national and international levels, as the level of competition is

considered to be a major indicator for supplement use [6].
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In general, performance enhancement, prevention of illness, behavior of teammates or
opponents and recommendations by influential individuals (such as coaches, friends, or family
members) have been identified as the most important motives for supplement use in athletes
[2].

To our knowledge, data on DS use among the unique group of elite young athletes is lacking.
Understanding of the supplement use pattern and motives is an important aspect for proper

nutritional and medical education in potential future elite athletes.

Therefore, the major goal of the study was to assess the prevalence of DS use among a wide
spectrum of German elite young athletes with respect to age, gender and type of sport. Further
objective of the study were the identification of the supplements used most frequently by the
athletes and the assessment of motives and sources of recommendations, information, and
products. Additionally, the athletes’ education about the problem of contaminated supplements

was asked for.

3.3 Methods

3.3.1 Study Population

A total of 228 athletes, who participated in the monitoring program of the German Research
Centre of Elite Sport between September 2006 and December 2007, were provided a
questionnaire regarding their use of dietary supplements. The questionnaires were sent to the
athletes by mail, along with other information material, prior to a routine examination at the
centre. The monitoring program includes multidisciplinary testing and consulting of prospective
athletes with the aim to improve the individual performance in the area of psychology, aerobic
and power performance, medicine, biomechanics and nutrition.
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Questionnaires were voluntarily returned by 181 athletes (79%). Due to incomplete data, 13
data sets were excluded before analysis. Additionally, four questionnaires from athletes older
than 25 years of age were omitted from the present analysis, resulting in a study group size of
164 athletes. In order to describe age related findings athletes were assigned to the following
age groups (<15y, 15-16 y, 17-18 y & 19-25 y). Since there is no clear definition for young
athlete, the age group 19-25 y was included due to the fact that in some sports athletes are
eligible for junior championships up to the age of 25. Written consent was obtained from all
athletes participating in the program.

Body weight and body fat percentage were assessed by bioelectric impedance weighing after
an overnight fast when athletes reported to the centre for a medical examination. Daily practice
was self-recorded by athletes in the week prior to the examination. Due to the large number of
sports, athletes were divided into the following sport categories: Endurance sports, racquet
sports, ball sports, combat sports and other sports. Subject characteristics and the distribution
of sports can be found in tables 3-1 and 3-2.

The performance level of each athlete was defined according the classification by the
corresponding sport federation, which is based on guidelines by the German Olympic Sports
Confederation [12]. According to these guidelines, A-level athletes have achieved top level
positions at Olympic Games or world championships, B-level athletes display a considerable
development of performance and are prospective candidates for A-level. C-level refers to the
highest national level for prospective young athletes who exhibit a perspective to perform on
international top level or who participate successfully at international junior competitions. D/C-
and D-level athletes are long-term prospective young athletes, usually under 17 years of age,
who are organized at national (D/C) or regional level (D) but train at regional level. Among the

164 participating athletes, the vast majority was D- (n =47), D/C- (39) and C-level (28) athletes.
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Only a small number of B- (16) and A-level (7) athletes were included into the analysis. Twenty-
seven athletes were not categorized into the above mentioned performance levels by their

sport federation.

3.3.2 Questionnaire

A closed-ended five-page questionnaire was designed to assess the past and present use of
dietary supplements, sport drinks and foods and other ergogenic aids.

If a specific supplement had been used within four weeks prior to filling out the survey, the
athletes were asked to additionally record the frequency of use (ranging from one to two times
per month up to daily).

The listed supplements included vitamins (specific vitamins and multi-vitamin combinations),
minerals (specific minerals and multi-mineral combinations), carbohydrate preparations,
proteinfamino acid preparations, specific fatty acid preparations, sport beverages, other
ergogenic aids, isolated compounds and plant extracts. Additionally, athletes were provided
space to list supplements which they could not classify. When necessary, assignment of these
supplements was performed by experienced nutritionists during data digitalization. In a
separate question, athletes were specifically asked whether they had ever consumed
supplements.

Furthermore, information about motives, advices, supplement sources and supplement
contaminations was assessed using closed-ended questions. Within these questions, athletes
were allowed to choose multiple options.

In order to test for understandability and applicability of the questionnaire, a draft version was
given out to 32 students of the German Sport University prior to distributing the questionnaire

to athletes.
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Table 3-1: Anthropometric characteristics and average training of the subjects
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Table 3-2: Distribution of sports among the sport categories
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3.3.3 Statistical analysis

After digitalization of the data, statistical analysis was performed with R software (version
2.5.1). Analyses were calculated for all subjects, for age groups, sport categories, and both
genders separately. Associations between age, gender, sport group and motives and
supplement use were assessed by chi-square (x?) test. Anthropometric differences between
users and non-users were assessed with by one-way analysis of variance (ANOVA).
Associations and differences were considered to be statistically significant if the probability of
error was smaller than 0.05. All data is presented as frequency (in per cent) or as mean *

standard deviation.

3.4 Results

In total, 131 subjects (i.e. 80% of all athletes who filled out the questionnaire) reported to use
or to have used dietary supplements. Supplement use did significantly differ between age
groups (p < 0.05) and was highest in athletes older than 18 years of age (Figure 3-1 top). Since
the athlete's level of performance strongly depends on the athlete's age, the prevalence of NS
use was highest in A- and B-level athletes (100%) and lower for C- (72%), D/C- (79%) and D-
level athletes (81%).

There was no significant difference between sports groups (p = 0.53; Figure 3-1 bottom) even
though prevalence was lowest in racquet sports (70%). However, athletes from racquet sports
tended to be younger than other athletes (p = 0.1). There were no significant differences in

body composition and average practice time between users and non-users (data not shown).
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Figure 3-1: Prevalence of nutritional supplement use among German elite young athletes by

age (top) and sport group (bottom)

Note: Black areas indicate supplement use at the time of the questionnaire, grey areas refer to athletes who reported to use
supplements generally but did not at the time of the questionnaire and white areas represent athletes using no supplements; width

of the boxes refers to the relative group size.

