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ABSTRACT

Objectives We investigated the effect of high altitude
on the match activity profile of elite youth high altitude
and sea level residents.

Methods Twenty Sea Level (Australian) and 19
Altitude-resident (Bolivian) soccer players played five
games, two near sea level (430 m) and three in La Paz
(3600 m). Match activity profile was quantified via
global positioning system with the peak 5 min period for
distance ((Dspeak)) and high velocity running (>4.17 mis,
HIVRspeak); @s well as the 5 min period immediately
subsequent to the peak for both distance (Ds,p,) and
high-velocity running (HIVRss,) identified using a rolling
5 min epoch. The games at 3600 m were compared
with the average of the two near sea-level games.
Results The total distance per minute was reduced by
a small magnitude in the first match at altitude in both
teams, without any change in low-velocity running.
There were variable changes in HiVR, Dspea and
HiVRspeak from match to match for each team. There
were within-team reductions in Dsyeq in each game at
altitude compared with those at near sea level, and this
reduction was greater by a small magnitude in
Australians than Bolivians in game 4. The effect of
altitude on HiVRspeax Was moderately lower in
Australians compared with Bolivians in game 3. There
was no clear difference in the effect of altitude on
maximal accelerations between teams.

Conclusions High altitude reduces the distance
covered by elite youth soccer players during matches.
Neither 13 days of acclimatisation nor lifelong residence
at high altitude protects against detrimental effects of
altitude on match activity profile.

INTRODUCTION

The activity profile of team-sport athletes alters
when matches are played under conditions of envir-
onmental stress. For example, the total distance of
Australian football players is reduced in matches
played under hot compared with cool conditions.' *
The reduced total distance may be a result of self-
modulation of activity under environmental stress to
protect the capacity to perform higher intensity
actions, or perhaps it reflects a lack of sensitivity in
picking up transient reductions in high-intensity
activity during matches. Recently, our group estab-
lished that the activity profile of soccer players is
also altered at moderate altitude (1600 m) com-
pared with that at sea level.® Specifically, each of the
peak 5 min periods of total distance, high-velocity
running (HiVR,>4.17 m/s) distance was reduced

after 4 day acclimatisation to 1600 m.> Further, the
decrease from the peak to the subsequent 5 min
stanza was greater than at sea level for total distance,
HiVR and maximal accelerations (> 2.78 m/s%).3
Thus, at moderate altitude, team-sport athletes had
reduced maximal capacity and greater decrement in
performance during matches compared with those
at sea level, and the players were not able to modu-
late  match activity to preserve high-intensity
actions.® Matches played at a higher altitude would
probably result in greater reductions in running per-
formance compared with those we reported, but
this has yet to be established.

The reduced activity capacity of team-sport ath-
letes at high altitude should not be surprising.
Athletes in soccer matches operate for sustained
periods at approximately 70% of Ospmay, and this
capacity is reduced by approximately 7%
per1000 m altitude ascended.® In fact, in a cohort
of non-acclimatised soccer athletes, O, Was
reduced by ~20% at high altitude (3600 m).® In
our previous study, a peak 5 min distance in a
soccer match was reduced after 4 days at 1600 m
by ~9%, in agreement with the likely reductions in
aerobic capacity. It would therefore follow that
reductions in the activity profile of soccer players
would be greater at a higher altitude. It is not just
the average aerobic consumption that is probably
limiting the performance of these athletes, but
rather the process of phosphocreatine (PCr)
resynthesis when recovering from high-intensity
efforts that is most affected at high altitude. PCr
represents the most immediate substrate to repho-
sphorylate ATP after high-intensity exercise, and
the ability to sustain intermittent exercise perform-
ance is affected by PCr availability in working
muscles. PCr resynthesis kinetics are sensitive to
manipulations of O, availability,” which occurs
during exercise at high altitude. Thus, under condi-
tions of acute hypoxia, PCr resynthesis will be
reduced,® potentially limiting the intermittent exer-
cise performance typical in soccer matches.

