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Abstract

We investigated in a descriptive field study the nutritional habits
of ultra-endurance cyclists before, during and after the longest
cycling race in the world, the Race Across AMerica (RAAM) in
2006. Athletes completed a questionnaire about their nutrition be-
fore, during and after the race. Two female and eight male cyclists
from teams as well as three male solo cyclists completed our form.
Six athletes (46%) followed no special diet in the four weeks before
the race but seven cyclists (58%) accomplished a carbo-loading the
day before the start. Bananas (85%) and chicken (77%) were cho-
sen more often than bread (70%), carbohydrate gels (54%), apples
(54%) or noodles (54%) during the race. The main beverage during
the race was pure water (83%), followed, in order of preference,
by isotonic sports drinks (39%) and apple juice (31%). After the
race, the preferred food was vegetables (85%) followed by cheese
(70%), meat (70%), bananas (70%) and salad (70%). The main
beverage after the race was pure water (92%), followed, in order
of preference, by coffee (54%) and beer (46%). A concentrate of
amino acids was the preferred ergogenic supplement before (39%),
during (39%) and after (62%) the race. The high intake of amino
acids as ergogenic supplements as well as the high consumption of
protein-rich food after the race might be an opportunity for further
investigations in ultra-endurance performance.
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Zusammenfassung

Wir haben in einer beschreibenden Feldstudie die Erndhrungsgewo-
hnheiten von Extremausdauer-Radfahrern vor, wihrend und nach
dem ldngsten Radrennen der Welt, dem Race Across AMerica
(RAAM) 2006, erfragt. Die Athleten fiillten einen Fragebogen tiber
ihre Erndhrung vor, wihrend und nach dem Rennen aus. Zwei
weibliche und acht ménnliche Radfahrer aus Mannschaften sowie
drei ménnliche Einzelfahrer fiillten den Bogen aus. Sechs Athleten
(46%) fiihrten keine spezielle Diit in den vier Wochen vor dem
Rennen durch, aber sieben Radfahrer (58%) fiihrten ein Carboloa-
ding am Tag vor dem Start des Rennens durch. Bananen (85%) und
Huhn (77%) wurden wihrend des Rennens bevorzugt gegessen, vor
Brot (70%), Kohlenhydratgels (54%), Apfeln (54%) und Nudeln
(54%). Das Hauptgetrink wihrend des Rennens war reines Wasser
(83%), gefolgt von isotonischen Sportgetrinken (39%) und Apfel-
saft (31%). Nach dem Rennen wurden bevorzugt Gemiise gegessen
(85%), vor Bananen (70%), Salat (70%), Kise (70%) und Fleisch
(70%). Das beliebteste Getrink nach dem Rennen war wiederum
Wasser (92%), gefolgt von Kaffee (54%) und Bier (46%). Ein
Aminosaure-Konzentrat war das bevorzugte ergogene Supplement
vor (39%), wahrend (39%) und nach (62%) dem Rennen. Die hohe
Zufuhr an Aminosduren als bevorzugtes ergogenes Supplement
sowie die hohe Einnahme an proteinreichen Nahrungsmitteln bei
diesen Ultra-Radfahrern konnte zu weiteren Untersuchungen bei
extremen Ausdauerbelastungen fiihren.

Schliisselworter:
Ernidhrung, ergogene Supplemente, Extremausdauer
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Introduction

Little is known about the nutritional behaviour of athletes com-
peting in ultra-distance races (Eden & Abernethy, 1994; Eisinger
et al., 1994; Lindeman, 1991; Singh et al., 1993). There is more
literature available in endurance athletes like road cyclists (Garcia-
Roves et al., 1998; Garcia-Roves et al., 2000; Martin et al., 2002;
Saris et al., 1989; Vogt et al., 2005), long distance runners (Fallon
et al., 1998; Kruseman et al., 2005; Onywera et al., 2004; Singh et
al., 1993; Tanaka et al., 1995), triathletes (Frensos & Baer, 1997;
Nogueira & Da Costa, 2004) and swimmers (Barr & Costill, 1992;
Berning et al., 1991).