Minerals (87%), vitamins (76%), sport beverages (69%), and carbohydrate preparations (64 %)
were most frequently taken by DS users, whereas the usage of protein/amino acid products
(30%), ergogenic aids (24%), fatty acid preparations (6%) and other supplements (27%) was

less widespread. For detailed distribution of specific substances, please refer to table 3-3.
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Table 3-3: Distribution of supplements used by German elite young athletes (n = 164)
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The use of protein products was greater in male than in female athletes (42% vs. 20% of
male/female athletes using DS) but failed to reach statistical significance (p = 0.07).
Regarding the use of all other supplements, there were no significant differences between

genders (data not shown).

Only a small number of athletes (12%) reported to generally use supplements but did not at
the time of the questionnaire, so total of 111 athletes (68%) admitted to have consumed at
least one DS within the last four weeks. At an average, those athletes were taking 3 (median)
different supplements (range: 1-17). The number of different supplements used at the time of

the questionnaire increased significantly with age (p < 0.05).

Among athletes having used or using supplements, 63% stated to do so for health related
reasons (“‘maintenance of health”: 44%, “improvement of immune functions” 34%,
“prevention”: 27%). Performance related reasons were cited by only 43% of all users
(“regeneration”: 35%, “improving performance: 27%"). 21% of the athletes reported to use
supplements because it was recommended by others.

Those athletes who cited performance related reasons have been using significantly more
protein (p < 0.001) and carbohydrate (p < 0.05) products. Athletes stating health related
reasons tended to use vitamins more frequently (p < 0.05).

Major sources of recommendations and information were family (34%), coaches (26%),
physicians (24%), physical therapists (11%) and pharmacists (9%). Only 9 young athletes (7%)
documented to use DS based on self-acquainted information.

Consequently, products were acquired from parents (39%) or by the athletes themselves

(32%), whereas other sources such as physicians (14%), coaches (11%) and others were used
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only by a small group of athletes. The supplements were purchased mainly in pharmacies
(56%), super markets (17%) and health food stores (15%).

Among all athletes who filled out the questionnaire, only 36% were aware of the problem of
supplement contaminations. However, awareness of this problem significantly increased with
age (p < 0.05). Only 34% of the athletes unaware of the problem stated that they would like to

receive information regarding this subject.

3.5 Discussion

To our knowledge, this was the first study designed to systematically assess DS use among
the unique group of young athletes, who compete at national and international level and who
can therefore be considered to be among the elite athletes of their age group. The present
data demonstrate that supplement use is very common among German elite young athletes,
even at ages of 11-14 years.

As expected, the prevalence of use (80% of all athletes have already been using DS, 67%
were using DS at the time of the questionnaire) was much greater in athletes than in the
general German population (16 — 24% for 14 to 24 years of age) [8]. In American high school
athletes, prevalence of supplement use was only 22% [11]. Most likely this remarkable
difference is due to the higher level of competition of the athletes in the present study, as
previous reports identified the level of competition to be a major determining factor of
supplement use [6].

With respect to the high performance level, the present figures are partly comparable to results
from 32 British junior track and field athletes (prevalence: 62%;[10]) and Singaporean athletes

(prevalence: 77%:;[13]). In contrast to the latter study, which did not find an association of DS
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use with age [13], our data clearly show that both the prevalence of use and the number of

supplements taken increase with age.

The high prevalence of DS use might be attributed to the very unconstrained definition of the
term “dietary supplement”. Even though the inclusion of sport drinks, energy bars, and meal
replacements is in agreement with other authors [3], special items such as energy drinks and
grape sugar are not necessarily sport specific products. On the other hand, despite of the
inclusion of these products, supplements most frequently used were minerals and vitamins,
which have been reported to be very popular among athletes also by others investigators [2,

14].

In the present study, it occurred that male athletes were more likely to use protein preparations.
Even though this effect failed to reach statistical significance, this is in agreement with other
studies [5, 13]. However, there were no associations between gender and usage of other
supplements such as iron and creatine, which have been reported previously [13, 15].

When regarding the athletes stating to use caffeine (17% among DS users), it has to be
considered that there was no apparent discrimination between caffeine supplements and
caffeine-containing foods (coffee, tea, cola beverages etc.) in the questionnaire. Therefore,

this number might not be representative of the actual caffeine supplement consumption.

The high prevalence rate among our athletes is not in agreement with scientific evidence on
positive effects of DS, which is lacking for most supplements with respect to exercise

performance [3]. Even though it has been established that there is limited congruency between
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supplement use and motives in athletes [16], our data is consistent with other studies
identifying health concerns as a major motive for supplement use in athletes [2, 10, 13].
Despite the fact that there is some evidence in the general population that supplement users
may display more favorable levels of disease-related biomarkers [17], it should be considered
that other health-related factors such as lifestyle, dietary habits and exercise might be strongly
associated with supplement use. Among athletes, available data indicate that dietary
supplementation does not generally affect the hematological status of well-nourished subjects
[18].

Besides the lack of positive effects, there are also potential risks associated with the use of
DS, especially to young athletes. For most substances, the general safety of supplementation
has not been evaluated in adolescents to a satisfying extend [3, 19]. More importantly, data
from the NIH-AARP Diet & Health Study show that under some circumstances multivitamin
use might have potential harmful consequences [20]. Additionally, the problem of supplement
contaminations has been well described [21]. However, only a minority of the athletes
participating in our survey (36%) were aware of this problem. This result leads to the
assumption that also coaches, physicians and parents, as main source of information for young
athletes, are also not adequately informed about this topic.

Major motives for supplement use among German elite young athletes were health and
performance related. This might indicate that the athlete’s diet is not believed to serve as an
appropriate source of nutrients in order to maintain health and exercise performance even at
young ages.

The generally high prevalence as well as the motives for supplement use stand in strong

contrast to recommendations by leading sport organizations [22-24]. According to a consensus
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statement by the International Association of Athletics Federation, supplements should not be

used by underage athletes or when the dietary nutrient intake is sufficient [3].

In this context, it should also be considered that young elite athletes are apparently not well
elucidated about nutrition. Among a comparable group of subjects visiting our center, only 18%
of the athletes have had experience with individual nutritional consulting (Braun et al.,
unpublished). This is in contrast to the recommendation that “athletes should ensure they have

a good diet before contemplating supplement use” [3].

