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ABSTRACT

The study aimed to evaluate the effect of a sirdla@titude training on blood components and aerodind
anaerobic performance in elite speed skaters. Bix gpeed skaters participate in this study andqgrened before
(day 1; pre-test) and after (day 26; post-test)veo tweeks simulated altitude (2.500 m) training @eérian
incremental exercise test on a cycle ergometereterchinate maximal oxygen uptake g¥§) and a Wingate test
to determine peak (PP) and mean (MP) power. In i blood samples were obtained at day 1, daprid day
26. Erythrocytes and hemoglobin concentrationseased respectively from 3.4 and 6.1% (p<.05) batwme-
and post-test. An increase in YQof 16.7% (p<.05) between pre- and post-test wasdowhile PP and MP did
not change. This study shows that two weeks sietllaltitude training significantly increases erytbytes and
hemoglobin concentrations, and that these haemgittdbchanges might be responsible for the risE¥ @,q,
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INTRODUCTION

In the last decades, news world records in distamants have been constantly established and ortbeof
responsible factors therefore is perceived to litgudé training. Using altitude training as an eggoic aid to
improve sea-level performance remains very popgwaelite athletes. Many coaches believe that akitworks for
everybody and choose to include altitude to thaiining program.[1] Altitude training is based dretbelief that
this practice increases the natural physiologicat@sses that generate physical power and develgpges and
adaptations similar to those caused by enduraraeing.[2] Immediately after arrival to altitudehysiological
adaptations occur within 4 hours of hypoxia and et many weeks if exposure continues.[1] Thetsptations
represent what it's called altitude acclimatizatiord concern respiratory, cardiovascular and métal@sponses.

The haematological response represents probablyntst important adaptation to altitude trainingttimproves
sea level performance.[1,3,4] On the day of arrisblaltitude, plasma volume decreases progressaety an
increase of erythrocytes production is observedlté#ude due to an augmentation of erythropoietivel.[3,4-7]
Consequently, these physiological adaptations nma&ey coaches believe that altitude acclimatizatiomltitude
training could be benefit to all athletes and sHoeihhance their performance at sea level. Ovelasteyears,
studies have shown controversial results and haesmluated clearly the potentiating effects oftwadte training:
the benefit of this practice stays equivocal. Somsearches have shown an ergogenic effect on erwura
performance, due particularly to an increase of mieximal oxygen uptake (V&.), or on submaximal and
maximal performance after altitude acclimatization,altitude training while others were unable tport this
claim.[5,6,8-11]

As scientific evidence on the positive effect ditafle training on sport performance remains daup#ind with
regard to the financial burden of altitude trainiegientific scientist and coaches have been eixgdhe possibility
to use a hypobaric chamber as a substitute to atmaltitude conditions. Staying at sea level,ed#is can train in
hypoxia, choose easily the right atmospheric presand benefit then from the physiological adapteti Whether
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simulated altitude training is effective in eliteeged skaters remains unknown. Then, the purpo#i@so$tudy is to
determinate the effect of simulated altitude trainon blood components and aerobic and anaerobfierpgnce in
elite speed skaters.

MATERIALS AND METHODS

Six elite speed skaters, members of the Dutch malti@am, all men and highly trained, born anchlivat sea level,
gave their verbal consent to participate in thiglgt All subjects were informed on the experimeptalcedures and
were asked to maintain their normal diet and taabdrom any medicine during the period of thedstuBody
mass, height and body fat percentage (4 skinfdidkness, Womersley and Durnin) were measured &efod
after the training period. Before the start of #tedy, subjects followed similar training prograer@ were made
familiar with the testing and training protocolganith the hypobaric chamber (cycle ergometer,eskainch).

Table 1. Subjects’ characteristics

N Age, years Height, cm  Body mass, Kgody fat, %
Before HCT 6 (M) 21.00 £1.00 182.08 £3.25 75.67 +4.00 9.48+0.63
After HCT 4 (M) 20.75+1.25 180.75+3.13 75.75+3.38 9.39 +0.72
Values are means + SD; HCT, hypobaric chamber trgnN, number of subjects; M, male.

