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ABSTRACT

PURPOSE: To examine the physical capacity and physiological respah&eYo-Yo Intermittent
Endurance level 2 test (IE2) for untrained individuals and trained suameer players, and to
investigate the determinants of intense intermittent exepeifermance. METHODS: Thirty-four
healthy untrained males (UTR) and fifteen age-matched trained suegers (TR) performed a
maximal incremental treadmill test (ITT) and a Yo-Yo |IE2 thkiscle biopsies and blood samples
were obtained and HR were measured before, during and afeerRESULTS: UTR had a 67%
lower (P<0.01) Yo-Yo IE2 performance (665+271 vs. 20274298 m; ES:4.8),|@486 (P<0.01)
VOzmax and 19% lower (P<0.05) resting muscle glycogen than TR. Blotaddamnd heart rates
during the first 560 m of the Yo-Yo IE2 test were higher (P<0.01) in UTR than TR (58012.8
vs. 2.4+0.8 mmol-1; ES:1.7-2.8; 188+11 vs. 173+8 bpm, ES:0.9-1.5) with no differences at
exhaustion. Time >95%HRmax was lower (P<0.01) in UTR than TR (1.0s1.6.3+2.9 min,
ES:3.1). Mean rate of muscle creatine phosphate utilization (16.529 4.3+2.7 mmol-kg
1d.w-mint), muscle lactate accumulation (16.8+9.1 vs. 4.2+2.9 mnéti.kg mint), and glycogen
breakdown (29.6+14.2 vs. 7.7+5.4 mmolikigv- mint) were 4-fold higher (P<0.01,ES:1.4-1.7) in
UTR than TR. For UTR, correlations (P<0.01) were observeddsgtwo-Yo IE2 performance
and VOmax (r=0.77), ITT performance (r=0.79) and muscle citrate sgathativity (r=0.57), but
not for TR (r=-0.12-0.50; P>0.05). CONCLUSION: The Yo-Yo IE2 test was shoyongsess high
construct validity by showing large differences in performartoeart rates and anaerobic
metabolism between untrained individuals and trained soccer plageditionally, VGmax
appeared to be important for intermittent exercise perfoceé& untrained individuals, but not for
trained soccer players.eig words: MUSCLE LACTATE; BLOOD LACTATE; HEART RATE;

VO:MAX; INTENSE INTERMITTENT EXERCISE PERFORMANCE; RECOVERY.



INTRODUCTION

Paragraph 1

Over the last decade a high number of studies have applied interrtteriesting modes such as
the Yo-Yo Intermittent Recovery tests (Yo-Yo IR1 and)RB&d the Yo-Yo Intermittent Endurance
tests (Yo-Yo IE1 and IE2) in order to examine the importarideaining status (27), tactical role
(21), seasonal period (26), heat acclimatization (35), nutritisnpplementation (29,409) and
different training regimes (103,15,19,28) for soccer players and other athletes in intermittent
sports In contrast to standard exercise laboratory tests consisting dhwoums or incremental
treadmill and cycling exercise with concomitant monitoring af thaximum oxygen uptake
(VOzmax), submaximal heart rates and blood lactate responsegpiife tests have shown to
possess construct and ecological validity for elite team gpaformance (1,4-6,38) and to be
sensitive to detect training-induced changes in intermittent exqrei$ermance (1015, 23 37).
Specifically, it has been observed that the Yo IE2 test performance is highly correlated to
running performance in competitive elite soccer matches for anel women (4,5) and that the
aerobic response to the test is altered according todaiméng-induced changes in soccer-specific
fitness for elite male and female players during a competitiveoadd,10).

Paragraph 2

Invasive studies have been conducted examining the physiological re¢pdhe Yo-Yo IR1 (2D
and Yo-Yo IR2 tests (228). These studies demonstrated moderate to large magnitudetommse
between the heart rate and blood lactate response during shepdit of the tests and test
performances and also that short-term high-intensity aerabitrig as well as anaerobic training
can lower the heart rate, muscle lactate and blood éactatcentration during the first part of the
Yo-Yo IR tests and that there was a markedly higher anaeeoleigy production determined as
greater lactate production and creatine phosphate (CP) breakudiwenYo-Yo IR2 test compared

tothe Yo-Yo IR1 test],20,22,28). Furthermore, these studies revealed a poor relationshgebet



changes invOz2max and changes in Yo-Yo IR performance after short-terminigaiand showed
moderate correlations betwe¥®2max and Yo-Yo IR performances for a large group of subjects
with a large range in fitness level)(However, invasive studies examining the muscle and blood
metabolite response during the Yo-Yo IE2 test have not yet bemsucted for trained soccer
players, and likewise it is yet to be investigated whetherintiportance ofVO.max and other
potential determinants of the Yo-Yo IE2 performance diffewben untrained individuals and
trained soccer players.