In studies about the nutrition of ultra-endurance athletes, ingest-
ed energy (Eden & Abernethy, 1994; Lindeman, 1991; Knechtle &
Miiller, 2002; Knechtle et al., 2005; Garcia-Roves et al., 1998; Fal-
lon et al., 1998; Case et al., 1995; Gabel et al., 1995), the percent-
age of carbohydrate, fat and protein of nutrients (Case et al., 1995;
Eden & Abernethy, 1994; Fallon et al., 1998; Gabel et al., 1995;
Garcia-Roves et al., 1998; Knechtle & Miiller, 2002; Knechtle et
al., 2005) as well as the intake of vitamins and micronutrients (Fal-
lon et al., 1998; Gabel et al., 1995; Knechtle & Miiller, 2002) are
presented in detail.

But coaches, support crews, physicians and athletes intending
to compete in ultra-endurance races are interested in the kinds of
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foodstuff and which nutrition successful ultra-endurance athletes
ingest before, during and after ultra-endurance races. For one ath-
lete in the Race Across AMerica (RAAM), a sample of diet over
one day is described (Clark et al., 1992), and in two studies nutri-
tion in training and competition of five (Saris et al., 1989) and six
(Garcia-Roves et al., 2000) road cyclists is listed.

The aim of our present study was to investigate the nutritional
practices of ultra-endurance cyclists in the longest cycling race
in the World, the RAAM 2006. The intention was to represent
the kind of foodstuff and beverages successful ultra-endurance
athletes consume in order to help future athletes, support crews,
nutritionists and physicians in the choice of foodstuff and bever-
ages for such races.

Subjects and Methods

Subjects

All participants of the RAAM 2006 were contacted with a separate
newsletter by the organizer of the race, three months before the
race, and asked to participate in the study. Twenty-nine athletes
(two women, 27 men) intended to start as solo cyclists. In addition,
33 teams of two or more cyclists participated. Two female and
eight male cyclists from teams as well as three solo male cyclists
entered the investigation. They all gave their informed written con-
sent. From these subjects, the eleven male cyclists (mean+SD; age
42.5+8.3 years, weight 73.0£6.0 kg, height 1.79+£0.05 m, BMI
22.6+1.5 kg/m?) trained for 20£10 h per week and had an average
experience of 4+3 (1 to 12) finished races of 24 h and longer before
the start of the RAAM 2006. The two female racers (age 46.0+1.4
years, weight 64.5+0.7 kg, height 1.73+0.04 m, BMI 21.4+0.9
kg/m?) trained for 19+4 h per week. One cyclist had an intolerance
of lactose and one cyclist a type-I diabetes.

The race and nutrition during the race

The race started June 11th 2006 in Oceanside, CA, north of San
Diego. Cyclists had to cover the total distance of 4,896.1 km and
climb 33,100 m to the finish in Atlantic City, NJ. Athletes were
obliged to be followed by a support crew in a car. The support crew
was responsible for clothes, material and food. All food provided
for the athletes was prepared and given by the support crew.

Questionnaires

All participants of the RAAM 2006 were contacted by a newsletter
six weeks before the race by the organizer and received a question-
naire to fill in their nutritional habits before, during and after the
race. Questionnaires were self-administered and not administered
by trained personnel. Athletes were invited to report about their
intake of food and beverages, ergogenic supplements, vitamins and
minerals in the four weeks before, the day before, during and the
day after the race. Apart from an abundant choice of products and
substances to mark with a cross, they had enough space to write
their own comments. After the race, they sent their completed
questionnaires by fax, postal letter or e-mail to the investigator.

Analysis of data

The answers of the athletes in the questionnaires are represented
in tables. The numbers of respondents who used a special kind of
foodstuff or beverage are listed separately.

Results

Nutrition and supplementation before the race

Thirteen athletes completed the questionnaire. In the four weeks
before the race (Table 1), six athletes (46%) followed no special

diet. Six racers (46%) consumed ergogenic supplements with a
preference for a concentrate of amino acids (39%). Nine athletes
(69%) ingested vitamins and favoured a multi-vitamin product
(77%). Ten racers (77%) consumed minerals with a special pref-
erence for magnesium (39%) and a multi-mineral product (39%)
(Table 2). The day before the start of the race (Table 1), seven rac-
ers (54%) accomplished a carbo-loading. Six athletes (46%) con-
sumed ergogenic supplements with special preference for BCAA
(23%) and a concentrate of amino acids (15%). Nine athletes (69%)
ingested vitamins and favoured a multi-vitamin product (62%).
Minerals were consumed by nine athletes (69%) with a special
preference for a multi-mineral product (31%), magnesium (31%)
and iron (31%) (Table 2).