Over a two weeks period, all subjects trained oelantrical cycle ergometer (Spintrainer, TechnoGytraly) and
on a self-made skate bench in a hypobaric chanmither.simulated pressure was set at 550 mmHg whictheis
atmospheric pressure measured at 2,500 m, corrdisgoto an optimal altitude for great physiologicilanges
[21418] The hypobaric chamber was 12.5 meters in length 20 meters in diameter. The temperature in the
hypobaric chamber was held at 21 + 4 °C and huynadig5 + 10%. The first week, the subjects traiaesimulated
altitude from Tuesday to Friday mornings and during second week from Monday to Friday morningsthie
afternoons, they remain their normal training pasgrat normoxia. During the 20 minutes needed tdemeh
depressurisation to 550 mmHg, the subjects warnpednd their total daily training program were eflated. The
atmospheric pressure in the hypobaric chamber waistained for about 90 minutes during which thejecis
trained in hypoxia. Subjects were coached durirggWihole training. Each training session at simula#itude
started at 8:30 a.m. and lasted between 75 andi®@ten. During the first week (4 sessions), thegestib followed
two aerobic endurance sessions within intermittexdrcises on skate bench, one anaerobic power-amohir
session and one recovery training. In the seconekwihey performed three aerobic endurance traimitgin
intermittent exercises on skate bench and two aba&zpower-endurance training. At the end of tlaéning session
in hypoxia, the subjects recovered for 20 minutssded to return to sea level atmospheric pressure.

Venous blood samples were taken from the antedul®@ia just before the first training session i thypobaric
chamber day J), after the last training sessiotiafy 15 and ten days lated@y 2§. The EDTA data were analysed
for leukocytes, erythrocytes (Er), hemoglobin (HiWgmatocrit (Ht), mean cell volume (MCV), mean cell
hemoglobin (MCH), mean cell hemoglobin concentratigMCHC), thrombocytes, neutra granulocytes,
lymphocytes, reticulocytes (Rt) and immature rdtcytes fraction (IRF). The blood serum was analyie iron,
urea, creatinine, ASAT, creatine kinase, ferritgstosterone and cortisol.

All subjects performed a standardised incremertaiase test on a cycle ergometer (LODE Excalihode, The
Netherlands) at sea level beforday 1) and after day 26 simulated altitude training for the determinatioh
maximal oxygen uptake (V{.). The subjects adjust their handle bar positioth seat height so that his legs are
fully extended at the bottom of the pedalling cyftles was recorded and maintain in all exercisébg exercise
test started at 1 and 2 watt per kg body mass gllmiminutes, and then gradually increased by 0.88 per kg
body mass every minute. Several cardiopulmonariabbes were measured as maximal expired carbonid#iox
(VCOsmay, maximal ventilation (¥may and breathing frequency (Bf), using an open-dirgas analyser (Oxycom
Champion V 3.1, Jeager, Germany). The subjectéyfidmse pedal rate. Heart rate (HR) and ECG duitiegtest
were continuously recorded by a Quinton (Q5000,d,0the Netherlands). The maximal aerobic power P
was the highest VEQobtained during the concluding periods of exertés¢. Subjects achieve on average a total test
time ranging from 18 to 20 minutes.

All subjects performed the most used anaerobicopmidnce test described first in 1974: the 30 SexdMthgate
Test®? The Wingate Test requires pedalling or arm craglén a cycle- of arm ergometer for 30 seconds at
maximal speed and against a constant force. Aftesiraning-up of 5 minutes, the subject pedalled3@iseconds at
maximal speed against a constant force. This faras set at 0.075 kp per kg body mass. Three peafucen
indicators are measuredhean powe(MP), defined as the mean work output over the&bndspeak powe(PP),
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defined as the highest power output; &adigue index(Fl), defined as the difference between the paakep and
the lowest power output divided by peak power.

All laboratory exercise tests were performed amradyaric normoxia, all subjects living at sea levia. prevent an
iron content failure, all subjects received an isupplement of 525 mg per day (ferogradiftheuring the whole
simulated altitude-training period. In the first ekeof training period, there were two withdrawalsedo illness.
This study was performed in accordance with thesidki Declaration (1964) and was approved by tlohneal
and medical staff of the Dutch National Skate Fatien (KNSB).

Descriptive analyses (mean, standard deviationg \werformed for all relevant outcome measures. Xxeonine the
statistical evolution of haematological componertxdiopulmonary variables, 4@y, PP, MP and FI, T-paired
tests were performed with the scores of the subjebio completed both pre- and post-test. The lef/statistical
significance was set at p<.05.