Paragraph 3

The Yo-Yo Intermittent Endurance test level 2 (Yo-Yo IE2) has adspeogression comparable to
the Yo-Yo IR1 test (1), but the recovery periods betweeshiéle runsareonly 5 s, which is half
the duration in comparison to the recovery periods invihrYo IR1 test (10 s)it is well-known

that trained individuals have high#O.max values as well as lower heart rates and blood lactate
concentrations during standardized submaximal continuous exercise, atlgetegavariables are
largely correlated to endurance exercise performancerfoained as well as trained endurance
athletes (17). However, it is has not been examined to what ¢xeephysiological response to a
team sports specific intermittent exercise protocol such as ¢h¥oYIE2 test differs between
untrained subjects and well-trained soccer players and whether aherdifferences in the
determinants of intermittent exercise performance of the teopg. The latter can be investigated
by correlating thevOo,max, the time to exhaustion in an incremental treadmill thet,muscle
oxidative capacity and the anaerobic energy production t¥dh¥o IE2 performances of the two
distinct groups. Likewise it would be of interest to evaluatetidrethe physiological response to
the first part of the test is correlated to the Yo-Yo IE2 runwiistance at exhaustion for trained
soccer players that are familiar with the exercise made¢hée test as well as for untrained
individuals. This can be investigated by correlating the hetetarad the blood lactate values at

fixed times in the first part of the Yo-Yo IE2 test to the Yo4E2 test performance.



Paragraph 4
Thus, the aim of the present study was to examine heart tdt®od and muscle metabolite
responses during the Yo-Yo IE2 test in untrained men and trained gtagers and to study the

determinants of intermittent exercise performance for thesedupups.



METHODS

Paragraph 5

Subjects

Thirty-four healthy untrained males (UTR) and fifteen trained soglegers (TR) participated in

the study (age: 3016 vs. 25+7 yr, body mass: 84.8+13.1 vs. 75.7+9.4 kyQang 40.06.2 vs.

60.91£5.5 mL-kg-mifd). None of the untrained subjects had been involved in regular physical
activity for a least 2 yr. Th€R participated in 3-8 h of training per week and 1-2 matches per week
and had been regularly involved in soccer for at least 8 yrsulljects were fully informed of the
risks associated with the experimental procedures, and all prowiditdn consent. The study
conforms to the code of ethics of the World Medical Assmoiatind was approved by the

appropriate institutional ethical committees.

Paragraph 6

Experimental design

Within a 14 day period, the subjects carried out the Yo-Yo inteenm endurance level 2 (Yo-Yo
IE2) test (see below) as well as a laboratory treadmillpiegbcol with submaximal running and
incremental maximal test. Heart rate was measured in 5-wvafgeand blood samples were
collected frequently during the two protocols. In addition, mubabpsies were collected from m.
vastus lateralis before and after the Yo-Yo IE2 test. All subjeatl been familiarized to the Yo-
Yo IE2 test prior to the testing period, by carrying ot filil test including warm-up twice 2 to 6

wks prior to the main experimental day.



Paragraph 7

The Yo-Yo intermittent endurance teskevel 2 (Yo-Yo IE2)