Nutrition and supplementation during the race

A variety of 53 different solid foods and 20 beverages were con-
sumed during the race (Tables 3 and 4). Bananas (85%) and
chicken (77%) were preferred before bread (70%), carbohydrate
gels (54%), noodles (54%) and apples (54%). The main beverage
during the race was pure water (83%), followed, in order of prefer-
ence, by an isotonic sports drink (39%) and apple juice (31%). A
concentrate of amino acids was the preferred ergogenic supple-
ment during the race for five cyclists (39%), six athletes (54%)
ingested a multi-vitamin product and five participants (39%) con-
sumed a multi-mineral product (Table 2).

Nutrition and supplementation after the race

Fifty-three different solid foods and 18 beverages were consumed
after the race (Tables 3 and 4). The preferred food was vegetables
(85%), followed by cheese (70%), meat (70%), bananas (70%)
and salad (70%). The main beverage after the race was pure water
(92%), followed, in order of preference, by coffee (54%) and beer
(46%). A concentrate of amino acids (62%) was the preferred ergo-
genic supplement and a multi-vitamin product (62%) and a multi-
mineral product (39%) were preferably consumed as vitamins and
minerals (Table 2).

Discussion

Our investigation reveals some results not corresponding to the
common opinion in sports nutrition. About 50% of the successful
finishers of this ultra-endurance race did not practice a carbo-
hydrate-rich nutrition in the preparation for the race. During the
competition, they consumed carbohydrate-rich food, but chicken
was the second most often ingested food during the race. Their
main beverage was pure water both during and after the race.
Concentrates of amino acids were used before, during and after the
event as their main ergogenic supplements.

Nutrition before ultra-endurance performance

Of these thirteen ultra-endurance cyclists, six (46%) followed no
special diet such as a carbohydrate-rich diet, which is recom-
mended for endurance athletes (Applegate, 1991; Brown, 2002;
Hargreaves et al., 2004; Lambert & Goedecke, 2003; Maughan et
al., 1997; Peters, 2003; Williams, 1995). Only five athletes (39%)

Kind of diet 4 weeks The day
before the race before the race

Carbo-loading 2 7
Carbohydrate-rich diet 5

Protein-rich diet 5 1

Protein-poor diet 1

Fat-rich diet 1 2

Fat-poor diet 1

No special diet 6 6

Table 1: Diet in the 4 weeks and the day before the start of the race (N=13).
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declared their nutrition before the race as carbohydrate-rich (7a-
ble 1). The percentage of carbohydrate-rich diets increased to 54%
the day before the race (Table 1), where athletes consumed more
carbohydrates in form of a pre care carbo-loading. This is in clear
contrast to the general recommendations of a carbohydrate-rich
nutrition before ultra-endurance races (Peters, 2003; Singh et al.,
1994).

Nutrition during ultra-endurance performance

During physical performance, the highest proportion of energy-
rich substrates should derive from the intake of carbohydrates,
independent of the kind of sport (Burke, 2003; Burke et al., 1991,
2003; Eden & Abernethy, 1994; Garcia-Roves et al., 1998; Ony-
wera et al., 2004; Saris et al., 1989; Vogt et al., 2005). In ultra-en-
durance, the carbohydrate calories derive from simple sugars, such
as cookies, sweetened drinks and candy (Gabel et al., 1995). In the
studies of Clarke et al. (1992), Garcia-Roves et al. (1998; 2000)
and Saris et al. (1989), different foodstuff was listed in tables, but
without frequency of intake. Garcia-Roves et al. (2000) presented
tables with examples of foodstuff for breakfast and supper dur-
ing training and competition in professional road cyclists. For
breakfast, the highest contribution to nutrition were pears. Their
athletes consumed more energy through beverages like orange
juice and milk. Our athletes preferred carbohydrate-rich products,
but mainly solid food during performance.

In contrast, the cyclist described by Clark et al. (1992) in the
RAAM preferred concentrates of carbohydrates such as carbo-
hydrate drinks and sports bars. The most often eaten food during
the race in our athletes (Table 3) was bananas (85%) and chicken
(77%) which were preferred before bread (70%), carbohydrate gels
(54%), noodles (54%) and apples (54%). To a lesser extent, pota-
toes (46%) and cheese (46%) were consumed.

