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ABSTRACT

Objective: The aim of this study was to determine body composition, dietary intake
and supplement use among training olympic and ianugfistance triathletes residing in
the Western Cape region.

Design: Descriptive, analytical, cross-sectionatigtdesign

Setting: Western Cape Province (South Africa)

Subjects: Triathletes residing in the Western Gapeon registered with Triathlon South
Africa (N = 26)

Outcome measures: Percentage body fat, total emaake, macro— and micronutrient
intake, use and reasons for use of nutritional lmp@nts or nutritional ergogenic aids.
Results: The mean age of the men and women waqS8fafdard Deviation (SD) 6.82]
and 37.5 (9.6) years respectively. The correspandiran amount of training per week
for men and women respectively were 15.1 (4.1) Ba@ (4.7) hours. The percentage
body fat as determined by multi-frequency bio-ealeat impedance analysis of the men
and women were 12.97% (4.3) and 21.4% (6.3) resdet The mean dietary
macronutrient intake as determined by a three day frecord for men was for total
energy intake 14 534.7kJ (4509.8), carbohydratke6.3g/kg body weight (BW) (1.9),
protein intake 2.0g/kg BW (0.5) and fat intake 34.6(10.31) of total energy
requirements. Dietary micronutrients not reachii@o6f dietary reference intakes (DRI)
from food alone included iodine (44%) and fluori@49%). Vitamin C (154%).
Micronutrient intake above upper limit (UL) was saad (213%), manganese (162%) and

niacin (228%). The dietary macronutrient intake fismen was for total energy intake



9004.1kJ (2368.8), carbohydrate intake 3.5g/kg BMO)( protein intake 1.2g/kg BW
(0.2) and fat intake 29.8% of total energy inta&é). Micronutrients not reaching 67%
of the DRI were chloride (61%), iodine (31%) andofiide (52%). Micronutrient intake
above the UL was vitamin C (218%) and manganesé%).7The dietary intake of the
men was inadequate in carbohydrate, provided serfficenergy and protein and
excessive fat. The dietary intake of the women weaslequate in total energy and
carbohydrate, with an adequate protein intake atmdssive fat intake. Although the
sample size was very small, some associations feered between dietary intake and
clinical health status. Seventy three percent efttlathletes use over the counter dietary
supplements. The supplements used most often edluzhrbohydrate supplements
(81%), multivitamin and mineral supplements (81%)gke vitamins (65%), protein
supplements (100%), single minerals (58%), antiaxid (54%) and herbal supplements
(42%). Most popular reasons for consuming supplésnamcluded recovery (62%),
increasing energy supply (61%), enhancing immunaction (50%), exercise
performance enhancement (46%), increasing muscés (3@ %) and to make up for an
inadequate diet or nutrient replacement (31%).

Conclusion: Percentage body fat of the men and wowere at the upper end of the
range associated with elite athletes. The athletee a fairly good intake of macro— and
micro-nutrients. Inadequate habitual carbohydrateke can be attenuated by the vast
majority of the triathletes taking additional cahlydrate supplementation. Supplements
were used widely among the athletes, whether stientifically proven to be beneficial

or not.



Opsomming

Doel: Die doel van die studie was om die liggaamesriling, dieet inname en
supplement gebruik van olimpiese en ysterman alstiiekamp atlete in die Wes-Kaap
provinsie te bepaal.

Studie ontwerp: Beskrywende, analitiese, deursadis ontwerp

Omgewing: Wes-Kaap provinsie (Suid-Afrika)

Studie populasie: Driekamp atlete wat in die WesfiKamgewing woon en geregistreer
is by die vereninging vir driekamp atlete in Suiftika (TSA) (N = 26)

Uitkomste: Persentasie liggaamsvet, totale energi@ame, makro —en mikronutriént
inname, gebruik en redes vir die gebruik van supplge of ergogeniese middel.
Resultate: Die gemiddelde ouderdom van die mans3w#s(6.8) jaar en die vroue 37.5
(9.6) jaar. Die gemiddelde hoeveelheid oefening psrek vir mans en vroue
onderskeidelik was 15.1 (4.1) en 15.3 (4.7) ure jBrsentasie liggaamsvet was 12.97%
(4.3) en 21.4% (6.3) vir mans en vroue onderskigidgmeet deur multi-frekwensie bio-
elektriese impedansie. Die dieet makronutriént Bepaur 'n drie dag voedsel rekord
inname vir mans was vir totale energie inname 14133 (4509.8), koolhidraat inname
5.3g/kg liggaams gewig (LG) (2.0), proteien innath@g/kg LG (0.5) en vet inname
34.6% van totale energie (10.3). Mikronutriénte niat67% van die daaglikse aanbevole
inname (DRI) bereik nie, sluit in jodium (44%) dadried (49%).. Mikronutriént inname
bo die boonste vlak van die (UL) was vitamien C4@%d), natrium (213%), mangaan
(162%) en niasien (228%). Die makronutriént innanrevroue was vir totale energie

inname 9004.1kJ (2368.8), koolhidraat inname 3g&gllG (1.0), proteien inname
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1.2g/kg LG (0.2) en vet inname 29.8% van totalergire(6.0). Mikronutriénte wat nie
67% van die DRI bereik het nie, was chloried (61%dium (31%) en fluoried.
Mikronutriént inname bo die UL was vitamien C (21886 mangaan (174%). Drie en
sewentig persent van die driekamp atlete gebruikdo® toonbank dieet supplemente.
Supplemente wat die mees gereeldste gebruik wathikloaat supplemente (82%), multi
vitamien en mineraal supplemente (81%), enkelenigae (65%), proteien supplemente
(100%), enkele minerale (58%), anti-oksidante, (b4% kruie supplemente (42%). Die
mees algemeenste redes vir supplementasie waselhé206), verhoogde energie
voorsiening (61%), bevordering van immuun funksi®&0%), oefening prestasie
bevordering, (46%), verhoogde spiermassa (54%)rerte kompenseer vir moontlike
onvoldoende dieetinname om nutriénte te vervango3Die dieet inname van die mans
het nie genoeg totale energie en koolhidrate vérska maar was toereikend in proteien
en het selfs te veel vet verskaf. Die dieet innaaredie vroue was onvoldoende in totale
energie en koolhidrate, die proteiene was genopgsa@a die vet inname te hoog.
Alhoewel die studie populasie baie klein is, waardsommige positiewe korrelasies met
dieet inname in kliniese gesondheid status.

Gevolgtrekking: Die persentasie liggaamsvet vannaias en die vroue was op die hoér
grens van die aanvaarbare persentasie liggaamsw#tiekamp atlete. Die atlete het 'n
goeie makro —en mikronutriént inname. Die onvoldergewoontelike koolhidraat
inname van die atlete kan moontlik 'n rede weeskboe die meerderheid van hulle
aangedui het dat hulle ekstra koolhidraat suppléenereem. Supplemente word

algemeen gebruik deur die atlete, of daar weterilalpewyse daarvoor is al dan nie.

Vil
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1.1 Introduction

In today’s fast pace and modern society, humangsedme increasingly concerned about
health, nutrition and fithess. More and more pe@tl®ver the world are taking up new
sports or physical fithess activities. For somepbeoexercise is a way of living, a way of
defining who they are; these extraordinary athldtesn part of a new global trend

leading to participation in events like triathlon even for some, the ultimate test of

endurance, an ironman event.

Endurance training is defined as exercise trainmgncrease an individual’'s duration
tolerance for aerobic exerciSé&Endurance events can often be 90 minutes likeriatsp
triathlon event, 17 hours like an ironman evenlooger and therefore termed one of the
greatest tests of endurance, albeit physicallyclpsipgically or emotionally. Two types
of endurance events and subjects will be focusexh,upamely triathletes training for
olympic distance triathlon (1.5 km swim, 40 km hilk® km run) and triathletes training

for ironman distance triathlon (3.8 km swim, 180 kike and 42.2 km rurf).

A healthy eating pattern and physical exercisensk documented as being inseparable.
Nutrition is known to play a key role in exerciserformance and endurance during
extensive periods of exercise. It is the singletnmaportant complimentary factor to any

sport or exercise “fanatic.”
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1.2 Exercise Metabolism

Energy for performing endurance triathlons comesnfrcarbohydrate, fat and protein
intake, which act as substrates that fuel chemeattions, catalyzed by co-factors and
enzymes to produce adenosine triphosphate or Hetmwrn as ATF*° A continuous
supply of ATP is needed for exercising muscleTP can be synthesized via various
pathways, depending on the intensity and duratfeexercise as illustrated (figure 1°1).
Intracellular stores of ATP and creatine phospleate provide power for maximal bouts
of exercise that lasts for a few seconds (1-2 s#x)omM\naerobic glycolytic pathways are
oxygen independent and can sustain energy for up meinute during high intensity
exercise"*® During anaerobic glycolysis, the muscle breaks miaylycogen without
consuming oxygen. Aerobic glycolytic and aerobipolytic systems are oxygen-
dependent and sustain all exercise lasting long@an t1 minute whilst utilizing

carbohydrate and fat to generate enérty.
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Glucose
21 ATP

Anaerobic Glycolysis

G-3-F
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0
‘L 34 ATP
Electron Transport System —»y,0

Figure 1.1 Diagram illustrating anaer obic glycolysis and aer obic metabolism
Source: Swan, J. 2005°

Endurance capability in this sense is often measui@ VO, Max.* This is the measure
of maximal oxygen uptake and it determines theqrex'sability to take in, transport and
use oxyger. In other words, aerobic power indicates the abitif an individual to
perform sustained, high intensity exercls&hen the relative intensity is less than 30%
of VO, max, e.g. during a leisurely walk, it is mainly &ores being utilized for energy
in the fasted stateWhen jogging or brisk walking, the relative intépsanges from 40-
60% of VO max and fat and carbohydrate are utilized evéiuring running or hard
running when the relative intensity exceeds 75-83%0, max, mainly carbohydrate is

used for fueling working musclés.

Exercise is defined by the American College of &pdviedicine as “any muscular

activity that generates force and disrupts homeastat is a normal physiological state,
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not pathological and in general is affected byedis or inflammation due to injury or

insult.”®

I nadequate Nutrition INCREASED

Negative energy balance Adrenalin
Low carbohydrate diet Noradrenalin

Dehydration ACTH
Micronutrient deficiencies Cortisol
Amino acid imbalance Glucagon

Training Other stressors DECREASED
stress

* Psychological Insulin

e Environmente Testosterone

Figure 1.2 Nutrition and the stress hormone response
Source: Adapted from Gleeson et al. 2000°

The body however can adapt to the metabolic regptmsexercise through endurance
training® When the physical fitness of an athlete increasethe nutritional status is
optimized, the respiratory exchange ratio decreasek there is an increased rise in
plasma free fatty acid8.The body’s ability to oxidize lipids and reduce tfate of blood
glucose utilization from muscle increas@sThere is also an increased utilization of
intramuscular triglycerides as an energy sottcen other words, with nutritional
intervention and conditioning, the human body castinoize carbohydrate and fat
metabolism to sustain exercise for prolonged perafdime.
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1.3 Dietary Intake

In all sport, the main goal of nutritional strategiis to target and eliminate the factors
that lead to fatigue and impair performance; factaffecting the latter include
hyperthermia, hypoglycemia, dehydration, musclecgien depletion, gastro-intestinal

disturbances and electrolyte imbalantes.

Athletes can only sustain an elite level of perfante when they manage to maintain
energy balanc¥ European, World and Olympic medal winner malethigtes had a
reported mean energy intake of 272kJ/kg/day asrtegovia a 4-7day food diary.
Another reported energy intake of male triathletess 19.1MJ/day (4584kCal/da¥).
Women endurance runners have a reported mean einéagg of 5860-8330kJ, which is
well below the men’s intake and the recommendatifaiswomen'* The American
Dietetic Association describes optimal energy iatakuring times of high intensity
exercise as enough energy consumed to sustain Wwedyht, optimize training and

exercise performance and to generate good h&alth.

Good nutrition assists in training hard; muscleovery and metabolic adaptations to
endurance exercisd.Adequate energy should come from a wide varietydilable
foods which provide carbohydrate, protein, fat amdronutrients:> Energy, macro— and
micro-nutrient intake has the ability to optimizedy weight and composition and

enhance performance.

27



1.4 Role of Macronutrients in Sport and Performance

1.4.1 Carbohydrate

The field of sport nutrition has moved away fronicaéating energy requirements as a
percentage of the total energy requirement andatker focusing on determining
requirements expressed as grams per kilogram beityhit® Requirements are given in
g/kg body weight and when the macronutrient intake sufficient, total energy
requirements will be méf:*’ The g/kg body weight requirement ensures that w@ateq
macronutrients are provided in respect to totalrggnéntake and that there is some
flexibility when it comes to individualizing nutriin plans according to specific training

regimes:’

1.4.1.1 Daily carbohydrate requirements

A nutritional ergogenic aid is defined as “a substor practice that increases energy or
work output” i.e. prevents and/or postpones fatifjlide suggested carbohydrate intake
to have an ergogenic effect and to reduce thistivegaffect is 60-70% of total energy
intake. Muscle glycogen and blood glucose are themgry sources of energy for
contracting muscle¥ An optimal dietary carbohydrate intake enhanceswery and
optimizes glycogen stores for the next trainingse®s The habitual dietary requirement

for carbohydrate differs according to the amount atensity of training. (Table 1.15.

The glycemic index is defined as a blood glucoskcator. It provides an indication of

the rate at which food affects blood glucose leedter it has been eatéhThe glycemic
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load is an expression of how big a glucose loadbibdy has to deal with to keep the
blood glucose values within the normal ranfedhere are currently no clear
recommendations and data on the efficacy of Gl @hdoad on sport performance,
although the glycemic index of CHO may also be efuldool in endurance training, its
role needs to be better defined since there isentlyr insufficient evidence that all
athletes will benefit form eating a low Gl meal dvef exercising®? In fact, it is known
that the effect of a pre-event low Gl meal is disived when carbohydrate is ingested
during a racé”? The most important aspects of CHO intake curretityught to be
important is reaching daily carbohydrate requiretmeand gastro-intestinal comfort,
since attaining the high carbohydrate intake tlateguired for intensive exercise can

lead to abdominal bloating, cramping and diardfea.

Table1.1 Recommended daily carbohydrate requirements for athletes

Frequency and Intensity of activity Carbohydraguieement
(g/kg/day)
General sports activity < 60 minutes, or unlimiked intensity 5-6g/kg/day

> 4 X per week, normal weight

60-120 minute intense or lengthy (g/kg/day) 6-8g/kg/day

Moderate intensity exercise > 4X per week

Endurance training > 120 minutes (g/kg/day) 8-10g/kg/day

Intense daily exercise

Extreme exercise: 5-6 hours intense daily exelgéa/day) 10-12g/kg/day

Source: Hawley 1998
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1.4.1.2 Carbohydrate before exercise

Carbohydrate loading is a strategy involving changetraining and nutrition that can
maximize muscle glycogen stores prior to enduraxegcise’>*3Literature suggests that
carbohydrate loading can increase performance 3% dver a specified distante?® An
increased carbohydrate intake to 7-10 g/kg/d (Taki for 1-4 days prior to the race,
whilst tapering, i.e. reducing exercise frequeraryd duration is known as carbohydrate
loading®*% This elevates muscle glycogen stores and is saidctease endurance and
performance in events lasting longer than 90 mas1it& The CHO loading regime is
complemented by consuming sufficient CHO beforesinduand after the endurance
event. The pre-event meal should contain 1-4g/kdyhbweight carbohydrate and should

be eaten 1-4 hours before the event (Table?t3).

1.4.1.3 Carbohydrate during exercise

Common complaints during endurance events includscte fatigue and hypoglycemia,
often as result of low muscle glycogen stores ss llan optimal hydration stattf$An
increase in liver and muscle glycogen stores artisnapfluid intake, is therefore needed
for peak performanc®.Symptoms of sub-optimal carbohydrate intake, inellatk of
energy, heavy legs, fatigue or “hitting the walBlow rate of recovery, loss of
concentration, dizziness, irritability and faintifief® and ingestion of carbohydrate is

recommended at 1g per minute or 60 g/hour duringralurance event.(Table 93"
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1.4.1.4 Carbohydrate after exercise

Carbohydrate intake is mainly responsible for iasmeg glycogen stores and the
available evidence indicates that ideal levelsasbohydrate supplementation optimizes
muscle glycogen synthesis?®

Recovery with carbohydrate is suggested at 1 gfdylweight in the first 30 minutes

after exercise and every 1-2 hours until normallmaterns are resuméd?®(Table 1.2)

Table 1.2 Carbohydr ate strategies before, during and after an event.

Recommended Carbohydrate Intake
Daily intake of 5-7 g per kg BM

Situation

Daily refuelling needs for training programs

less than 60-90 min per day or low intensity
exXercise

Daily refuelling for training programs greater
than 90-120 min per day

Daily intake of 7-10 g per kg BM

Daily refuelling for athletes undertaking
extreme exercise program - 6-8 hours per day

(cycling tour)

Daily intake of 10-12+ g per kg BM

Carbohydrate loading for endurance and ultra-
endurance events

Daily intake of 7-10 g per kg BM

Pre-event meal

Meal eaten 1-4 hours pre-competition 1-
4 g per kg BM

Carbohydrate intake during training sessions
and competition events greater than 1 hour

1 g per min or 60 g per hour

Rapid recovery after training session or multi-
day competition, especially when there is less
than 8 h until next session

Intake of 1 g per kg BM in the first 30 min
after exercise, repeated every 1-2 hours
until regular meal patterns are resumed

Source: Australian Institute of Sport 2684

1.4.1.5 Carbohydrate and the immune function

It has been said that prolonged exercise and heaining are associated with reduced
immune cell functiorf? Current evidence shows that athletes are at arased risk of
especially upper respiratory tract infections (URdUring periods of heavy training as
well as up to two weeks post-race dA study done by Nieman et al. 2686eported

that 25% of runners reported URTI during the 2 weekod following a 160km rac®.
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Exercise immunology studies indicate that posiiivenune changes leading to fewer
days of sickness with the common cold and decrepsexhlence of URTI take place
during moderate physical activity (30 minutes, Bes per weeky' The risk of URTI

increases when individuals train excessively foolgmged periods. There are other
factors that increase this risk including expogarpathogens during travel, lack of sleep,
severe mental stress, malnutrition, or weight tesdl of which occur commonly among
these athlete¥. Many components of the immune system exhibit egathange after

prolonged, heavy exertion lasting longer than 9@neis® These immune changes
include activating elements of the innate (natlider and neutrophil activity) and

adaptive (T and B cell function) immune syst&tt Figure 1.3 indicates the immune
function response to extended endurance exettisgogressive training leads to
anabolic stimuli and energy depletion, both of vahaxctivate immune reactions within
the muscle which can lead to inflammatf8rithe suppression of the immune function
and the release of interleukins and tumor necragtr, also manifests itself in other

symptoms, including URTI, skin infections and mesghmagé! 3433
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‘fine-tuning’ the immune system with exercise

Immune
reactions
within
muscle

Muscie afferent — pituitary axis Energy depletion
McCall st sl (2001) Ex 3pScRv. 23, 4184163 /

Progressive resistance training and endurance exercise

Figure 1.3 Influence of prolonged endurance exer cise on theimmune system
Source: Martin Krause, 2085

Nieman et al. 20G% studied the influence of carbohydrate supplemimtagender and
age on pro —and anti-inflammatory plasma cytokiné hormone changes in 98 runners
after two marathon racé3Plasma levels of IL-10, IL-1 receptor antagoriist6 and IL-

8 increased in the runners after the competitiee, rarespective of age or gender. The
ingestion of CHO during the race however had a tawge in cortisol, IL-10 (Figure 1.4)

and IL-1 receptor antagonist cytokings.

Although some studies show positive restitsio consistent relationship between

nutritional interventions, exercise immunology asTI have been establishi8d®
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Fig. 2. Pattern of change in plasma interleukin (IL}-10 concentra-
tion was significantly different between marathon runners in carbo-
hydrate and placebo groups, with higher levels measured in the
placebo group after the race [F(2,81) = 7.17, P = 0.001]. **5ignifi-
cantly different from prerace (P < 0.001).