The Yo-Yo IE2 test was performed in accordance with previous st{di6). The participants
performed repeated 20-m shuttle runs, back and forth between tiiregstiae and finishing line
marked by cones, at progressively increasing speeds dictated byi@amblaad emitted from a CD
player. Between each shuttle the participants had a 5-s pestairojogging around a cone placed
2.5 m from the starting line. Failure to achieve the shuttl®nutwo successive occasions resulted
in termination of the test and the distance covered representégstiresult. All testing sessions
were performed indoors on 2 x 20 m running lanes marked by cortes.1Afmin of rest prior to
the beginning of the test protocol, the subjects had a heart rate mBoitar Electro Oy, Kempele,
Finland) placed around the chest for continuous recordings throudteoutarm-up, the test and
during the first 15 min of recovery. A cannula was placed in a foreesin and covered by
supporting bandage. Saline was used to flush the cannula at resthaftearm-up and in the
recovery period after the test, but not during the test dueetdréguent blood sampling. In
preparation for obtainment of needle biopsies in the m. vastusligtean incision was made
through the skin and muscle fascia under local anesthesia (20-hiidptain). The incision was
covered by a sterile strip and thigh bandage. Resting blood sampiesoltained before the
warm-up which consisted of 2 x 2 min of the Yo-Yo IE1 test. Subseguéml subjects rested for
4 min before they performed the Yo-Yo IE2 test. Blood samples were obtaimegtliately before,
during (240, 400, 560, 720, 880, 1040 m etc.) at exhaustion and during recowethdrtest (1, 3,
5, 10 and 15 min). During the test, blood samples were taken B ghecovery periods between
the shuttle-runs. When these blood samples were collected, the participestsked to stand still
at the finishing line, rather than jogging around the coneedldehind the finishing line. Muscle

biopsies were obtained from the m. vastus lateralis beforedahm-up, at exhaustion and after 3



min of recovery using the Bergstrom technique (3). Suction was agpliethximize the tissue

sample size (3)

Paragraph 8

The laboratory treadmill test

For UTR the laboratory treadmill test consisted of 6 nontb of 6.5, 8.0, 9.5 and 11.0 kmi-h
separated by 2 min intervals of rest as previously described (19,TB&).protocol forTR
comprised of 6 min bouts of 8.0, 9.5, 11.0 and 13.5 Knsdparated by 2 min intervals of rest, the
variation in starting speed was based on the training status of tleetsuljfter 15 min of recovery
an incremental maximal test was performed. The test startedrahg speed of 9.5 and 11.0 km-h
1 for 2 min for untrained and trained subjects, respectively. This thetnoed at 11.0 and 13.5
km- hifor 60 s for the untrained and trained subjects respectively, fefldwy stepwise 1.0 knth
speed increments every 60 s until exhaustion. Time to exhaustion wadeckcHeart rate was
recorded every 5 s during the test using Team 2 heart rateonmogibelts (Polar Electro Oy,
Kempele, Finland). Pulmonary oxygen uptake was measured during eacfasimal running
speed and during the maximal test using a breath-by-breath gasean@®hedGraphics CPX/D,
Saint Paul, MN, US). This system was calibrated before triglsgases of known concentrations

and the tube flow meter was calibrated using a 3 L syringe. This wasi@ccordance with the

calibration procedure recommended by the manufacturer. Indiviciiaés forvVO, _and HRnax

2max

were determined as the peak values reached in 15 and 5 s pespéstively.

Paragraph 9
Blood analysis
Approximately 10 s aftethe 2 mL venous blood sample was obtained, 200 pL of blood was

hemolyzed in an ice cold 200 pL Triton X-100 buffer solution and was later analysed for lactate



and glucose concentration using an automated analyser (YSI Mod2ISA3OT PLUS, Yellow
Spring Instruments, Ohio, USA), with a CV value of 5% for duplicmeasurements (9). The
remainder of the blood collected was immediately centrifugeldtiae plasma removed and stored
at -20 °C. Plasma potassium concentration was measured using flatomgithy (Radiometer
FLM3, Copenhagen, Denmark) with lithium as internal standard. Blasmmonia (NkE) was
determinedspectophotometrically (11). Plasma free fatty acid (FFA) concentration was measured

using an enzymatic kit (WAKO Chemical, GmbH, Neuss, Germany).

