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Summary

> An adequate intake of minerals and vitamins is essential for
health and performance of athletes. Depending on the type of
sportand the intensity and scope of physical performance. as well
asindividual factors (such as dietary behavior, perspiration rate
and composition of perspiration), athletes may be at increased
risk of suboptimal micronutrient supply.

> This position paper will provide an overview of the potential
causes of deficient micronutrient supply in athletes, such as in-
creased requirements as aresult of enhanced energy metabolism,
higher losses associated with physical activity, and special diets
associated with sportin general or particular types of sport. This
position statement will also present the proven effects of insuf-
ficient micronutrient supply on the health and performance of
athletes, and the effects on their supply situation.

> In summary, it can be concluded that with a balanced diet
that covers energy requirements, the D-A-CH reference values
for micronutrients can usually be attained without any problems.
However, in certain situations (such as strenuous endurance
exercise or weight reduction, or in the case of lopsided eating
habits or hypocaloric diets), iron, calcium, sodium and vitamin
D may be critical nutrients for athletes.

> Adiet that is adapted to theindividual and covers all require-
ments is achievable even in the case of high metabolic demands,
and such a diet can reduce the risk of nutrient deficiencies.

Zusammenfassung

Eine bedarfsdeckende Zufuhr an Mineralstoffen und Vi-
taminen ist fiir die Gesundheit und Leistungsfihigkeit von
Sportlerlnnen essenziell. In Abhéngigkeit von der Sportart, der
Intensitit und des Umfangs der Belastung sowie von individu-
ellen Faktoren (z. B. Ernéihrungsverhalten, SchweifSrate und
-zusammensetzung) konnen Sportlerlnnen ein erhohtes Risiko
fiir eine suboptimale Versorgung mit einigen Mikrondhrstoffen
aufweisen.

Das Positionspapier gibt cinen Uberblick iiber potenzielle
Ursachen (z. B. energieumsatzabhiingig gesteigerte Bedarfe,

sportassoziiert erhohte Verluste, sport(art)spezifische Ernih-
rungsweisen) fiir eine defizitare Versorgung von AthletInnen mit
Mikronihrstoffen. Zudem werden belegte Auswirkungen einer
unzureichenden Mikronihrstoffversorgung auf Gesundheit und
Leistungsfihigkeit von Sportlerinnen sowie deren Versorgungs-
lage dargestellt.

Zusammenfassend lisst sich feststellen, dass Sportlerlnnen
bei ausgewogener, energiebedarfsdeckender Ernihrungsweise

die D-A-CH-Referenzwerte fiir Mikronahrstoffe in der Regel
problemlos erreichen. Jedoch lassen sich Eisen, Calcium, Natri-
um in besonderen Situationen (z. B. wahrend Langzeitausdau-
erbelastungen oder Gewichtsreduktionen, bei einseitiger oder
hypokalorischer Ernahrung) und Vitamin D als moglicherweise
fiir Sportlerlnnen kritische Néhrstoffe identifizieren.

Eine individuell bedarfsgerechte Erndhrung kann auch
bei hoher metabolischer Beanspruchung erreicht werden und

reduziert das Risiko von Nahrstoffdefiziten.

KEY WORDS:
Micronutrients, Requirements of Athletes,
Health, Exercise Performance

SCHLOSSELWORTER:
Mikronahrstoffe, Bedarfe von Athleten,
Gesundheit, sportliche Leistungsfahigkeit

Introduction

An intake of minerals and vitamins that covers in-
dividual requirements is essential for health and
performance in athletes. For athletes, it is of interest
to determine whether they have increased micronu-
trient requirements as a result of increased energy
consumption or micronutrient loss due to sporting
activities, and whether increased intake may influ-
ence performance. Because anthropometric, physio-
logical, training and sex-specific parameters vary
within and between individuals, it is very difficult

to quantify any potential additional micronutrient
requirements in athletes. Nevertheless, in order to
identify types of sport, training periods or situations
that may represent a risk of deficient micronutrient
supply, this position paper will consider sport-asso-
ciated micronutrient losses (e.g. losses through per-
spiration), increased requirements associated with
sport (e.g. in the context of training adaptation) and
critical supply periods (e.g. due to restricted nutriti-
on during weight reduction).
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Overview of estimated average mineral losses through perspiration. Data according to (49) (for calcium, sodium, potassium, copper, magnesium and zinc) and

ESTIMATED LOSS DURING 45 MIN OF TRAINING AT A PERSPIRA-
TION RATE OF 0.8 L/HOUR* [MG/HOUR]
11

0.34

524

117

0.07

0.86

according to (18) (for iron). *according to (64) for a person weighing 70 kg with a running pace of 10 km/h (outdoor temperature 15°C).
MINERAL CONCENTRATION IN SWEAT WITH APPROX. 60 MIN OF

MINERAL PHYSICAL EXERCISE [MG/L] (VARIATION BETWEEN INDIVIDU-
ALS STATED AS A RANGE IN MG/L)

Calcium 18 (11-36)

Iron 0.56 (0-1.12)

Sodium 874 (175-1512)

Potassium 196 (167-236)

Copper 0.11 (0.04-0.22)

Magnesium 1.43 (0.84-2.36)

Sport-Associated Micronutrient Losses

Micronutrients can be lost through perspiration, urine or feces.
The composition of sweat and the amount of minerals that ath-
letes lose through perspiration both depend on factors such as
the duration and intensity of physical exercise, environmental
factors and factors specific to the individual (e.g. sex, training
status, body mass) (64). In the literature, the reported perspira-
tion rates for endurance athletes are between 0.4 and 1.8 1 per
hour (64). The concentration of minerals in sweat varies greatly
between individuals. With regard to sodium, it varies by about
afactor of 10 (49). As the duration of physical activity as well as
acclimatization to heat increase, the concentration of minerals
in sweat decreases (18). In the case of an average perspiration
rate and a moderate level of work load for the particular sport
in question, significant quantities of the minerals sodium, cop-
per and zinc can be lost through perspiration (Table 1). Loss
of iron through perspiration can—in combination with other
exercise-induced losses or increased requirements—contribute
significantly to the development of iron deficiency. As for the
other minerals, losses through perspiration can be disregarded
for the most part (Table 1).