Beverages during ultra-endurance performance

In general, endurance athletes drink a solution of carbohydrates
and electrolytes (Saris et al., 1989). The cyclist of Clark et al.
(1992) in the RAAM also drank commercial carbohydrate drinks.
In contrast, our athletes preferred pure water during and after

the race as their main beverage (7Table 4). Also Kenyan runners
(Onywera et al., 2004) and ultra-endurance cyclists (Gabel et al.,
1995) prefer pure water. In the study of Garcia-Roves et al. (2000),
beverages for breakfast and supper in professional road cyclists
in training and competition are listed again in tables. Their six
cyclists consumed, for breakfast, mostly milk and orange juice; for
supper milk (training) and wine (competition). The results from
their study are difficult to compare with our results. In a multi-stage
cycle race, athletes sleep during the night, whereas our athletes
had to perform a non-stop race without rest and sleep for days. The
team cyclists are allowed to have longer breaks, but these breaks
can be during the day. So ultra-endurance athletes have to consume
breakfast, lunch and dinner during performance in quite a different
manner compared with athletes in multi-stage races.

Supplementation with ergogenic supplements, vitamins and
minerals

In our investigation, the four weeks before the race and the day
before the race, athletes consumed several different ergogenic
supplements, minerals and vitamins, and again during and after
the race (Table 2). Endurance athletes often use other nutritional
substances and practices in attempts to obtain a competitive edge
by enhancing energy utilization and delaying the onset of fatigue
(Williams, 1992). Intake of ergogenic supplements is widespread
in athletes (DesJardins, 2002; Huang et al., 2006; Maughan et al.,
2004). Depending upon the studies, the percentage varies from
6 to 100% (Grandjean, 1983; Kim & Keen, 1999; Nieman et al.,
1989; Nieper, 2005; Peters & Goetzsche, 1997; Sobal & Marquart,
1994; Sudgot-Borgen et al., 2003; Worme et al., 1990). The main
requirements of our athletes before the race were a concentrate of
amino acids, a multi-vitamin product and a multi-mineral product.
Also, after the race, a multi-vitamin product and a multi-mineral
product were mainly preferred. These results are not different from
the literature.

In some cases, up to three different supplements are used (Grand-
jean, 1983; Huang et al., 2006; Nieman et al., 1989; Nieper, 2005).
Those most often used are combined products (Grandjean, 1983;
Nieper, 2005), followed by minerals, vitamin C, iron, zinc, vitamin
E, vitamin B-complex, niacin, folic acid, creatine, concentrates of

4 weeks
before the race

Kind of supplementation

The day
before the race

After
the race

During
the race

Ergogenic supplements

Concentrate of amino acids

8

BCAA

Coenzym Q,,

1

Perpetuem®

=[]

L-Carnitine

=] =] =|w |

Concentrate of essential fatty acids

Creatine

Endurox® EXCEL®

5
2
1
1
1
Glutamine 1
2
1
1
7

No intake of ergogenic supplements

o
~
[\

Vitamins

Multi-vitamin 10

Vitamin C

Vitamin B (complex)