Paragraph 10

Muscle metabolite and enzyme analysis

The muscle tissue (~60 mg wet weight) was immediately frozewuidlinitrogen and stored at -
80°C. The frozen sample was weighed both before and after -ilegng to determine water
content. After freeze-drying, the muscle sample was dissectedffigleod, fat and connective
tissue, and about ~1 mg-d.w. of muscle tissue was extracted in sofufigM of perchloric acid
(PCA) and 1 mM of EDTA, neutralized to a pH of 7.0 with 2.2 M of KHCSYored at -80 °C until
it was analysed for CP and lactate by a fluorometric a4y with CV values for duplicate
measurements of 5 and 6%, respectively (28). Another 1-2 mg-fdmustle tissue was extracted
in 1 M of HC1 and hydrolyzed at 100°C for 3 h, and the glycogen comtentietermined by the
hexokinase method (24). Muscle pH was measured by a small glag®dde(Radiometer
GK2801, Copenhagen, Denmark) after homogenizing a freeze-dried musgée s# about 2
mg-d.w. in a non-buffered solution containing 145 mM of KCI, 10 mM @aEN and 5 mM of
iodoacetic acid. For muscle enzyme analysis, ~3 mg-d.w. oflentissue was homogenized
(1:400) in a 0.3-M phosphate buffer adjusted to a pH of 7.7 and cont&i&imgg- mL! of bovine
serum albumin. Citrate synthase (CSjsvdetermined by the flourometric method with NAD-

NADH coupled reactions (24).



Paragraph 11

Statistical analysis

All statistical analyses were conducted using the appropriatgesef(SPSS Inc., Chicago, USA).
Differences in physiological responses between trained and unttaitiesl Yo-Yo IE2 test and the
laboratory treadmill test were evaluated using a two-walyais of variance (ANOVA). In the
event of a difference occurring, univariafitkey’s post-hoctests were used to identify any
localized effects. The effect size (ES) was calculatedeterchine the meaningfulness of the
difference (7). The magnitude of the ES was classified asalt(w0.2), small (>0.2-0.6), moderate
(>0.6-1.2), large (>1.2-2.0) and very large (>2.0-4.03ebaon guidelineg2). Relationships
between selected performance variables were evaluated using Pearson’s product moment test. The
magnitudes of the correlations were considered as triwiallj, small (>0.1-0.3), moderate (>0.3-
0.5), large (>0.5-0.7), very large (>0.7-0.9), nearly geirf>0.9) and perfect (1.0) in accordance
with Hopkins et al. 12). Statistical significance was set B&0.05. Values are presented as

meansSD unless otherwise stated.



RESULTS

Paragraph 12

Performance and VOzmax

Performance in th&o-Yo IE2 test vas 67% lower P<0.01) for UTR compared t@R (665271
vs. 2027+298 m; ES: 4.8) with test duration being 4.3+1.7 and 12.6x+h.8respectively (ES:
4.8). Incremental treadmill test performance was also I¢R«0.01) for UTR tharTR (6.8+0.9 vs.
9.8+0.7 min; ES: 4.7) with peak running velocities being 30% |IdaetJTR than TR (14.3+2.9
vs. 20.3+2.0 knir®; ES: 3.8). UTR had a 34% lower (P<0.04p>max than TR (40.046.2 vs.

60.9+5.5 mlkglmin; ES: 3.6).

Paragraph 13

Physiological responseto the submaximal treadmill test

During treadmill running at 8.0 and 9.5 kni- relative heart rate (7818 vs. 663 and 8746
73+4%HRnax ES: 2.5-2.8), oxygen uptake (70+9 vs. 5146 and 81+9 vs. 59€1%, ES: 2.5-
3.3) and RER (0.97+0.08 vs. 0.87+0.07 and 0.98+0.09 vs. 0.89+0.07; ES4)1\®ete higher
(P<0.0) for UTR thanTR;; (Table 1).Blood lactate concentrations attained during treadmill
running at 8.0 and 9.5 km'hwere higher £<0.01) in UTR than in TR (3.1+1.Vs. 0.9+0.2 and
4.4+2.6 vs. 1.120.3nmol'LY; ES: 2.2-2.3), with values at exhaustion being similar+30 vs.

8.2+2.3mmol'L%; ES: 0.4).

Paragraph 14
Physiological Responsetothe Yo-Yo IE2 Test

Heart rate



Heart rate w@shigher P<0.05) for UTR than TR immediately before and during the firstra6af
the test (120 m157+11 vs. 144411 bpm or 80%5 vs. 74+6% of WdRES: 1.5 Fig 1A). At
exhaustion, heart rateas 189+10 and 194+7 bpm for UTR and ;TRspectively, or 97+3 and
99+3% of theHRmax (ES: 1.0). No group differences were observed in the recoveigdp@ig.

1A).