The question of whether mineral losses in urine and feces are
increased by physical activity is currently the subject of debate.
Such losses may depend on the intensity of exertion and the scope
of training. For instance, older studies found significant excre-
tions of magnesium (21, 54) and zinc (20). However, more recent
studies were unable to confirm these findings. For example, male
cyclists were found to have no elevated excretion of magnesium,
iron, zinc or copper during high-intensity training (25).

Exercise-Associated Hyponatremia

Given that the sodium intake of the general population in Ger-
many is far above the reference values (40, 69), sport-associated
sodium loss may be seen in a positive light in terms of health—
as the elimination of an oversupply of sodium. Therefore, loss
of sodium through perspiration should generally not be viewed
as problematic. However, in the case of “salty sweaters” (who
can be identified through visible salt marks on sports clothing),
high sodium losses (Table 1) during long periods of physical
performance (elevated risk for sporting activities taking longer
than four hours or more) canlead to clinical symptoms of exer-
cise-associated hyponatremia (1, 16). A reduction in the sodium
concentration of the blood to below 135 mmol/l (hyponatremia)
is observed in 3-22% of the participants in endurance sports
events (16). The cause of exercise-associated hyponatremia
(apart from individual predisposing factors) is the combination
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of increased sodium loss through perspiration and increased
intake oflow-sodium drinks. Those affected are predominantly
inexperienced participants, athletes performing more than four
hours (e.g. marathon, triathlon or ultra-endurance events), wo-
men, and athletes with alow body mass index (BMI) and exces-
sive (low-sodium) fluid intake (1). Inexperienced athletes are
liable to interpret the initially non-specific symptoms—such
as nausea, headache, or reduced performance—as the symp-
toms of dehydration. Additional consumption of low-sodium
drinks can lead to a further reduction in sodium concentrati-
on. In the literature, there are many reports of cases of severe
hyponatremia during sports events, some of which have been
fatal (1, 16). Despite the importance of adequate sodium supply
in endurance exercise, about one third of marathon runners are
unaware of the risks of exercise-associated hyponatremia (32).
Outdated recommendations about fluid intake (“as much as to-
lerable”) are still widespread among the sporting population.
According to current recommendations, for the prevention of
exercise-associated hyponatremia during endurance exercise,
moderate amounts of fluid with a sodium concentration of 400-
1,100 mg/I should be consumed (see also the position statement
of the sports nutrition working group of the German Nutrition
Society (DGE): fluid management in sport (51)) (41, 72). This data
is also in line with the health claims of the European Food Saf-
ety Authority (EFSA) for carbohydrate-electrolyte drinks (460-
1,150 mg/1) (26).

Organizers of marathons and other endurance events should
pay particular attention to the provision of suitable food and
drinks (e.g. provision of bouillon, sodium-rich sports drinks,
salty snacks). In the case of adequate fluid intake, the use of
sodium-rich drinks or snacks is not necessary because a normal
diet usually provides sufficient sodium (40) and an excessive flu-
id intake is considered a key risk factor for hyponatremia (35).

Increased Micronutrient Requirements

Associated with Exercise

Vitamins Involved in Energy Metabolism

Due to increased energy metabolism, it can be assumed that re-
quirements for certain vitamins increase in line with increasing
energy requirements as aresult of sporting activities compared
to the moderately physically active general population. Some of
the vitamins to which this applies are thiamine (vitamin B1),
riboflavin (vitamin B2) and niacin (Table 2). However, in the
case of a diet that covers energy requirements, these increased
vitamin requirements are usually covered by the increased in-
take levels. The D-A-CH reference values for these vitamins are
based on the guiding values for energy supply, which means >
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that the relevant reference value for vitamin intake can still be
calculated based on these values even in the case of increased
energy metabolism as a result of athletic activity (22). Therefo-
re, for athletes, the reference values that should be taken into
account are not age and sex-specific reference values, but rather
values based on energy metabolism (Table 2).

Antioxidants

Physical activity is associated with an increased production
of reactive oxygen and nitrogen species (RONS), also known as
free radicals, as a result of various mechanisms (19, 66). This
means that athletes require an adequate supply of nutrients
with antioxidant effects (e.g. vitamin C, vitamin E, beta-caro-
tene). However, due to the body’s own antioxidative mecha-
nisms (see below), it is unclear whether the intake recommen-
dations for the general population cover antioxidant nutrient
requirements for athletes. Various studies have demonstrated
an increased endogenous antioxidative capacity (17, 28) and
increased antioxidative enzyme activity (e.g. glutathione
peroxidase, superoxide dismutase, catalase) (39, 58, 71). The
significance of reactive species (RONS) for muscular training
adaptation and mitochondrial biogenesis has now been scien-
tifically demonstrated (2, 53, 57, 60). Increased antioxidative
defense mechanisms can already be observed after just a few
training sessions (62, 70) and can also be observed in young
athletes (12).

Some studies have shown that the use of antioxidant sup-
plements alongside training may have a detrimental effect on
training adaptation and on increasing performance (31, 57), or
adetrimental effect on surrogate parameters of health benefits
in amateur athletes (63).

According to current scientific knowledge therefore, a bal-
anced selection of antioxidant-rich foods is advisable so that the
D-A-CH reference values for vitamin C, vitamin E and beta-car-
otene can be reliably reached. Athletes who opt for antioxidant
supplementation for personal reasons should not exceed the
maximum daily doses for food supplements: 30 mg for vitamin
E and 250 mg for vitamin C (77).