Figure 1.4 Carbohydrate supplementation attenuates post-exerciserisein IL-10
Source: Nieman, 2061

1.4.2 Fat

The intensity and the duration of exercise deteentire contribution of fuel for energy
production which , when the duration of exercis@nslonged, energy can be generated
from fatty acids’’ is thought that the contribution of fat toward eyyeduring endurance
events of longer than 6 hours duration can be (86-8f the energy requirement.The
literature also indicates that fat metabolism cantake place when insufficient
carbohydrate is availabté Elite endurance athletes usually have a few kilogr of
body fat, which would be sufficient for several ie#won races or triathlons, i.e. they have

enough adipose stores to produce energy during-eitdurance events.With this
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endogenous fat source, there would be no need gplesuent with dietary fat even

during an event or training session of long duratfo

Fat is stored as triacylglycerol in adipose tisand intra-muscular triacylglycerdi.The
limitation with lipid utilization during physicalaivity is not that it is not available as an
energy source but rather it is the transport of libiels to the site of oxidation in the
muscle to be used for the provision of eneryif. the transport of these lipids can be
affected more efficiently, the limited carbohydraten be used sparingly and therefore
increase endurance and exercise can be prolongeal.way this can be achieved by
physical conditioning® For the time being, the field of sport nutritioancexclude fat
loading and high fat diets as an ergogenic ¥dlhe dietary fat requirement for elite
endurance athletes according to the American Diefetsociation (ADA) still remains
25% of total energy intak®.Carbohydrate is, and still remains, the most ingurt

macronutrient in the diet of an endurance athletégre, during and after an evéfit.

1.4.3 Protein

Dietary protein requirements are elevated withnsftie, speed or endurance trainitig.
Energy intake, exercise intensity and duration, iantitemperature, gender and age also
influence protein requirementsThe general daily protein requirements for endegan
athletes range from 1.2-1.7g/kg body weitfit Ultra-endurance athletes can have a
slightly higher protein requirement, but it showill not exceed 2g/kg body weigfit.
Athletes typically consume 1.2-1.7g/kg body weighttein in habitual intak& Protein

supplementation is generally not indicated duenthigh habitual protein intake of the
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athletes?> And negative effects of such supplements incluateghin and an increased

calcium excretiorf’

Amino acids, such as glutamine, branched chaimanaicids (BCAA), i.e. valine,
leucine and isoleucine, lysine, arginine and ortt@ncan reduce muscle wasting but little
evidence exist to support such claims as arginomjthine and lysine increase
circulating growth hormone and insulin levé&lsThis increase is small and does not lead

to an increase in lean body mass or improved mesfdetiveness?

Matsumoto et al. 2007 found that a single intake 2gf BCAA with arginine
supplementation during moderate exercise reducecddkabolic response of exercising
muscle?? BCAA is also known to be a fuel source for workimgscle during prolonged
exercise® It has also been reported that 500mg/ kg body htdB§AA supplementation
taken during moderate exercise reduced proteinadegjon due to intense exercise,

resulting in reduced muscle damdgé&lore research in this field is however neetfed.

In contrast to moderate endurance exercise, inteitsg-endurance exercise has an
immunosuppressive effect, which affects naturdekitells, lymphokine-activated killer
cells and lymphocyte5:*® Glutamine is one of the amino acids known to bévgrortant
fuel for lymphocytes and leading to stimulationtisé immune systerff. After prolonged
exercise, glutamine concentrations drop. Decreghgdmine concentrations have been

associated with a higher incidence of infectf8risading to the widespread interest in
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supplementing with glutamine to reduce the incigeotinfections following endurance

exercisegt’*°

BCAA supplementation can reverse the reductioremrs glutamine concentration after
prolonged intense exercise like an olympic distamieghlon due to the fact that BCAA

(valine, leucine and isoleucine) acts as precurfsorglutamine synthesi¥.

The role of glutamine in cells of the immune systeciudes improving mechanisms to
respond to injury’>**>® Glutamine also has a vital role in immune cell
metabolisn?’>°2>3After exercise, decreased levels of glutaminelead to suppressed
immune function, while increased plasma glutamioecentrations with regular training
can reduce the immunosuppressive effect of physic@lity at a high intensityf->*°2>3
Low glutamine levels have been associated withtmiaing>*>*>?**There is anecdotal
evidence supporting the use of glutamine to redoncBunosuppression associated with
overtraining, but more research is needed to eskathis. It is recommended to rather

prevent overtraining syndrome with controlled ejgag”>!>%°3

1.5 The Role of Micronutrients in Sport and Performance

Marginal vitamin and mineral deficiencies have bémmd to be present in elite athletes,
due to either reduced absorption by the gastrciimi& tract, increased excretion in
sweat, urine and feces, increased turnover anddhsequent biochemical adaptation to
physical activity’® Athletes take over the counter vitamins and misebecause they

believe the supplements to have a beneficial pheaological effect on their
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performancé’ It is believed that the supplements can promotngas due to activity,
provide more consistent training sessions, impn@avery of muscle tissue between
sessions, reduce the prevalence of injury or ildacand enhance their competitive

performancé?

There is literature supporting possible increaseplirements for vitamin C, antioxidants
and electrolytes in athletes but other nutrientsluging iron, calcium, riboflavin,
pantothenic acid, niacin, vitamin B12, folate, mptmultiple B-vitamin supplements,
magnesium, zinc, phosphorus, chromium and multiittaand mineral supplementation
did not have any significant effect on performarobancement in sport, unless a known

deficiency is preserff.#:>°:°6:37:58.59.60

Macrominerals like potassium, sulphur, sodium ahtbrade are also known as the
electrolytes. Athletes commonly supplement withsthelectrolytes due to losses of these
nutrients in sweat. Fluid and electrolyte intakespecific for race strategies and is

discussed elsewhefg?936465.66.67

Broad spectrum multivitamin and mineral supplemerdga be included when dietary
intake is insufficient and should contain no mdrant 1-1.5 times the recommended daily
allowance (RDA) for all vitamins and minerals arahcupport a low energy intake or a
restricted variety die®® However, in the absence of deficiency, supplentiemanay not
have a beneficial effect on either performance wiritonal adequacy. No amount of

supplementation will support the lack of properritign.?*4°4*
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1.5.1 Vitamin C and other antioxidants

All effort is made to ensure optimal performancel andurance to be a competitive
triathlete. Muscular exercise promotes the productdf radicals and other reactive
oxygen species in the working mus&é® Growing evidence indicates that reactive
oxygen species are responsible for exercise-indpceidin oxidation and contribute to
muscle fatigue and reduced immune funcfib#. Although the role of supplements in
endurance sport has been examined and studiedadmbbry conclusions have been
drawn®® Furthermore it is general knowledge that inadegjeatinappropriate nutrition

can aggravate the deterioration in immune function.

Dietary deficiencies of protein and specific miantments have been associated with
immune dysfunctiod? An adequate intake of iron, zinc, vitamin A, vitank, vitamin
B6 and vitamin B12 are only a few of the microrents essential for the maintenance of
immune function, but excessive intakes or supptaai®n above the upper limit (UL)

has been shown to increase exercise-induced imaepressiof®

Evidence that supplements including high dosestbsdant vitamins, glutamine, zinc,
probiotics and Echinacea, prevent exercise induogdune impairment is currently
lacking® It is however important to remember that enzymeisnmune cells require the
presence of micronutrients, leading to attemptsirwestigators to alter changes in
immunity following heavy exertion through use oftmiional supplements, primarily

zinc, dietary fat, vitamin C, other antioxidanteeliglutamine and CH®.
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Some studies have reported that supplementatioh witamins C and E, other
antioxidants, or antioxidant mixtures can reduce@pms or indicators of oxidative
stress as a result of exercideThere are however studies that indicate that
supplementation with alpha-tocopherol had no ardemt effects during endurance
exercise and that large doses (800 IU/day of atpbapherol) supplementation for
prolonged periods showed pro-oxidant charactesistiaring endurance exerciSe?
Another study showed that vitamin E supplementatib®00 1U/day of alpha-tocopherol
compared with placebo ingestion before a competitivathlon race promoted lipid
peroxidation and inflammation during exercise appsised to having an antioxidant

effect”®

In a study done on Comrades runners (90km) theoasutieported that supplementation
with 1500mg vitamin C per day compared to < or 98 per day increased the anti-
inflammatory response and the adrenal stress hanmmmcentratiof® Vitamin C

supplementation in carbohydrate fed runners didseote as an antioxidant during or

following a competitive ultra marathon race.

Safe dosages of antioxidants for short periodsihise training (5-7days) can possibly
have an immune boosting effé8tA combination of antioxidants, i.e. 18mg Beta-
carotene, 500-1000mg Vitamin C, 60-350mg Vitamirb@ng/day Zinc and 5-8g/day of
glutamine can be uséf Ultra-endurance athletes may benefit from suppiging with

<500mg vitamin C per day.
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1.6 Other Supplements Used by Endurance Athletes

A dietary supplement is defined by the Dietary Sep@ntation and Health Act in the

USA (DSHEA) as “a product, other than tobacco, Wwhi used in conjunction with a

healthy diet and contains one or more of the fol@adietary ingredients: a vitamin,

mineral, herb or other botanical, an amino acidjedary substance for use by man to
supplement the diet by increasing the total dailgake, or a concentrate, metabolite,

constituent, extract, or combinations of theseddignts.”™*

Supplements form an integral part of the sportsithrt field, with ever increasing elite
and amateur athletes spending large amounts of ymmmeupplements with high hopes

and believing outrageous claims from supplementufaturers.

There are different classification systems for sgopplements, including the popular
group ABC from the Australian Institute of SportI§) and the Sport Science Institute of
South Africa (SSISAJ They classify supplements according to its prokenefit, i.e.

group A includes supplements with a proven perforceabenefit like caffeine, creatine,
HMB, bicarbonate and carbohydrate. Group B inclusigsplements currently lacking
substantial proof for example, arginine, BCAA, ¢ane, co-enzyme Q10 and Group C
includes supplements prohibited for use by the IGK& testosterone precursors,

nandrolone precursors and stimulants like ephedfine
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1.6.1 Herbal supplements

American, Chinese, Korean and Japanese ginsenggé&dothe Panax species and are
related and found in various amounts in severalraemially available supplements.
Ginsenosides, known as the active ingredient odegig are a number of similar steroid
glycosides found in ginseng. In ancient culturesseng is used to relieve pain and
headaches, improve cognitive ability as well asltise for life.”” Ginseng can reduce the
harmful effects of different stressors or act asadaptogen. An adaptogen can assist to
normalize the functioning of the body after an ihsu stress.”® Exercise is considered
to be a stress and therefore, in athletes, ginsenged to decrease fatigue and increase
aerobic performance, strength, mental alertnessesavery’>®°#8Clinical trials have
failed to show an effect of ginseng on enhancirggithmune function, reducing muscle
damage, increased psychomotor performance and eirif?®*®> However clinical
studies fail to support these claims on performaamue research supporting the use of
ginseng does not include athletes as subjects amhot be extrapolated to this

population82,84,86,87,88

Ephedrine or mahuang is a banned substance foreamgporting events. Ephedrine
(Ephedra sinica)and ephedrine alkaloids (ephedrine, pseudoeplednar-ephedrine
and norpseudoephedrine) are found commonly in ryietapplements, antiasthmatic
bronchodilators, antihistamines, decongestantsetdappsuppressants and weight-loss
aids®¥?%919%\1ahuang or ephedrine and its related alkaloidsgnepathomimetic agents
and mimic the effect of ephedrif®Adverse effects of ephedrine include nervousness,
anxiety, heart palpitations, headaches, nauseaertiymia, hypertension, cardiac

arrhythmias and even mortality?**However these adverse effects were reported when
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ephedrine was co-ingested with caffeine as it isnmonly found in the same
supplements. Ephedrine and its alkaloids had noceses performance enhancement
effect when taken alone in safe dosages (<126i§y>**'It had no effect on muscle
strength, endurance, lung function, reaction tirhand-eye coordination, anaerobic
capacity, speed, cardio respiratory endurance; Wax, ratings of perceived exertion,
recovery, fuel homeostasis, ventilation and oxygensumptiorr>**"When ephedrine
however is combined with caffeine, an improvemenéxercise performance, especially
time to exhaustion is seé€hln order to prolong the exercise performance &ffet the
caffeine and ephedrine supplement and to decredsecffects like an increased heart
rate and blood pressure, yohimbine is often addedese supplementSEphedrine with
or without caffeine has also been shown to incrélase¢hermogenic ability leading to a
decrease in body fat in obese subject and is threrebften added to weight loss
supplement§?100-101102.103,104.105 106 143 5\yever, the inclusion of ephedrine containing
supplements in the diet of an athlete will leadptisitive doping tests and ultimately

disqualification from the spoff.

Echinacea is commonly used to enhance the immwsmomse in order to reduce the
duration and severity of infections, reduce thevalence of colds and flu, respiratory,
middle ear, urinary tract and vaginal yeast infadi It is also linked to healing of skin
wounds and inflammation. It is commonly added tetaly supplements containing
antioxidants. Barrett 2008 concluded that “while there is a great deal of eratkly

good-quality scientific data regarding Echinaceffgotiveness in treating illness or in

enhancing human health has not yet been provembagasonable doubt®*®
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Other herbal supplements include non-coffee hesbatces of caffeine, commonly found
in dietary supplements. Ingredients include guar@mwullinia cupana), kola n§Cola
acuminata) green tegCamilla sinensisand matgllex paraguayensisand are discussed

elsewheré?

1.6.2 Carnitine

Theoretically, carnitine shows a lot of promiset blinical trials proving the theoretical
benefit are currently lacking.. Carnitine, as wa#l claiming to promote fat loss can
theoretically promote energy supply, although tisisnot supported by experimental
evidence. The body of evidence surrounding caminpplementation indicates that it

does not increase fat oxidatight1o111:112

These supplements are often used by female triathéend can contain herbal ingredients
like ephedra, ephedrine and chromium picolinataitbin the supposed “fat burning”
This can be a dangerous practice, not only bedaesegredients can have negative side

effects, but also because it can lead to positoing tests?

101112 arnitine plays a
role in the transport of fatty acids with acyl-caoto the mitochondria and therefore
regulates3-oxidation, which is the process in which fattydscare broken down by the
sequential removal of two carbon urfitsAlthough there is no conclusive evidence,
claims include increasing concentration of CoA atithulating oxidation of fatty acids,

hence enhancing performance by increagiuxidation and inducing fat loss as fat can

be more readily used as a fuel sourée*
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1.6.3 Creatine
One of the many promises behind creatine use asgogenic aid is the generation of
energy during anaerobic exercise and might haveofagical and cardio protective

effects!>116

Creatine is found naturally in meat and fish andaiso a non-protein amino acid
produced in the kidney, liver and pancreas fromnaraicids including L-arginine,
glycine and L-methionine. The synthesized creatinéhen transported to the skeletal
muscle, heart, brain and tissues where it is métmab to phospocreating>**®
Phosphocreatine is one of the body’'s main energygé forms. Creatine contributes to
ATP production, especially during high intensityube of exercise over a short period of
time*>**® |t increases high-energy phosphate diffusion witttie cell, it can help in
reducing intra cellular acidosis during trainingdathe end products of hydrolysis form

part of other catabolic reactiofrs:*

The interaction from creatine and caffeine howeVenits the use thereof in
conjunction**” Vandenberghe et al, 1996 found that supplemenfingealthy male
volunteers with creatine (0.5g/kg body weight) vated muscle phosphocreatine levels
and improved performance during short maximal baftsexercise, the effect was
however attenuated by creatine supplementationgf@y5body weight) with added
caffeine (5mg/kg body weight}” The reason given for this is, is because suppléngen

with creatine facilitates sarcoplasmic reticulunictan re-uptake and enhances calcium

release from the sarcoplasmic reticultih.Caffeine supplementation attenuates this
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effect as it is known that caffeine increases caiciosses!’ Caffeine also interferes

with the absorption of creatine.

Supplementation of creatine is usually more applea team or strength sport and is of

little value in endurance sport like triathloi: %

1.6.4 Caffeine

Caffeine is a popular stimulant found in gels apdrts drinks to enhance performance of
athletes competing in endurance evéfitst is impractical for this supplement to be
banned as it is widely found in coffee, tea, chatslgels and energy drinks in varying
amounts of 30-100mg per serviligThe International Olympic Committee set an upper
limit supplementation dose of caffeine at 12mg/kgyweight'*° For caffeine to have a
beneficial effect on performance, the athlete niwedonsume 1-3mg/kg body weight of

caffeine (50-200mg), whereas 5-6mg/kg body weiglh possible have a glycogen

sparing effect!?1%°

The mechanisms for the effect that caffeine haprotonged submaximal exercise have
been linked to an increased utilization of plasmee ffatty acids and intramuscular
triacylglycerol which in turn reduces the breakdoafrglycogen stores. Caffeine is also
has an effect on the central nervous system, mgdkitigue and prolonging exercise

endurancg?122123
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Protocols for caffeine supplementation is tradigiby 6mg/kg body weight of caffeine
one hour prior to the event, which equates to 3Bty per athlet&’ A smaller dosage
of caffeine taken at intervals (1-2mg/kg body weigit 70-150mg before and/or
throughout exercise or at the end of the race wiadigue sets in) has also been
associated with beneficial effects on exerciseirigsionger than 60 minutéé’ Doses
exceeding 13mg/kg body weight are associated withnareased risk of side effects
including nervousness, shakiness, anxiety, heartpitations, flushing and
headache¥*! The effect of habitual caffeine intake also needbe taken into
consideratiort?* When an athlete consumes more than 6 cups ofecpéfeday, he or she
is classified as taking in caffeine on a habituasib'®* This reduces the effect that

caffeine has on performant®. The habitual caffeine drinkers should abstain from

ingesting caffeine 4 days prior to the race or cefitipn to ensure effectivit}?*

Not everyone however responds to caffeine in tlmesmanner and ergolytic effects of
caffeine supplementation like the impact on the dicasascular system, sleep
disturbances, increased anxiety and the blockingrgthropotien production have been

docu mented25,126,127,128,129,130,131,132,133

1.6.5 Glucosamine and chondroitin sulphate
Glucosamine and chondroitin sulphate showed a testuof symptoms like pain relief
and slower progression of osteoarthritis of theekaad hip in some peopi@&.13>136137

In a randomized double-blind placebo controllea@ltmvith 212 patients with knee

osteoarthritis receiving either 1500mg oral glucose sulphate or a placebo daily for
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three years, the results indicated the group reugithe glucosamine supplementation
had reduced joint-space loss and a reduced joatesparrowing in comparison to the
placebo group®® Reported symptoms in the placebo group were wohse the
supplementation grouf® The investigators concluded that supplementatioith w
glucosamine sulphate could be disease modifyingosteoarthritis>® Chondroitin
sulphate does appear to have a mildly anti-inflatonyaeffect, but current evidence is
anecdotal and generally lackif*° The dosage of glucosamine sulphate to be effective
is set at 800-1500mg/day and chondroitin sulphagd@mg/day for a minimum of three
months®® Above results are however anecdotal, on small Easipes, over short periods
of time 13°136137.138139198 4 in general cannot however be extrapolatedi¢oathletic

population as evidence in the athletic populat®aurrently lacking.

1.7 Anthropometry and Body Composition

Body composition is a very important aspect of etkis performance. According to the
American Dietetic Association: “body weight canlirghce an athlete’s speed, endurance
and power, whereas body composition can affect thteta’s strength, agility and
appearance'® Improving athletic performance will always be thain goal of athletes.
Determining the optimal body weight and body fat éach individual according to age,
sex, genetics and type of sport definitely aidthia goal** *** Therefore, determining an

athlete’s ideal body fat and weight during peakiqremance periods is cruci&f?