With respect to usage of DS, family, coaches, and physicians were identified as the most
influential individual for elite young athletes. For nutritional and health-oriented education of
athletes, this group has to be accounted for.

Based on the present results and with respect to recent recommendations we suggest that

- athletes should be better educated about risks (and benefits) of supplements,

- parents, coaches, physicians and other staff members should be elucidated about the
usage of supplements,

- nutritional education and consulting should be made available to more athletes and

- that these aspects should be considered specifically for athletes 10 — 14 years of age,

as our study showed a high prevalence of DS use (75%) even in this group.

In conclusion, the present study gives informative insight into supplement use by young elite
athletes. Both the very high prevalence of use among all age groups and the rationale for
supplement use strongly contradict scientifically based recommendations. Even though
present data indicate that young elite athletes use DS to a similar extend as senior elite
athletes, future research is needed to assess supplement use in combination with the athletes’

nutrition status in a larger group of athletes.
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41 Abstract

Adequate hydration is essential for maintaining health and functionality of the human body.
Studies assessing both daily water intake and hydration status are lacking. This study explored

data from the European Hydration Research Study (EHRS) and focused on total water intake
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(TWI), 24 h hydration status, and day-to-day variations in a sample of 573 healthy adults. TWI
was assessed by food records and hydration status (urine osmolality and urine volume) was
measured from 24 urine samples collected over seven consecutive days. On all weekdays,
mean TWI was higher (p < 0.001 for all days) for the German subjects compared to the Greek
and Spanish participants. In 37% of the male and 22% of the female subjects, the individual
mean TWI was below the European Food Safety Authority (EFSA) recommendation, with 16%
men (4% women) being below the EFSA recommendation on every testing day. Twenty-four
hour urine osmolality was lower in women compared to men (595 + 261 vs. 681 £ 237
mOsmol/kg; p < 0.001). More men (40%) showed a urine osmolality 2800 mOsmol/kg at least
on four days of the study period compared to women (26%) and more participants from Spain
(46%) compared to Greece (29%) and Germany (11%). A large number of individuals showed
an inadequate hydration status on several days per week, which may have a negative health

and cognitive impact on daily life.

4.2 Introduction

Water is the main component of the human body and total body water averages about 60% of
the body mass in adult males and 50-55% in females [1]. Water is involved in many functions
within the human body, such as cellular metabolism, temperature regulation, nerve
transmission, cardiovascular transport of oxygen and nutrients [2], as well as the removal of
waste products [3]. Optimal physiological function is given in a state of water and electrolyte
balance [4, 5]. Therefore, adequate hydration and electrolyte homeostasis are essential for
maintaining health and functionality of the human body [5].

El-Sharkawy et al. [6] summarized that dehydration has been linked with urological,

gastrointestinal, circulatory, and neurological disorders while fluid overload might have an
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impact on cardiopulmonary disorders, hyponatremia, edema, gastrointestinal dysfunction, and
postoperative complications. Studies, which investigated consequences of acute dehydration
showed a link between physiological and psychological functions. Predominant alterations
concerning physiological sensations that occurred during dehydration were an increased
feeling of thirst and dryness of the mouth [7, 8], worsened mood [7, 9], increasing fatigue [8,
10-12], and incidences of headaches [7, 9, 13]. In addition, the short-term memory was
affected by dehydration [10, 11, 14, 15], alertness was reduced [8-12, 15], and the ability to
concentrate decreased [8, 9, 14, 16].

To avoid short and long-term consequences of dehydration, but also overhydration, the
European Food Safety Authority (EFSA) recommends a daily total water intake (water from
food and beverages) of 2.5 L for men and 2.0 L for women to maintain urinary osmolality of
500 mOsmol/L [1]. Although European Nutrition Surveys show an average fluid intake within
this recommended range, low intakes are described for Hungary, Italy, Poland, France, and
Slovakia [1, 17]. In contrast, mean total water intake is recorded to be well within the EFSA
recommendation for Sweden, Netherlands, Germany, Austria, or Ireland. It is unclear if this
wide range of water intake data result from different methods used for assessing water intake
or if it is based on diet, culture, tradition, availability of drinks, and other factors. However,
obviously differences in total water intake between European countries exist. Furthermore,
fluid intake and beverage choices vary among individuals in general, but also over the course
of a day [17-19]. People live, work, and do physical activities in various environments and
climatic conditions, which might affect daily water needs. In addition, availability of fluids might
differ across a day and therefore hydration status might be suboptimal for some individuals at

certain times of a day.
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In this context it should be noted that water intake does not automatically describe hydration
status. Markers (e.g., serum osmolality, urine osmolality, and urine volume) to assess
hydration status in groups or individuals are missing in most dietary surveys [17]. There seems
to be a need of studies showing both water intake and hydration status across the European
population.

Therefore, the aim of the European Hydration Research Project (EHRS) was to assess water
intake and hydration status using a uniform procedure in a sample of healthy adults in three
European countries. First results from the EHRS on hydration indices and water intake as well
as influence of physical activity and temperature on hydration status have been published
recently [20, 21]. To our knowledge, data that describe the intra-individual variability in
hydration status or total water intake within a selected period are not available. Therefore, this
paper will focus on daily total water intake and 24 h hydration status on weekdays with respect
to gender and country, but also on intra-individual data on day-to-day variations within the

study period.