Vitamin D
Both the general population (22) and athletes (34, 44, 78) are
considered to have a season-dependent insufficient vitamin
D supply. Due to the role that vitamin D plays in bone meta-
bolism (34) and its various other effects (for instance in the
skeletal muscle), optimal supply of vitamin D is essential for
athletes (37, 44). At present, it is unclear whether administ-
ration of vitamin D affects performance, but at a minimum,
athletes with a deficiency appear to benefit from vitamin D
supplementation (65).

Since vitamin D supply from food only covers about 10%
of requirements, athletes with an inadequate vitamin D
intake from food may still have a good vitamin D supply if
they have adequate UV exposure (e.g. during training) (14).
However, athletes who do indoor sports (such as swimming
or gymnastics), and those with a dark skin color, a high per-
centage of body fat, or who take significant measures to
protect against UV radiation are at an increased risk of sub-
optimal vitamin D supply (30 to < 50 nmol/l 25-hydroxyvi-
tamin D in serum) or vitamin D deficiency (<30 nmol/l)
(72). Although the optimum value for hydroxyvitamin D in
the serum in the general population is 250 nmol/l, some au-
thors consider a value between 80 and 125 nmol/l optimal for
athletes (10, 14). Currently, there is no scientific consensus
regarding this (72).
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Iron and Iron Deficiency Anemia

Athletic training, which leads to changes such as increased
vascularization (formation of new blood vessels) increased
red blood cell concentration (increase in hematocrit) and in-
creased hemoglobin concentration in the blood can increase
iron requirements (3). High-intensity exercise or (regular) use
of non-steroidal anti-inflammatory drugs (NSAIDs), as is fre-
quently observed in athletes (9, 74), can lead to hemorrhages,
gastrointestinal blood loss, and/or bleeding in the urinary
tract, which can in turn lead to the loss of iron (76). Iron requi-
rements are estimated to be 70% higher in athletes compared
to non-athletes (72).

The prevalence of iron deficiency among athletes is compa-
rable to the prevalence in the general population, but there are
some increased risks for population groups involved in certain
types of sports or who have certain diets (11). These groups in-
clude endurance athletes, vegetarians, and athletes with a re-
strictive energy intake (e.g. in the case of aesthetic sports). Iron
deficiency anemia (hematocrit and hemoglobin concentrations
that are below the normal values) reduces performance by re-
ducing oxygen transport. It is also possible that iron deficiency
without anemia is also associated with detrimental effects on
athletic performance (72). For iron deficiency without anemia,
the focus should initially be on nutritional therapy and/or an
iron-rich diet. The relevant recommendations for an iron-rich
diet in the context of sport have been presented elsewhere (15).

Iron deficiency in athletes should always be diagnosed and
treated by a physician, relevant standards having been pub-
lished elsewhere, too (29). Due to the health risks of long-term
oversupplementation with iron (e.g. gastrointestinal symptoms,
pro-oxidative effects, and the potential risks of cardiovascu-
lar diseases and cancer associated with iron overload that are
currently the subject of discussion), athletes should be discour-
aged from independent iron supplementation without medical
supervision (59).

Micronutrients for the Prevention

of Infection in Athletes

For diseases of the upper respiratory tract (e.g. viral infections,
the common cold), a J-shaped dose-response relationship has
been repeatedly observed between athletic activity and the
risk of contracting the relevant illness (50, 52). Both low and
high levels of physical activity in terms of scope and intensity
increase the risk of infection. However, it may be that athletes
with less training are more likely to be affected (52). In the case
of competitive sport, it is thought that it is mainly a subgroup
of susceptible athletes that is contributing to this observed as-
sociation (75).

Vitamin C and zinc are often marketed as effective micronu-
trients for the prevention and treatment of colds. A Cochrane
analysis shows that a daily intake of 200 mg vitamin C has
no effect on the incidence, severity or duration of the illness
(relative risk [RR]: 0.97) (33). Under extreme conditions (e.g.
Arctic expeditions, marathon running), an appropriate vita-
min C intake can help to reduce self-reported symptoms that
are typical of infection (RR: 0.48) (33). However, it remains
unclear whether vitamin C actually has a beneficial effect on
the course of a viral infection. Nevertheless, the objective of
avitamin C supply that covers requirements for athletes is in
line with the results from the relevant EFSA panel, according to
which vitamin C can contribute to the maintenance of normal
immune defenses (27).
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D-A-CH REFERENCE VALUES

Intake values for vitamins B1, B2 and niacin as a function of energy intake for athletes. Calculations according to the German Nutrition Society (DGE) (22).

CALCULATIONS FOR ATHLE-
TES WITH A BODY WEIGHT OF WITH A BODY WEIGHT OF 70  WITH A BODY WEIGHT OF

BN :gt’:ﬂg’g?m REEDIZ 60 KG AND ENERGY INTAKE ~ KG AND ENERGY INTAKE OF 80 KG AND ENERGY INTAKE
OF E.G. 2,000 KCAL/DAY E.G. 2,500 KCAL/DAY OF E.G. 3,500 KCAL/DAY

Vitamin B1 [mg/d] 1.2/1.0 1.1 1.4 1.9

Vitamin B2 [mg/d] 14/11 1.2 1.5 2.1

Niacin [mg/d] 15.0/12.0 13.2 16.5 32.1

CALCULATION FOR ATHLETES CALCULATION FOR ATHLETES

The use of zinc preparations in pharmacological doses (>75
mg/day) appears to reduce the incidence and duration of the
common cold in the general population, but not the severity (67).
However, in the intervention groups (zinc intake well above the
tolerable intake level), unfavorable effects occurred much more
frequently than in the placebo groups. In addition, the quality of
the evidence was assessed by the authors as low to very low (67).

In the case of supplementation, the possibility of side effects
and the recommended maximum daily doses for food supple-
ments (vitamin C: 250 mg/day; zinc: 6.5 mg/day) should be
taken into account (77). The D-A-CH reference values for the
aforementioned micronutrients can be achieved through food:
for instance with a medium sweet pepper (approx. 190 mg vita-
min C) and two slices of wholegrain bread with cheese and one
serving of broccoli (approx. 9 mg zinc).