Assessment of body composition can be done viaowsrways. In vivo body

composition analysis methods perceived to be theé standard include direct (neutron
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activation analysis) and indirect (underwater waigh and Duel energy X-ray
absorbtiometry) measures. Prediction equations hign use of a combination of
anthropometric measurements (circumferences, breautd skinfold thicknesses (SKF)
and bioelectrical impedance analysis measuremegitie( 2 component or multi
component models) have been compared and validatétth the criterion

methods’l.43,l44,145

According to the literature, there are many preaictequations that can be used to
determine body fatness. These equations usuallygesder, age or race and skinfold
measurements (SKF). This includes equations usiB8§F (sub scapular, triceps, chest,
midaxillary, suprailiac, abdominal and thighly, equations using 4 SKF (abdominal,
supra-ileac, thigh and tricé}, and equations using 3 SKF (midaxilla, calf anighjt*’

or using 3 SKF (chest, abdominal and thigh for neertricep, supra-iliac and thigh for

women)**® The more popular equation by Durnin and Womerskggibody density in

combination with skinfold thickness at four sitéscép, tricep, subscapular and supra-

iliac) can also be uséed’

Bioelectrical Impedance Analysis (BIA) is a methofddetermining body composition
that is reliable, safe, noninvasive and suitabteue in the field*> The conduction of an
applied constant low level alternating electriaarent is used to determine impedance in
the human body and is frequency depend@ffhe human body is made up of
intracellular and extracellular fluid compartmethat act as conductors of the electrical

current and cell membranes are used as electoodensers (capacitancd}.Thus, body
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fluids and electrolytes behave as electrical cotwtat™ Studies have shown that
bioelectrical impedance analysis could be a vergartant tool for the assessment of

nutritional statug>

There are two types of BIA: Single frequency BIAQ(kHz) and Multi-frequency BIA
(1, 5, 50, 100 and 200 kHZ}> BIA machines have electrodes that are placed emamd
and on the foot. There is sufficient evidence suppg the use of multi-frequency BIA
above single frequency BIA® One of the major differences between single antimu
frequency BIA measures is that single frequency Bli#es not measure Total Body
Water (TBW), but a weighted sum of extracellulard aimtracellular water. Single
frequency BIA (SF-BIA) is more accurate in determgnfat free mass and TBW in well
hydrated, healthy subjects and is not validategeirsons with altered hydration statff.
Multi-frequency BIA includes more than one frequgrend is more accurate when
determining fat free mass, total body water, irghatar and extracellular componenfs.
Fat free mass, body fat, body cell mass, total badyer, extracellular water and
intracellular water can be determined by BIA in jsgls with a Body Mass Index
(weight/height) of 16-34kg/mi without abnormal hydratiowith validated equations for

specific age, sex and rat®.

Ostojic et al. 2008 compared the use of skinfold prediction equatieits bioelectrical
impedance analysis and found similar results for26®m both methods. (Figure 1.5)
Although the conclusion that BIA is superior to SKkethods is inaccurate, one can

conclude that it might be a valuable substitutéield method to determine %BF due to
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the simple, quick and inexpensiveness of BIA.When care is taken with the
measurement of anthropometry and bioelectrical dapee analysis and validity and
reliability is ensured, measures including body datl fat free mass can be estimated

accurately within 3-494>
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Figure 1.5 Difference between body fat measured with skinfolds (SKF) and bioelectrical impedance
analysis (BIA) methods. Data are individual differ ences between two methods of 219 subjects. Dueto
overlapping number of dotsare lessthan 219. BF: body fat

Source: Ostojic et al. 20868

1.8 Statement of the Research Question

The literature indicates that nutrition and theedaitination of nutritional status in athletes
is a very important aspect of performance and eavdh@. A triathlete has to ensure that
his/her dietary intake, including the use of suppats, body composition and general
immune health are in harmony, not only for groupatbletes, but also specifically tailor

made for the individual according to age, gendémnieity and genetics. In Southern

Africa, no study has investigated these aspectsidthletes competing in olympic and
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ironman distance events; therefore, the aim of #higly was to determine the body
composition, dietary intake and supplement use gstotmaining olympic and ironman

distance triathletes residing in the Western Cagen.

The findings of the study will aid in determininfget practices triathletes currently follow
to achieve an optimal level of performance. Thisdgtcould also form the basis for
larger, national studies in order to increase timeenit nutrition knowledge of triathletes,
help them determine their own individual optimaltritional status, and enable them to

improve their endurance performance.
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CHAPTER 2: METHODOLOGY
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2.1 Aim
The aim of this study was to determine the body mmsition, dietary intake and
supplement use among training olympic and ironmataxdce triathletes residing in the

Western Cape region.

2.2 Objectives

2.2.1 Determine the anthropometric status of oignamd ironman distance endurance
triathletes residing the Western Cape region.

2.2.2 Determine body composition of olympic and ironmarstahce endurance
triathletes via multi-frequency bio-electrical ingaace analysis residing in the
Western Cape region.

2.2.3 Compare the percentage body fat of these athleesdetermined by
anthropometry and multi-frequency bio-electricapgdance analysis.

2.2.4 Analyze and assess the adequacy of the habitutdrgientake of endurance
triathletes.

2.2.5 Determine the intake and attitude regarding the afsgietary supplements and
nutritional ergogenic aids.

2.2.6 Determine clinical health status of the triathletes

2.2.7 Determine whether there is an association betwestihr@ometry, body
composition, and dietary and supplement intake elation to clinical health

status.
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2.3 Study Design

Descriptive, analytical cross-sectional study desij

2.4 Study Population

Triathletes residing in the Western Cape regionsteged with Triathlon South Africa
(TSA) were included in the study population. The sSféen Province Triathlon team
(WPTA) of 2007 consisted of 61 athletes and theB2@@am of 53 athletes. Many of these
athletes were selected for both the 2007 and 288@ {91 in total). It is compulsory for
triathletes to be registered with the TSA and hietes can also belong to one of the four
triathlon clubs in the Western Cape region. Twesiy of these 91 were recruited by
sending out an e-mail to all registered triathletsisig the WPTA database. The database
included all the athletes in the WPTA 2006 and 28Qi@ad. An advertisement was also

placed on the WPTA websiteht{p://www.wptriathlon.or)y A reminder notice to

participation was also sent out via the databadeptated on the website midway during
the data collection phase in order to achieve thaximum possible voluntary
participation in the study. An advertisement aslagla reminder midway during the data
collection phase was also placed in the WesterreGdpading multi sport magazine as
well as sent out via their database. The invesirgatso distributed pamphlets with
information regarding the research project at towing triathlon races during 2007,
Spec savers Ironman South Africa 2007, WPTA trathirials 2007, WPTA triathlon
championship 2007, TSA triathlon championship 200&nwilliam triathlon 2006 and
2007 and Jailbreak triathlon 2007. The investigateo had an exhibition at the Jailbreak

triathlon 2007 from where subjects were recruited participated on site. The reason for
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distributing pamphlets at the Spec savers Ironn@uttSAfrica 2007 was due to the fact
that the inclusion criteria included athletes frdme WPTA as well as athletes who have

completed an ironman distance event in the 6 mqoribs to data collection.

2.5 Inclusion Criteria

The inclusion criteria for participation in the e@sch project were:

2.5.1 Male or female triathletes between the 48e® 70 years were included

2.5.2 Triathletes on the WPTA team 2007 and 20@8wsho were training more than
10 hours per week, including swimming, cycling aadning

2.5.3 Triathletes who completed an ironman disgtaagent 6 months prior to data
collection and who were training more than 10 hopes week including

swimming, cycling and running

2.6 Exclusion Criteria
Triathletes who were not included in the reseamcjept include triathletes not adhering
to the pre-test conditions, not adhering to thdusion criteria, did not respond to the

invitation to participate or the triathletes whal diot give written consent.

2.7 Methods of Data Collection

The data collection phase was during the SoutrcafriTriathlon season from June 2007
to March 2008. The investigator saw the particigasubjects at their convenience either
at a private dietetic practice in Strand, Westeap€; at the subject’s home, a nearby gym

or at the triathlon events.
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2.7.1 Anthropometric measurements

The heights of the subjects were measured usingca %67 Column Scale with height
meter. The heights of the subjects were measureardiog to specifications from the
literature™*The subjects stood barefoot with minimal clothimgl all hair ornamentation
were removed. Subjects stood with heels togethrers do the side, legs straight, and
shoulders relaxed with head in the Frankfort hariab plane. The heels, buttocks,
scapulae (shoulder blades) and back of the headcagaisst the vertical surface of the
height meter. The subjects inhaled deeply justreafiteasurement was taken. The breath
was held and an erect posture was maintained haéldheadboard was lowered on the
highest point of the head with enough pressuretopcess the hair. Measurements were
read to the nearest 0.1cm and with the eye levidl thie headboard to eliminate errors
caused by parallax. Three measurements were takkim dhe case of a measurement not
agreeing, another measurement was taken to elienarat source of error. The average

of the three measurements was used for data asalysi

The weight of the subjects was measured using a %8¢ Column Scale with height
meter. The measurements were taken accordingnidasth anthropometric proceduré.
The subjects stood still in the middle of the mati without touching anything and with
the body weight equally distributed on both fedteTweight measurement was read to
the nearest 100g and recorded. The subjects wgitedlothing and no shoes and were
asked to empty the bladder before the measuremantaken. The subjects were asked
not to consume any food or beverage for 3-4 horics o data collection. Subjects seen

at triathlon events were also instructed to beeth$dvr 3-4 hours. This practice was only
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followed by one triathlon event, i.e. Clanwilliamtriess Festival, were the race was
scheduled for the afternoon and the researchezatetl the data from the subjects in the
morning, after an overnight fast and no exercisehé event of the subjects not adhering
to the criteria, another date was set for dataecbtin. Three measurements were taken
and in the case of a measurement not agreeinghenateasurement was taken to
eliminate any source of error. The average of kineet measurements was used for data

analysis.

The frame size of the subjects were measured wsiif§O9001:2000 Digital Vernier
Caliper according to the standard anthropometriasueement techniqudé? The subjects
stood upright with the right arm in a horizontakpimn with the elbow stretched to form
a 90 degree angle in relation to the fore arm, Wuithers up. The observer stood with the
subject facing him/her. The back of the hand wasatd the person taking the
measurement. The distance between the lateralraedial epicondyles were measured,
with the caliper blades vertical in relation to fleor. The measurement was taken to the
nearest mm. Three measurements were taken anceicgate of a measurement not
agreeing, another measurement was taken to elienarat source of error. The average

of the three measurements was used for data analysi

The waist and hip circumference were measured avitho meter anatomical measuring
tape. Both the measurements were taken withoutedoand the subjects were standing
upright. The waist circumference was measured @grtimimal circumference midway

between lower rib margin and superior anteriorcilgpineand the measuring tape was
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placed horizontally across without cutting into #én>* The measurement was taken at
the end of normal exhalation. The hip circumferenveas taken as the maximal
circumference at the level of the trochant&fsThe subjects were wearing underwear
when taking the hip circumference. The measuripg t&as placed horizontally across
the trochanters, without cutting into the skin.rddvmeasurements were taken and in the
case of a measurement not agreeing, another messurevas taken to eliminate any

source of error. The average of the three measuntsm&as used for data analysis.

2.7.2 Skinfold thickness measurements

The bicep, tricep, sub-scapular, supra-iliac, akidamchest, mid-axilla, thigh and calf
skinfold thickness were measured with a Dial Gadgependen Skinfold Caliper. Three
skinfold measurements were taken at each indivisitaland the mean calculated for use
in data analysis. In the case of measurements greeimg, (>1mm), the measurement
was repeated. All the anatomical sites were fousdinalicated for each individual
skinfold thickness in the literatufd* All measurements were taken on the right side of
the body and a non-stretchable tape measure uskrtdomine midpoints and anatomical
sites. The caliper was checked for accuracy and zmlibrated before every
measurement. The skinfold was taken firmly betwt#enthumb and the index finger,
1cm above the skinfold site. The caliper was placethe middle of the skinfold and a
measurement was read four seconds after releadieg skinfold calipers. The

measurement was taken to the nearest millimeter.
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2.7.3 Body composition

The body composition of the subjects were measuset) a Bodystat Quadscan 4000SN
(5 kHz, 50 kHz, 100 kHz and 200 kHz) Isle of Ma@000 multi-frequency bioelectrical
impedance meter. The MF-BIA was calibrated weekigirdy the data collection phase as

described in the user manual using the BODYSTATbrator supplied?®

Subjects were asked to remove all jewelry, wat@resbelts that may interfere with the
reading. Subjects were instructed to remove thet sgoe and sock as well as clear the
hand and wrist area. Subjects were asked to bleeirfaisted state for 3-4 hours and to
have abstained from exercising for 12 hours protaking the measurement. They were
asked to not consume any alcohol or caffeine foh@drs prior to the data collection
session. The subjects were asked to lie in thensugiosition on a plinth for
approximately 5 minutes before taking the measune¢nestabilize fluid levels. No parts
of the body were touching one another. The aredbeotkin where the electrodes were
placed were prepared with isopropyl alcohol befptacing the electrodes. All the
measurements were taken inside a building at norowsth temperature. Electrodes were
placed as described by the manufacturer in theuictitn manuat® Two distal
electrodes were placed on the dorsal surfaceseohdéimd and the foot, proximal to the
metacarpal phalangeal and the metatarsal phalajajet respectively. Two electrodes
were also placed on the pisiform prominence ofwhist and between the medial and
lateral malleoli of the ankle. The leads were cate@ to the electrodes and the

measurement performed. The red leads were conniextbd electrodes behind the right
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finger and toe and the black leads were conneciditet electrodes on the right wrist and

right ankle.

2.7.4 Dietary intake

Dietary intake was measured using a 3 day estinfatetirecord (Appendix 2.1). During
the consultation with the subjects, the investigatarefully explained the process of
keeping a food record. The subjects were askedcetghatheir portion sizes or record the
portions as seen on the food labels (e.g. one taold drink). If they were not able to
weigh the food and the portion size was not knaWwey were given a 15cm clear ruler to
take the diameters of the food product. The subjeactre also allowed to write the
portions in household measurements. (e.g. one tupe). The subjects were instructed
to not deviate from their normal dietary intake d@odrecord detailed information. The
subjects signed a declaration on the food recatthgtthat the information given was an
accurate reflection of what they had eaten. Thgestd were asked to include two
weekdays and one weekend day in the food record.fédbd record also contained a
section were the subjects were instructed to redaity supplement use. They were
asked to include brand names, frequency and doshgepplementation as well as
reasons for taking the specific supplement. Thestigator gave the subjects the food
record booklet (Appendix 2.1), the 15cm ruler angrepaid self-addressed envelope for

mailing the food record back to the investigator.
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2.7.5 Clinical health status

The subjects completed the standardized UnitedeSt@lympic Committee Athlete
profile medical history questionnaire (Appendix )22 Previous versions of the
guestionnaire have been used in studies on thelpree of asthma in the 1996 summer
olympic games and the 1998 winter olympic gaié$>® Further validation of the
guestionnaire has not been published. The onlygdhamade in the questionnaire was the
inclusion of an appendix containing questions omrese frequency and intensity,
smoking habits and alcohol use as well as gastestimal complications. The appendix
to the medical health questionnaire was testedfdoe and content validity with 2
members of the Strand athletic club. This enaltedrvestigator to establish whether or
not the athletes gave the answers the questionmaiee designed for. The complete
guestionnaire was not validated in the pilot stuadyit is a widely used questionnaire and
specific for the athletic population. The subjectampleted the questionnaire in the
presence of the investigator which ensured thatlityuanformation was obtained.
Instructions were given beforehand on how to coimepkhe questionnaire and any
additional questions or explanation of terms werangered by the investigator while the

subjects completed the questionnaire.
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2.8 Data Analysis
All data was entered into a spreadsheet on MictoEatel. With the help of the

statistician the data was transferred to Stati®ifdor statistical analysis.

2.8.1 Body mass index
The body mass index (BMI) of the subjects was dated using the formula: BMI =
Weight/Height? The BMI of the subjects were interpreted accordmthe World health

organization’s guidelines. (Table 2T)

Table 2.1 World health organization classification of body massindex

BM I (kg/m’)

Principal cut-off Additional cut-off
points points

Underweight <18.50 <18.50
Severe thinness <16.00 <16.00
Moderate thinness 16.00 - 16.99 16.00 - 16.99
Mild thinness 17.00 - 18.49 17.00 - 18.49
Normal range 18.50 - 24.99 18.50 - 22.99
23.00 - 24.99
Overweight >25.00 >25.00
Pre-obese 25.00 - 29.99 22.00 - 27.49
27.50 - 29.99
Obese >30.00 >30.00
Obese class | 30.00 - 34-99 30.00- 32.49
32.50 - 34.99
Obese class I 35.00 - 39.99 3500 37.49
37.50 - 39.99
Obese class Il >40.00 >40.00

Source: Adapted from WHO, 1995, WHO, 2000 and WHIO£>°
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2.8.2. Skinfold measurements

When taking skinfold thickness measurements, theuraptions made include that
subcutaneous fat tissue has a constant compréysitiie skin thickness is minimal, the
thickness of the skinfold is constant and can kerdened between individuals and that
the fat content of adipose tissue is consthit also assumes that the ratio between the

external and internal fat tissue is constant aatltibdy fat is normally distributed?

2.8.3 Determining percentage body fat from skinfold prediction

equations

2.8.3.1 Skinfold prediction equation by Durninand ~ Womersley **

The percentage body fat was calculated using afd#inprediction equation
incorporating skinfold thickness at four anatomisiés, bicep, triceps, subscapular and
supra-iliac, gender, age and weight. The first steg to calculate the sum of the four
skinfold thickness measurements. The logarithmhef 2um of the four SKF thickness
measurements were calculated and the Siri 1956tieqgeavere applied to compute the
body density (table 2.2f° Fat mass and percentage body fat were calculatetthed

following equations:

Fat mass (kg) = body weight (kg) X (4.95/D — 4.5)

%BF = Fat mass (kg)/Body weight (kg)
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Table 2.2 Equations for deter mining body density

Men: Women:

17-19 D = 1.1620 — 0.0630 X (I&'SKF) | 17-19 D = 1.1549 — 0.0678 X (IG#SKF)
20-29 D = 1.1631 — 0.632 X (IGASKF) | 20-29 D = 1.1599 — 0.0717 X (IGASKF)
30-39 D = 1.1422 — 0.0544 X (I&fSKF) | 30-39 D = 1.1423 — 0.0632 X (I&ASKF)
40-49 D = 1.1620 — 0.0700 X (IGASKF) | 40-49 D = 1.1333 — 0.0612 X (I&fSKF)

50+ D = 1.1715 — 0.0779 X (IGXfSKF) 50+ D = 1.1339 — 0.0645 X (ICiSKF)

Source: Siri, WE. The gross composition of the bd®p6;4:23%°

2.8.3.2 Skinfold prediction equation by Evans etal . 2005°

The percentage body fat was calculated using tedigiron equation based on the four
component model, incorporating skinfold thickness/ eanatomical sites, subscapular,
triceps, chest, midaxillary, supra-iliac, abdomjriaigh, gender and race.

%BF = 10.566 + 0.12077(7SKF) — 8.057(gender) —X1ate)

(Where gender: O=Female and 1=Male and Race :> @e\&hd 1 = Black)

2.8.3.3.Skinfold prediction equation by Evans etal . 2005

The percentage body fat was calculated using th@igifon equation based on the four
component model using skinfold thickness at 3 anatal sites, midaxilla, calf, thigh,
gender and race.

%BF = 8.997 + 0.24658(3SKF) — 6.343(gender) — 119@8)

(Where gender: O=Female and 1=Male and Race: > @e\&hd 1 = Black)
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2.8.3.4.Skinfold prediction equation by Jackson and  Pollock 1985 ***

The percentage body fat was calculated using aegespkcific equation incorporating
skinfold thickness at 4 anatomical sites, abdorsepra-iliac, thigh, triceps and age.
Men: %BF = 0.29288(4SKF) — 0.0005(4SKF2) + 0.15845)age. 76377

Women:  %BF = 0.29669(4SKF) — 0.00043(4SKF2) + 0.2963(agg)072

2.8.3.5. Skinfold prediction equation by Jackson an  d Pollock 1985 **’

The percentage body fat for men only was calculasg the prediction equation based
on skinfold measurements from three anatomicas,sabdomen, supra-iliac, triceps and
age.

%BF = 0.39287(3SKF) — 0.00105(3SKF2) + 0.15772(ag&)L8845

2.8.3.6.Body byte ® Pro V3.20. Body and Nutrition Manager software
program **®

The percentage body fat was calculated using aitioatrsoftware program on the
computer. Demographic information is entered ihi® program, age, gender, weight and
height. The chest, abdomen and thigh skinfold nreasents were entered to calculate
the percentage body fat for men and the triceprasilipc and thigh skinfold thickness

measurements were entered to calculate the womercentage body fat.