Folic acid

K= Wwlofoo

4
3
Vitamin E 2
2
4

No intake of vitamins

Q=W
Q| W[ WwW|Ww]|oo

Minerals

Multi-mineral

Magnesium

Iron

W AW~

Zinc

W | W[

5
5
Calcium 4
4
4
1

Salt tablets

Potassium

No intake of minerals 3 4

O[N]~

Table 2: Supplementation before, during and after the race (N=13).
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amino acids, calcium and vitamin A (Grandjean & Ruud, 1994;  Beverage During the race After the race
Huang et al., 2006; Kim & Keen, 1999; Nieman et al., 1989; Sobal  yyater 12 12
& Marquart, 1994; Sundgot-Borgen et al., 2003). Isotonic sports drink 5 3
Coffee 2 7
Kind of food During the race After the race Apple juice 4 3
Fruits and nuts Coca Cola® 3 4
Bananas 11 9 Beer 6
Apples 7 3 Endurox® EXCEL® 3 1
Oranges 5 5 Tea 3 1
Raisins 4 5 Soup 3 1
Grapes 4 4 Accelerade® 3
Peaches 2 5 Orange juice 1 2
Apricots 3 4 Red Bull® 2
Peanuts 4 2 Ensure® 2
Pears 1 5 Lemonade 2
Dried fruits 4 Ice tea 2
Figs 2 2 Milk 2
Strawberries 1 3 Chocolate milk 1 1
Pineapple 1 1 Sprite® 1
Cherries 1 1 Blended shake* 1
Nuts 1 CLIF SHOT® drink 1
Walnuts 1 SPIZ® 1
Almonds 1 Fruit juice 1
Kiwi 1 Date shake 1
Grapefruit 1 Tomato juice 1
Meat and fish Pineapple juice 1
Chicken 10 8 Wine 1
Meat without further specification 4 9 Whiskey 1
Fish 2 7 * Drink with Endurox®, bananas, berries and yoghurt
Beef 2 6
Hamburger 2 2 Table 4: Beverages during and after the race (N=13).
Pork 1 4
Sausages 3 It is obvious that our athletes consumed multi-vitamin and multi-
Turkey 1 mineral products in preference to selected vitamins and minerals.
Vegetables and salads We presume that their behaviour is for «safety reasons» in order to
Vegetables without further specification 4 11 prevent a lack of vitamins and minerals in this tough race. There
POtatOC% _ 6 6 seems to be no strategy behind the choice to substitute a certain
Salad without further specification 2 9 vitamin or mineral. In addition, it is obvious that these ultra-endur-
Beans 1 6 ance cyclists preferred a concentrate of amino acids as ergogenic
g?);;ots ? g supplement (Table 2). We cannot explain why these ultra-endur-
ance athletes prefer a concentrate of amino acids before, during
Cucumbers 2 3 . .
Tomatoes 1 1 and a.fter. the race. We. assume that they have a spef:lal desire for
Olives 3 protein-rich nutrition in accordance with the relatively frequent
Soy 1 intake of meat during the race (7able 3). In addition, protein-rich
Carbohydrate-rich food food was also preferred after the race (Table 3).
Bread 9 6
Noodles 7 6 .
Rice 5 3 Conclusions
Carbohydrate gel 7 1
Cake 4 4 Ultra-endurance cyclists at the RAAM 2006 did not follow a strict
Biscuits 3 3 carbohydrate-rich nutrition before the race. They consumed pref-
Pizza 2 3 erentially a concentrate of amino acids as ergogenic supplement
French fries 1 3 before, during and after the race. These ultra-endurance cyclists
Sandwiches 3 preferably drank pure water during and after the race in con-
Chips 3 trast to the general recommendation of a carbohydrate-electrolyte
Cornflakes 1 2 solution.
Cereals 1
Porridge 1 Corresponding author:
Pretzel sticks 1
Lasagne 1 Dr. med. Beat Knechtle, Gesundheitszentrum St. Gallen, Vadian-
Dairy produce strasse 26, 9001 St. Gallen, Switzerland, phone: +41 71 226 82 82,
Cheese 6 9 fax +41 71 226 82 72, e-mail: beat.knechtle @hispeed.ch
Eggs 5 6
Yoghurt 4 6
Ice cream 5 4 References
Chocolate 2 5
Pudding 3 3 Applegate E.A. (1991): Nutritional considerations for ultraendurance per-
Energy bars formance. Int..J. Sport Nutr. 1: 118—126.. o )
Snickers® 3 3 Barr S.I., Costill D.L. (1992): Effect of increased training volume on nutri-
Bounty® 5 ent ithake of male collegiate swimmers. Int. J. Sports Med. .13: 47-51.
Energy bars without further spec. 1 Berning J.R., Troup J.P., Van Handel P.J., Daniels J., Daniels N. (1991):

Table 3: Food intake during and after the race (N=13).

The nutritional habits of young adolescent swimmers. Int. J. Sport Nutr.
1: 240-248.



106

Knechtle B. et al.

Brown R.C. (2002): Nutrition for optimal performance during exercise:
carbohydrate and fat. Curr. Sports Med. Rep. 1: 222-229.

Burke L.M. (2001): Nutritional practices of male and female endurance
cyclists. Sports Med. 31: 521-532.

Burke L.M., Gollan R.A., Read R.S. (1991): Dietary intakes and food use
of groups of elite Australian male athletes. Int. J. Sport Nutr. 1: 378-394.
Burke L.M., Slater G., Broad E.M., Haukka J., Modulon S., Hopkins W.G.
(2003): Eating patterns and meal frequency of elite Australian athletes. Int.
J. Sport Nutr. Exerc. Metab. 13: 521-538.

Case S., Evans D, Tibbets G., Case S., Miller D. (1995): Dietary intakes
of participants in the Iditasport human powered ultra-marathon. Alaska
Med. 37: 20-24.

Clark N., Tobin J., Ellis C. (1992): Feeding the ultraendurance athlete:
practical tips and a case study. J. Am. Diet Assoc. 92: 1258—1262.
DesJardins M. (2002): Supplement use in the adolescent athlete. Curr.
Sports Med. Rep. 1: 369-373.