In general, in the case of a balanced diet that meets energy
requirements, nutrient intake increases with increased food
and energy intake, which means that athletes are also able to
cover their (possibly elevated) micronutrient needs under these
conditions without problems (45).

Critical Micronutrient Supply due to Sport-Specific Diets
Due to sport-specific, sometimes periodically varying nutrition
aims (e.g. weight reduction, carbohydrate loading or train low
techniques), athletes are not always able to meet all of their nu-
tritional needs through their diet. In the case of athletes parti-
cipating in sports where body weight is crucial (e.g. endurance,
aesthetic, or technical sports), restrictive nutritional behavior
with insufficient iron and calcium supply is often observed
(72). In addition, the range of foods that athletes consume may
be temporarily restricted (e.g. during training or competition
trips, during high altitude training camps, or due to weight
reduction) or permanently restricted (e.g in the case of into-
lerances, for ethical or religious reasons, or due to avoidance
of certain foods for other reasons). Nutrition counseling from
professionals with sport-specific qualifications may be advi-
sable in such cases so that custom solutions can be developed.

Vegetarian diets should be viewed as unproblematic even
for athletes as long as they are composed of a balanced variety
of foods and are combined with regular screening for critical
nutrients (e.g. iron supply) (32). It is not currently possible to
determine whether a vegan diet increases the risk of nutrient
deficiencies or whether it is associated with beneficial or det-
rimental effects in terms of health and performance due to the
low prevalence of competitive athletes who are vegan and due
to insufficient evidence from scientific studies. In principle, it
should be assumed that vegan athletes and the general popula-
tion will derive similar health benefits from sport and will have
similar critical nutrients (61).

Athletes frequently do not achieve the recommended fruit
and vegetable intakes for the general population due to the
“amount vs. time problem” (i.e. high energy requirements and
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little time to prepare, ingest and digest sufficient amounts of
food prior to training) and due to the high volume of food con-
sumed combined with limited tolerability prior to training (36).
This may be associated with an inadequate supply of folate for
instance, and with low supply of secondary plant compounds
(7). Individual nutrition counselling with regard to suitable
alternatives (e.g. integration of vegetable and fruit juices into
the meal plan, consumption of vegetable or fruit purees, enrich-
ment of meals with nuts, etc.) is advisable.

Current Micronutrient Supply Situation in Athletes

Based on the D-A-CH reference values (i.e. without taking ac-
count of any increased requirements) it can be assumed that
the micronutrient supply situation among athletes is roughly
as good as in the general population (4, 5, 48). In the case of
(competitive) athletes who have increased energy requirements,
the international literature clearly shows that intake recom-
mendations are exceeded through food alone (120-365% of nu-
trient-based Recommended Daily Intake [RDI]) (45).

Therefore, additional supplementation should be called into
question, and it may be associated with various risks (45, 46).

However, it is not possible to draw conclusions about the
supply situation of an individual athlete based on groups of
people. In individual cases, particularly in young athletes, but
also in athletes with the aforementioned risk constellations
(hypocaloric diets, restricted range of foods, travel, etc.), mi-
cronutrient supply may be below the recommended intake
levels. Current data from young German footballers shows, for
instance, that the majority of female players did not achieve the
D-A-CH reference values for calcium supply (59%), iron supply
(69%), folate supply (75%) and vitamin D supply (100%) (7). The
picture is similar for young German athletes in different types
of sport for calcium (47% of boys and 63% of girls did not achieve
the D-A-CH reference values), iron (9% and 65%), vitamin D (86%
and 93%) and vitamin E (38% and 34%) (13). However, it should
be noted that not achieving the D-A-CH reference values for
nutrient intake is not the same as a deficiency.

Micronutrients as Food Supplements in Sport

The use of food supplements is associated with risks for athletes
in terms of health, performance, and doping (e.g. as a result
of impurities or deliberate addition of prohibited substances)
(30, 42, 47). Based on recent research, it is estimated that 6-9%
of doping cases are attributable to food supplements (55). In
athletes with an adequate supply of micronutrients, an additi-
onal supply beyond requirements does not lead to an increase
in athletic performance. However, the prevalence of food sup-
plement use is significantly higher among athletes than in the
general population (6, 23, 24, 73). In the area of junior sports in
Germany, prevalence varies between 16% (43) and 91% (6), >
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depending on the cohort studied (e.g. age, type of sport and squad
status) and depending on how foodstuffs are classified: as either
food supplements or enriched foods (e.g. in the case of sports
drinks). Senior athletes also use relevant preparations (68).
Among athletes in general, the most commonly used food sup-
plements are vitamin and mineral preparations (56). The most
frequent reasons given for the use of these preparations are
expectations of improved regeneration, optimization of health
condition, and improved performance (47). Other athletes use
food supplements to prevent illness or because they do not have
sufficient time to prepare balanced meals (56). Measures such
as appropriate, action-focused nutritional training for athle-
tes and the provision of health-promoting catering services
tailored to the needs of athletes in top German sports facili-
ties therefore have the potential to reduce the food supplement
consumption among athletes by strengthening their food liter-
acy. The current expert consensus of the International Olympic
Committee (IOC) emphasizes that food supplements cannot
compensate for an inadequate diet or for poor food choices (38).
Athletes who, after a thorough risk-benefit analysis, still opt for
micronutrient supplementation should adhere to maximum
recommended intakes for food supplements, for instance the
maximum intake recommendations of the German Federal
Institute for Risk Assessment (Bundesinstitut fiir Risikobe-
wertung) (77, 79).