Paragraph 15

Muscle metabolites and pH

Muscle metabolite concentrations and pH before, at exhaustion an@® aft@ of recovery from
the Yo-Yo IE2 test are presented in Table 2. Muscle CP was siatileest for UTR and’R
(83.3+20.9 vs. 88.0+13.3 mmol-kgl.w.; ES: 0.3) and decrease®k(.01) during the Yo-Yo IE2
test to 24.9+22.9 and 38.3+27.6 mmoltkd.w, respectively at exhaustion, corresponding to ~30
and 44% of the resting level, respectively (ES).0T6e mean rate of muscle CP utilization during
the Yo-Yo IE2 test was 4-fold higher (P<0.01) for UTR coredaio TR (16.5+£9.5 vs. 4.3+2.7
mmol-kgld.w-min?; ES: 1.5). Muscle CP increaset#<Q.01) by 35.5+17.1 and 29.3+27.7
mmol-kg!-d.w. to ~73 and 77% of resting level during the first 3 min ofvegofor UTR and TR,
respectively. Muscle lactate for UTR and TR was 8.1+3.0 and R7#2mol-kg-d.w.,
respectively, before the Yo-Yo IE2 test (ES: 1.6) and inctkdBe&0.01) to 68.7+25.4 and
53.3+33.6 mmol-k§-d.w. (ES: 0.5) at exhaustion in the Yo-Yo IE2 test for UTR afRj T
respectively. The mean rate of muscle lactate accumulatitve ivio-Yo IE2 test was 4-fold higher
(P<0.01) for UTR compared to TR (16.849.1 vs. 4.2+2.9 mmgkdgyv- mint; ES: 1.§. Muscke
lactate decreasedP€0.01) during the first 3 min of recovery in UTR but not in TR. Muscle
glycogen content at rest was 19% lower (P<0.05) in UTR thardBRt80 vs. 537+84 mmol- Kg
d.w). It decreasedPk0.01) during thero-Yo IE2 test by 104151 and 100+55 mmolikd.w. in

UTR and TR, respectively. The mean rate of glycogen utilizatiah 4vold higher in UTR than



TR (29.6+14.2 vs. 7.7+5.4 mmol-kgl.w. min?). Muscle pH at rest was 7.26+0.11 and 7.23+0.07
in UTR and TR, respectively, and decreaded0(05) to 6.86+0.18 and 6.88+0.17, respectively, at
exhaustion (ES: 0.1-0.3During the first 3 min of recovery, muscle pH increased((05) to

7.01#0.17 and 7.05+0.10 in UTR and TR (ES: 0.3), respectively.

Paragraph 16

Blood metabolites

Blood lactate was higheP€0.01) in UTR than TR after the warm up and during the first 560 m of
the Yo-Yo IE2 test (560 m: 7.4+2.8s. 2.4+0.8 mmol-t}; ES 1.7-2.8) with no significant
difference at exhaustion (9.5+2.7 and 10.0+2.3 mmylHS: 0.2 Fig 1B). In UTR blood lactate
concentration peaked at 10.9+2.6 mmdi & min into the recovery period and decreased)(0])

to 9.242.8 mmol- 1! after 15 min of recovery (ES: 0.7). TR, blood lactate concentration peaked
at exhaustion and decreasdek(.01) substantially after 15 min of recovery reaching 6.0+1.8

mmol- L1 (ES: 1.9).

Paragraph 17

Plasma potassium and ammonia

Plasma K was 3.8+0.3 and 4.1+0.2 mmoftlfor UTR and TR immediately before the test and
increased #<0.05) to 5.1+0.4 and 5.3+0.8 mmott lafter 400 m (P>0.0%S 0.3; Fig 1C). Peak
plasma K was reached at exhaustion with lower concentrati®®®.05) for UTR than TR
(5.3+0.7 vs. 6.0+0.7 mmol-% ES: 1.0). Plasma KdecreasedP<0.01) to 4.2+0.5 and 4.2+0.3
mmol- L1 after 1 min and 3.5+0.4 and 3.4+0.2 mmoal-after 5 min of recovery for UTR and TR,

respectively (Fig. 1C).



Paragraph 18

PlasmaFFA concentration was 288+145 and 273+108-L! at rest and decreased (P<0.01) in
UTR but not TR during the test (560 m: 13561 vs. 2334183 L1; ES: 0.4-0.8), and it increased
to 308+182 vs. 395+25QEq-L! (ES: 1.4-1.7), respectively, after 5 min of recovery, with no

significant differences between UTR and TR (Fig. 2A).