Eden B.D., Abernethy P.J. (1994): Nutritional intake during an ultra-
endurance running race. Int. J. Sport Nutr. 4: 166—174.

Eisinger M., Platz M., Jung K., Leitzmann C. (1994): Nutrient intake of
endurance runners with ovo-lacto-vegetarian diet and regular western diet.
Z. Ernaehrungswiss. 33: 217-229.

Fallon K.E., Broad E., Thompson M.W., Reull P.A. (1998): Nutritional and
fluid intake in a 100-km ultramarathon. Int. J. Sport Nutr. 8: 24-35.
Frentsos J.A., Baer J.T. (1997): Increased energy and nutrient intake dur-
ing training and competition improves elite triathlete’s endurance perfor-
mance. Int. J. Sport Nutr. 7: 61-71.

Gabel K.A., Aldous A., Edgington C. (1995): Dietary intake of two elite
male cyclists during 10-day, 2.050-mile ride. Int. J. Sport Nutr. 5: 56-61.
Garcia-Roves P.M., Terrados N., Fernandez S.F., Patterson A.M. (1998):
Macronutrients intake of top level cyclists during continuous competition
— change in the feeding pattern. Int. J. Sports Med. 19: 61-67.
Garcia-Roves P.M., Terrados N., Fernandez S., Patterson A.M. (2000): Com-
parison of dietary intake and eating behaviour of professional road cyclists
during training and competition. Int. J. Sport Nutr. Exerc. Metab. 10: 82-98.
Grandjean A.C. (1983): Vitamins, diet, and the athlete. Clin. Sports Med.
2:105-114.

Grandjean A.C., Ruud J.S. (1994): Nutrition for cyclists. Clin. Sports Med.
13:235-247.

Hargreaves M., Hawley J.A., Jeukendrup A. (2004): Pre-exercise carbo-
hydrate and fat ingestion: effects on metabolism and performance. J.
Sports Sci. 22: 31-38.

Huang S.H., Johnson K., Pipe A.L. (2006): The use of dietary supplements
and medications by Canadian athletes at the Atlanta and Sydney Olympic
Games. Clin. J. Sport Med. 16: 27-33.

Kim S.H., Keen C.L. (1999): Patterns of vitamin/mineral supplement
usage by adolescents attending athletic high schools in Korea. Int. J. Sport
Nutr. 9: 391-405.

Knechtle B., Enggist A., Jehle T. (2005): Energy turnover at the Race Across
AMerica (RAAM) — a case report. Int. J. Sports Med. 26: 499-503.
Knechtle B., Miiller G. (2002): Erndhrung bei einem Extremausdauerwett-
kampf. Dtsch. Z. Sportmed. 53: 54-57.

Kruseman M., Bucher S., Bovard M., Kayser B., Bovier P.A. (2005): Nutri-
ent intake and performance during a mountain marathon: an observational
study. Eur. J. Appl. Physiol. 94: 151-157.

Lambert E.V., Goedecke J.H. (2003): The role of dietary macronutrients in
optimizing endurance performance. Curr. Sports Med. Rep. 2: 194-201.
Lindeman A K. (1991): Nutrient intake of an ultraendurance cyclist. Int. J.
Sport Nutr. 1: 79-85.

Martin M.K., Martin D.T., Collier G.R., Burke L.M. (2002): Voluntary
food intake by elite female cyclists during training and racing: influence of
daily energy expenditure and body composition. Int. J. Sport Nutr. Exerc.
Metab. 12: 249-267.

Maughan R.J., Greenhaff P.L., Leiper J.B., Ball D., Lambert C.P., Gleeson
M. (1997): Diet composition and the performance of high-intensity exer-
cise. J. Sports Sci. 15: 265-275.

Maughan R.J., King D.S., Lea T. (2004): Dietary supplements. J. Sports
Sci. 22: 95-113.

Nieman D.C., Gates J.R., Butler J.V., Pollett L.M., Dietrich S.J., Lutz R.D.
(1989): Supplementation patterns in marathon runners. J. Am. Diet Assoc.
89: 1615-1619.

Nieper A. (2005): Nutritional supplement practices in UK junior national
track and field athletes. Br. J. Sports Med. 39: 645-649.

Nogueira J.A., Da Costa T.H. (2004): Nutrient intake and eating habits
of triathletes on a Brazilian diet. Int. J. Sport Nutr. Exerc. Metab. 14:
684-697.