Conclusion

In summary, it can be concluded that the D-A-CH Reference
Values for Nutrient Intake are also suitable for use in healthy
athletes as a basis for an adequate nutrient intake. In the case
of abalanced diet that covers energy requirements, on average,
athletes meet or exceed the D-A-CH reference values for micro-
nutrients. However, in certain situations (such as endurance
exercise), iron, calcium, sodium and vitamin D may be critical
nutrients for athletes, particularly in at-risk groups (athletes
with permanent or recurrent food restrictions). With the sup-
port of nutrition professionals, a diet that is adapted to the in-
dividual and covers all requirements is achievable even in the
case of high metabolic demands, and such a diet can reduce
the risk of nutrient deficiencies. Due to risks in terms of health,
performance and doping, supplementation with the support of
nutrition professionals should only be considered in the case of
a relevant medical diagnosis and/or unsuccessful nutritional
therapy. |

Acknowledgement

For the critical review of this manuscript the authors thank Dr.
Angela Bechthold and Birte Peterson-Sperlich from the Science
Department at the DGE.

Conflict of Interest
The authors have no conflict of interest.

212

GERMAN JOURNAL OF SPORTS MEDICINE - 71 - 7-8-9/2020



(1) ALMOND CS, SHIN AY, FORTESCUE EB, MANNIX RC, WYP1J D, BINSTADT BA,
DUNCAN CN, OLSON DP, SALERNO AE, NEWBURGER JW, GREENES DS.
Hyponatremia among runners in the Boston Marathon. N Engl J
Med. 2005; 352: 1550-1556. doi:10.1056/NEJMoa043901

(2) ANDRADE FH, REID MB, WESTERBLAD H. Contractile response of
skeletal muscle to low peroxide concentrations: myofibrillar
calcium sensitivity as a likely target for redox-modulation.
FASEB J. 2001; 15: 309-311. doi:10.1096/1j.00-0507fje

(3) BEARDJ, TOBIN B. Iron status and exercise. Am J Clin Nutr. 2000;
72: 5948-5978S. doi:10.1093/ajcn/72.2.594S

(4) BECHTHOLD A, ALBRECHTV, LESCHIK-BONNET E, HESEKER H.
DGE-Stellungnahme Vitaminversorgung. Beurteilung
der Vitaminversorgung in Deutschland. Teil 1: Daten zur
Vitaminzufuhr. Ernahr-Umsch. 2012; 6: 324-336.

(5) BECHTHOLD A, ALBRECHT V, LESCHIK-BONNET E, HESEKER H.
DGE-Stellungnahme Vitaminversorgung. Beurteilung der
Vitaminversorgung in Deutschland. Teil 2: Kritische Vitamine
und Vitaminzufuhr in besonderen Lebenssituationen. Ernahr-
Umsch. 2012; 7: 396-401.

(6) BRAUN H, KOEHLER K, GEYER H, KLEINER J, MESTER J, SCHANZER W.
Dietary supplement use among elite young German athletes.
Int ] Sport Nutr Exerc Metab. 2009; 19: 97-109. do0i:10.1123/
ijsnem.19.1.97

(7) BRAUN H, VON ANDRIAN-WERBURG J, SCHANZER W, THEVIS M. Nutrition
Status of Young Elite Female German Football Players. Pediatr
Exerc Sci. 2018; 30: 157-167. doi:10.1123/pes.2017-0072

(8) BROWNS, CHIAMPAS G, JAWORSKI C, PASSE D. Lack of awareness of
fluid needs among participants at a midwest marathon. Sports
Health. 2011; 3: 451-454. doi:10.1177/1941738111415043

(9) BRUNEK, NIEDERWEIS U, KAUFMANN A, KUSTER-KAUFMANN M.
Analgetikamissbrauch bei Marathonlaufern: Jeder Zweite
nimmt vor dem Start ein Schmerzmittel. MMW Fortschr Med.
2009; 40: 39-42.

(10) CANNELL JJ, HOLLIS BW, SORENSON MB, TAFT TN, ANDERSON JJB.
Athletic performance and vitamin D. Med Sci Sports Exerc. 2009;
41: 1102-1110. doi:10.1249/MSS.0b013e3181930c2b

(11) CARLSOHN A, CASSEL M, LINNE K, MAYER F. How much is too
much? A case report of nutritional supplement use of a high-
performance athlete. Br ] Nutr. 2011; 105: 1724-1728. doi:10.1017/
$0007114510005556.

(12) CARLSOHN A, ROHN S, MAYER F, SCHWEIGERT FJ. Physical activity,
antioxidant status, and protein modification in adolescent
athletes. Med Sci Sports Exerc. 2010; 42: 1131-1139.

(13) CARLSOHN A, SCHARHAG J, MAYER F. Standards der Sportmedizin:
Eisenreiche Erndahrung. Dtsch Z Sportmed. 2009; 60: 130-131.

(14) CARLSOHN A, SCHARHAG-ROSENBERGER F, HEYDENREICH J, MAYER F.
Vitamin-D-Status von Athleten mit hoher UV-Exposition im
Training. Ernaehrungs Umschau international 2013; 60: 174-176.

(15) CARLSOHN A. Bewertung der Ernahrungssituation jugendlicher
Leistungssportler. Nutritive und belastungsassoziierte Einfliisse
aufausgewihlte Parameter des plasmatischen Redoxstatus
im juvenilen Organismus. HIPPOKRATES - Schriftenreihe
Medizinische Forschungsergebnisse, Band 78, Hamburg 2009.