2.8.4 Body composition analysis
Demographic information was entered into the MF-Blgeight, height, age, gender,

activity level (Table 2.3}>° waist circumference and hip circumference. Anvtgtievel
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of VERY HIGH was selected for all subjects. MF-BMas used to determine the

percentage body fat of the athletes.
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Table 2.3 Description of activity level entered into the MF-BIA

Activity level

General

Activities

Very Low: movement

restricted

Generally inactive

Laying at ease, sitting, writing

standing, driving

Low/Medium: office/

light work

Recreational activities for

short duration, low intensity

Cycling (9kph), bowling, golf, hiking,

tennis, walking (4kph)

Medium: weekend

Sporadic involvement in

Low intensity aerobics, badminton,

recreation recreational activities for cycling (114kph), light gymnastics,
short duration and at alpine skiing, swimming, competitive
moderate intensity tennis, ballroom dancing

Medium/High: Moderate job activity and | Basketball, cycling (18-22kph),

moderate exercise

moderate exercise 3 times

per week

vigorously canoeing, disco dancing,
martial arts, handball, rope skipping,

running (8-10kph), walking (8-10kph

Very High: Vigorous

exer cise, competitive

Consistent job activity and
vigorous exercise 4 times

per week

High intensity aer obic exercise,
cycling (24-32kph), circuit weight
training, calisthenics, field hockey,
heavy gymnastics, squash, ice
hockey, handball, racquetball, rope
skipping, soccer, running (11-
14kph), cross country skiing,

swimming (46-64metres/min)

Source: User’s guide for Quadscan 4000 (Isle of )Maody Composition and fluid measuring devices,

2000%°
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2.8.5 Dietary analysis

The three day food records were analyzed by thestiyator using the Food Finder llI
computer softwaré® If the specific food item could not be located e computer
program, the food composititi and quantiti€$® manuals were used or the
macronutrient composition of the food items weleetafrom the nutritional label of the
product and added to the analysis. The only foemhs$tadded to the Food Finder analysis
were liquid meal replacements which could not beueately analyzed on the food finder

database.

Portion sizes were entered as the subjects recordedhe food record booklet. Food
Finder Il gives portions as either household measuin diameters or it allows for the
investigator to enter the exact weight as writtgrthe subject. The subjects were asked
to record all ingredients of meals (e.g. all ingeats in lasagna) and in the case of the
recipe not correlating with the standard recipéaod Finder Ill, the single ingredients

were entered.

2.9 Statistical Analysis

Analysis of results were completed using StatisBi@nd Microsoft Excel XP. Due to the
descriptive and informative nature of the studystiyodescriptive statistics in the form
of mean and standard deviation (SD) for nominahdand percentages of the total

population for ordinal data was calculated to daiee the central tendency.
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When repeated measures were compared to one anapeated measures analysis of
variance (ANOVA) was used. The technique of boafgting was applied to estimate
sample distributions for data from a bivariate nalrndistribution and the post hoc
Bonferroni test was applied to determine the sigaift differences between group means
during analysis of variance, making it more difficto be statistically significant. (p <

0.01)

Associations between nominal data were determinsithgut-test for independent

variables and the chi-square test between ordiat dr percentages. Non-parametric
Mann-Whitney U and Spearmen R correlation coefficiests were performed for data
measured on an ordinal or rank order scale. Statigtignificance were set at a p value

of less than 0.05.
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CHAPTER 3: RESULTS
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3.1 Demographic Information

The 2006 and 2007 WPTA team consisted of 65 andtil@tes respectively. The total
number of athletes included in this study was #hletes who met the inclusion criteria
and consented to participate. Of the 26 athlet@sydre male and 13 female. The mean
age of the study population was 37.7 [Standard @®r (SD) 8.2] years. The mean age
of the men was 37.9 (6.8) and the women was 376 y@ars (Table 3.1). The athletes
ranged from elite N = 3) to amateurN = 23) triathletes. All the athletes were
Caucasian, except for one male participant who efathe Colored ethnic group. The
mean height measured was 1.8 (0.1) m and 1.7 if®fby men and women respectively.
The mean body weight of the women was 63.9 (1033rd 78.9 (12.9) kg for men. The
mean BMI was 24.5 (3.2) kgfnrfor men and 22.6 (2.8) kgfnfor women, which is
within the normal ranges as classified by the Weéttglth Organizatior>® There were a
significant difference between the mean height3t38; p = 0.001) and weight (t = 3.3; p
= 0.003) of the male and female athletes, but goifstant difference between the body

mass indices (t = 1.6; p = 0.13, see Table 3.1).

Interestingly, 62%N = 16) of all the triathletes indicated that thegrevnot satisfied with
their current weight and would like to weigh lesgan they did at the time of data
collection. Although there were no significant di#nce, the majority that indicated they
were unsatisfied with their weight were women (3gBb¥x 5). Twenty three percentl(=

3) of the men were not satisfied with their weidlbhi-square; p = 0.1). Thirty percem (

= 8) of the triathletes indicated that they hadldse weight regularly to meet the
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requirements for the triathlon. There were no digant difference between the men

(12%) (N = 2) and the women (15%\ = 2) (chi-square; p = 0.7).

The mean waist circumference and waist to hip ratithe men and women respectively
were 84.8 (9.5) cm and 0.9 (0.1) and 76.2 (6d)and 0.8 (0.1), and were well below
the cut off values set by the World Health Orgatiea for an increased risk of

developing chronic diseases of lifestyle. Thereenggnificant differences between the
male and female athletes in waist circumference Zt7; p = 0.01) and the waist to hip

ratio (t = 4.2; p = 0.0004).

The average amount of training per week for malekfamales respectively were 15.1
(4.1) and 15.3 (4.7) hours. As most of the timerdpa triathlon is normally spent on the
cycling segment of the triathlon, the athletes sperre of their time cycling, 6.5 (2.0)
and 6.4 (2.5) hours per week for men and womepectely. The mean time spent on
running was 4.2 (2.4) hours per week for men aBd(4.7) hours per week for women,
and the mean time spent on swimming were 3.5 (2lys per week for men and 4.2
(2.5) hours per week for women. No significantelince was found between total hours
training per week (t = -0.1; p = 0.9), the timergpeycling (t = 0.1; p = 0.9), running (t =
-0.1; p =0.9) or swimming (t =-0.7; p = 0.5) betem the men and women. The distances
the athletes completed in the time spent trainiag eek indicated their intensity of
training and were for men and women respectivel3.8 (68.1) and 188.9 (88.5) km per
week cycling, 39.6 (17.9) and 41.5 (16.6) km peekveunning, and 6.4 (2.6) km and

10.2 (5.9) km per week swimming. There were noiBgant differences between men
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and women in the distance covered by cycling @.5;-p = 0.6) and running (t = -0.3; p
= 0.8) per week. However the distance covered bynaving did differ significantly (t =
-2.1; p = 0.01 see Table 3.1) with women havingeced a longer distance. Most athletes
had two training sessions per day as it was vdficdlit to master three disciplines with
one training session per day. A training sessionldc@lso be a session where two
disciplines were exercised in the same trainingisase.g. a brick session; or going for

a run directly after finishing the cycling trainiisgssion.

The training intensity of the male triathletes wes@imming 2.0 (0.6) km/hour, cycling
27.6 (7.8) km/hour and running 10.5 (3.7) km/houd ghe female triathletes were
swimming 2.5 (0.8) km/hour, cycling 28.9 (7.7) kmwin and running 10.1 (4.0) km/hour.
There were no significant differences in the tnagnintensity for swimming (t = 0.6; p =
0.1), cycling (t = 0.4; p = 0.7) and running (t 30p = 0.8) between the male and female

triathletes.
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Table 3.1 Mean (standard deviation) demographic characteristics of the

triathletes by gender.

Athletes Characteristics Male Female t-test;
Mean (SD) Mean (SD) p value
(N=13) (N =13)
Demographic characteristics
Age (years t=0.1;
ge ly ) 37.9 (6.8) 37.5(9.6)
p > 0.05
Anthropometric characteristics
Height (m) t=3.98;
1.8 (0.1) 1.7 (0.1)
p =0.001
_ t=3.3;
Body Weight (kg) 78.9 (12.9) 63.9 (10.3)
p = 0.003
t=1.6;
Body Mass Index (kg/f) 24.5 (3.2) 22.6 (2.8)
p=0.1
. t=2.7,
Waist Circumference (cm) 84.8 (9.5) 76.2 (6.4)
p=0.01
. t=0.3;
Hip Circumference (cm) 99.5(7.9) 98.5 (8.3)
p=0.7
. : : t=4.2;
Waist/Hip ratio 0.9 (0.1) 0.78 (0.1)
p = 0.0004
Training characteristics
- t=-0.1;
Total hours training per week 15.1 (4.1) 15.3 (4.7
p=0.9
_ _ t=-0.7,
Swimming (hours) 3.5(2.1) 4.2 (2.5)
p=05
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Table 3.1 Mean (standard deviation) demographic characteristics of the

triathletes by gender (continued).

Athletes Characteristics Male Female t-test;
Mean (SD) Mean (SD) p value
(N=13) (N =13)
Training characteristics
. . t=0.1;
Bicycling (hours) 6.5 (2.1) 6.4 (2.5)
p=0.9
_ t=-0.1;
Running (hours) 4.2 (2.4) 4.3 (1.7)
p=0.9
) . t=1.1,
Gym/Resistance training (hours) 0.9 (1.1) 0.5(0.9)
p=0.3
_ _ t=-2.1;
Swimming (km) 6.4 (2.6) 10.2 (5.9)
p=0.01
] ] t=-0.5;
Bicycling (km) 173.8 (8.1) 188.9 (88.5)
p=0.6
_ t=-0.3;
Running (km) 39.6 (17.9) 41.5 (16.6)
p=0.8
Training intensity
o _ 2.0 (0.6) 2.5(0.8) t=0.6;
Swim intensity (km/hour)
(N=11) (N =12) p=0.1
_ _ 27.6 (7.8) 28.9 (7.7) t=0.4;
Cycle intensity (km/hour)
(N=12) (N=11) p=0.7
_ _ 10.5 (3.7) 10.1 (4.0) t=0.3;
Run intensity (km/hour)
(N =11) (N=12) p=0.8

*One male subject neglected to complete the appéadie medical history questionnaire and did not

respond to correspondence asking to complete it
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3.2 Anthropometry

The mean skinfold thicknesses for men and womgredvely were for bicep 4.9 (1.68)
and 9.5 (6.9), tricep 8.6 (3.2) and 17.3 (9.99)ssapular 12.5 (5.8) and 11.2 (4.8),
supra-iliac 10.6 (5.8) and 13.3 (6.1), chest 16.8)(and 11.2 (6.5), mid-axilla 10.8 (6.2)
and 12.7 (6.3), thigh 12.3 (5.7) and 23.1 (12.Bgaminal 17.0 (9.3) and 16.7 (7.5) and
calf 8.6 (1.8) and 16.9 (7.4) mm (Table 3.2). Themxe significant differences in the
bicep (t =-2.3; p = 0.03), tricep (t = -2.99; ®#61), thigh (t =-2.8; p = 0.01) and calf (t
= -3.6; p = 0.002) skinfold measurements betweenntien and women. The skinfold
measurements were used to calculate percentagefabayith the selected prediction

eguations.

Table 3.2 Mean (standard deviation) anthropometric variables of the triathletes by
gender.

Anthropometric variables Male Female t-test;
Mean (SD) Mean (SD) p value
(N=13) (N =13)

Skinfold measurements

t=-2.3;
Bicep skinfold (mm) 4.9 (1.7) 9.5 (6.9)
p =0.03
_ _ t=-2.99;
Tricep skinfold (mm) 8.6 (3.2) 17.3 (9.99)
p=0.01
_ 12.5 (5.7) t = 0.6;
Subscapular skinfold (mm) 11.2 (4.8)
(N =12)* p=0.6
. . t=-1.2;
Supra-iliac skinfold (mm) 10.6 (5.8) 13.3 (6.1)
p=0.3
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Table 3.2 Mean (standard deviation) anthropometric variables of

the triathletes by

gender (continued).

Anthropometric variables Male Female t-test;
Mean (SD) Mean (SD) p value
(N=13) (N =13)
Skinfold measurements
_ t=-0.2;
Chest skinfold (mm) 10.6 (6.3) 11.2 (6.5)
p=0.8
. : : t=-0.8;
Mid-axilla skinfold (mm) 10.8 (6.2) 12.7 (6.3)
p=04
, , 23.1(2.3) t=-2.8;
Thigh skinfold (mm) 12.3 (5.7)
(N=121)* p=0.01
_ , 16.7 (7.5) t=0.1;
Abdominal skinfold (mm) 17.0 (9.3)
(N=121)* p=0.9
_ 8.6 (1.8) 16.9 (7.4) t=-3.6;
Calf skinfold (mm)
(N=11)* (N =12)* p = 0.002

*Respective skinfold thickness could not be ol#diin a number of the male and female athletedalue
variation in skin compressibility and an increasaascle mass, making the skinfold thickness diffieud

inaccurate to measure.

3.3 Percentage Body Fat

Prediction equations and MF-BIA to determine petage body fat were used to

determine body fatness of the triathletes (Tab®). 3he equations differed by using a

different collective number and type of skinfold asarements as well as adding either

body density, gender, age or race in the equatiba.typical percentage body fat of elite

male triathletes is documented to be between 6-408dor women between 11-18%6.
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The different %BF values for men and women respelstidiffered significantly and
were %BF from the MF-BIA measurement 12.6 (4.2) &&3 (6.3) (t = -4.3; p =
0.0004), %BF from the Durnin and Womersley eqamato17.5 (5.5) and 29.97 (7.2) (t
= -4.5; p = 0.0002), %BF from the 7 SKF site ecuratirom Evans et al. 206, 12.6
(4.4) and 24.2 (6.1) (t =-5.1; p = 0.0001), %Bénirthe 3 SKF site equation from Evans
et al. 2005* 9.4 (2.96) and 22.9 (6.6) (t = -6.3; p = 0.00Q@4BF from the 4 SKF site
equation from Jackson and Pollock 1¥8512.1 (4.9) and 32.4 (8.95) (t = -6.6; p =
0.000002), the 3 SKF site equation from JacksonRaitbck 198%*" for men only, 12.5
(4.9) and the %BF from the Body bite computer safevprogrart®, 11.7 (5.2) and 23.4

(8.95) (t =-3.8; p =0.01) respectively (Table)3.3

The influence of the level of competition the tniates are taking part in, as well as the
influence of the duration of the competition needbe taken into consideration when
interpreting %BF measures. Although the sampleisizenall, the %BF from MF-BIA of
the male amateur ultra-distance athletes were (8497 (N = 7) and female amateur ultra-
distance athletes were 24.4 (6.8)% 7) (t = 3.6; p = 0.004), the male amateur olynpi
distance athletes were 11.4 (4.B)£ 5) and female amateur olympic distance athletes
were 16.7 (5.7) N =7) (t = 1.5; p = 0.2), the male elite olympistdince athletes had a
%BF of 8.7 = 1) and the female elite olympic distance atlsléi®.2 (5.7)N = 2) (t =

3.4;p=0.2). (Table 3.3)
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Table 3.3 Mean (standard

deviation) percentage body fat of the triathletes by

gender

Male

Per centage body fat Female t-test;
Mean (SD)
variables Mean (SD) p value
(N=12)* (N = 9)*
Referencerange'® 6-10% 11-18% N/A
MF-BIA
t=-4.3;
Bodystat Quadscan 4000 12.6 (4.2) 22.3 (6.3)
p = 0.0004
Skinfold prediction equations
Durnin and Womerslé{® 17.5 (5.5) 29.97 (7.2)
p = 0.0002
Evans et al 200%° t=-5.1;
12.6 (4.4) 24.2 (6.1)
(7 SKF sites) p =0.0001
Evans et al 200%° t=-6.3;
9.4 (2.96) 22.9 (6.6)
(3 SKF sites) p = 0.00001
Jackson and Pollock 1985 t=-6.7;
12.1 (4.9) 32.4 (8.95)
(4 SKF sites) p = 0.000002
Jackson and Pollock 1985 .
12.5 (4.9) N =0) Not applicable
(3 SKF sites, men only)
) 18 t=-3.4,
Body bite Pro 11.7 (5.2) 23.4 (8.95)
p =0.001

*Prediction equations could not be determined fisubjects due to SKF measurements not obtained from
subjects due to variation in skin compressibilitydaan increased muscle mass, making the skinfold

thickness difficult and inaccurate to measure.
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Table 3.4 Mean (standard deviation) per centage body fat of thetriathletes according

to gender and level and duration of competition.

Male Female t-test;
Per centage body fat variables
Mean (SD) Mean (SD) p value
Referencerange'® 6-10% 11-18% N/A
MF-BIA (Bodystat Quadscan 4000)
14.7 (3.9) 24.4 (6.0) t = 3.6;
Amateur ultra-distance athletes
(N=7) (N=7) p = 0.004
Amateur olympic distance 11.4 (4.3) 16.7 (5.7) t=1.5;
athletes (N=5) (N=3) p=0.2
8.7 18.2 (2.3) t=3.4;
Elite olympic distance athletes
(N=1) (N=2) p=0.2
Durnin and Womersley™®
_ 19.8 (4.7) 32.2 (5.7) t=4.6;
Amateur ultra-distance athletes
(N=7) (N=28) p = 0.0005
Amateur olympic distance 14.5 (6.2) 23.5(0.5) t=24;
athletes (N=14) (N=3) p=0.1
_ o 134 21.8 (1.9) t=3.5;
Elite olympic distance athletes
(N=1) (N=2) p=0.2
Evanset al. 2005 (7 SKF sites)’*
13.8 (4.8) 25.3 (6.6) t=3.8;
Amateur ultra-distance athletes
(N=7) (N=7) p = 0.003
Amateur olympic distance 11.7 (3.6) 19.9 t=2.0;
athletes (N=4) (N=1) p=0.1
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Table 3.4 Mean (standard deviation) percentage body fat of the triathletes

according to gender and level and dur ation of competition (continued).

Male Female t-test;
Per centage body fat variables
Mean (SD) Mean (SD) p value
Referencerange'® 6-10% 11-18% N/A
Evanset al. 2005 (7 SKF sites)’®
7.9 19.7 (2.95) t=3.3;
Elite olympic distance athletes
(N=1) (N=2) p=0.2
Evans et al 2005. (3 SKF sites)®
10.6 (2.95) 22.7 (7.6) t=3.9;
Amateur ultra-distance athletes
(N=7) (N=28) p = 0.002
Amateur olympic distance 9.4 (4.9) 16.7 (3.3) t=2.3;
athletes (N=15) (N=3) p =0.06
8.3 19.6 (0.5) t=-20.3;
Elite olympic distance athletes
(N=1) (N=2) p=0.03
Jackson and Pollock 1985 (4 SK F sites)™’
14.2 (4.4) 33.3(9.2) t=5.0;
Amateur ultra-distance athletes
(N=7) (N=28) p = 0.0002
Amateur olympic distance 12.8 (7.5) 22.0 (3.4) t=1.96;
athletes (N=5) (N=3) p=0.1
6.2 24.9 (0.9) t=-17.6;
Elite olympic distance athletes
(N=1) (N=2) p =0.04
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Table 3.4 Mean (standard deviation) percentage body fat of the triathletes
according to gender and level and dur ation of competition (continued).

Male Female t-test;
Per centage body fat variables
Mean (SD) Mean (SD) p value
Referencerange'® 6-10% 11-18% N/A
Jackson and Pollock 1985 (3 SKF sites MEN ONLY)™
14.5 (4.4)
Amateur ultra-distance athletes N/A N/A
(N=7)
Amateur olympic distance 13.2 (7.1)
N/A N/A
athletes (N=5)
6.1
Elite olympic distance athletes N/A N/A
(N=1)
Bodybite nutrition softwar e program™®
13.7 (5.0) 24.8 (9.7) t=2.7;
Amateur ultra-distance athletes
(N=7) (N=7) p =0.02
Amateur olympic distance 12.9 (8.2) 18.8 (0.4) t=0.95;
athletes (N=5) (N=2) p=04
5.5 17.1 (2.8) t=-3.4;
Elite olympic distance athletes
(N=1) (N=2) p=0.2

Although there were a significant difference in treues obtained from the different
measures of %BF for male and female athletes (Tat8§ a general tendency was

observed with the different methods in male andalentriathletes in comparison with

83



MF-BIA as illustrated with the least square mednagyre 3.1) (F (5, 95) = 13.7; p =

0.0).
Percentage body fat for Triathletes
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Figure 3.1 Least square means of the different measures of %BF for male and female triathletes.
(F (5, 95) = 13.70; p = 0.00). Vertical bars denote 0.95 confidence intervals (Cl). % BF 6 was excluded
duetothefact that the equation used only appliesto males.