Onywera V.O., Kiplamai F.K., Boit M.K., Pitsiladis Y.P. (2004): Food and
macronutrient intake of elite Kenyan distance runners. Int. J. Sport Nutr.
Exerc. Metab. 14: 709-719.

Peters E.M. (2003): Nutritional aspects in ultra-endurance exercise. Curr.
Opin. Clin. Nutr. Metab. Care 6: 427-434.

Peters E.M., Goetzsche J.M. (1997): Dietary practices of South African
ultradistance runners. Int. J. Sport Nutr. 7: 80-103.

Saris W.H., Van Erp-Baart M.A., Brouns F., Westerterp K.R., Ten Hoor
F. (1989): Study on food intake and energy expenditure during extreme
sustained exercise: the Tour de France. Int. J. Sports Med. 10: S26—S31.
Singh A., Evans P., Gallagher K.L., Deuster P.A. (1993): Dietary intakes
and biochemical profiles of nutritional status of ultramarathoners. Med.
Sci. Sports Exerc. 25: 328-334.

Singh A., Pelletier P.A., Deuster P.A. (1994): Dietary requirements for
ultra-endurance exercise. Sports Med. 18: 301-308.

Sobal J., Marquart L.F. (1994): Vitamin/mineral supplement use among
athletes: a review of the literature. Int. J. Sport Nutr. 4: 320-334.
Sundgot-Borgen J., Berglund B., Torstveit M.K. (2003): Nutritional sup-
plements in Norwegian elite athletes — impact of international ranking and
advisors. Scand. J. Med. Sci. Sports 13: 138-144.

Tanaka J.A., Tanaka H., Landis W. (1995): An assessment of carbohydrate
intake in collegiate distance runners. Int. J. Sport Nutr. 5: 206-214.

Vogt S., Heinrich L., Schumacher Y.O., Grosshauser M., Blum A., Konig
D., Berg A., Schmid A. (2005): Energy intake and energy expenditure of
elite cyclists during preseason training. Int. J. Sports Med. 26: 701-706.
Williams C. (1995): Macronutrients and performance. J. Sports Sci. 13:
S1-S10.

Williams M.H. (1992): Ergogenic and ergolytic substances. Med. Sci.
Sports Exerc. 24: S344-S348.

Worme J.D., Doubt T.J., Singh A., Ryan C.J., Moses F.M., Deuster P.A.
(1990): Dietary patterns, gastrointestinal complaints, and nutrition know-
ledge of recreational triathletes. Am. J. Clin. Nutr. 51: 690-697.



Wissenschaft — Praxis

107

B. Schuler und M. Gassmann

Institut fiir Veterinidrphysiologie, Vetsuisse-Fakultit und Ziircher Zentrum fiir Integrative Humanphysiologie

(ZIHP), Universitat Ziirich, Ziirich, Schweiz

Optimale Ankunftszeit vor einem Wettkampf

auf moderater Hohe

Zusammenfassung

In diesem Artikel mochten wir auf unsere kiirzlich veroffentlichte
Studie «Timing the arrival at 2340 m altitude for aerobic perfor-
mance» hinweisen und einige praktisch relevante Punkte disku-
tieren. Wir untersuchten, ob die maximale Sauerstoffaufnahme
und die entsprechende Leistung mit zunehmender Akklimatisa-
tion auf 2340 m Hohe ansteigen. Dies war der Fall und hat einen
praktischen Nutzen fiir Athleten, die auf moderater Hohe einen
Wettkampf bestreiten mochten.

Abstract

We would like to refer in this article to our recently published study
entitled «Timing the arrival at 2340 m for aerobic performance»
and give some practical information. In this study, we examined
whether maximal oxygen uptake and the corresponding perfor-
mance rises with the increasing acclimatization at 2340 m altitude.
As this was the case, our results are of practical use for athletes
who would like to compete at moderate altitude.
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1. Studiendesign

Die maximale Sauerstoffaufnahme (VO,max), ein wichtiger Para-
meter zur Bestimmung der aeroben Leistungsfihigkeit, nimmt mit
zunehmender Hohe ab. Wie stark sich VO,max auf den verschie-
denen Hohen im Laufe der Zeit dndert, ist noch nicht vollstindig
geklirt. Fiir Athleten, die einen Wettkampf in der Hohe bestreiten
mochten, ist es entscheidend zu wissen, ob und wie sich VO,max
wihrend der Hohenakklimatisation dndert, damit sie sich optimal
auf den Wettkampf vorbereiten konnen. Denn oftmals entscheiden
nur kleine Details in der Vorbereitung zwischen Gewinn oder
Niederlage.