4.3 Materials and Methods

4.3.1 Study Protocol

This cross-sectional multi-center study was conducted on free-living adults in the metropolitan
areas of Cologne (GER), Athens (GRE), and Toledo (SPA) in parallel and following identical
protocols during winter (January-March 2013, December 2013, January—-February 2014) and
summer (June-August 2013, June-July 2014). Subject recruitment was oriented to reach a
quota of 25 subjects, balanced for gender (e.g., 12 men and 13 women), in each of the
following age groups: 20-30, 31-40, 41-50, and 51-60 years old, in each country. This subject

recruitment scheme (100 per country) was repeated in winter and summer with a goal of 200

84



Differing Water Intake and Hydration Status in Three European Countries—A Day-to-Day Analysis

subjects tested per country (for details please see references [20, 21]). Five hundred and
seventy three subjects aged 39 £ 12 years (51.1% males) with a BMI 25.5 + 4.2 kg/m? for
males and 24.5 £ 4.9 kg/m? for females were included in the study. Volunteers were recruited
via several access channels (e.g., social media, local newspapers, and local companies).
Exclusion criteria were diseases like diabetes insipidus, renal disease, liver disease,
gastrointestinal disorders or diseases, cardiac or pulmonary diseases, diseases that limit
mobility, and orthopaedic issues. Further exclusion criteria were pregnancy, lactation,
hypertensive under severe salt restriction, the intake of drugs that are or contain diuretics, such
as phenytoin, lithium, demeclocycline, or amphotericin B, or following a high-protein and/or
hypocaloric diet. Demographic factors such as ethnic origin, living conditions, and marital
status did not represent exclusion criteria. Subjects were rescheduled or omitted if they had a
cold or fever, vomiting, and/or diarrhoea, or if they menstruated during the data collection
period. The study protocol was approved by each local Research Ethics Committee (1/26-11-
2012 for German Sport University, Germany, 197/27-02-2012 for Agricultural University of
Athens, Greece, 4/02/2013-18 for University of Castilla-La Mancha, Spain). Written informed

consent was obtained from all subjects.

4.3.2 Study Procedure

The study details were explained in detail to the volunteers during a preliminary talk. All
subjects entering the study received a small backpack containing the instruction sheet for the
study protocol and material for collecting urine samples and dietary data. For the 24 h urine
collection, a diary for recording time of urination and urine volume, a kitchen scale readable to
1 g, a urine collection container, and eight plastic bags containing urine sampling vessels (days

1-7: ten urine sampling vessels, labelled with an individual code, day and number; day 8: one
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urine sampling vessel for morning urine) were allotted. Furthermore, each subject received a
seven-day food record to report in detail time and amount of food and beverages consumed,
including wake-up time and bed time. Subjects entered the study on different days of the week
in order to achieve a reasonable distribution of starting days over the week.

On study day 1, subjects arrived fasted at the study center between 7:00-9:30 am bringing a
sample of their first morning urine void. Upon arrival, participants’ body height was measured
with calibrated mechanical sliding scales and weight was measured with electronic digital
scales (£0.05 kg) in underwear and no shoes. Subjects were instructed to sit for approximately
15-20 min while filling in study questionnaires. Subsequently, a blood sample (5 mL) from a
forearm vein was collected without stasis. During the study period (days 1-7) subjects were
asked to record all food and beverages consumed at the point of intake, following their normal
daily routine. The recording was based on measurements with the kitchen scale, or, if that was
not possible, portion sizes were estimated based on package information or usual household
measures. Participants also collected and recorded the mass of each urination and time of
collection and retained a sample in a numbered tube, as instructed. Subjects were asked to
store the urine tubes under cool conditions (e.g., refrigerator or in the styrofoam box using
fresh ice packs). On day 8, following an overnight fast, subjects visited the laboratory and
returned urine samples and the food record; a blood sample was taken and body mass was
measured as on day 1.

Urine collection of each day was from 00:00 to 24:00. A 24 h urine sample was reconstituted
from all 24 h recorded and collected urine samples on each day. If subjects reported missing
urine samples, 24 h urine was not reconstructed. Urine osmolality was measured with a
freezing-point osmometer (GER: Osmomat 3000, Gonotec; GRE: Osmomat 030, Gonotec;

SPA: Osmometer 3250, Advanced Instruments Inc). Urine volume was measured with an
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electronic digital scale (Soehnle Fiesta 65106) and 1 gram of urine rated as 1 mL. Finally,
seven-day food records were analyzed for total water intake (TWI) coming from food and
beverages using specific softwares and country specific food databases (GER: Ebispro 2011
includes the German Food Database version 3.1, J. Erhardt University of Hohenheim,
Stuttgart, Germany; GRE: Diet Analysis plus version 6.1, ESHA Research, Wadsworth

Publishing Co. Inc., Salem, OR, USA; SPA: PCN 1.0, CESNID-University of Barcelona, Spain).

4.3.3 Data Processing and Statistical Analysis

Total water intake (TWI) was compared to the EFSA TWI recommendation of 2.5 L for men
and 2.0 L for women [1]. Urine osmolality was classified in three groups regarding
recommendations to achieve a mean urine osmolality <5600 mOsmo/L [1,22], supplemented
by suggestions of urine osmolality as a possible sign for hypohydration (>800 mOsmol/L)
[22,23]. Finally, daily urine volume was grouped into <1 L/day or =1 L/day.

Data entry was performed using Microsoft Excel 2013, Statistical analysis was performed using
SPSS (SPSS Statistics 23, IBM, Chicago, IL, USA). Descriptive analysis of variables was
conducted indicating data as mean * standard deviation. Data were tested for normal
distribution (Kolmogorov—Smirnov test), plausibility, and consistency. Depending on the
existence of normal distribution, parametric tests (T-test or analysis of variance (ANOVA) or
non-parametric tests (Mann-Whitney-U test or Kruskal-Wallis test) were used to analyze
group differences. Post hoc comparisons were performed using the Tahame-T2 test.
Significance was accepted at the levels 0.001, 0.01, or 0.05, depending on the analysis. The

coefficient of variation (CV) is calculated as the ratio of the standard deviation to the mean.
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44 Results

4.4.1 Total Water Intake
Overall mean TWI of all days was 2.76 + 1.2 L/day, with a higher TWI intake for men (p <
0.001) (Table 4-1). Mean TWI was similar for most days expect Sundays, which showed a

significantly lower TWI (p < 0.05) compared to Wednesday, Thursday, Friday and Saturday.

Table 4-1: Mean total water intake (TWI) on all weekdays and percentage of subjects with TWI

below European Food Safety Authority (EFSA) recommendation.