L egend:

If %BF1 has an a and a b- all the other methods containing an a or a b had a significant association
with % BF1

%BF1: MF-BIA, Bodystat Quadscan 4000

%BF2: Durnin and Womers|é{}

%BF3: Evans et al. 2005 (7 SKF sité8)

%BF4: Evans et al. 2005 (3 SKF sité8)

%BF5: Jackson and Pollock 1985 (4 SKF sit€s)

%BF6: Jackson and Pollock 1985 (3 SKF sites MEN @Néxcluded from this graphy

%BF7: Body bite Pro nutritional software progrdfn
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When comparing the measurements (least square meanse 3.2), no significant
difference was found with the men’s results wheingianalysis of variance and applying
the Bonferroni correction between the %BF from Mie-BIA (12.55 (4.19)), %BF from
the equation using 7 SKF sites from Evans et 80526 (12.58 (4.38)) (p = 1.00), the
%BF from the 4 SKF site equation from Jackson Rolibck 1985%*" (12.14 (4.93)) (p =
1.00), the %BF from the 3 SKF site equation frorokdan and Pollock 198% (12.52
(4.93)) (p = 1.00) and the %BF from the Body biterition software progrant® (11.69
(5.18)) (p = 1.00). A significant difference wasufal between %BF measured from MF-
BIA and the 4 SKF site equation from Durnin and Wostey*® (17.51 (5.54)) (p =

0.00001) and the %BF from the 3 SKF site equatiomfEvans et al. 206% (9.38

(2.96)) (p = 0.01).

Figure 3.2 Bootstrap means of the different measures of %BF for male triathletes. Vertical bars
denote 0.95 confidence intervals (ClI).
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L egend:
If % BF1 has an ab- all the other methods containing an a or a b had a significant association with
%BF1
=  %BF1: MF-BIA, Bodystat Quadscan 4000
%BF2: Durnin and Womers|é{}
%BF3: Evans et al. 2005 (7 SKF sité8)
%BF4: Evans et al. 2005 (3 SKF sité8)
%BF5: Jackson and Pollock 1985 (4 SKF sit€s)
%BF6: Jackson and Pollock 1985 (3 SKF sites MEN @N{’
%BF7: Body bite Pro nutritional software progrdn

The %BF from the women'’s results showed no sigaifidifferences (Figure 3.3) in the
%BF from MF-BIA (22.32 (6.27)) and the %BF from tieSKF site equation from
Evans et al. 2004° (24.24 (6.13)) (p = 1.00), the %BF from the 3 Ssife equation
from Evans et al. 208%° (22.87 (6.61)) (p = 1.00) and the %BF from the Bdute
nutrition software prograff® (23.37 (8.95)) (p = 1.00). There was however &ssizal
significant difference between the %BF from MF-BdAd the % BF from the 4 SKF site
equation from Durnin and Womerst8$(29.97 (7.18)) (p = 0.000000) and the 4 SKF site

equation from Jackson and Pollock 1§8%32.40 (8.95)) (p = 0.000000).
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Figure 3.3 Bootstrap means of the different measures of %BF for male triathletes. Vertical bars
denote 0.95 confidence intervals (ClI).

L egend:

If %BF1 hasan a, all the other methods containing an a had a significant association with % BF1

%BF2

%BF1:

MF-BIA, Bodystat Quadscan 4000

: Durnin and Womersl&%/
%BF3:
%BF4:
%BF5:
%BF6:
%BF7:

Evans et al. 2005 (7 SKF sité8)

Evans et al. 2005 (3 SKF sité8)

Jackson and Pollock 1985 (4 SKF sités)

Jackson and Pollock 1985 (3 SKF sites MEN ®Néxcluded from this grapHy
Body bite Pro nutritional software progrén

3.4 Dietary Macronutrient Intake

The total number of completed food records recewede 18 (69%), of which 9 were

male and 9

female. Dietary intake from diet (TaBlé) does not include intake from

additional supplements. The total energy intakethaf athletes for men and women

respectively

and women

were 14 534.7kJ (4 509.8) and 9 O0Q4(BK8.8). The results from the men

differed significantly. (t = 3.3; p = B)0The total energy requirement from

87



the MF-BIA was 14 842.5 kJ (1696.7) for men and AQ%kJ (889.1) for women and

differed, as would be expected, significantly (f.8; p = 0.0).

The total carbohydrate intake was 5.3 (1.9) g/kdybaeight for the men and 3.5 (0.95)
g/kg body weight for the women and differed sigrafitly from each other. (t =2.4; p =
0.03) Total protein intake was 1.95 (0.5) g/kg yeeeight for men and 1.2 (0.2) g/kg
body weight for the women, which differed signiintly. (t = 4.4; p = 0.0004). The total
fat intake for men was 34.6% of total energy (1@B83 for women was 29.8% of total
energy (6.0) and did not differ significantly froeach other. (t = 1.2; p = 0.2). The
triathletes had a very good fiber intake, with thean daily intake for men (26.7g (13.7))
falling within the DRI range and women (22.2g (9.#ist below the lower range of the

DRIs (25-30g/day). (t = 0.8; p = 0.3).

Eighty four percentN = 21) of the triathletes admitted to drinking adlol in the
guestionnaire, of which 449%(= 11) were male and 40%l & 10) female. (chi-square; p
= 0.32). Nine percenf\(= 1) and 50%N = 6) for men and women respectively had one
drink a day, 64%N = 8) and 30%N = 4) two drinks per day, 9%N(= 1) of men three
drinks per day and 189%(= 2) and 20%N = 3) (men and women) four drinks per day.
One drink is equal to 330ml of beer, 30ml of spint 100ml of wine and contains 10g of
ethanof®® The frequency of alcohol use among men was 9% {) once a week, 99(

= 1) twice a week, 18%N = 2) three times per week, 9% € 1) four times, 9%N = 1)
five times, 9% N = 1) six times and in the majority, 369 € 4) alcohol seven times per

week or daily. The corresponding frequency of atdalse among women was 20% £
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3) once a week, 109(= 1) twice a week, 20%\(= 3) three times per week, 209 €

3) four times per week and 60%9 € 8) used alcohol seven times per week/daily. The

type of alcohol varied widely between beer, cidane & spirits.

Table 3.5 Mean (standard deviation) dietary macronutrient intake of thetriathletes

Dietary intake Male Reference Female Reference t-test;
Mean (SD) Value Mean (SD) Value p value
(N=9) (N=9)
Macronutrient intake
14534.7 14842.64 9004.11 10997.70 t=3.3;
Total energy (kJ)
(4509.8) (MF-BIA) (2368.83) | (MF-BIA) p=0.01
Total carbohydrate 5.3 3.5 t=2.4;
6.0-8.0° 6.0-8.G°
(g/kg body weight) (2.9) (0.95) p=0.03
Total protein 1.95 1.2 t=4.4;
1.2-1.7° 1.2-1.7°
(g/kg body weight) (0.5) (0.2) p = 0.0004
Total fat 34.6 t=1.2;
252 29.8 (6.0) 2%
(% total energy) (10.3) p=0.2
Saturated fatty acids 12.3 152 10.3 107 t=1.2;
(% total energy) (4.2) (3.2) p=0.3
Monounsaturated fatty 12.4 9.2 t=1.8;
102 102
acids (% total energy) 4.7) (2.9) p=0.1
Polyunsaturated fatty 6.2 1528 6.0 107 t=0.2;
acids (% total energy) (2.2) (2.2) p=0.9
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Table 3.5 Mean (standard deviation) dietary macronutrient intake of thetriathletes (continued)

Dietary intake Male Reference Female Reference t-test;
Mean (SD) Value Mean (SD) Value p value
(N=9) (N=9)
Macronutrient intake
2.7 16
Trans fatty acids (Q) 14 t=1.9;
(1.4) < 2% TE® (1.2) < 2% TE®
[% total energy] p=0.1
[0.7 (0.4)] 0.7 (0.5)]
437.6 271.4 t=2.0;
Cholesterol (mg) 300'%° 300'°°
(222.2) (110.1) p=0.1
26.7 22.2 t=0.8;
Total dietary fiber (g) 25-301°%7 25-30%"
(13.7) (9.4) p=0.4
t=1.9;
14.9 2.9
Alcohol (g) -01
(7.3) 20-30 (8.5) 10-20° P
[% total energy] [t = 1.6;
[2.97 (11.1)] [0.95 (2.7)] ’
p=0.1]

*N=09:

only 18 of the 26 subjects returned their complétedi record.
3< 29 TE: Trans fatty acids should not compriseartban 2% of total energy intak®.
® 20-30g/d: One alcoholic beverage contains on @eefdg of alcohol. The daily recommendations for

men are 2-3 drinks per day and for women 1-2 dripdss day. One drink is equal to 30ml

spirits, 330ml beer or cider and 100ml wifie.
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Although the sample size is very small and associatshould be interpreted with
caution, a tendency was observed between an irecte&stal protein intake of the male
and female triathletes correlated well with an @ase in lean body mass. (r = 0.5; p =
0.04) (Figure 3.4). The percentage body fat of tiithletes also decreased with an

increase in protein intake (Figure 3.5) (r = -@@% 0.004).

Total Protein intake and Lean body mass
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Figure 3.4 Spearman correlation coefficient between total protein intake and lean body mass (r =
0.50; p = 0.04). Eighteen of the triathletes completed the three day food record and MF-BIA
measur ement was not taken in one subject, therefore N = 17
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Total protein intake and Percentage body fat
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Figure 3.5 Spearman correlation coefficient between total protein intake and percentage body fat
from MF-BIA measurement (r = -0.66; p = 0.004). Eighteen of thetriathletes completed the three day
food record and M F-BIA measurement was not taken in one subject, therefore N = 17

3.5 Dietary Micronutrient Intake

The micronutrient intake of the triathletes was leated using the Dietary Reference
Intake<®’ taking into consideration the increased requirdmassociated with physical
activity level (Table 3.5%" This dietary analysis includes the micronutrieriake from
the diet alone and not from supplements or theidiqueal replacements (only the
macronutrients were added to the food finder amslyghis approach was adopted
because it proved impractical to quantify the am®wonsumed from the supplements
used correctly. The intake of most of the microwutis (Figure 3.7) fell within 67% -
133% of the DRIs. Due to the limited reference ealavailable for the interpretation of
micronutrient intake in groups, the RecommendedyDallowance (RDA) values were
used. Where available the Adequate Intake (Al) thiedEstimated Average Requirement

(EAR) values were used. The investigators recoghi#gs as a limitation when
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interpreting the micronutrient intake of the grouwyd triathletes. Most of the

micronutrients from dietary intake alone above 138fP4he DRI were still below the

specified Upper Limit and was not too excessivee Tihen’s intake of sodium,

manganese and niacin were above the Upper Lin213%, 162% and 228% of the DRI
respectively. Only the manganese intake of the worh@4% of the DRIs, fell above the
Upper Limit. The micronutrients with an intake b&l67% of the DRIs for men included
iodine 44%, fluoride 49%. Vitamin C intake of thealm triathletes were above (154%)
the DRI value and is therefore sufficient. The miartrients with an intake below 67%
of the DRIs for women include chloride 61%, iodBi6 and fluoride 52%. Iron intake
of the women is 83% of the DRIs, which is low (altigh not less than 67%). Vitamin C

intake was also sufficient according to the DR24.8%).
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Table 3.6 Mean (standard deviation) dietary micronutrient intake of triathletes by gender

Dietary intake Male DRI s* Female DRI s* t-test;
Mean (SD) Reference Mean (SD) Reference p value
(N=9)* Value® (N = 9)* Value®®
Micronutrient intake
1250.4 1000mg 968.1 1000mg t=1.5;
Calcium (mg)
(458.2) (355.2) p=0.2
215 8mg 14.9 18mg t=2.1;
Iron (MQ)
(8.5) (3.6) p =0.05
400mg 333.9 310mg t=1.1;
Magnesium (mg) 408.7 (175.4)
(94.6) p=0.3
1998.8 700mg 1376.9 700mg t=2.9;
Phosphate (mg)
(592.4) (277.3) p=0.01
4422.0 4700mg 3245.4 4700mg t=2.3;
Potassium (mg)
(1353.9) (759.1) p =0.04
3197.0 1500mg 2293.8 1500mg t=1.98;
Sodium (mg)
(270.3) (515.9) p=0.1
2953.2 2300mg 1399.2 2300mg t=3.1;
Chloride (mg)
(1430.5) (447.6) p=0.01
Zinc (mg) 171 11mg 9.7 8mg t=4.0;
(5.1) (2.1) p =0.001
Copper (1Q) 2030.0 900ug 1533.0 900ug t = 1.56;
(819.0) (510.0) p=0.1
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Table 3.6 Mean (standard deviation) dietary micronutrient intake of triathletes by gender

(continued)
Dietary intake Male DRI s* Female DRI s* t-test;
Mean (SD) Reference Mean (SD) Reference p value
(N=9)* Value®® (N = 9)* Value®®
Chromium (ug) 90.2 35ug 57.7 25ug t=3.1,
(29.1) (10.4) p=0.01
Selenium (ug) 82.3 55ug 58.1 55ug t=1.2;
(53.9) (26.6) p=0.2
Manganese (mg) 3.72 2.3mg 3.1 1.8mg t=0.7,
(2.2) (1.0) p=0.5
lodine (ug) 65.6 150ug 46.8 150ug t=2.1;
(24.3) (10.2) p=0.1
Boron (uQ) 2086.7 No reference 1865.7 No reference t=0.4;
(1399.2) value (1302.3) value p=0.7
Fluoride (mg) 1.97 4mg 1.6 3mg t=1.1;
(9.9) (5.4) p=0.3
Silicon (ng) 4474.2 No reference 3955.0 No reference| t=0.3;
(3759.6) value (3551.9) value p=0.8
Vitamin A (Lg) 1977.1 900ug 2093.4 700ug t=-0.1,
(1607.2) (2285.5) p=0.9
B-carotene (LQ) 5422.6 | No reference 8721.3 No reference| t=-0.8;
(6012.98) value (11826.0) value p=0.5
Thiamine (mg) 2.3 1.2mg 1.6 1.1mg t=2.1;
(0.8) (0.6) p=0.1
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Table 3.6 Mean (standard deviation) dietary micronutrient intake of triathletes by gender

(continued)
Dietary intake Male DRI s* Female DRI s* t-test;
Mean (SD) Reference Mean (SD) Reference p value
(N=9)* Value®® (N = 9)* Value®®
Riboflavin (mg) 2.6 1.3mg 1.9 1.1mg t=1.7,
(0.9) (0.8) p=0.1
Niacin (mg) 36.5 16mg 24.2 16mg t=2.9;
(9.8) (8.9) p=0.01
Vitamin B6 (mg) 2.8 1.3mg 1.9 1.3mg t=2.7,
(0.8) (0.6) p =0.02
Folate (uQ) 329.8 400u9 224.0 400u9 t=3.1;
(92.3) (43.3) p=0.01
Vitamin B12 (1Q) 11.2 2.4ug 4.4 2.4ug t=2.4;
(8.5) (1.2) p =0.03
Pantothenate (mg) 8.96 Smg 6.5 Smg t=1.8;
(2.9) (3.1) p=0.1
Biotin (uQ) 51.1 30ug 40.5 30ug t=1.4,
(20.4) (10.1) p=0.2
Vitamin C (mg) 138.2 90mg 163.6 75mg t=-0.7,
(59.6) (90.2) p=0.5
Vitamin D (ug) 5.7 5ug 4.4 5ug t=1.0;
(3.2) (1.95) p=0.3
Vitamin E (mQ) 14.5 15mg 11.2 15mg t=1.3;
(6.8) (4.2) p=0.2
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Table 3.6 Mean (standard deviation) dietary micronutrient intake of triathletes by gender

(continued)
Dietary intake Male DRI s* Female DRI s* t-test;
Mean (SD) Reference Mean (SD) Reference p value
(N=9)* Value®® (N = 9)* Value®®
Vitamin K (ug) 264.7 120ug 99.4 90ug t=1.5;
(329.5) (79.7) p=0.2

*DRIs: Dueto thelimited reference values available for the inter pretation of micronutrient intakein groups, the
Recommended Daily Allowance (RDA) values wer e used. Wher e available the Adequate I ntake (Al) and the
Estimated Average Requirement (EAR) values were used.
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Micronutrient intake as a percentage of the DRIs
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Figure 3.6 Micronutrient intake as a Per centage of the Dietary Reference I ntakes

*DRIs: Dueto thelimited reference values available for the interpretation of micronutrient intakein
groups, the Recommended Daily Allowance (RDA) values were used. Wher e available the Adequate
Intake (Al) and the Estimated Average Requirement (EAR) values wer e used.

3.6 Dietary Supplements and Ergogenic Aids

Seventy three percentN(= 19) of the triathletes used over the countertadye
supplements (chi-square; p = 1.0). Fifty four petd® = 14) of both men and women
reported that they used supplements to help thewhréheir ideal body weight (chi-
square; p = 1.0). All the triathletell £ 26) reported that they used either one or more
forms of protein supplements (100%). This inclugeotein bars (81%) (chi-square; p =
0.6) (N = 21); protein powders (58%) (chi-square; p = @®)x 15) and high protein
powders (15%) (chi-square; p = 0.8) £ 4). Twenty seven percent of the triathletes used

single amino acids (chi-square; p = 0.K) £ 7). The majority (81%) used a form of

carbohydrate supplement (chi-square; p = ON)=(21). This included carbohydrate
electrolyte solutions (35%) (chi-square; p = ONM)< 9), carbohydrate gels (19%) (chi-
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squared; p = 0.1)N = 5), carbohydrate bars (15%) (chi-squared; p33 \N = 4) and
high carbohydrate drinks (12%) (chi-square; p = ON6¥(3). Other popular supplements
used among the triathletes were multi-vitamin andenal preparations (81%) (chi-
square; p = 0.6)N = 21) and antioxidant supplements (including ghitee) (62%) (chi-

square; p = 0.4 = 16) (Table 3.6).

Most of the athletes took supplements daily (35Bb)}(9), several times a week (19%)
(N = 5) or during specific times, i.e. increasedrirag or racing on consecutive weekends
(19%) N = 5). The others took the supplements either oacally (12%) (N = 3) or

once a week (15%N(= 4).

The most popular reasons given by the triathledesi$ing supplements, were recovery
(62%) (N = 16), increased energy supply (619)% 16), enhanced immune function
(50%) (N = 13), increased muscle mass (54%)=(14) performance enhancement (46%)

(N =12) and insufficient dietary intake (319 £ 8) (Figure 3.8).

Table 3.7 Prevalence of supplement use among thetriathletes

Supplement category: Supplements Per centage of Chi-sguare;
triathletes (N = 26) p-value

Increased muscle growth | Protein 100%N = 26) No value
and repair Amino acids 27%N =7) p=0.7
Increased energy supply | Carbohydrate 81%N(= 21) p=0.1
Creatine 12%N = 3) p=0.5
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Table 3.7 Prevalence of supplement use among thetriathletes

Supplement category: Supplements Per centage of Chi-square;

triathletes (N = 26) p-value

Increased immune Antioxidants 54%MN = 14) p=1.0
function Glutamine 4%N = 1) p=0.3
Increased joint health Glucosamine sulphate AW E 1) p=0.3
CNS stimulants Caffeine 4% N =1) p=0.3
Fat reduction Carnitine 4% NN =1) p=0.3
Electrolytes Salt tablets 19%N = 5) p=0.6
General health Multi-vitamin and mineral 81%N = 21) p=0.6
Vitamin B12 65% K = 17) p=0.7

Single Minerals 58%N = 15) p=0.7

Iron 4% N=1) p=0.3

Calcium 4% N=1) p=0.3

Magnesium 27%N =7) p=0.2

Essential fatty acids 8= 2) p=1.0

Herbal supplements* 42%I(=11) p=0.7

Probiotics 4%N = 1) p=0.3

*Herbal supplements include ginseng, Echinaceaitolp guarana and green tea extract.
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Reasons for taking Supplements

Hydration

Improving brain power
Improving joint health
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Figure 3.7 Reasons given by thetriathletes for taking supplements

3.7 Clinical Health Status

None of the men or women reported unwanted weiggdg In the past 6 months. Eight
percent N = 2) of the women reported to have had unwantadhwvgain, whilst none of
the men reported unwanted weight gain (chi-square0.2). Four perceniN(= 1) of the
women and none of the men felt fatigued all theeti(ohi-square; p = 0.3). Twenty
percent N = 5) of the triathletes experienced an increasapipetite in the preceding 6
months (chi-square; p = 0.2). Twenty percéht=(5) of the triathletes reported suffering

from gastro-intestinal problems (chi-square; p #%),0.including being previously
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diagnosed with irritable bowel syndrome (12%) (sbuare; p = 0.1)N = 3) and

flatulence (8%) (chi-square; p = 0. € 2)

One of the objectives of the study was to determwthether the dietary intake or body
composition had an influence on the general hesittus. Due to the limited sample size
associations only indicate a tendency and shouldntexpreted in lieu of the small

sample size.