Paragraph 19
Plasma NH concentration was markedly higher (P<0.01) for UTR than fT&l @ime points (ES:
2.0-3.8; Fig B). For UTR plasma NH concentration peaked at 269+94 mmdi. which was

higher (P<0.01) than for TR (105+1ifnol-L%; ES: 7.4).

Paragraph 20

Blood glucose concentration was similar in UTR and TR at rest andgdilm first 400 m of the

Yo-Yo IE2 test (400 m: 4.3+0.8 vs. 3.940.4 mmokLES: 0.2-0.7; Fig 2C), but was higher
(P<0.05) in UTR compared to TR at 560 m of the test, at exhawstidrauring the first 10 min of

recovery (10 min: 5.9£1.3 vs. 4.9£1.3 mmoKES: 0.8-1.3)

Paragraph 21

Correlations

For UTR correlations were observed betw&enYo IE2 test performance and time to fatigue on
the incremental running test0.79;P<0.01) andvVO,, ., (r=0.77,P<0.01) but not for TR ¢=0.50,
P>0.05) and 1(=0.3Q P>0.05; Fig. 3A-D). A correlation @as observed between Yo-Yo IE2 test
performance and muscle C$Q.57 P<0.01) for UTR, but not for TRr£-0.12,P>0.05).

Paragraph 22



Large to very large correlations were observed between pefme of the Yo-Yo IE2 test and
%HRmax reached at 2 min for UTR=¢0.53,P<0.01), and for %HRmax reached at 2, 3, 4, 5 and 6
min for TR ¢=-0.73 r=-0.62, r=-0.60, r=-0.62 andr=-0.64 P<0.05) No relationships were
observed between Yo-Yo IE2 test performance and fakl&fter 1, 3, 5 min of the recovery in
both populations. The blood lactate concentrations on completion efdira up and after 240,
400 and 560 m were inversely correlated to Yo-Yo IE2 test pedioce in UTR(=-0.52 -0.43, -
0.42 and -0.70P<0.05) but this was only evident fdR after 400 m ( =-0.62; P<0.05). No
correlations were found betwe&o-Yo IE2 test performance and blood lactate concentration after
1, 3 and 5 min of recovery in neither UTR nor TR=(0.06 vs. 0.02, -0.04 vs. 0.21 and -0.19 vs. -
0.16 P>0.05). No correlation was observed for UTR and TR betwpeak blood lactate
concentration and Yo-Yo IE2 test performance. PlasmaRA and NH concentration during the

test were not correlated to Yo-Yo IE2 test performanceTiR dr TR



DISCUSSION

Paragraph 23

The present study demonstrates that the Yo-Yo IE2 test can clearhateeparformance and
metabolite response between untrained participants and trairest ptayersAdditionally, it was
revealed that intermittent exercise performance of the untramuviduals correlated to maximal
oxygen uptake and muscle CS activity, whereas no such correlateesfov the trained soccer
players.

Paragraph 24

Positive moderate to large magnitude correlations werenaiséetween the Yo-Yo IE2 test
performance and Vfnax as well as muscle CS activity for the untrained group, suggesting that the
test can evaluate the aerobic capacity of untrained individllaéstest duration for the untrained
subjects was around 4 min, which is similar to the duration observed when tramidduals
performed the Yo-Yo intermittent recovery level 2 test (Yo{R2) (1522). The mean rate of CP
utilization was slightly higher for the untrained subjects in thesgmt study compared to the
trained individuals during the Yo-Yo IR2 test (16.5 vs. 12.8 mmdl &g minl), whereas the rate
of muscle lactate accumulation (16.8 vs. 16.2 mmdi-&kgv- minl) was of similar magnitude (22)
Also the heart rate response reaching maximum heartatatee end was the same. Thus, the
metabolic response to the Yo-Yo IE2 test for untrained subjeotspond to that observed in the
Yo-Yo IR2 test for trained subjects, and although not originally dedidor untrained subjects, the
test can therefore also be used to examine the anaerobic gapacitrained men