(16) CHIAMPAS GT, GOYAL AV. Innovative Operations Measures and
Nutritional Support for Mass Endurance Events. Sports Med.
2015; 45: S61-S69. d0i:10.1007/540279-015-0396-6

(17) CHILD RB, WILKINSON DM, FALLOWFIELD JL, DONNELLY AE. Elevated
serum antioxidant capacity and plasma malondialdehyde
concentration in response to a simulated half-marathon run.
Med Sci Sports Exerc. 1998; 30: 1603-1607. d0i:10.1097/00005768-
199811000-00008

(18) CHINEVERE TD, KENEFICK RW, CHEUVRONT SN, LUKASKI HC, SAWKA MN.
Effect of heat acclimation on sweat minerals. Med Sci Sports
Exerc. 2008; 40: 886-891. doi:10.1249/MSS.0b013e3181641c04

(19) DAVIES KJ, QUINTANILHA AT, BROOKS GA, PACKER L. Free radicals
and tissue damage produced by exercise. Biochem Biophys
Res Commun. 1982; 107: 1198-1205. doi:10.1016/S0006-
291X(82)80124-1

(20) DEUSTER PA, DAY BA, SINGH A, DOUGLASS L, MOSER-VEILLON PB. Zinc
status of highly trained women runners and untrained women.
Am J Clin Nutr. 1989; 49: 1295-1301. doi:10.1093/ajcn/49.6.1295

GERMAN JOURNAL OF SPORTS MEDICINE « 71 « 7-8-9/2020

(21) DEUSTER PA, DOLEV E, KYLE SB, ANDERSON RA, SCHOOMAKER EB.
Magnesium homeostasis during high-intensity anaerobic
exercise in men. ] Appl Physiol (1985). 1987; 62: 545-550.

(22) DEUTSCHE GESELLSCHAFT FUR ERNAHRUNG (DGE). D-A-CH -
Referenzwerte der Néahrstoffzufuhr, Neuer Umschau Verlag, 2.
Auflage, 3. aktualisierte Ausgabe, 2017.

(23) DIEHL K, THIEL A, ZIPFEL S, MAYER J, SCHNELL A, SCHNEIDER S. Elite
adolescent athletes’ use of dietary supplements: characteristics,
opinions, and sources of supply and information. Int J Sport Nutr
Exerc Metab. 2012; 22: 165-174. doi:10.1123/ijsnem.22.3.165

(24) DIEHL K, THIEL A, ZIPFEL S, MAYER J, SCHNEIDER S. Substance use
among elite adolescent athletes: findings from the GOAL Study.
Scand ] Med Sci Sports. 2014; 24: 250-258. doi:10.1111/j.1600-
0838.2012.01472.x

(25) DRESSENDORFER RH, PETERSEN SR, LOVSHIN SE, KEEN CL. Mineral
metabolism in male cyclists during high-intensity endurance
training. Int J Sport Nutr Exerc Metab. 2002; 12: 63-72.
doi:10.1123/ijsnem.12.1.63

(26) EFSA. Scientific Opinion on the substantiation of health claims
related to carbohydrate-electrolyte solutions and [....]. EFSA
Journal 2011; 9: 2211. siehe auch EU-Verordnung Nr. 432/2012.

(27) EFSA. Scientific Opinion on the substantiation of health claims
related to vitamin C and. EFSA J. 2009; 7: 1226.

(28) FRANZONI F, PLANTINGA Y, FEMIA FR, BARTOLOMUCCI F, GAUDIO C,
REGOLI F, CARPI A, SANTORO G, GALETTA F. Plasma antioxidant
activity and cutaneous microvascular endothelial function in
athletes and sedentary controls. Biomed Pharmacother. 2004; 58:
432-436. doi:10.1016/j.biopha.2004.08.009

(29) FRIEDMANN B. Standards der Sportmedizin. Sportlerandmie.
Dtsch Z Sportmed. 2001; 52: 262-263.

(30) GEYER H, PARR MK, KOEHLER K, MARECK U, SCHANZER W, THEVIS M.
Nutritional supplements cross-contaminated and faked
with doping substances. ] Mass Spectrom. 2008; 43: 892-902.
doi:10.1002/jms.1452

(31) GOMEZ-CABRERA MC, DOMENECH E, ROMAGNOLI M, ARDUINI A, BORRAS C,
PALLARDO FV, SASTRE J, VINA ). Oral administration of vitamin
C decreases muscle mitochondrial biogenesis and hampers
training-induced adaptations in endurance performance. Am J
Clin Nutr. 2008; 87: 142-149. d0i:10.1093/ajcn/87.1.142

(32) GROSSHAUSER M. Vegan und trotzdem Leistungssport?
Worauf es ankommt! Ernahrung Med. 2014; 29: 167-169.
doi:10.1055/s-0034-1384504

(33) HEMILA H, CHALKER E, DOUGLAS B. Vitamin C for preventing and
treating the common cold. Cochrane Database Syst Rev. 2007; 3:
CD000980. doi:10.1002/14651858.CD000980.pub3

(34) HESEKER H, STAHL A, STROHM D. Vitamin D - Physiologie,
Funktionen, Vorkommen, Referenzwerte und Versorgung in
Deutschland. Ernaehrungs Umschau. 2012: 232-239.

(35) HEW-BUTLER T, LOI 'V, PANI A, ROSNER MH. Exercise-Associated
Hyponatremia: 2017 Update. Front Med (Lausanne). 2017; 4: 21.
doi:10.3389/fmed.2017.00021.

(36) HEYDENREICH J, CARLSOHN A, MAYER F. Nutrition knowledge and
food choice in young athletes. Pediatrics Research International
Journal 2015; ID 974700.

(37) HOLICK MF. The vitamin D deficiency pandemic: Approaches for
diagnosis, treatment and prevention. Rev Endocr Metab Disord.
2017; 18: 153-165. d0i:10.1007/s11154-017-9424-1

(38) INTERNATIONAL OLYMPIC COMMITTEE EXPERT GROUP STATEMENT ON
DIETARY SUPPLEMENTS IN ATHLETES. Lausanne, 2017.