Total Water Intake (Mean & SD in L/day) TWI < EFSA (in %)

Weekday

’ All Men Women p-Value* Al Men*  Women?*

Monday 2744+12 292+126 255+1.08 =0.001 35 41 30
Tuesday 278+12 294+141 262+1.04 =0.012 32 38 25
Wednesday 280+13 3.00+138 259+1.13 <0.001 35 39 30
Thursday 280+11 297+121 264+1.03 =0.002 32 38 25
Friday 285+12 3.02+132 269+1.08 =0.004 35 41 28
Saturday 278+1.2 298+129 259+0.99 =0.001 35 41 28
Sunday 257 +11 276+119 238+0.98 <0.001 37 41 36
All days 276 £12 294+110 257 +0.89 <0.001 35 40 29

Note: * p-values derived through Student’s #test for differences between genders; # EFSA recommendation for men 2.5

L/day and women 2.0 L/day. TWI: Total water intake; EFSA: European Food Safety Authority recommendation.
TWI was different between countries, with an average TWI of 3.29 + 0.98 L/day for the German
subjects, 2.56 + 1.01 L/day for the Spanish subjects and 2.34 + 0.77 L/day for the Greek
subjects. With respect to each weekday mean TWI was higher (p < 0.001 for all days) for the
German subjects compared to the Greek and Spanish participants (Figure 4-1). On Mondays
and Wednesdays TWI intake was higher for the Spanish subjects compared to the Greek (p <

0.05).
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Figure 4-1: Mean total water intake (L/day) among weekdays with respect to country.
Note: p-values derived through Tahame-T2 test for comparison between countries. + significantly different on all weekdays for
the German subjects compared to the Greek and Spanish (p < 0.001). # significant different for the Spanish subjects compared

to the Greek on Mondays and Wednesdays (p < 0.05).
Mean individual TWI over the seven-day study period below EFSA recommendation was found
in 37% males and 22% females. This result varies between countries with a lower rate for
Germany (6% males and 7% females) compared to Greece (50% males and 24% females)
and Spain (55% males and 39% females). With respect to each single day, 40% of all days
from males and 29% from females were <EFSA recommendation (Table 4-1).

Considering the number of days per subjects below EFSA recommendation, 40% of males and
24% of females had at least four days in which TWI was below EFSA recommendation during
the seven-day study period (Figure 4-2a). Furthermore, 16% of all males showed a TWI below
2.5 L/day on every day within the study period. A country-specific analysis demonstrates that
60% of the German subjects (24% of the Spanish and 21% of the Greek subjects) had zero

days with a TWI below the EFSA recommendations (Figure 4-2b). 49% of
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Figure 4-2: (a) Number of days per subject in the seven-day study period with TWI below the
EFSA recommendation for men and women; (b) number of days per subject in the seven-day

study period with TWI below the EFSA recommendation with respect to the country.
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Greek participants (41% of Spanish and 11% of German participants) showed TWI lower than
the EFSA recommendation on at least four days of the study week (Figure 4-2b). To describe
the intra-individual difference of TWI consumption, the individual highest TWI minus the lowest
TWI within the seven-day period was calculated. The overall mean intra-individual difference

was found to be 1.67 + 0.94 L. The coefficient of variation (CV) for TWI was 20.5% + 9.2%.

4.4.2 Urine Osmolality

On each weekday, 24 h urine osmolality is lower (p < 0.01 for each day) in females compared

to males (Table 4-2).

Table 4-2: Mean 24 h urine osmolality (mOsmol/kg) on weekdays for men and women.

24 h Urine Osmolality (Mean 4 SD in mOsmol/kg)

Weekday
All Men Women p-Value *

Monday 642 £252 680 £238 605 + 259 <0.001
Tuesday 639 £256 687 £238 593 + 265 <0.001
Wednesday 620 £255  670+242 568 + 257 <0.001
Thursday 639 £265  685+250 590 + 270 <0.001
Friday 634 £254 669 £234 595+ 267 <0.001
Saturday 637 £250 686 +239 588 + 252 <0.001
Sunday 656 + 241 687 £216 624 + 260 =0.002
All 24 h samples 638 £254 681 £237 595+ 261 <0.001

Note: * p-values derived through Mann-Whitney-U test for differences between genders.

We observed more 24 h urine samples with an osmolality <500 mOsmol/kg in women (44%)
compared to men (26%). Twenty-four hour urine samples with an osmolality 2800 mOsmol/kg
occurred more often in males than in females (32% vs. 24%). This trend exists on all weekdays

(Table 4-3).
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Table 4-3: Percentage of 24 h urine osmolality within selected categories on weekdays for men

and women.
<500 mOsmol/kg (%) 500-799 mOsmol/kg (%) >800 mOsmol/kg (%)
Weekday —
All Men Women  All Men Women  All Men  Women

Monday 34 27 41 36 39 33 30 34 26
Tuesday 33 23 43 38 42 34 29 35 23
Wednesday 38 29 47 36 39 33 26 32 20
Thursday 35 25 45 36 41 32 29 34 23
Friday 36 28 46 35 40 30 28 32 24
Saturday 35 26 45 39 43 34 26 31 21
Sunday 30 22 39 40 47 32 30 31 29
All 24 h samples 34 26 44 37 42 33 28 32 24

Overall, 11% of the study population (6% men; 15% women) showed a 24 h urine osmolality
on all days of the study period <500 mOsmol/kg. In contrast, 9% of all men (5% women)
showed a urine osmolality 2800 mOsmol/kg on all seven days. Almost half (40%) of the male
participants and 26% of the female participants had a urine osmolality 2800 mOsmol/kg on at

least four days within the study week (Figure 4-3a).

A country specific analysis illustrates that 70% of the German subjects (26% SPA, 37% GRE)
had zero days with urine osmolality 2800 mOsmol/kg during the study period. In contrast, 46%
of the Spanish participants (29% GRE, 11% GER) showed a urine osmolality 2800 mOsmol/kg
on at least four days of the study week (Figure 4-3b) including almost 10% of the subjects in
Greece and Spain with a 24 h urine osmolality 2800 mOsmol/kg on every day of the study

period. The CV for urine osmolality was 17.9% * 8.6%.
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Figure 4-3: (a) Number of days per subject in the seven-day study period with a 24 h urine

osmolality >800 mOsmol/kg for men and women; (b) number of days per subject in the seven-

day study period with a 24 h urine osmolality >800 mOsmo/kg with respect to the country.
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4.4.3 Urine Volume
Mean daily urine volume was found to be 1.68 + 0.85 L/day with no difference between

weekdays and gender. However, 19% of the men and 24% of the women had a urine volume

<1 L/day (Table 4-4). The CV for urine volume was 23.2% + 11.2%.