Paragraph 25

For the trained soccer players the duration of the Yo-Yo I&2nas around 13 min corresponding
to a performance of 2027 m, which is similar to performanceenfral defenders in the English
Premier League but 10-30% lower than for Premier Leagugenslaof other outfield playing

positions (4) and for Danish Premier League player¥ @dr the trained subjects both the mean



rate of CP utilization and muscle lactate accumulation wastabfld lower than observed for a
similar group of soccer players performing the Yo-Yo IR2 (28). Furthermore, the rate of rise in
heart rate was observed to be signifibarsiower in the Yo-Yo IE2 test, as 90% of individual
maximal heart rate was reached after about 7 min on average ¥of¥ie IE2 test compared to 3-
4 min in Yo-Yo IR2 test (14, 15, 22). Thus, although reaching the saumsele CP and lactate as
well as heart rate at exhaustion during the tests, the metabstionse to the two tests are clearly
different. It is also confirmed by the lower blood laet&vels obtained after the Yo-Yo IE2 test
compared to the Yo-Yo IR2 test (Exh: 9.8 vs. 118/; 15 min Rec: 6.0 vs 104AM) (14, 23 and
the rather low plasma ammonia levels observed at the end ofah¥oYE2 test Thus, the
anaerobic loading appear to be markedly lower during the ¥ ¢E2 than the IR2 test for trained
individuals suggesting that the test can be labeled as a predigisnimerobic intermittent test for
team sport athletes.

Paragraph 26

The present study revealed that the physiological response to te Ye2 test is different for
untrained than for trainesioccer players. The heart rates were 15-20 bpm higher for thengctra
subjects at any given time from 1.5 min to the time of exhaustiortrendme with heart rates
above 90% of maximal heart rate was only 15% of the time \zahiey the trained soccer players
As previously observed in studies using the Yo-Yo IR1 and Yo-Yo #32 (11,20,22), we also
found the that heart rate values after 2 min for the untizane after 2-6 min for the trained was
correlated to end performance in the test. Also blood Ectsponses were markedly different
between the untrained and the trained individuals with 3-4 fold highlaes for the untrained at
any given time during their test. However, in contrast teipus findings in Yo-Yo IR1 and Yo-
Yo IR2 studies (B,20,22), no significant correlations were observed between sub-makiioad
lactates and the performance in the Yo-Yo IE2 test. The endisxdreart rate and blood lactate as

well as the exercise-induced changes in muscle CP, lactate araaglyevere not different



between the untrained and trained. However when expressed iarrétathe exercise time (4 vs.
13 min) muscle and blood lactate accumulation and the muscle CP andegiylareakdown were
4-fold greater in the untrained compared to the trained pamtitsp In the present study it was
observed that the peak heart rate reached during the Yo-YodE®dee 189+10 and 194+7 bpm
for untrained and trainedespectively, corresponding to 97+3 and 99+3% of thenddRttained
during the incremental treadmill test to exhaustion. The peak teartvalues obtained for the
trained subjects in the present study were similar to values abtfmné&ained subject during the
Yo-Yo IR1 and Yo-Yo IR2 tests confirming that that e-Yo IE2 test can be used as an easy and
time-efficient method to determine maximal heart rates ofhallplayers in a team. However, when
the exercise time is short, as observed for the untrained subjdegspresent study, it appears that
not all individuals reach their maximal heart rate using tleeY¥% tests as also observed in a
previous Yo-Yo IR2 study (1

Paragraph 27

The finding of correlations between YQnuscle CS activity and performance in the Yo-Yo IE2
test for the untrained, but not the trained group suggest that timedmi@rminants of intense
intermittent exercise performance differ between theach soccer players and the untrained
individuals. Thus, the aerobic energy production appears to playeimportant role for fatigue
resistance in the untrained group during intense intermittentisgecompared to the trained
group. While blood and lactate concentrations, as well as CF lamdl muscle pH at exhaustion
were not different between the untrained and the trainedagt ebserved that the plasma K
concentration at exhaustion was higher in the trained soccer plegempared to the untrained.
Fatigue during intense exercise has been linked to depolanizztihe muscle membrane resting
potential due to disturbances in the muscle ion homeost845),( where extracellular K
accumulation has been proposed as a key factor (18,29,31)hén studies using intense

intermittent exercise protocols venous plasniacéncentrations between 6-7 mM were reached at



the point of exhaustion (20,22,28,30), which is similar to the lelyetrved for the trained group in
the present study. However, the untrained participants in the pstseénthad a 12% lower plasma
potassium concentration at exhaustion. Thus, the higher venous pladmels at exhaustion in
the trained group in the present study may indicate that trainedidngis are capable of
exhausting the muscle ion homeostasis to a greater degree thandheedrgubjects, who due to a
low aerobic capacity may fatigue before fully exhaustivgmuscle ion balance.