In hoher bis extremer Hohe scheint VOamax wihrend der Ho-
henakklimatisation konstant reduziert zu bleiben. Auf moderater
Hohe sind die Daten jedoch kontrovers. Um diesen Widerspruch
aufzukliren, untersuchten wir in unserer Studie, ob VO,max und
die entsprechende Leistung wihrend der Akklimatisation auf mo-
derater Hohe ansteigen. Acht Eliteradfahrer wurden auf Meeres-
hohe sowie nach 1, 7, 14 und 21 Tag(en) auf 2340 m untersucht. Die
Athleten trainierten gemdss dem «live high-train low»-Konzept
unterhalb 1100 m. Die Testpersonen hielten sich so tdglich wih-
rend rund 19 Stunden auf 2340 m auf. Um ein Eisendefizit zu ver-
meiden, bekamen die Athleten zwei Wochen vor und wihrend der
ganzen Studie Eisen-Supplemente. Gleichzeitig wurde in dieser
Periode das Trainingsregime konstant gehalten, damit ein Trai-
ningseffekt ausgeschlossen werden konnte. Nach einer Ruheblut-
entnahme absolvierten die Probanden an jedem Versuchstag einen
VO,max-Test auf dem Veloergometer. Mindestens 6 Stunden spi-
ter, aber am gleichen Versuchstag, wurde die Ausdauerzeit («time
to exhaustion») eines Constant-load-Tests bei einer Belastung von
80% der erreichten maximalen Leistung auf Meereshthe gemes-
sen. Entsprechend war die Belastung 92.7 + 1%, §9.8 = 1.3%,
85.1 £ 0.8%, bzw. 84.3 + 1.6% der maximalen Leistung an Tag 1,
7, 14 oder 21.

Das Erythropoietin (Epo) erreichte im Plasma im Vergleich zu
Meereshohe seinen Hochststand am ersten Tag in der Hohe und
blieb danach in den folgenden Tagen leicht erhoht. Akute Hypoxie
rief keine Anderungen der Hdmoglobinkonzentration [Hb] hervor.

Allerdings kam es mit zunechmender Akklimatisation zu einem
linearen Anstieg der [Hb] um 15.1% nach 21 Tagen in der Hohe.
Dementsprechend erhohte sich auch der Hamatokrit um 13.4%.
Im Vergleich zur Meereshdhe war der arterielle Sauerstoffgehalt
(Ca03) um 8.7% am Tag 1 reduziert. Nach 21 Tagen in der Hohe
stieg Ca0», verglichen zu Tag 1, um 15.6% an.

Mit dem Aufstieg auf die moderate Hohe verschlechterten sich
VO,max und «time to exhaustion» der Athleten um 12.8% bzw.
25.8% (Abb. 1). Mit zunehmender Akklimatisationszeit verbes-
serten sich VO,max und «time to exhaustion» allerdings wieder.
Dabei stieg, verglichen zu Tag 1, VO;max um 8.9% und «time
to exhaustion» um 13.6% an. Beide Parameter verbesserten sich
hauptsichlich in den ersten zwei Wochen. Die Anderungen von
VOsmax und «time to exhaustion» korrelierten zudem mit der
Anderung der [Hb].

2. Resultate

Die zwei wichtigsten Resultate unserer Studie sind: 1. VO,max
und «time to exhaustion» verbesserten sich aufgrund der Akkli-
matisation auf einer Hohe von 2340 m; 2. die Verbesserung er-
folgte hauptséchlich innerhalb der ersten 14 Tage nach Beginn der
Hohenexposition.

3. Diskussion/praktische Anwendung

Die Hohentrainingsmethode «live high-train low» wurde urspriing-
lich empfohlen, um die Leistung auf Meereshohe nach der Hohen-
exposition zu verbessern. Bei dieser Methode trainieren die Ath-
leten unterhalb von 1100 m Hohe und verbringen die restliche Zeit
in der Hohe. Somit kann der positive Effekt der Hohe ausgenutzt
werden, wihrend die hohenbedingte Abnahme der Leistungsfihig-
keit durch Trainieren in tieferen Lagen vermieden wird. Um einen
durch Hohenexposition bedingten, gewiinschten Erythrozyten-
anstieg zu erzielen, miissen sich die Athleten oberhalb von 2200
m Hohe aufhalten. Es ist zu jedoch zu erwarten, dass die Reakti-