Table 4-4: Mean 24 h urine volume (L/day) on weekdays and percentage of subjects with a

urine volume <1 L/day, for men and women.

Weekd 24 h Urine Volume (Mean = SD in L/day) Urine Volume <1 L/day (%)
eekday
All Men Women p-Value * All Men Women

Monday 1.69 £0.87 1.69+0.83 1.69+ 0091 =0.615 21 18 24
Tuesday 1.66 £0.86 1.64+080 1.69+0091 =0.907 24 24 24
Wednesday 1.70£0.89 1.68+086 1.73+0091 =0.683 22 22 22
Thursday 1.66 £0.80 1.68+078 1.66+0.83 =0.418 22 17 26
Friday 1.70£0.88 1.69+0.81 1.73+0.95 =0.785 20 17 23
Saturday 1.68 £0.85 1.65+079 1.71+ 092 =0.911 21 19 23
Sunday 1.65+0.82 1.68+079 1.63+£0.85 =0.198 22 17 26
All24 hsamples 1.68 £0.85 167 +£0.81 1.69 £ 0.90 =0.881 22 19 24

Note: * p-values derived through Mann-Whitney-U test for differences between genders.

4.5 Discussion

The European Hydration Research Study (EHRS) is the first study to examine total water
intake and selected hydration markers over a period of seven consecutive days in healthy
adults. While studies in this field are quite often not comparable due to different collecting
methods and survey dates [18], we conducted the study following a normalized experimental
protocol and methods in all three countries. In this study, we found differences in TWI and 24
h urine osmolality with respect to country and gender. While mean group results are within the
recommended levels, individual data show an intra-individual variation in daily TWI and 24 h

urine osmolality.
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451 Total Water Intake

Overall mean TWI of the study population is in the range of the suggested EFSA adequate
intake [1] for both men and women. The country-specific difference in our study is comparable
to the variance in TWI among European countries described by others already [1, 17, 19].
Individual mean TWI of the seven-day study period was below the EFSA recommendation for
37% men and 22% women. This overall result is analogous to data from the UK [19]. Sunday
was found to be the day with the lowest TWI in all countries (Figure 4-1); this should not be
misinterpreted as particularly low, as TWI on Sunday is only about 200 mL below the overall
mean TWI intake. However, while this observation is similar for females from a UK population,
it is different from UK males who reported lowest beverage consumption on Monday [19].
Deeper analysis of the daily data reveals that a substantial amount of all subjects (men 40%;
women 24%) had TWI below EFSA on 24 days and almost every fourth male below EFSA on
26 days per week (Figure 4-2a). These results emphasize that although the overall mean TWiI
is within the recommended values, an intra-individual variance regarding TWI within a seven-
day period exists. Such a day-to-day difference in beverage consumption habits is already
described [18] and supported by our findings.

Based on previous results, the German subjects showed a higher water intake from beverages
and a higher water intake from food [20]. However, at this stage, we are unable to explain why
we found more men compared to women and more people from Greece and Spain being
unable to meet the EFSA recommendation compared to the German subjects. While
misreporting/underreporting in dietary surveys is common [1], the extent of beverage
misreporting is not known for the sedentary population [18], and to our knowledge country-

specific underreporting has not been described so far. However, the day-to-day variety of TWI
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might have implications on short-term surveys (e.g., 24 h recalls) and should be kept in mind
when planning surveys on TWI and hydration status [18].

In addition, it remains unclear what consequences the day-to-day variety has in each individual
of our study. Water requirements and TWI vary highly between individuals with respect to daily
activities, diet, climate, and environment. Therefore, based on TWI data solely, it is difficult to

determine how many subjects were hypohydrated during the study period or on selected days.

4.5.2 Urine Osmolality

Although no single biomarker represents hydration status in humans in all situations and
persons, 24 h urine osmolality is regarded as an excellent indicator, as it represents the sum
of all behavioral and neuroendocrine responses and the whole body hydration status more
accurately than single spot samples [22-25]. Urine osmolality varies within 50 and 1200
mOsmol/L with a theoretical maximum of 1400 mOsmol/L [1]. However, a maximum urine
osmolality in adults has been determined to be 900-1400 [1]. A 24 h urine osmolality <500
mOsmol/kg is suggested to be desirable to excrete the daily solute load [1, 25] and urine
osomolality >800 mOsmol/kg is suggested to represent mild hypohydration [23, 25-27].
Individual water requirement is based on respiratory and sweat losses but is also dependent
on the diet and its osmotic solute content and the concentrating capacity of the kidneys [1].
For safety concerns regarding kidney health, daily water intake recommendation is connected
with a urine osmolality of about 500 mOsmol/kg [1, 25]. In this study the female subjects
showed a significantly lower 24 h urine osmolality compared to males. However, the mean
values were above the suggested 500 mOsmol/kg for both males and females on each
weekday. With respect to the EFSA recommendation to achieve a daily 24 h urine osmolality

<500 mOsmol/kg [1], we found only 11% of our subjects reached this value on a daily basis.

96



Differing Water Intake and Hydration Status in Three European Countries—A Day-to-Day Analysis

This appears alarming following the suggestion that a urine osmolality <500 mOsmol/kg is a
relevant physiological index of hydration for the general population [25]. Furthermore, in 40%
of all males we observed a 24 h urine osmolality 2800 mOsmol/kg on =4 days in the seven-
day study period with enormous difference between the three countries. This can be
interpreted as a large number of days in which our subjects might have had inadequate water
consumption [22]. Even though we don’t know if our results describe a long-term behaviour
and what consequences 24 h urine osmolality 2800 mOsmol/kg has on each individual, an
increased TWI for those subjects seems to be necessary. Attention should be paid to specific
groups to reduce possible risks on chronic kidney disease [28-31], although well-designed
prospective studies are needed before such a recommendation can be justified [32].