The triathletes reported symptoms related to ragpiy tract allergic responses and
exercise induced asthma. (Figure 3.9). Twelve per@ = 3) reported feeling chest
tightness, 8%N = 2) suffered from wheezing, 279 € 7) had itchy eyes, 279%(= 7)
had itching of the nose or throat with sneezinglsp&2% (N = 3) reported that they
suffer from chest tightness, together with coughe@zing and shortness of breath during
running sessions. Twelve perceNt £ 3) said that these symptoms affected them whilst
training and that they had missed training sessmmsinder performed due to these
symptoms. However none of the respondents repanieding work or classes due to
these symptoms. Eight perceM € 2) had trouble breathing or cough during orrafte
exercise, 42%N = 11) had become dizzy during or after exerci8¢,(M = 1) had fainted

or passed out during exercise, 48l 1) experienced chest pain during exercise, 19% (
= 5) experienced heart racing or skipping of hbea#ts during exercise. Four percext (
= 1) found that they got tired more quickly thaeitipeers during exercise, and 4Bt<

1) have had or did have a diagnosed lung disease.
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When comparing the prevalence of chest tightnesbddotal energy intake, a positive
association was found with the Mann-Whitney test=(®.05) (Figure 3.10). When
comparing the prevalence of chest tightness togeth#h coughing, wheezing and
shortness of breath during exercise to the totatggnintake, a positive association was
found with the Mann-Whitney test (p = 0.05) (Figuell). A positive association
(Mann-Whitney; p = 0.02) was also found betweentttal carbohydrate intake and the
prevalence of chest tightness together with cougghivheezing and shortness of breath
during exercise as well as between a decreasedlyattate intake and an increased
prevalence of feeling dizzy during or after exezci@ann-Whitney; p = 0.05) (Figures

3.12 — 3.13)

Prevalence of symptoms associated with respiratory

tract allergic responses or exercise-induced asthma
@ Chest tightness

® Wheezing

49 4% 12%

O ltchy eyes

O ltching of the nose or throat with
sneezing spells

m Chest tightness, cough, wheezing
& shortness of breath during

exercise
@ Missed training

| Trouble breathing or cough during
exercise

O Dizzy during or after exercise

m Fainted or passed out during
exercise

@ Chest pain during exercise

0O Heart racing or skipping of heart
beats

12% 0O Tired more quickly than friends

m Diagnosed lung disease

Figure 3.8 Prevalence of symptoms associated with respiratory tract allergic
responses or exer cise-induced asthma.
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Prevalence of chest tightness and Energy intake
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Figure 3.9 Increased prevalence of chest tightness with a lower energy intake (p = 0.05). Vertical bars
denote a 0.95 confidence interval.
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18000

16000

14000 |

12000 t

10000 }

8000

6000 |

Total Energy Intake (kJ)

4000 r

2000

N Y
Prevalence of chest tightness, coughing, wheezing and
shortness of breath

Figure 3.10 Increased prevalence of chest tightness, coughing, wheezing and shortness of breath
during exercise with a lower energy intake (p = 0.05). Vertical barsdenote a 0.95 confidence interval.
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Prevalence of chest tightness, coughing, wheezing and shortness of breath
during exercise and total carbohydrate intake
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Figure 3.11 Increased prevalence of chest tightness, coughing, wheezing and shortness of breath
during exercise with a lower carbohydrate intake (p = 0.02). Vertical bars denote a 0.95 confidence
interval.

Total carbohydrate intake and prevalence of feeling dizzy during or after
exercise
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Figure 3.12 Total carbohydrate intake and the prevalence of feeling dizzy during or after exercise. (p
=0.05). Vertical barsdenote 0.95 confidence intervals.
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Fifteen percentN = 4) of the triathletes suffered from frequentserere headaches and
38% (N = 10) suffered from numbness or tingling in thaims, hands, legs and feet.
Thirty eight percentN = 10) suffered from frequent or severe back paimrty five
percent N = 9) reported feeling stressed out or sufferethfemxiety. Fifteen percenh(
= 4) reported getting ill from exercising in thealhebut only 4% = 1) reported passing
out from exercising in the heat. Fifty eight pertcéN = 15) of the triathletes had
experienced muscle cramps. Fifteen percéht=(4) had a high cholesterol level and
twelve percentN = 3) have high blood pressure. Eight percexit= 2) of women

reported that they had previously been diagnosédivan deficiency anemia.

An increasing awareness of the female athlete tnadomen led to questions regarding
menstrual cycle, anxiety and stress fractures.ySikte percentN = 9) of the women

reported to have had a broken bone in their bo884 N = 2) had a shoulder injury, 46%
(N = 6) suffered from severe and frequent back @ifp (N = 4) suffered from stress or
anxiety, 38% N = 5) suffered with chronic knee injuries relatedcartiage damage and

8% (N = 1) have had an ankle sprain.

All the women started their menses between the afjiekl-15 years with the most
starting their menses at 14 years of age (384} 6). Seventy three percem € 10) of
the women reported having had a menstrual periedast month, 9%N = 1) had their
last menstrual period more than a year ago, B% () 2 years ago and 9%l € 1) 5
years ago. Ninety percemt € ) of the women who still experience their memskiperiod

said the longest time between two periods is ug28lt30 days, whilst only 109%N(= 1)
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reported 80-90days. Fifty perceM € 7) of the women had 12 periods in the last year,
38% (N = 5) had 5 periods and 12% € 1) only had 3 periods in the past year. Sixty
percent N = 8) of the women reported taking an oral confpéige daily and altering
their menstrual cycle to suit training/racing regumients. Twenty perceni (= 3) of the
women reported taking specific medication to stognt from menstruating for extended

periods of time in order to train or race with mooenfort.
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CHAPTER 4: DISCUSSION
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This is the first study of its type in South Afriaaing triathletes as study population. The
findings of this study contribute to the body ofremt knowledge on endurance athletes
like runners and cyclists, but gives new insighttba nutritional status of triathletes.
Inconsistent information regarding reference valt@sbody composition and dietary
intake exist for triathletes specifically and it mot the ideal to extrapolate research

findings on endurance runners, cyclists or swimnetle triathlon population.

The sport of triathlon encompasses three discigjis@imming, cycling and running. To
participate in this sport one needs to have thensidment and self discipline to achieve
your goals. It is a specialist sport and requiredichtion. The field of sport nutrition
involves athlete’s anthropometry or body compositi@linical assessment of their

medical health status, dietary intake and supplé¢mssn

The key findings of the present study were thac@siage body fat calculated from
skinfold prediction equations generally correlateell with percentage body fat
measured with MF-BIA. The percentage body fat & then and women were at the
upper end of the range associated with elite aland related more to the percentage
body fat of amateur athleté® The athletes had a good dietary intake of micnients.
Our findings were that the triathletes consume kbss optimal amounts of dietary
carbohydrate, which can be attenuated by the vagority of the triathletes taking
additional carbohydrate supplementation. Supplesmevere used widely among the

athletes, including protein supplementation eveaoudin dietary protein intake was
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adequate for both men and women. Fat intake wasehithan the recommendation in

both groups. Almost half of the study group alguoréed taking herbal supplements.

4.1 Anthropometry vs. MF-BIA measurements

In the present study, significant associations athband men women were obtained
between percentage body fat calculated from skinfoéasurements and MF-BIA. The
findings of this study support those described ®gtojic et al. 2005* who found that
%BF from skinfold measurements and %BF from BIA related well in 219
professional male athleté¥: They concluded that BIA is less time consumindckjand

easy to determine %BF in athletes.

The reason behind measuring skinfold measuremeite iassumption that subcutaneous
fat is proportional to total body fat. This howeveran assumption that is made and will
definitely differ between individuaf€® The different equations used to determine %BF
will definitely yield different results as any diffences in the fat tissue distribution from
the original equation used will result in erfétAccording to the literature, the different

regression equations used can give a 3-4% differenthe %BF obtainet!°

Bio-electrical impedance analysis is also gainioguarity within the field of athletics

due to its ease of administration and its compéralbd skinfold measurements of %BF.
It is said that when care is taken with measuririgBAA and skinfold measurements, the
%BF should not differ with more than 3-4%.In this study we found associations

between MF-BIA and some of the regression equatisexl to determine %BF from
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skinfold measurements. There are over 100 diffesentations to predict %BF from
skinfold measurements. In this study, the equatimiag skinfold measurements from
the thigh as well as measurements from the uppdy women correlated well with MF-
BIA. Ostojic et al. 2005 also found a significant association between B & SKF
measurements. In the present study, the 7 SKFiequaom Evans et al. 208% using
subscapular, tricep, chest, mid-axillary, supraeiliabdominal and thigh skinfolds, the 4
SKF equation from Jackson and Pollock 1985ising the abdominal, suprailiac, thigh
and tricep skinfolds and the 3 SKF equation frora Body bite nutrition software
program®® using the chest, abdominal and thigh skinfoldsi@n correlated best with the
MF-BIA. The Durnin and Womerslé&$? equation using body density to determine %BF
did not correlate with the %BF of the MF-BIA andvgaa much higher %BF. A reason
for this might be that it only takes skinfolds frahe upper body into consideration, i.e.
sub-scapular, suprailiac, tricep and bicep skird@dd not the lower extremities. The 3
SKF equation from Evans et al. 26#5using the mid-axillary, thigh and calf equation
also showed a poor association with the MF-BIA his takes more of the lower

extremities into consideration and not SKF fromdbdominal region.

Sport nutrition for professional athletes rank thale elite or endurance athlete’s %BF as
being optimal in the range of 5-99% while Norms for physical fitness described the
%BF of male swimmers to be 15.198.This might explain the big difference in %BF
when comparing measurements using skinfold sites fthe upper body or the lower
body or both. It is clear from these results aralttho most significant outliers (Durnin

and Womersley® and 3 SKF equation from Evans et al. 20t5hat equations used to
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calculate the %BF in MEN using more of the skinfeltes from the upper body tend to
give a higher %BF in comparison to MF-BIA and eduad using more of the skinfold
sites from the lower extremities tend to give adoWwoBF in comparison to MF-BIA.
This might in part give an explanation why there awo different types of triathletes;
you often find the strong swimmers are not as gowehers and vice versa. If swimmers
have a higher %BF as mentioned previously, theyehavuse more muscular effort to
transport the extra adipose tissue during the' fuihis is confirmed by Alejandro et al.
2006t who found that the lower skinfold measurementmftbe lower body extremities

showed a positive association with running perfaroea’

Women’s %BF also varies according to the type afrtspa %BF of 18.3% in distance

running females and %BF of female swimmers to h6%ahave been describ&d.

In the present study, the results from the skinfolediction equations differed only with
the one method from the men’s results. The Womeasslts indicated a good association
between MF-BIA and %BF from the equations usingk¥Srom Evans et al. 200%
and the value obtained from the body bite nutrisoftware prograni®, which also uses

3 SKF. The 3 SKF equation from Evans et al. 2608sed SKF measurements form the
midaxilla, calf and thigh, while the nutrition sefire program used SKF measurements
from the tricep, supra-iliac and thigh skinfoldesit The equation using 7 SKF from
Evans et al. 2004° also correlated well with MF-BIA. The one outlier the women’s
results agreed with the men’s results. This outlias the equation from Durnin &

Womersley*® and again gave a significantly higher value. Thieeo outlier was the
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equation from Jackson and Pollock 1¥85using 4 SKF sites, abdomen, supra-ileac,
tricep and thigh. The inappropriateness of the gomdy Durnin and Womerslé&$? for
athletes is confirmed by Stewart et al. 288tho reported that this equation was singled
out in a study as “overestimating fat excessivedyid as being “inappropriate for

athletes™®°

The difference in the percentage body fat val@she ascribed to fat patterning, which
is not only influenced by age, race and gender, dyuthe type of training as well.

Swimming, cycling and running will all induce difemt body morphisms. Although we
are describing a triathlete as a whole, the indizidlifferences and preference of training

will influence fat patterning.

It should also be noted that no amount of prepamatrould exclude all source of error
when performing skinfold measurements and BIA. rintend intra-subject variability,

subjects not complying with pre-test conditionsvadl as error on the investigator's part
can influence measurements, although all care alkentto limit these errors. It should
also be noted that chronic training induces chanmgesdy composition and the question
should not necessarily be how much total bodyifatathlete has, but which skinfold site

influence performance as explained by Alejandral 2006%*"
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4.2 Ideal Body Weight and Percentage Body Fat

Triathletes tend to always want to fall within tlesver ranges of the ideal body weight
range. The women in the present study had a medy Wweight of 64kg and the men a
mean body weight of 79kg. When determining thedaldbody weight range according to
the World Health Organizations recommendations hef hormal BMI range (18.5-
24.9kg/nf) we find an ideal range of 53 — 71kg for women &8eBOkg for mert>® Both
these ranges are very wide. The men and womenfdherll within the normal range,
but they do not tend to go toward the lower engeemlly the men. According to the
book Norms for fitness performance and hé&fitthe average weight of adult females
aged 20-74 years is 71.1-74.9kg, which is well &bour study population and the
average weight for males aged 20-74 years is 88.8k§, which is also higher than the
mean of our study populatidf° This illustrates the point that the body mass jnigenot
an accurate indicator of ideal body weight in dtdeas it can easily classify a very
muscular person as being overweight, in our casgeaally the men. This led to an
increased reliance on measuring body compositicathietes to determine their optimal

racing physique.

According to Hellemart§* the ideal %BF for male triathletes is 6-10% and18% for
female triathletes, however, Worme et al. 199@id a study on 21 female and 50 male
recreational triathletes and found the %BF to b&bl&nd 24% for men and women
respectively-"? The latter agrees with the present findings ofB2f 13% for men and
21% for women. A study done on 8 female and 10 nagiidetes competing in the

[ronman triathlon in New Zealand found their %BFo®and 15% and 22% for men and
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women respectively’® According to the American Dietetic Association erahce
athletes, including triathletes should strive tadvachieving optimal body fat percentage
in the region of 6-19%° Females tend to be at the upper end of the rangenales at
the lower end. Sport nutrition for professionalletids classify a range of 15-18% for
women as fat levels found in elite athletes, wizerange of 19-22% is classified as being
excellent for health and longevit}? Men with a %BF of 5-9% are the levels found in
elite athletes and between 10-15% excellent fottthemd longevity"®® It is clear from
our study results that the study group does ndtiriéb the elite category, but in the
amateur category. The difference in %BF from theous sources differs due to the fact
that some are general recommendations for enduithtetes and some are specifically
for triathletes. The difference in the referencéuga for elite and amateur athletes are
due to differences in training amount and intensitile type of triathlon racing, i.e.
olympic distance triathlon vs. ironman triathlos@kequires different body composition

values.

The next leg of determining the nutritional stadfisriathletes is the dietary intake, which

directly influences their body composition and perfance.

4.3 Energy Intake

An athlete’s habitual dietary intake is very im@mtt to ensure that he or she meets the
increased energy requirements and it needs to geofoag-term health. The body’s
ability to adapt to the stress of intense dailyreise depends on the adequacy of the

athlete’s diet’* Sub-optimal macro —and micronutrient intake caadléo a severe
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decrease in performance. It is important for addeto reach their optimal body

composition and maintain this throughout their e@tiblcareer.

The total energy requirement for the triathletesdatermined by the MF-BIA in the
present study was 14 842kJ for men and 10998kwdonen and the intake of the men
were 14 535kJ and the women to be 9 004kJ. The MFtBes the Brozek and Grande
formula for determination of basal metabolic rate & based on the measured lean body
mass in contrast to other formulas like the HarB®nedict equation which is based on
total body weight. It is known that this equatianmverestimate the basal metabolic rate
with 10%2>°> The men therefore had an adequate total energlenbut the women were
found to be in a slightly negative energy balafidee WHO defines energy requirement
as “the level of E intake from food that will bat@n energy expenditure when the
individual has a body size and composition, anelle¥ physical activity, consistent with
long-term good health; and that will allow for tmaintenance of economically necessary

and socially desirable physical activity?®

The women did however have a normal percentage baidgnd BMI and none of the
women reported weight loss in the preceding mowtihd only the minority reported
symptoms of fatigue, which indicates that the woraemindeed in energy balance. The
women’s results coincided with findings of Wormeagt 199872 who found the mean
total energy intake of 21 recreational female hifetes to be 9058kJ. However, they
reported the mean total energy intake for 50 mahtetes to be 11 591R¥ The

present findings however were significantly loweart data reported by Burke 2662on
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the dietary intake of cyclists during training alkeeping a 3 day food record. Burke
2001 found in 6 male Irish Olympic team cyclists an rgyeintake of 16 300kJ and 16
2000kJ per day on 2 occasions respectivVel{pata from 18 US national and collegiate
level cyclists showed an energy intake of 17 328&Jday and data from the 9 cyclists
on the German national team had an intake of 2&b@@r day.” Although this is all
elite cyclists, our study group also included efitathletes with the highest energy intake
among the men reaching 21 801kJ. The women temdeavie a lower energy intake and
Burke 2001 demonstrated that the intake of 12 US nationalcatiégiate level cyclists
also keeping a 3day food record had an energyendék 2 660kJ, which is significantly
higher than our group. Athletes can only sustawvery high level of exercise if they
maintain energy balance. Edwards et al. 1#$@&ported values for energy intake of male
triathletes were 19 100kJ and for female runnemsean value of 8 527KJ.Frentsos et
al. 1997® completed a study on 6 elite triathletes and atstcluded that they did not

meet their daily energy, carbohydrate, zinc andmtimm requirements’®

Energy balance is only reached when there suffict@arbohydrate, protein and fat are
ingested to balance out the energy expended dariplgysical activity session and is of

vital importance for performance.

4.4 Carbohydrate Intake
Carbohydrate intake of 21 female and 50 male réorea triathletes as reported by
Worme et al.1998% were 5.1g/kg body weight and 4.9g/kg body weight rfeen and

women respectively/? Carbohydrate intake from a 3 day food record ef tclists in
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the review by Burke 206% ranged from 7.3-10.9g/kg BW for men and 5.4g#tugthe
women'” Nogueira et al? also described the CHO intake of endurance athkse4.5-
11.3g/kg BW for males and 4.4-7.2g/kg BW for fensalgith a gradual decrease in
performance’ Frentsos et al. 1997 also reported that 6 elite triathletes only had a
carbohydrate intake of 4g/kg BW before intervenfithThe triathletes in the present
study are not meeting carbohydrate requirements avitintake of 5.26g/kg BW for men
and 3.54g/kg BW for women. Recommendations to as®@dhe carbohydrate intake to 7-
9g/kg BW should be made. The choice of carbohydtlae athletes made was more
complex than refined carbohydrates as the fibexkmtof the triathletes were adequate.
The habitual carbohydrate intake does not take adoount additional sugar from
glucose or glucose polymers in sports drinks arld geen though the majority of the
triathletes used some form of carbohydrate suppiétien during the various training
phases. It can be concluded that with supplementdtie triathletes may be achieving
their CHO requirements It should also be noted thaing times of intense training or
before a race or training session, high fiber caydoates can aggravate gastro-intestinal

symptoms like irritable bowel syndrome and flatalemeported by the study population

and care should be taken to ensure personal pnefesnd toleranc®:*2°

Muscle glycogen is the most important energy sabstduring endurance exercise

(Figure 4.1) and a decreased intake can lead $othes optimal training, recovery post

training and performance.
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Figure 4.1 Substrate utilization during exercise
Source: Van Loon et al. 2082

When athletes are not meeting their carbohydratgiimements, they are also at an
increased risk for developing upper respiratorgttiafections (URTI):® Nieman et
al.1998"® indicated the relationship between exercise iriterend the risk for URTI

(Figure 4.2)

Fig. 1. “J” curve model on the relationship between exercise
workload and risk of upper respiratory tract infection (URTT)
(Nieman 1997a).
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Figure 4.2 The relationship between exercise intensity and the risk for
developing URTI
Source: Nieman et al. 1998
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When an athlete trains with a sub-optimal CHO iatdkiring exercise there are greater
increases in the circulating stress hormones whieim lead to a degree of
immunosuppressioH? A sub-optimal carbohydrate intake can lead toirigefatigue,
often not being able to finish training sessione thua feeling of hitting the wall, lack of
energy, heavy legs, slow rate of recovery, and ddsoncentration, dizziness, irritability
and fainting?>?° Reduced CHO intakes have also been linked tonitreased prevalence

of URTI due to a decreased immune competéfice.