Paragraph 28

Venous plasma ammonia was markedly higher in the untrained indi\dddalg the entire test.
Ammonia has been suggested as a cause of fatigue during intensiseext@rough centrally
mediated mechanisms (32,39). At exhaustion the untrained ectacincentrations above 200
pmol- L1 which is of similar magnitude to findings in other comparahterimittent protocols
(20,22,29,30). In contrast the trained group display very low ctrat®mns even at exhaustion
(~100 pmol-t). Ammonia is produced in the muscles during breakdown of AMP or during
oxidation of branch-chained amino acids, but neither adenine tidelemrnover nor protein
metabolism were assessed in the present study. However, amsatcr@mmonia production has
been linked to low muscle glycogen levels (33). In the present ghelytrained group had
markedy higher muscle glycogen values before the test and at exhaustionhasdbeen shown
after the Yo-Yo IR1 test that several muscle fibers displayeddlycogen values (20). In the
present study the untrained individuals also showed a markedly gghategen oxidation and
higher blood lactate levels at submaximal running speeds during taémite running in
comparison to the trained group and a much greater muscle ghyatligation rate during the Yo-
Yo IE2 test. Therefore, it cannot be ruled out that a fractioth®fmuscle fibers were low on
glycogen during the test in the untrained individuals, which may phaatwe contributed to the
higher degree of hyperammonemia in the untrained grbupaddition to a lower ammonia

production in the exercising muscles, a more efficient systel@&rance in the trained group may



also have played a role. Ammonia is mainly cleared via thecydle and a lower cardiovascular
loading in the first part of the test for the trained group malf have resulted in a higher renal
blood flow during the test compared to the untrained group. Also rttéchanism may have
contributed to a better ammonia clearance. We did not dieeetime catecholamine response to the
test in the two groups in order to evaluate indications of dmtwgroup differences in
vasoconstriction in internal organs during the tests. Altogedihevated ammonia production may
also have contributed to the early fatigue development iarttrained group potentially via central
mechanisms (30

Paragraph 29

In summary, the Yo-Yo IE2 test can clearly separate perforenand metabolic response between
untrained individual and age-matched trained soccer players, witll 4ifher rate of muscle CP
and glycogen breakdown and rate of muscle lactate accumulation imtiiagned. The present
study reveals that the Yo-Yo IE2 test stimulates the aerobic madrabic energy systems
differently for untrained individuals and trained soccer play&rsaddition maximal oxygen
uptake appeared to be important for intermittent exerciserp&fe in the untrained individuals,
but not for the trained soccer players. Furthermore, thergresely show that heart rate and blood
lactate concentration during a submaximal version of the Yo-Yoil&2a 400 m version lasting
about 4 min, can be used as an indicator of intermittent exgpeigermance for untrained

individuals as well as trained soccer players.
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Legendsto tablesand figures

Table 1: Cardio-pulmonary variables and blood lactate after subrabaimd maximal treadmill
running untrained individuals and trained soccer players. Values amesa®fa Different from

untrained: AAP<0.01.

Table 2: Muscle variables at rest, at exhaustion and 3 min into rgaoiviire Yo-Yo Intermittent
recovery test for untrained individuals and trained soccer playehsed/are means+SD. Different
from untrained22P<0.01. Different from rest: *P<0.05; **P<0.01. Different fr@xhaustion:

P<0.05; T7P<0.01.

Figure 1:

Heart rate (A), blood lactate (B) and plasma potassiunbé¢@ye, during and in recovery from the
Yo-Yo Intermittent recovery test for untrained individuals (closedles) and trained soccer
players (open circles). Values are meanstSD. Different fromainetl individuals: *P<0.05;

**P<0.01.

Figure 2:

Plasma Free Fatty Acids (A), ammonia (B) and blood glucopédre, during and in recovery
from the Yo-Yo Intermittent recovery test for untrained indiddls (closed circles) and trained
soccer players (open circles). Values are meanszSD. Diffdrem untrained individuals:

*P<0.05; **P<0.01.



Figure 3:

Correlations between Yo-Yo IE2 test performance andnveX (A, B) and incremental treadmill
test performance (C, D) for untrained individuals and trained squagers. Solid lines denote

linear trends and dashed lines denote the 95% confidence intervals.