RESULTS

Changes in blood components resulting from the lsited altitude training are presented in tablehdwsng that
erythrocytes concentration increased from 5.03agtdto 5.20 /pl at day 26 (p<.05), the hemoglatmintent from
9.33 at day 1 to 9.90 mmot.at day 26 (p< 0.05) and MCHC concentration from#8at day 1 to 20.98 mmot.ht
day 26. This represents an increase at post-tektéspectively 3.4, 6.1 and 2.4% (p<.05). Tabkh8ws also that
urea and creatinine increase between day 1 andl8lagspectively from 5.65 and 95 to 6.45 mriohhd 115
pumol.I* (p<0.05). The testosterone concentration raiséddsn day 15 and day 26 from 17.43 to 22.58 nihol.|
(p<0.05).

Table 3 shows a significant (p<0.05) increase inNeand VCQma: VOsmaxfrom 4.36 to 5.09 I.mitand VCQumay
from 5.34 to 6.04 |.mit\. Table 3 shows no changes in PP (from 20.10 ©3@att.kg") and in MP (from 11.93 to
11.85 watt.kg).

Table 2. Effect of simulated altitude training in a typobaric chamber for 2 weeks on serum and EDTA haematogic data
(mean * standard deviation) in elite speed skatedN = 4).
Parameter Pre-test@ay 1 Post-test 1 at Post-test 2 at

11t y 2¢
Iron (umol.I) 17.58 +2.38 23.88 £6.31 23.08 £ 4.38
Urea (mmol.f) 565+0.30 6.45+045 51%0.75
Creatinine gmol.I") 95.00 +5.50 115.00 + 4.5( 96.50" + 6.50
ASAT (U.I" 1150 £1.75 13.25+2.25 11.75*+2.25
Creatine kinase (UY) 60.00 £7.00 59.75+7.75 52.00 % 4.50
Ferritin (ug.I") 84.50 + 33.5084.75 + 36.25 107.00 + 34.50

Testosterone (nmotf' 18.18 £+ 4.56 17.43 +3.48 22.58"+2.99
Cortisol (nmol.t") 405.25 + 41.25377.00 + 72.C 339.50 % 94.50

Leukocytes (/nl) 5.40+0.75 590+0.30 6.28 1310
Erythrocytes (/pl) 5.03+0.16 5.08+0.04 5.20 & 30**
Hemoglobin (mmol.I-1)  9.33 +0.48 9.60+0.25 9.90+0.80
Hematocrit (%) 0.46 £0.02 0.47 £0.02 0.47 £0.01
MCV (fl) 90.75+1.88 92.75+2.63 90.50 + 1.50
MCH (fmol) 1.87+0.04 1.91+0.06 1.90+0.03

MCHC (mmol.I-1) 20.48 £0.13 20.58 £ 0.920.98 + 0.18*
Thrombocytes (/nl) 227.50 + 40.7518.50 + 34.7 251.25 +52.25
Neut. Granulocytes (%) 52.00£8.00 56.75+9.25 58.50 £ 8.00

Lymphocytes (%) 36.00+5.00 36.25 +8.2530.75 + 7.75
Reticulocytes (0/00) 9.00+150 6.25+0%5 8.25#+1.75
IRF (%) 1458 £2.58 14.28 + 2.1818.05 + 2.25*

** p<.05 from pre-test

Table 3. Effect of simulated altitude training in a typobaric chamber for 2 weeks on maximal oxygen upte and
cardiopulmonary parameters (mean, standard deviatin) in elite speed skaters (N = 4).

Parameter Pre-test@@ly 1 Post-test atlay 26
VOama (Ml.mint.kg?) 58.13 + 8.28 67.08 £2.93
VOzma (I.Min) 4.36 +0.53 5.09 + 0.15
VCOzma (I.min) 5.34+0.42 6.04 + 0.07
HRmas (puls.min’) 195.25+3.88  186.25 +15.13
Vema (Lmin™) 158.18 +23.28  179.78 +8.03
Bf (breaths.miff) 60.50 +5.25 60.75 + 4.88
PP (watt.kd) 20.10+1.80 20.93+0.93
MP (watt.kg") 11.93+0.18 11.85 +0.28
*x p<.05
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DISCUSSION

The aim of this study was to evaluate the effeca gimulated altitude training on blood componertd aerobic
and anaerobic performance in elite speed skatergthrBcytes and hemoglobin concentrations increased
respectively from 3.4 and 6.1% (p<.05) between pret post-test. An increase in Ygof 16.7% (p<.05) between
pre- and post-test was found while PP and MP didchange. This study shows that two weeks simulaltttide
training significantly increases erythrocytes aeanbglobin concentrations, and that these haemataloghanges
might be responsible for the rise in Y