The prevalence of dizziness during exercise ambagstudy group was 42% and there
were a significant association between the low @aydrate intake and the dizziness
experienced by the triathletes. The low CHO intakthe women might be a reason why
some of them experienced fatigue and why 35% otdta population felt stressed out.
An association cannot however be drawn due to th#oanding effect of additional

carbohydrate supplementation and due to the fattthiey were not in a negative energy
balance. A significant association was found betwes increased prevalence of

respiratory tract allergic responses or exerciseited asthma and a low CHO intake.

Increased CHO intake can be recommended in thigogaad can be achieved by altering
their meal patterns during the day, including m@tdO rich snacks and by adjusting
their specific training diets to include the specé&mount of CHO before, during and
after training sessions and all effort should theasnade to ensure that the athletes reach
their carbohydrate requirements, not only to enbaheir performance, but to maintain a

healthy immune function too.
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4.5 Protein Intake

The protein intake of the men was found to be highan the recommended amount,
although still under the maximum allowance of 2¢dey>° The present study indicated
that the dietary intake alone of protein for maiathletes were 1.95g/kg BW and the
female triathletes 1.20g/kg BW and all the triatidereported taking some form of
protein supplement. Our findings agree with theitii@b protein intake of athletes as
confirmed by Burke 2001° who reported male cyclists to have a protein iatak 2.0-
2.6g/kg per day and the female cyclists to havimtmke of 1.3g/kg per day> Worme et
al}"?reported the habitual protein intake of both male female triathletes to be 1.4g/kg
body weight per day/? Nogueira et al’ reported a habitual dietary protein intake for
endurance athletes as 1.2-2.0g/kg body wéigFhe athletes should not supplement with
extra protein as the increased energy demand af phgsical activity also leads to a
higher habitual protein intake, especially the ntakghletes. A very high protein intake,
beyond 2g/kg body weight, not only has no bendfieitect for the athlet®, it can have
negative side effects, including constipation, acreased fat intake, increased calcium
excretion and increasing their protein intake abst of their CHO intake, which is not
desirable. Women have a lower energy intake anefibre their habitual protein intake
is also at the lower range. Women also tend taicestietary intake to reach their ideal
weight and therefore compromise total energy intékeendency was seen in the present
study’s results with an increased protein intakeetating with an increase in lean body
mass and decreased body fat, which in turn incsetige basal metabolic rate. Norgan
2005®° demonstrated that body composition is widely usea tool to standardize other

variables. He indicated that lean body mass ofréat mass is the “single best estimator
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of basal metabolic rate with age and sex adding smiall contributions”. Our findings
agree with Norgan 200% as we found an association between an increasedbledy

mass and increased basal metabolic rate as detztiynMF-BIA.

Vegetarians and athletes with eating disordersaturesk for inadequate dietary protein
intake. Protein in an endurance athletes’ dietsigeeially important for recovery after
training sessions. Protein is required to covelinbeeased losses of amino acids oxidized
during exercise and to provide extra raw matemaldplace exercise induced muscle
damagé' Protein intake has directly been linked to leadybmass in previous studies as
it helps with muscle protein synthesis in resiséanc strength training athlet&®. A
further increase in lean body mass when proteigkats increased beyond 2g/kg body

weight did not lead to an increased lean body rimasssistance training athlet&s.

4.6 Fat Intake

Fat is a very important macronutrient for enduraatidetes. Although recent literature
states there is no place for fat loading in the died training regime of endurance or
ultra-endurance athletdSjt still provides the training diet with essentfatty acids and
fat soluble vitamins. The male and female triattdein this study had a very high fat
intake compared to the requirements of 25% of tetergy intake. The distribution of
the different types of fatty acids in this groupswaot according to prudent dietary
guidelines, with poly-unsaturated fatty acids a@386 of total energy intake, mono-
unsaturated fatty acids at 12.37% of total energgkie and saturated fatty acids at

12.33% of total energy intake. The inclusion of emessential fatty acids will aid in bone
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health and brain power, listed as reasons why ribthietes take supplements and the
decrease in the intake of saturated fat will redtiee prevalence of high cholesterol

levels. 8% of the triathletes reported taking aseasal fatty acid supplement.

4.7 Dietary Micronutrient Intake

There are certain vitamin and mineral requireménéd are increased during physical
activity. Vitamins and minerals involved in enengpetabolism are vitamin B1, vitamin
B2, vitamin B3, magnesium, zinc, copper and chromiu ®>"°8**®%jitamins and
minerals involved in blood cell coagulation areniravitamin B12 and vitamin K and
antioxidants required to support immune functioelude beta-carotene, vitamin C,
vitamin E and seleniunt**°"*8>%%However it should be noted that mega dosages of
these micronutrients are not required and thahiy affects performance if the athlete
have a deficiency of the nutrietit?®>"*%>°Gt should be noted that no conclusions on
the total micronutrient intake of the studied graam be made due to a large percentage
taking additional supplements and taking into ctestion the limitation regarding the
interpretation of micronutrient intake of groupsttwithe RDA. Although the dietary
micronutrient intake of the study population in gel seems adequate and therefore
attenuating the need for extra supplementatiooumstudy the micronutrient intake was
compared to the dietary reference intakes and wéepéicable to specific nutrients the
increased requirement for the athletic populatMast of the dietary micronutrient intake
was above 133% of the DRI, with a few micronutrseiatling well above the upper limit.
The micronutrients of concern included iodine, fide and vitamin C intake in men and

chloride, iodine, fluoride, iron and vitamin C ikeaof the women. lodine and fluoride is
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not a big concern as the athletes will consumei@isodated salt and toothpaste. It is
also possible that the athletes did not reporttoted intake of condiments such as salt,
although they were instructed to. A bigger concésnnot reaching vitamin C
requirements for athletes. Although there were mmifcant relationship between
vitamin C intake and URTI, literature has linkee thtake of antioxidants with a reduced
prevalence of URTI. It does not however support anetpsages of antioxidant

. 68,69,70,71,72,73,74
intake.

Eight percent of the women reported that they Haeen diagnosed with iron deficiency
anemia although the dietary intake of iron, vitai@iand protein in the women’s diet was
adequate. Vitamin C will aid in the absorption min and the heme iron sources from
protein/animal sources are more bio-availdfldron is very important for hemoglobin
synthesis and a deficiency of iron can definitehpair performance and cause anemia,
cognitive damage and immune abnormalitféOnly a small percentage of the women
reported taking iron supplementation, less thanpéreentage women who reported that
they had diagnosed iron deficiency anemia. It apgp#aat an iron deficiency is more
common among female runners as reported by Luletskl. 2004%? The reason why
iron deficiency is more prevalent among female arans that they often consume an
inadequate dietary intake of protein and vitamiraQigh dietary intake of fiber, which
interferes with iron absorption and the increaseslsés through menses and losses
through sweat® It is important to emphasize a variety of foodtie diet of athletes to

reach all their requirement®’
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The majority of the triathletes took a form of nnditamin supplementation which shows
that they do feel their diet is not providing adetgunutrition. They also indicated an
inadequate diet or nutrient replacement as beipgpalar reason for using supplements.
Single vitamins were taken by 65% of the study groof which all said the single
vitamin supplement was vitamin B12. Vitamin B12&ationship toward exercise is that
it functions as part of hemoglobin and erythrodgtienation and plays an important role
in neurology®® A deficiency of vitamin B12 is typically characmed by either
pernicious or megaloblastic anemia and neurologigaiptoms occur as a result of this.
Symptoms include a weakness of the limbs, feelihginos and needles in the hands,
arms, legs and feet, dysgeusia and irritabtfifyA relative high number of the subjects
reported symptoms of pins and needles in the exie=n although there were no
significant association between this and dietatgke of vitamin B12, which in this case
was adequate. There were also no reported diagnasadin B12 deficiencies and
therefore supplementation was not warraftéd/itamin B12 supplementation is only
indicated for athletes on energy-restricted digegan vegetarians and subjects with a
known vitamin B12 deficienc}? As with all the other vitamins and minerals,
supplementation will only have a beneficial effettthere is a known deficiency
present®? Single mineral supplementation was 58% among tildied group, including
iron as discussed, calcium and magnesium supplat@mt which will be discussed

later.
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4.8 Dietary Supplements and Ergogenic Aids
In a study by Striegel et al. 2086 on Master's athletes, 60.5% reported to take
supplements and in the present study, we founeeafence of 73% of the athletes take

dietary supplements.

Most of the triathletes consume some form of a GitiPplement, which coincides with
the number one reason given by the athletes whydbesume supplements: to increase
energy supply. This is additional to their dietanyake and would make up for the
inadequacy reported previously in this discusst@HO can be supplemented in various
forms, including gels, drinks, bars and powderse Tjority of the triathletes used a
form of protein supplementation in addition to drgtintake. As discussed earlier, the
dietary protein intake of this group was sufficiemd attenuates the need for additional
protein supplementation. Single amino acids or pwdlso featured as 27% of the
athletes consumed some form of amino acid suppleriié@e requirement for protein in
endurance athletes are higher than sedentary copetis (1.2-1.7g/kg body weight vs.
0.8-1g/kg body weight§° due to the fact that some amino acids (includirgghiranched
chain amino acids) are oxidized in larger amountsnd exercisé® There are also
claims that BCAA have an anticatabolic effect aatth can limit the amount of muscle
damage due to exercise. There is however a laskiehtific evidence supporting such

claims!®

The third group of supplements most commonly coreirby the triathletes was

antioxidants. Fifty eight perceni(= 15) of the triathletes take some form of antidaxt
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supplementation, which correlates with the secondtrmommon reason given for taking
supplements, which is to enhance immune functioa. discussed in the literature
overview, there is currently no indication for tafiany anti-oxidant supplementation to
enhance the immune functioff. Another supplement being used to supposedly eghanc
the immune function includes glutamine. Four perd¢dh= 1) of our study population
supplemented with glutamine. In the literature hesvewe do not find conclusive
evidence suggesting the benefit of supplementinth B-8g/day of glutamine, for

immune function or to enhance performancg:>®

Eighteen percentN = 5) of the study population took salt tablets ulithg magnesium,
sodium, potassium and chloride as ingredientsy Fefght percentN = 15) of the
triathletes took single mineral supplements and 2@% = 7) took magnesium
supplementation as daily intake and during trairongacing. This is very interesting as
no reason was given for the use of these supplem&he triathletes commonly link salt
or magnesium tablets or supplementation with eepermng heat muscle cramps and may
link the supplementation to reducing muscle cramjpe literature does not support the
popular belief that supplementation with magnesiamelectrolytes will reduce the
prevalence of heat muscle cramps in athlEf&§he cramping as shown by Sulzer et al.
2005 can rather be attributed to increased neuromusaativity and is not associated
with an increase in loss of body weight or seruetteblyte concentrations in Ironman
triathletes. Costill et al. 198 found that even with repeated days of sweatineteth
were no deficits found of magnesium, chloride ortagsium and that additional

supplementation showed no benéfft.lt is known that most athletes exercising and
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sweating for more than 4-5 hours can tolerate sndasses of up to 10% of body stores
and consuming salty food after exercise will regkensodium stores. Fluid intake is

usually linked to electrolyte replacement and &cdssed elsewhepg®2:03:64.65.66.67

The prevalence of caffeine supplementation amoadthletes was low with only 4%l (

= 1) using this stimulant of the central nervoustesn. The Sport Science Institute of
South Africd® recommends supplementing with 1-3mg/kg body weidttaffeine for a
performance enhancement effect and Cox et al. 20Gthowed an increased fat
utilization in the fasted state when ingesting 5gftg body weight of caffein€’ The
effect on the central nervous system masks fatigueeeasing exercise endurance. Side
effects of caffeine supplementation include nermess, shakiness, anxiety, heart
palpitations, flushing and headaches. It is alsowknthat with a high habitual intake of

caffeine [>600mg/day], the effect on performancerdase§’

We have shown with this study that the triathlgge=dominantly supplement with what
they believe to provide more energy or enhance thenune function. They are however
misguided regarding the use of certain supplemantsneed to be further educated to
make the right choices. It can lead to seriousnoife when athletes take supplements
because of what they believe or hear in the media th the contamination of
supplements or due to ingredients in the supplesneot having a beneficial effect on
their performance or body composition and beingnlednby the International Olympic
Committee (I0C). A good example of this includes tise of herbal supplements like

ginseng, Echinacea, ephedra, inositol, guaranagaeen tea, which was shown to be
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guite popular among our triathletes (42%). Som#hefherbal supplements like ephedra
are banned by the IOC. Whether the athletes areeawfathis is unsur&? The true

benefit of taking these supplements is also narcées the bulk of scientific evidence
available indicate that they do not have additioerércise performance enhancing

qualities.

4.9 Medical Complications

Athletes may experience some medical complicatouring or after a triathlon or as a
result of intense daily training. According to &t et al. 2008° this can include
exhaustion, dehydration and muscle cramping asiss&e! previously, hypothermia, heat
stroke, hyponatremia, postural hypotension, mugetetal injuries and minor trauma,
bacterial infections from exposure to the water, variety of gastro-intestinal
complications, post race immunosuppression disdupseviously, sympathetic nervous
system exhaustion and heamoly&isA brief description of the various gastro inteatin
complications will be discussed here, as well astter complication predominantly

found in female athletes known as the female aghl&td.

4.9.1 Gastro-intestinal complications:

Michael et al. 1994° reported that up to 30% of elite athletes suffeme form of
gastro-intestinal complications during a race. Eheymptoms varies from gastro-
esophageal reflux, epigastric pain, vomiting, diea, ischemic gastritis, abdominal pain
and many moré”® Worme et al’?reported the prevalence of gastro-intestinal sympto

among 18 female and 49 male triathletes. (Figusg Bhe authors reported that there was
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a high incidence of upper gastro-intestinal sym@dhat could have been due to CHO

malabsorption or alterations in gastric motifif.

NUTRITION PATTERNS OF TRIATHLETES
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Digestive Symptoms

FIG 3. The number of women out of 18 (hatched bars) and men out of 49 (open bars) who reported positive
responses (frequent or disabling) to specific digestive or gastrointestinal symptoms.

Figure 4.3 Incidence of digestive symptomsin 18 female and 49 maletriathletes.
Source: Worme et al. 1998

In our study, the authors found that among thehietes, 12% recorded that irritable
bowel syndrome has been previously diagnosed. pencent of the subjects suffer from
chronic flatulence. This can aggravate gastro-imakdistress during a training session
or race and can leave the athlete feeling uncoafitet and subsequently decrease
performance. This irritable bowel syndrome can digo a reason why 8% of the
triathletes felt fatigued all the tinfeThese are due to the fact that intense exercise,
sleeping disorders, stress and diet all play airotae etiology of IBS. Ultra-endurance
racing and training sessions can cause GIT ischemfiech can lead to gastro-intestinal
191,192,193,194,195,196,197

complications outside of the racing or training ieowment.

130



Gastro-intestinal comfort is of the utmost impodam athletes as a high carbohydrate or
high fibre intake may lead to gastro-intestinal etp$sastro-intestinal symptoms can be
disabling for athletes if it occurs frequentfy.When care is taken to adhere to timing,
frequency and amount of carbohydrate intake, ntr@r@istestinal side effects will occur.

The possibility of including pre —and or probiotits the diet have also been studied

without much success®

Tailored dietary advice forms an integral part odimtaining gastro-intestinal comfort
and the athletes should focus on individual prefeseand comfort when consuming
carbohydrate in meals or as supplements. Increagaekes of fructose, lactose and
insoluble fiber can aggravate gastro-intestinal gyims, whilst the intake of soluble
fiber can relieve symptonisBefore or during competitions or races fiber, fose and

lactose should be avoided and preference shouldjiven to glucose and glucose

polymers?

4.9.2 Female athlete triad

The female athlete triad is “abnormal eating patgemlassociated with menstrual
dysfunction and a subsequent decrease in bone ahidensity or osteoporosis. The 3
conditions i.e. disordered eating, amenorrhea astdoporoses may occur together in
female athletes*® The etiology of the female athlete triad (Figurd)dindicate that
several factors play a role, including athleticfpenance pressure, pressure for thinness,

societal stress and negative self-appraiSalhe importance of preventing the female

athlete triad, the athlete needs to achieve andtainienergy balancg® The disordered
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eating often lead to an increased risk of injurypeaorrhea, fluid and electrolyte
imbalances, impairment of athletic and work perfance and serious psychological and
medical complication§® In our study, we did not test for disordered egtiout did find
that some of the female athletes did not haveyalae menstrual cycle. A number of the
female athletes also reported drinking medicatorstop them from menstruating for
prolonged periods of time. In the long term this daad to menstrual irregularities,

negative influence on bone health and fertilitylppems.

Athletic
{ performance } { Social stress }
pressure

l 1

FEMALE ATHLETE TRIAD

Disordered R Oligo/A-
eating | | menorrhea
Ca Ca
Osteopenia/
Stress
fractures

Injuries & Fractures

Figure 4.4 Thefemale athletetriad
Source: Adapted from Thrash et al, 2380.
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4.10 Shortcomings and Limitations of the Study
The shortcomings of the study include the limitachple size. An increased sample size
would give more in depth insight regarding the batynposition, dietary intake and

supplement use of triathletes.

Assumptions of the study included assuming thatriathletes taking part are in training
phase during the data collection period as théhtda season in South Africa starts in
spring time. Winter usually provide the opportunfty duathletes to compete. The
inclusion criteria however included that athletasstrbe training more than 10 hours per
week, irrespective of the phase of training theyena. We also assume that subjects
adhered to pre-test conditions and except thaalatthletes necessarily complied. It is

assumed that the dietary record keeping and repsripplement use was accurate.

A limitation of the study is the inclusion of antuetfact that the study population consist
of elite and amateur. The inclusion of 3 elite ettt might have skewed the results.
Another limitation of the study was that only 69% tbe triathletes completed and
returned their food record booklets over a 1.5 ykda collection period. Future studies
in this field should quantify macro- and micro-neirits from supplements as well as

dietary intake.
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CHAPTER 5: SUMMARY, CONCLUSIONS AND

RECOMMENDATIONS
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5.1 Summary

The importance of determining nutritional statusathletes is highlighted in this study.
Body composition, dietary intake and supplementaifext the ability of athletes to train
well and by training well, they increase their ctes of performing optimally or
winning. In the present study, we found that twotleé popular field methods for
determining percentage body fat in athletes doetate well when the appropriate
equations are used. This necessitates the impertahsport specific and population
specific prediction equations from skinfold measueats. The MF-BIA is a quick and
easily administered method of determining percentandy fat and body composition in
general and has a widespread use in the field oft sputrition. The fact that the
measurements correlated so well with most of thediption equations illustrates this

point.

Triathletes always strive toward achieving the lowanges of ideal body weight or the
lower ranges of percentage body fat. The reasorhisrbeing that this increases the
power to weight ratio and can dramatically imprexercise performancé’ The higher
the amount of fat in the body, the harder the &htas to work over a specified distance
to achieve the same results as his/her peers esthtody fat’* The athletes in our study
group bordered at the high ends of the optimal ediog endurance triathletes. A reason
why this is prevalent can be due to the fact thainweluded elite and amateur triathletes

in our study.
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The dietary intake in the present study emphasthedneed to achieve optimal total
energy and more importantly carbohydrate intaketh@dit reaching this optimal intake
the athlete increases his/her chances of expengriatigue and immunosuppression in
the form of URTI's. Syndromes like the female athlériad occur when there is a

disturbance in energy balance and drastically teaddecrease in performance.