Assuming this describes a typical behavior of our subjects, detrimental effects on wellbeing,
mood, or health are possible [6, 33]. Mild hypohydration can cause symptoms like dizziness,
headache, or fatigue with lower self-reported ratings of alertness and ability to concentrate [7-
16, 33]. Depending on the work to be done on such days, this possibly has a negative impact
on several situations during daily life. Recently, an increased number of driving errors during

a prolonged, monotonous drive were reported when subjects were hypohydrated [34].

4.5.3 Urine Volume

Using urine volume as a marker for hydration status, it should be kept in mind that physical
activity and heat decrease urine output, while cold and hypoxia increase it [1]. Urine volume,
TWI, and urine osmolality are closely related [1, 24], and urine volume varies inversely with
the body hydration status [35]. Average urine volumes in adults are described to be 1-2 L/day
with extremes in both directions [1, 35]. An average urine output of approximately 100 mL/h in

healthy people is possibly a sign of being well hydrated. In contrast, if urine output decreases
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to an average of 30 mL/h the person is probably dehydrated [35]. However, an agreement on
a urine volume to describe hypohydration does not exist. Suggestions exist that the minimum
volume that must be excreted generally amounts to 20 to 50 mL/h [36], which results in a basal
urine volume in the range of 480 to 1200 mL/day. Within our study we found a mean urine
volume on all weekdays for males and females within the described values. However, 24% of
the female 24 h urine samples and 19% of the male were below 1 L/day. While we found no
gender specific difference on urine volume, previous results from the EHRS project showed
that urine volume of the German subjects was significantly higher compared to the Greek and
Spanish participants [20]. This is likely due to the higher TWI intake, which also explains the

lower urine osmolality of the German subjects [20, 21].

4.6 Conclusion

In Summary, we highlighted TWI, 24 h urine osmolality, and urine volume in a group of 573
adults from three different European countries. We found differences in TWI and 24 h urine
osmolality between countries and between males and females. Mean group results from a
seven-day data collection are within the recommended levels. However, individual data show
an intra-individual day-to-day variation in TWI and urine osmolality. Individuals were identified
with low TWI and high 24 h urine osmolality on several days per week or even daily. While it
is unclear what the consequences are for the individual subject currently tested, chronic
hypohydration may have detrimental effects on wellbeing, mood, or health [7-16, 33, 34].
Future studies need to consider the intra-individual day-to-day variation and show if this might

have consequences on health and wellbeing.
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5 Zusammenfassung

Eine bedarfsgerechte Energie- und Nahrstoffzufuhr ist notwendig, um Gesundheit und
Leistungsfahigkeit des Menschen langfristig aufrecht zu erhalten. Die Beschreibung der
Nahrstoffzufuhr tber Instrumente der Erndhrungserhebungen ist trotz bekannter Limitationen
ein weit verbreitetes und akzeptiertes Instrument. Ergédnzend sollten nach Mdéglichkeit bei der
Beurteilung der Erndhrungssituation geeignete anthropometrische und klinische Parameter

integriert werden.

Ziel dieser Dissertation ist es, den Erndhrungsstatus, Hydratationsstatus und
Nahrungserganzungsmittelkonsum in  ausgewahlten  Bevolkerungsgruppen  mittels

unterschiedlicher etablierter Methoden darzustellen, zu bewerten und zu diskutieren.

Trotz zahlreicher Publikationen zum Erndhrungsverhalten gibt es noch Bevdlkerungsgruppen,
die bisher nicht ausreichend untersucht und beschrieben sind. Nach Angaben des FuRball
Weltverband FIFA sind mehr als 30 Millionen Ful3ballspielerinnen aktiv. Untersuchungen zum
Ernahrungsverhalten dieser Gruppe sind nur vereinzelt verfigbar. Im Rahmen dieser
Dissertation konnte aufgezeigt werden, dass der Ernahrungsstatus junger deutscher
FuBballerinnen hinsichtlich sportspezifischer Empfehlungen zur Nahrstoffzufuhr aber auch

unabhangiger klinischer Parameter, nicht angemessen ist.

Von verschiedenen internationalen Organisationen wird verstarkt darauf hingewiesen, dass
Sportlerinnen eine mdgliche unzureichende Nahrstoffzufuhr Uber eine sportgerechte
Basiskost ausgleichen und erst im zweiten Schritt Uber eine individuelle Risiko-Nutzen-
Abwagung den Konsum von Nahrungserganzungsmitteln (NEM) prifen sollten. Bei einer
Befragung von deutschen Nachwuchsleistungssportlerinnen wurde deutlich, dass der
Konsum von NEM gegenuber der Normalbevodlkerung deutlich erhdht ist. Bevorzugt werden

von den Sportler*innen Vitamin- und Mineralstoffpraparate genutzt. Es kann dabei nicht
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ausgeschlossen werden, dass es dadurch zu einer NEM bedingten tUbermalligen Zufuhr an
Mikronahrstoffen kommt, die infolge einer Uberschreitung der Upper Intake Level zu einem
Risiko fir Nebenwirkungen hinsichtlich Gesunderhaltung und Leistungsentwicklung werden
kann. Im Rahmen einer (sportspezifischen) Ernahrungsberatung sollte daher die Erfassung
und Bewertung des NEM-Konsums integriert werden. Auf Basis dieser Ergebnisse erscheint
es generell notwendig, im Bereich des Nachwuchsleistungssports noch intensiver Uber die
Relevanz und Umsetzung einer sportgerechten Erndhrung aufzukldren und das
entsprechende personliche und sportliche Umfeld der Athlet*innen in diesen Prozess zu

integrieren.