With regard to potential methodological considenasgi one limitation of our study is the small saengize of our
study group. However, the difficulty to conduct esmental researches in large groups of elite thlées well
known: elite athletes and their staff (technicall amedical) members are not easily open to empiresg¢arch, and
eventual experimental procedures must fit bothningi and competition planification and scheme baorde
Nevertheless, our study group is a convenient sgmtation of the Dutch elite speed skaters. Thieetshas had
also some consequences for our experimental proeeddandomised controlled trials (RCT) have bexfimed as
the highest methodological quality design in séfentresearch and are the most rigorous way of rd@téng
whether a cause-effect relation exists betweertnieyat and outcome, generating unbiased, accurdtagplicable
results.[12] In our study, we were not able toude enough participants in order to formed a cogtroup, which
is a limitation of our study.

As it is known for several decades that erythroewee formed from successive maturations of diffeegythroid
progenitors (erythroid burst-forming unit BEl&rythroid colony forming unit CRLJnormoblasts and reticulocytes)
and that BFYis responsive to erythropoietin (EPO), the risenythrocytes and hemoglobin contents suggests that
training at hypoxia increases EPO production.[IBHRO is a glycoprotein hormone produced by theéyé and
secreted into the plasma. As the production of EBOinfluenced by catecholamines that function as
neurotransmitters within the Sympathetic Nervoust&y (SNS), it can be suggested that simulatetudsti
training, by increase of FSH/LH production, enhan@atecholamines release producing then haematalogi
changes. As simulated altitude training increasgthmcytes and hemoglobin production, and that idemand
increases to support hemoglobin synthesis, the otatlen was that iron concentration would decreastdr
hypoxia exposure as more iron would be neededrto faore haemoglobin. Consequently, all subjectsuinstudy
did take iron supplement in order to prevent alt@oconcentration due to simulated altitude tragnin

With regard to the effect of simulated altitudeirtiag on performance, V&, increased from 58.13 to 67.08
ml.min®.kg?, representing a gain of 15.4%, improvement beiogsistent with others studies.[5,6,8,10,11] A
possible explanation in our study could be that swbjects were already optimally trained, and tiogeg their
aerobic metabolism did not benefit from additioetiécts from simulated altitude training. While ttleanges in red
blood cell volume have been already shown in gasliedies, empirical researches exploring the exgmgeffects
of simulated altitude training on Q.. present contradictory evidence.[3,15-17] Howewas, hemoglobin is
responsible for the transport of oxygen, it seeegitimate to expect the progression of }Q found in our study
did resolve from an increase in red blood cells laameimoglobin.

With regard to the training program, all subjeatfioived a training in the hypobaric chamber maibfsed on
aerobic work out on cycle ergometer. Consequetttky,increase in V&, from pre-test to post-test could have
been not only due to simulated altitude trainingddso to training adaptation. Nevertheless, wigedirto minimize
the effect of aerobic training by introducing aipdrof 10 days of specific skate training betweea last training at
simulated altitude and the post-test assessmeen,Tihcan be assumed that rather the simulatéddattraining
than the aerobic training is responsible for thlgnigicant increase in Er, Hb, MCHC and V. No significant
differences in PM and MM after the training per@tdsimulated hypoxia were found, which is in linghwprevious
studies.[3,10,18] One possible explanation couldth® training program conducted at simulated al&tuAs
previously acknowledged, all subjects followed dgriwo weeks a training program in the hypobariancher
based mainly on aerobic work. During this periaghjects did not get much stimulation of their aodé system,
explaining our findings. However, some other stadiid found an ergogenic effect of hypoxia exposone
anaerobic metabolism by maintaining muscle bufégracity.[19,20]

In conclusion, this study showed that two weeksusited altitude training (5 day.wedksignificantly (p<0.05)
increases the erythrocytes and hemoglobin condentsa these haematological changes being resgerfsibthe
significant rise in VGQax (p<0.05). Despite the small sample size involvedeems legitimate, based on our study
and previous results, to advocate the use of steulilaltitude training in order to enhance aerolnid anaerobic
performance. Further research should be conduatextder to evaluate the effect of a longer or srontaining
period in a hypobaric chamber within a large samsjde of athletes.
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