From the literature we see athletes tend to havabéual high protein intake and this is
further emphasized by our results and it reducesnied for any additional protein

supplementation. The men and women had a higintizite

Dietary intake has a definite effect on healthustaas shown by the results. Various
micronutrient deficiencies can result in a decraasgerformance. The important factor
here is that if the athlete does not have a knoveficiency, no amount of
supplementation will prove beneficial. As descrii®dthe dietary micronutrient intake
of our study population, there is little evideneggesting such deficiencies. A reduced
intake of iron and vitamin C among the women weitevgithin the ranges from the DRI,
which leads to more questions being asked, i.thesxtra supplementation for physical

exercise really necessary?

The use of dietary supplements among the groupweas wide, supplements ranged
from carbohydrate supplement with a known ergogesfiect to supplements like
carnitine not being scientifically and practicaflyoven as an ergogenic aid. Triathletes

should be aware of the mass marketing of supplesnamil be able to make informed
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choices. Not only is an unnecessary amount of supghtation not cost effective, it also
places the athlete at a risk for ingesting banndibtances or ingredients without them
being aware of this. Contamination of supplemesta wide spread phenomenon which
should not go unnoticed. This counts especiallyth@r large amount of athletes taking

herbal supplementation, which has no proven beaerfitmight be harmful or illegal.

5.2 Conclusion

The author would like to conclude that body compass dietary intake and supplement
use of triathletes are very important aspects @if fperformance. The nutritional status of
triathletes will influence their ability to deal thi an increased training demand, a
challenging racing schedule and maintaining thénwgdthealth to provide consistent and
good results throughout their athletic careers. Bbd@y composition of the triathletes in

the Western Cape region was normal and indicativernoateur athletes. They had

sufficient macro —and micronutrient intake and rteaimed energy balance. Supplement
use was popular among the triathletes, althougle cdrould be taken regarding

unnecessary supplementation

5.3 Recommendations

Recommendations for future studies would be touihela larger study population. This
is especially important when the aim of the stuglyoi compare anthropometry with bio-
electrical impedance analysis. It would also beefieial to divide the study population
into groups for elite athletes and age group abkleftudying these subjects in groups

according to the different distances of triathloowd also be beneficial for the specific
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groups. Future studies can go into more depth deggrquantifying the supplements

used by the athletes and adding this to the hdldtatary intake.
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Appendix 2.1: Food Record Booklet



Body Composition, Dietary Intake and Supplement use among

Triathletes residing in the Western Cape Region

FOOP ReCord BOOklet

Principle Investigator: Sunita Bam RD (SA)
Co-Principle Investigators: Prof D Labadarios and Mrs. | Labuschagne

Site: 238 Sarel Cilliers Street, Strand, 7140

Date of this Report:

Days on which you must keep record:

Weekday:

Weekday:

Weekend day:

NB: Please read instructions carefully before you start recording!

Contact information:
Sunita Bam RD (SA): 082 335 3650 or sunitabam @mweb.co.za

Reporter’s signature:




N —

Instructions:

Please return the completed 3 Day Record and supplement
table when you have completed it, by placing it in the
enclosed envelope (postage already paid) and mailing it
(enveloped is addressed)

Remember not to deviate from your normal dietary intake; it
may influence the results of the study.

Keep your dietary record book with you on the specific days
and immediately record food and liquid as it is consumed.
When recording, use one line per food item. Begin each day
on a new page.

Detailed information is essential. Food and liquid consumed
must be described in detail and a careful estimate must be
made of the portion size. Where applicable preparation
methods or brand names must be given. When eating out or
ordering a take-away, the restaurant name and name of
dish/item and portion size should be given. All snacks should
be noted.

Guibelines:

Describe the food e.g. brown bread or white rice.

Note whether the bread is home sliced, whether it is thinly,
and medium or thickly sliced or machine sliced. Name the
bread type, i.e. white, brown, whole-wheat seed loaf and note
the dimensions of the rolls.

Describe the amounts in household measures, e.g. a
teaspoon, dessert spoon, table spoon, ladle, %2 cup, cup. Also
add whether the spoon was heaped or level.

10.

Measurements can also be given in cm, e.g. one piece of
cheddar cheese, 5¢cm by 5¢cm and 2cm thick. Size could also
be given based on matchbox measurements. Use the ruler
provided for this purpose.

Give the container or wrapper size where possible; yoghurt
175ml, chocolate, 100g

Specify whether the margarine used is either hard (brick), or
soft (tub).

When eating a combined dish e.g. a stew or pasta dish, name
all the ingredients of the dish i.e. cabbage stew, cottage pie.
Give preparation method, e.g. one extra large egg fried in oil;
Y2 cup

Milk/powder milk must be specified as full cream, 2% or
skimmed milk. Give the brand name in case of milk powder.
Remember to give names and amounts of all cold drinks,
juice and alcoholic beverages.

SuPPlements:

Please state clearly the brand and the name of the
supplement you use

Indicate how many times a day you take the supplement and
how much of the supplement you take at a time (see the
example)



spread

Tomato slices 4 thin
slices,
medium
tomato

Polony 2 large
slices,
machine
sliced

Coca-cola 1 can,
340m|

3pm Granny smith apple 2 small
7 pm Cabbage stew: cabbage, beef, | 1% cup
potato, onion fried in oil, water

added

White rice, boiled 2 cups

Mixed vegetables, boiled Y2 cup

Tea 1 cup

2% milk 6
tablespoons
or ¥ cup

White sugar 2 level
teaspoons

9 pm Boiled sweets, sparkles 2

Exampie...
Day:
Time: Item eaten: Amount: | Official
Use:
8 am Mealie porridge, soft Y2 cup
2 % milk Y4 cup
White sugar 2
teaspoons
heaped
Sasko Dumpy brown bread 1 slice, 1cm
thick,
machine
sliced
Stork margarine, tub Medium
spread
Fine apricot jam Thickly
spread
Tea 1 cup
2% milk 6
tablespoons
or % cup
White sugar 2 level
teaspoons
1pm White bread roll 1 round,
6.5cm
diameter
Margarine, stork, tub Medium




Day:

Time:

Item eaten:

Amount:

Official
Use:




Day:

Time:

Item eaten:

Amount:

Official
Use:




Day:

Time:

Item eaten:

Amount:

Official
Use:
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SPeCifiC Reasons for takinG supPlements: Thank you fOor CompletinG the FOOP
Recorp!!




Appendix 2.2: United States Olympic Committee athlete profile medical history

guestionnaire



LS. PAN AMERICAN TEMM

5. PARAPAN AMERCAN TiAM

H0E.

US A

Q8%

e0o?

United States Olympic Committee
ATHLETE PROFILE

MEDICAL HISTORY QUESTIONNAIRE

2007 PAN/PARAPAN AMERICAN GAMES

NAME: SPORT:

DATE OF BIRTH: GENDER: FEMALE [ MALE [ ]
ADDRESS:

CITY: STATE: ZIP:
EMERGENCY CONTACT NAME:

PHONE: (__) -

Please select "Yes" or "No" and provide additional details where requested on this form.

All information will be confidential.

1.
2.
3.

Have you had a medical illness or injury since your last check up or sports physical? [lYes
Do you have an ongoing or chronic iliness? [ lyes
Are you allergic to any medication (aspirin, penicillin, sulfa, etc.)? [lYes
(List:

)
Do you have any food allergies? [ lyes
(List:

)
Do you have any seasonal allergies that require medical treatment? [ Yes
(List:

)
Are you allergic to insect bites? [ Yes
(List:

)
Do you take any over the counter medication(s)? [ Yes
(List:

)
Do you take any prescribed medication on a permanent or semi-permanent basis [ lyes
(steroids, birth control pills, anti-inflammatories, antibiotics, etc.)?
(List:

)
Do you use an inhaler? [ JYes

(List:

[ ]No
[ ]JNo
[ ]No

[ ]JNo

[ ]No

[ ]No

[ ]No

[ ]JNo

[ ]No




10.

11.

12.
13.
14.

15.
16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

27.
28.

Do you take any over the counter dietary supplements (herbs, vitamins, minerals,

protein)? [ Yes
(List:

)
Have you ever taken any dietary supplements or vitamins to help you gain or lose [ lyes
weight or improve your performance?
(List:

)
Do you ever have chest tightness? [ Yes
Do you ever have wheezing? [ lYes
Do you ever have itchy eyes? [ Yes
Do you ever have itching of the nose or throat or sneezing spells? [ lYes
Does running ever cause chest tightness or cough or wheezing or prolonged [ lYes
shortness of breath?
Have you ever had chest tightness, cough, wheezing, asthma or other chest (lung) [ Yes
problems which made it difficult for you to perform in sports?
Have you ever missed school, work or practice because of chest tightness or cough [ lYes
or wheezing or prolonged shortness of breath?
If you have been told you have asthma, what medication(s) have you taken to treat it?
(List:

)
Have you ever had a rash or hives develop during or after exercise? [ lYes
Have you ever had a seizure? [ Yes
(List medication(s):

)
Have you ever been told that you have epilepsy? [ lYes
(List medication(s):

)
Do you have or have you ever been treated for diabetes? [ lYes
(List medication(s):

)
Have you ever been told that you were anemic? [ lYes
(When:

)
Have you ever been told that you have sickle cell anemia? [ lYes
Have you ever been told by a physician you have the sickle cell trait? [ Yes
Have you ever become ill from exercising in the heat? [ lYes
Have you ever passed out in the heat? [ lYes

[ ]JNo

[ ]No
[ ]No
[ ]No

[ ]No
[ ]No

[ INo

[ INo
[ ]No

[ INo

[ INo

[ ]No
[ ]No
[ ]No
[ ]No



20.
30.
31.
32.

33.
34.
35.
36.
37.
38.
39.

40.

41.

42.

43.

44,

45,

46.

47.

Have you ever had heat or muscle cramps?

[ JYes

Have you ever been told to give up sports because of health problem? [ lyes
Has anyone in your family under age 50 died suddenly? [ Yes
Do you have or have you ever had high blood pressure? [ lYes
(List medication(s):

)
Do you have or have you ever had high cholesterol? [ Yes
Do you have trouble breathing or do you cough during or after activity? [ lYes
Have you ever been dizzy during or after exercise? [ Yes
Have you ever fainted or passed out when exercising? [ lyes
Have you ever had chest pain during or after exercise? [ Yes
Do you have or have you ever had racing of your heart or skipped heartbeats? [ lYes
Do you get tired more quickly than your friends do during exercise? [ Yes
Do you have or have you ever been told you have a heart murmur? [ Yes
(Give date(s):

)
Do you have a heart arrhythmia? [ Yes
(List medication and dosage:

)
Do you have a family history of heart disease? [ Yes
Describe
Do you have any other history of heart disease? (angina, arrhythmia, valve disease) [ Yes
Describe
Have you had a severe viral infection (for example myocarditis or mononucleosis) [ lYes
within the last month?
Do you have or have you ever had rheumatic fever? [ lYes
(Give date(s):

)
Do you have or have you ever had lung disease (pneumonia)? [ lYes
(Give date(s):

)
Do you have or have you ever had kidney disease (infections)? [ Yes

(Give date(s):

[ ]JNo
[ ]No
[ ]No

[ ]No
[ ]No

[ ]JNo
[ ]No
[ INo
[ ]No

[ ]No

[ ]No

[ ]No

[ ]No

[ ]No

[ ]No

[ ]No



48.

49.

50.

51.

52.

53.
54.

55.
56.

57.
58.
59.

60.

61.
62.
63.
64.

Do you have or have you ever had liver disease (mononucleosis, hepatitis)?
(Give date(s):

[ JYes

Do you or have you ever had a hernia or “rupture”? [ lyes
Has it been repaired? [ ]Yes [ INo
Do you have any current skin problems (for example, itching, rashes, acne, warts, [ lYes
fungus, or blisters)?
Have you been “knocked out,” become unconscious, or lost your memory? [ lyes
(Give date(s):

)
Have you had a concussion or other head injury? [ Yes
(Give date(s):

)
Have you ever had your head or neck x-rayed? [ lYes
Have you stayed overnight in a hospital due to head injury? [ Yes
(Give date(s):

)
Do you have frequent or severe headaches? [ lYes
Have you ever had a neck injury involving bones, nerves or discs that disabled [ Yes
you for a week or longer?
(Type of injury:
Dates: )
Have you ever had numbness or tingling in your arms, hands, legs, or feet? [ lYes
Have you ever had a stinger, burner, or pinched nerve? [ Yes
Have you ever injured your back? [ lYes
(Type of injury:
Dates: )
Do you have back pain? [ Yes
(Check those which apply: [ ]seldom [ ]occasionally [ ]frequently [ ] with vigorous exercise
[ ] with heavy lifting)
Do you want to weigh more or less than you do now? [ lYes
Do you lose weight regularly to meet weight requirements for your sport? [ lYes
Do you feel stressed out? [ JYes
Have you had any other problems with pain or swelling in muscles, tendons, [ Yes

bones, or joints? If yes, check which apply and explain.

([Ihead/ [] neck/ []back/ []chest/ [_]shoulder/ [ ]upperarm/ [] elbow/ [ ] forearm/
[ Jwrist/ [[] hand/ [] finger/ [_] hip/[_]thigh/ []knee /[ ] shin/calf /[_] ankle/ ] foot)

Explain:

[ ]JNo

[ ]No

[ ]JNo

[ ]No

[ ]No

[ INo
[ ]No

[ INo
[ ]No
[ ]No

[ INo
[ ]No
[ ]No
[ ]No




65.

66.

67.

68.
69.
70.

71.

72.

73.
74.

75.

76.

77.

78.

79.

80.

Have you had a broken bone or fracture? [ JYes [ ]No
1R or []L (Whatbone(s)

Dates: )

Have you had a shoulder injury that disabled you for a week or longer [ lyes [ INo

(dislocation, separation, etc.)?

(Type of injury:

Dates: )

Have you ever had a shoulder surgery? [lvyes [INo
[JR or [JL

(What was done & why:

Dates: )

Does your shoulder routinely/occasionally dislocate (come out of place)/sublux? [lYes [ INo

Have you injured your knee? [ JR or []L [ ]Yes [ ]JNo

Have you been told by a doctor or athletic trainer that you injured the [ Yes [ INo

cartilage in your knee? [ ]|R or []L

(Give date(s) )

Have you been told by a doctor or athletic trainer that you injured the [ lYes [ INo

ligaments in your knee? [ |R or []L

(Give date(s) )

Have you ever had knee surgery? [ |R or []L [ JYes [ ]No

(What was done:

Dates )

Have you had a severe ankle sprain?_|R or []L [ JYes [ INo

Do you have a pin, screw or plate in your body? [lvyes [INo

(Where in your body:

Dates: )

Have you had any surgery? [lyes [INo

Specify and give details:

Do you use any special protective or corrective equipment or devices that are not [ lYes [ INo

usually used for your sport (for example, knee brace, special neck roll, foot

orthotics, hearing aid)?

Have you had any problems with your eyes or vision? [ lYes [ INo

Do you wear glasses, contacts or protective eyewear during competition? [ lYes [ INo

Do you have a hearing loss? R= L= [lvyes [INo

% of hearing loss? R= L=

Do you use an appliance?

Type?

Do you wear any of the following dental appliances? [ lYes [ INo

(Circle those which apply: [_] permanent bridge / [_] removable retainer /[_] removable partial plate
[ ] permanent crown or jacket/ [ ] braces/ [ ] permanent retainer/ [] full plate)



81. Are you missing one of a set of paired organs (kidney, eyes, etc.)? [ Yes [ INo

(List:
)
82. Do you now or have you ever had herpes? [ lyes [ INo
FEMALES ONLY

83. Atwhat age was your first menstrual period?
84. When was your most recent menstrual period (mm/yr)?

85. How much time do you usually have from the start of one period
to the start of another (number of days)?

86. How many periods have you had in the last year?
87. What was the longest time between periods in the last year (number of days)?

88. Are you pregnant, or do you suspect that you may be pregnant? [lyes [INo

(If the answer is “Yes,” this does not necessarily preclude your participation from your sport, however you must
present a clearance form you physician stating that your sport participation will not be detrimental to the pregnancy.)

89. Do you have any other conditions that we should be aware of (i.e. ulcers, [lves [INo
tendonitis, etc.)?
Specify and give details:

90. Please give the date of your last immunizations (mm/yr):
Tetanus: Polio: Hepatitis B:

91. Please give the date of your last measles, mumps, rubella and chicken pox shots (mm/yr):
Measles: Mumps: Rubella: Chicken Pox:

92. Which of the following dietary supplements have you taken during the past year?

[ ] Multi-vitamin/minerals [] Protein drinks or bars

[] Individual vitamin (e.g. vitamin C, etc.) [] Energy drinks or bars

[] Individual mineral (e.g. iron, calcium, etc.) [ ] Creatine

[] Protein powders or pills ] Amino acid pills or powders
[] Herbals (e.g. Ginseng, Echinacea, etc.) [] Others — please list

93. If you took any dietary supplements during the past year, how frequently did you take them?
[ ] Daily [] Occasionally
[ ] Once a week [ ] Several times a week
[] Only at specific times (travel, training, etc.)

94. Check the reasons for using dietary supplements during the past year:

[] To make up for an inadequate diet [ ] To lose weight

[] To treat a medical condition or injury [] To have more energy

[] To increase muscle mass/gain weight [] To enhance my performance
[ ]To prevent illness and disease [ ]No specific reason




| hereby state that the questions on this form have been answered completely and
truthfully to the best of my knowledge.

Name of athlete:

(please print)

Signature of athlete: Date:

Noteworthy medical conditions/issues as per Medical Staff review:

Medical Staff signature Date

USOC, International Games, 1 Olympic Plaza, Colorado Springs, Colorado 80909 / tel: (719) 866-2060 / fax: (719) 866-4966 / denise.thomas@usoc.org



Additional to the US Olympic Committee Questionnaire:

Physical Exercise:

1) How often do you exercise:

2) How many hours a week do you spend:

Swimming:
Cycling:

Running:
Gym training (Resistance):

3) How many kilometers a week do you:

Cycle:
Run:

General:

1) Have you recently had unexplained weight loss?

2) Have you recently had unexplained weight gain?

3) Do you suffer from chronic fatique?

4) Have you recently experienced a change in appetite?

5) Do you suffer from any gastro-intestinal problems?

Specify:

YES NO
YES NO
YES NO
YES NO
YES NO




Personal Habits:
TOBACCO:

1) Do you live with people who smoke? YES NO
2) Did your parents smoke when you were growing up? YES NO
3) Have you ever used tobacco? YES NO
4) Do you currently use tobacco? YES NO
Duration:
Frequency:
ALCOHOL.:

1) Do you drink alcoholic beverages? YES NO
Amount:
Frequency:
Type:
2) Have you used alcohol in the past but subsequently quit? YES NO
3) Do you now have or have you ever had problems with excessive alcohol use?

YES NO




Additional to the US Olympic Committee Questionnaire:

Physical Exercise:

1) How often do you exercise:

2) How many hours a week do you spend:

Swimming:
Cycling:

Running:
Gym training (Resistance):

3) How many kilometers a week do you:

Cycle:
Run:

General:

1) Have you recently had unexplained weight loss?

2) Have you recently had unexplained weight gain?

3) Do you suffer from chronic fatique?

4) Have you recently experienced a change in appetite?

5) Do you suffer from any gastro-intestinal problems?

Specify:

YES NO
YES NO
YES NO
YES NO
YES NO




Personal Habits:
TOBACCO:

1) Do you live with people who smoke? YES NO
2) Did your parents smoke when you were growing up? YES NO
3) Have you ever used tobacco? YES NO
4) Do you currently use tobacco? YES NO
Duration:
Frequency:
ALCOHOL.:

1) Do you drink alcoholic beverages? YES NO
Amount:
Frequency:
Type:
2) Have you used alcohol in the past but subsequently quit? YES NO
3) Do you now have or have you ever had problems with excessive alcohol use?

YES NO
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