(39) JACKSON MJ, PAPA S, BOLANOS J, BRUCKDORFER R, CARLSEN H, ELLIOTT RM,
FLIER ), GRIFFITHS HR, HEALES S, HOLST B, LORUSSO M, LUND E,
MOSKAUG J, MOSER U, DI PAOLA M, POLIDORI MC, SIGNORILE A, STAHL W,
VINA-RIBES J, ASTLEY SB. Antioxidants, reactive oxygen and
nitrogen species, gene induction and mitochondrial function.
Mol Aspects Med. 2002; 23: 209-285. doi:10.1016/S0098-
2997(02)00018-3

(40) JOHNER SA, THAMM M, SCHMITZ R, REMER T. Current daily salt intake
in Germany: biomarker-based analysis of the representative
DEGS study. Eur J Nutr. 2015; 54: 1109-1115. doi:10.1007/s00394-
014-0787-8

213



(41) KENEFICK RW, CHEUVRONT SN. Hydration for recreational sport
and physical activity. Nutr Rev. 2012; 70: S137-S142. doi:10.1111/
j.1753-4887.2012.00523.x

(42) KNOPF H. Selbstmedikation mit Vitaminen, Mineralstoffen
und Nahrungsergidnzungsmitteln in Deutschland. Ergebnisse
bundesweiter Gesundheitssurveys. Bundesgesundheitsbl. 2017;
60: 268-276. doi:10.1007/s00103-016-2500-y

(43) KRATZENSTEIN S, CARLSOHN A, HEYDENREICH J, MAYER F. Dietary
Supplement Use in Young Elite Athletes and School Children
Aged 11 to 13 Years: A Cross-Sectional Study Design. Dtsch Z
Sportmed. 2016; 67: 13-17. d0i:10.5960/dzsm.2015.203

(44) LARSON-MEYER DE, WILLIS KS. Vitamin D and athletes. Curr Sports
Med Rep. 2010; 9: 220-226. doi:10.1249/JSR.0b013e3181e7dd45

(45) LUN 'V, ERDMAN KA, REIMER RA. Evaluation of nutritional intake in
Canadian high-performance athletes. Clin J Sport Med. 2009; 19:
405-411. doi:10.1097/JSM.0b013e3181b5413b

(46) MALCZEWSKA J, SZCZEPANSKA B, STUPNICKI R, SENDECKI W. The
assessment of frequency of iron deficiency in athletes from the
transferrin receptor-ferritin index. Int J Sport Nutr Exerc Metab.
2001; 11: 42-52. doi:10.1123/ijsnem.11.1.42.

(47) MAUGHAN RJ, DEPIESSE F, GEYER H; INTERNATIONAL
ASSOCIATION OF ATHLETICS FEDERATIONS. The use of dietary
supplements by athletes. J Sports Sci. 2007; 25: S103-S113.
doi:10.1080/02640410701607395

(48) MAX RUBNER-INSTITUT. Ergebnisbericht Teil 2. Nationale
Verzehrsstudie II: Die bundesweite Befragung zur Erndhrung
von Jugendlichen und Erwachsenen. 2008. https://www.mri.
bund.de/fileadmin/MRI/Institute/EV/NVSII_Abschlussbericht_
Teil_2.pdf [August 19" 2020].

(49) MONTAIN SJ, CHEUVRONT SN, LUKASKI HC. Sweat mineral-element
responses during 7 h of exercise-heat stress. Int ] Sport Nutr
Exerc Metab. 2007; 17: 574-582. d0i:10.1123/ijsnem.17.6.574

(50) MOREIRA A, DELGADO L, MOREIRA P, HAAHTELAT. Does exercise
increase the risk of upper respiratory tract infections? Br Med
Bull. 2009; 90: 111-131. doi:10.1093/bmb/1dp010

(51) MOSLER S, BRAUN H, CARLSOHN A, GROSSHAUSER M, KONIG D, LAMPEN A,
NIESS A, OBERRITTER H, SCHABETHAL K, SCHEK A, STEHLE P, VIRMANI K,
ZIEGENHAGEN R, HESEKER H. Fluid replacement in sports. Position
of the working group sports nutrition of the German Nutrition
Society (DGE). Ernahr-Umsch. 2019; 66: 52-59.

(52) NIEMAN DC. Exercise, infection, and immunity. Int J Sports Med.
1994; 15: S131-S141. d0i:10.1055/s-2007-1021128

(53) NIESS AM, STRIEGEL H, HIPP A, HANSEL J, SIMON P. Zusétzliche
Antioxidanziengabe im Sport - sinnvoll oder unsinnig? Dtsch Z
Sportmed. 2008; 59: 55-61.

(54) NUVIALA RJ, LAPIEZA MG, BERNAL E. Magnesium, zinc, and copper
status in women involved in different sports. Int J Sport Nutr.
1999; 9: 295-309. d0i:10.1123/ijsn.9.3.295

(55) OUTRAM S, STEWART B. Doping through supplement use: a review
of the available empirical data. Int J Sport Nutr Exerc Metab.
2015; 25: 54-59. doi:10.1123/ijsnem.2013-0174

(56) PETROCZI A, NAUGHTON DP, MAZANOV J, HOLLOWAY A, BINGHAM J.
Limited agreement exists between rationale and practice
in athletes’ supplement use for maintenance of health: a
retrospective study. Nutr J. 2007; 6: 34. doi:10.1186/1475-2891-6-
34

(57) POWERS SK, RADAK Z, JI LL. Exercise-induced oxidative stress: past,
present and future. ] Physiol. 2016; 594: 5081-5092. d0i:10.1113/
JP270646

(58) QUINTANILHA AT, PACKER L. Vitamin E, physical exercise and
tissue oxidative damage. Ciba Found Symp. 1983; 101: 56-69.
doi:10.1002/9780470720820.ch5

(59) REDDY MB, CLARK L. Iron, oxidative stress, and disease risk. Nutr
Rev. 2004; 62: 120-124. d0i:10.1301/nr.2004.mar.120-124

(60) REID MB. Invited Review: redox modulation of skeletal muscle
contraction: what we know and what we don't. ] Appl Physiol
(1985). 2001; 90: 724-731.

(61) RICHTER M, BOEING H, GRUNEWALD-FUNK D, HESEKER H, KROKE A,
LESCHIK-BONNET E, OBERRITTER H, STROHM D, WATZL B; GERMAN
NUTRITION SOCIETY (DGE). Vegan diet. Position of the German
Nutrition Society (DGE). Ernahrungs Umschau 63: 92-102.
Erratum in. 2016; 63: M262.