Eine weitere Besonderheit der Gruppe der Leistungssportler*innen ist die belastungsbedingte
Schweillbildungsrate und der daraus resultierende erhdhte Wasserbedarf. Der tagliche
Wasserbedarf ist allerdings keine fixe Grofle, sondern variiert aufgrund verschiedener
Faktoren auch bei der Normalbevélkerung. Daher ist die Wasserzufuhr als alleiniger
Parameter bei der Bewertung des Hydratationsstatus nicht ausreichend und sollte mit nicht-
invasiven Parametern wie Urinosmolalitadt und Urinvolumen erganzt werden. Untersuchungen
zum Hydratationsstatus sind aufgrund unterschiedlicher Methoden haufig nicht vergleichbar.
Ziel der European Hydration Research Study (EHRS) war es daher, mit einer einheitlichen
methodischen Vorgehensweise die Wasserzufuhr und den Hydratationsstatus in drei
europaischen Landern zu erheben und zu vergleichen. Dies war die erste Untersuchung, die
mit einer einheitlichen Methodik sowohl Wasserzufuhr als auch Marker des Flissigkeitsstatus
in verschiedenen europaischen Landern parallel erfasst hat. Die Untersuchung prasentiert
eine zufriedenstellende mittlere Gesamtwasserzufuhr in Anlehnung an die Empfehlungen der

Européischen Behorde fir Lebensmittelsicherheit (EFSA). Ein Blick auf die Einzelwerte zeigt
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jedoch eine individuelle Varianz mit einer unbefriedigenden Situation vor allem in Griechenland

und Spanien, insbesondere bei den Mannern.

Ergebnisse und Erkenntnisse aus den in dieser Dissertation dargestellten Arbeiten wurden
bereits verwendet, um handelnden Personen im Sport (z.B. Sportler*innen, Trainer*innen und
Eltern) sowie in der Normalbevdlkerung (z.B. Polizeibeamt*innen) Hinweise zur Verbesserung
der Erndhrungssituation, FlUssigkeitsstatus und Reduzierung der Risiken durch
unsachgemalien NEM-Konsum zu geben. Darliber hinaus werden die Ergebnisse genutzt, um

die Methodik der Datenerfassung weiterzuentwickeln und in neuen Projekten anzuwenden.
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6 Abstract

A needs-based energy and nutrient supply is necessary to maintain human health and
performance in the long term. Despite known limitations, the description of nutrient intake via
nutrition survey instruments is a widely used and accepted tool. Where possible, appropriate
anthropometric and clinical parameters should be integrated, in the assessment of the

nutritional situation.

The aim of this dissertation is to present, evaluate and discuss the nutritional status, hydration
status and dietary supplement use in selected population groups via different established

methods.

Despite numerous publications on dietary behaviour, there are still population groups that have
not been sufficiently studied and described. According to the world football association (FIFA),
more than 30 million women footballers are active. Studies on the dietary behaviour of this
group are only available rarely. In the course of this dissertation, it was shown that the
nutritional status of young female German footballers is not adequate with regard to sport-

specific recommendations on nutrient intake as well as independent clinical parameters.

Various international organisations are pointing out that athletes should compensate for a
possible insufficient nutrient intake via a basic diet suitable for sport. Only in the second step,
athletes should examine the consumption of dietary supplements (DS) based on an individual
risk-benefit assessment. A survey of young German athletes showed that DS consumption is
higher compared to the normal population. Vitamin and mineral preparations are preferably
used by the athletes. It cannot be ruled out that this leads to a DS related excessive intake of
micronutrients, which can become a risk of side effects in terms of health and performance
development as a result of exceeding the Upper Intake levels. The recording and evaluation

of DS consumption should therefore be integrated within the framework of (sport-specific)
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nutrition advice. Based on these results, it generally seems necessary to educate young
athletes even more intensively about the relevance and implementation of a sport-appropriate
diet and to integrate the appropriate personal and sporting environment of the athletes into this
process.

Another special characteristic of the group of competitive athletes is the sports-related sweat
rate resulting in increased water needs. The daily water requirement is not a fixed quantity but
varies due to various factors also in the normal population. Therefore, the water supply as the
solely parameter in the evaluation of the hydration status is not sufficient and should be
supplemented with non-invasive parameters such as urine osmolality and urine volume.
Studies on hydration status are often not comparable due to different methods. Therefore, the
aim of the European Hydration Research Study (EHRS) was to use a uniform methodological
approach to collect and compare water intake and hydration status in three European
countries. This was the first study to have recorded both water intake and markers of hydration
status in various European countries in parallel with a uniform methodology. The study
presents a satisfactory mean total water intake in line with the recommendation of the
European Food Safety Authority (EFSA). However, a look at the individual values shows an
individual variance with an unsatisfactory situation, especially in Greece and Spain, especially
for men.

Results and findings from the work presented in this dissertation have already been used to
provide information on improving the nutritional situation, hydration status and reducing the
risks of improper DS use to active persons in sports (e.g., athletes, coaches and parents) as
well as in the normal population (e.g., police officers). In addition, the results will be used to

further develop the methodology of data collection and to apply them in new projects.
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7.3 Abkirzungsverzeichnis

Abkiirzung Erlauterung

% Prozent

%E Prozentualer Anteil der Energiezufuhr

Mg Mikrogramm

Mg/l Mikrogramm pro Liter

pL Mircoliter

25(0OH)D 25-Hydroxy-Vitamin D

ACSM American College of Sports Medicine

AR Average-reporter

BMI Body Mass Index

BMR Basal metabolic rate

cv Coefficient of variation

DACH Deutsche Gesellschaft fiir Ernahrung, Osterreichische Gesellschaft
fur Erndhrung, Schweizerische Gesellschaft fir Erndhrungsforschung
und Schweizerische Vereinigung flr Ernahrung

DBS Dried blood spot

DGE Deutsche Gesellschaft fur Erndhrung

DGE AG Arbeitsgruppe Sporternahrung der Deutschen Gesellschaft fiir
Erndhrung

dL Deziliter

DLW Doubly labelled water

DOSB Deutscher Olympischer Sportbund

DRI Dietary Reference Intake

DS Dietary supplement

eg. exempli gratia / zum Beispiel

EA Energy availability

EE Energy expenditure

EFSA European Food Safety Authority

EHRS European Hydration Research Study

El Energy intake

ESP Spanien

etc. et cetera
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