214

(62) RIETJENS SJ, BEELEN M, KOOPMAN R, VAN LOON L, BAST A, HAENEN G. A
single session of resistance exercise induces oxidative damage
in untrained men. Med Sci Sports Exerc. 2007; 39: 2145-2151.
Erratum in: Med Sci Sports Exerc. 2008; 40: 591. doi:10.1249/
mss.0b013e318157936d

(63) RISTOW M, ZARSE K, OBERBACH A, KLOTING N, BIRRINGER M, KIEHNTOPF M,
STUMVOLL M, KAHN CR, BLUHER M. Antioxidants prevent health-
promoting effects of physical exercise in humans. Proc Natl Acad
Sci USA. 2009; 106: 8665-8670. doi:10.1073/pnas.0903485106

(64) SAWKA MN, BURKE LM, EICHNER ER, MAUGHAN RJ, MONTAIN §J,
STACHENFELD NS. American College of Sports Medicine position
stand. Exercise and fluid replacement. Med Sci Sports Exerc.
2007; 39: 377-390.

(65) SCHEK A. Vitamin D - ein unterschitzter Mikronéhrstoff.
Ernéhrung im Fokus. Online Special. 2018. www.bzfe.de/_data/
files/eifonline_vitamin_d_unterschaetzter_mikronaehrstoff.pdf
[August 19" 2020].

(66) SEN CK, ATALAY M, HANNINEN 0. Exercise-induced oxidative stress:
glutathione supplementation and deficiency. ] Appl Physiol
(1985). 1994; 77: 2177-2187.

(67) SINGH M, DAS RR. Zinc for the common cold. Cochrane Database
Syst Rev. 2013: CD001364.

(68) STRIEGEL H, SIMON P, WURSTER C, NIESS AM, ULRICH R. The use of
nutritional supplements among master athletes. Int ] Sports
Med. 2006; 27: 236-241. doi:10.1055/s-2005-865648

(69) STROHM D, BOEING H, LESCHIK-BONNET E, HESEKER H, ARENS-AZEVEDO U,
BECHTHOLD A, KNORPP L, KROKE A; GERMAN NUTRITION SOCIETY (DGE).
Salt intake in Germany, health consequences, and resulting
recommendations for action. A scientific statement from the
German Nutrition Society (DGE). Ernahr-Umsch. 2016; 63: 62-70.

(70) SVENSSON MB, EKBLOM B, COTGREAVE 1A, NORMAN B, SJGBERG B,
EKBLOM O, SJGDIN B, SIGDIN A. Adaptive stress response of
glutathione and uric acid metabolism in man following
controlled exercise and diet. Acta Physiol Scand. 2002; 176: 43-
56. d0i:10.1046/j.1365-201X.2002.01008.x

(71) TAULER P, GIMENO 1, AGUILO A, GUIX MP, PONS A. Regulation of
erythrocyte antioxidant enzyme activities in athletes during
competition and short-term recovery. Pflugers Arch. 1999; 438:
782-787. d0i:10.1007/s004240051107

(72) THOMAS DT, ERDMAN KA, BURKE LM. American College of Sports
Medicine Joint Position Statement. Nutrition and Athletic
Performance. Med Sci Sports Exerc. 2016; 48: 543-568.

(73) TSCHOLL P, ALONSO JM, DOLLE G, JUNGE A, DVORAK J. The use
of drugs and nutritional supplements in top-level track
and field athletes. Am J Sports Med. 2010; 38: 133-140.
doi:10.1177/0363546509344071

(74) TSCHOLL PM. Der Einsatz von nicht-steroidalen Antirheumatika
(NSAR) im Spitzensport. Dtsch Z Sportmed. 2014; 65: 34-37.
doi:10.5960/dzsm.2013.111

(75) WALSH NP, GLEESON M, SHEPHARD RJ, GLEESON M, WOODS JA, BISHOP NC,
FLESHNER M, GREEN C, PEDERSEN BK, HOFFMAN-GOETZ L, ROGERS CJ,
NORTHOFF H, ABBASI A, SIMON P. Position statement. Part one:
Immune function and exercise. Exerc Immunol Rev. 2011; 17:
6-63.

(76) WARDEN $J. Prophylactic use of NSAIDs by athletes: a risk/benefit
assessment. Phys Sportsmed. 2010; 38: 132-138. d0i:10.3810/
psm.2010.04.1770

(77) WEISSENBORN A, BAKHIYA N, DEMUTH I, EHLERS A, EWALD M, NIEMANN B,
RICHTER K, TREFFLICH I, ZIEGENHAGEN R, HIRSCH-ERNST KI,
LAMPEN A. Héchstmengen fiir Vitamine und Mineralstoffe
in Nahrungsergédnzungsmitteln. ] Consum Prot Food Saf.
doi:10.1007/s000003-017-1140-y

(78) WOLMAN R, WYON MA, KOUTEDAKIS Y, NEVILL AM, EASTELL R, ALLEN N.
Vitamin D status in professional ballet dancers: winter vs.
summer. ] Sci Med Sport. 2013; 16: 388-391. doi:10.1016/j.
jsams.2012.12.010

(79) ZIEGENHAGEN R, BRAUN H, CARLSOHN A, GROSSHAUSER M, HESEKER H,
KONIG D, MOSLER S, NIESS A, OBERRITTER H, SCHABETHAL K, SCHEK A,
STEHLE P, VIRMANI K, LAMPEN A: SAFETY ASPECTS OF DIETARY
SUPPLEMENTS IN SPORTS. Position of the working group sports
nutrition of the German Nutrition Society (DGE). Ernahrungs
Umschau 2020; 67: 42-50.el-e2.

GERMAN JOURNAL OF SPORTS MEDICINE « 71 - 7-8-9/2020