Limitations in oxygen availability do not solely
influence metabolic events in the causation of
fatigue. Under hypoxic conditions, a lower arterial
O, availability during repeat-sprints results in lower
0, consumption and premature fatigue.” These
findings are further supported by the fact that par-
ticipants with a higher VO,,,,,, consume more VO,
and exhibit a greater sprint endurance in hypoxia
than participants with a poorer aerobic fitness,'® '*
and that Oj,,,, is moderately negatively correlated
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with performance decrement during such exercises.'* 2 Strong
correlations also exist between arterial O, saturation and mech-
anical work during 10x10s sprints’ and 20x5 s sprints.'®
Finally, measurements of tissue oxygenation by near-infrared
spectroscopy have revealed that the oxygenation of the cerebral
cortex during sprints’ and the reoxygenation rate of the muscle
during recovery intervals between sprints'® are determinants of
repeated-sprint ability.

Six days at moderate altitude was deemed to be insufficient to
fully acclimatise and protect against the reduced activity profiles
of soccer players,® and a 2 week acclimatisation period was
recommended.'* Given that each of the physiological reductions
mentioned within the context of fatigue above is adaptable to a
hypoxic stimulus, the time course of adaptation to hypoxia and
the response of athletes during matches are important to estab-
lish. For team sport athletes, the timecourse of adaptation
remains unknown.

The aims of this study therefore were to (1) determine the
effects of high altitude on the match activity profile of sea level
and high-altitude natives and (2) establish the time course of
match running performance acclimatisation to high altitude so
as to improve our understanding of the optimal timing of
arrival before official competition.

METHODS

The general methods of this study are expressed in detail in the
companion paper elsewhere in this journal.® Please refer to
figure 1 of that paper for an overview of the larger study
(ISA3600) that this paper forms one part of. Measures on
sleep,'® fatigue, wellness and performance!” and haematological
adaptation® have also been discussed elsewhere.

Twenty elite youth male soccer players, lifelong residents at
near sea level (Australians, AU), and nineteen elite youth soccer
players born at, and lifelong residents of, high altitude (Bolivians,
BO) gave written informed consent to participate in this study.
The subject characteristics are presented in the companion
paper.” Almost all of the Bolivian players were ‘Mestizos’
(mostly a mix between Europeans, Quechua and Aymara). The
Australians were of European and Asian descent. The study was
approved by the Victoria University Human Research Ethics
committee and conformed to the Declaration of Helsinki.
Starting 1 week before, and throughout the duration of altitude
exposure, each Australian athlete was supplemented daily with
oral iron (305 mg ferrous sulfate, 1000 mg vitamin C).

Each field player’s activity (ie, goalkeepers were excluded)
was monitored individually during ‘official friendly’ matches at
sea level and at high altitude. Two matches were played at Santa
Cruz, Bolivia (430 m) over 5 days, and a further three games
were played at La Paz, Bolivia (3600 m) on days 1, 6 and 13 of
altitude residence. Athletes travelled directly between Santa
Cruz and La Paz by aircraft, so travel time and stress were low.

As this study was also a ‘training camp’ for these athletes, not
every athlete played in each match. A total of 13 Bolivian and
14 Australian players were sampled. Five Bolivians and three
Australians had files from each match, three Bolivians and four
Australians in four matches, and the remainder of the players in
three matches. Peak data (see below) were sampled only in the
first half of the matches.

Player activity profile was measured via global positioning
system (GPS) sampling at 10 Hz (MinimaxX Team Sports 4.0,
Catapult Innovations, Melbourne, Australia). The activity profile
variables analysed, expressed in metres per minute of match time
(m/min), were: total distance; low-velocity running (LoVR, 0.01-
4.16 m/s), high-velocity running (HiVR, 4.17-10.0 m/s)."? 2°

In addition, the occurrence of maximal accelerations per minute
was quantified (Accel >2.78 m/s?).!*>!

In an attempt to more completely assess the effects of altitude
on match running of these players, the peak 5 min periods for
distance (Dspeak), HiVR (HiVRspear) and Accel (Accelspear) were
identified using a rolling 5 min sample period.® 2 This method
is more sensitive for identifying peak periods of activity com-
pared with the traditional method using predefined time
periods.?” In addition to identifying the peak periods of activity
as a marker of performance, the 5 min period immediately sub-
sequent to the peak period was also assessed for decrements in
total distance (TDs_gup), high-velocity running (HiVRs_g,p,) and
maximal accelerations (Accels_gp)-

All data were log-transformed to reduce bias arising from
non-uniformity error. Between-group standardised differences
in all monitored variables were calculated using pooled SDs
from the first two matches at sea level. Threshold values were
>0.2 (small), >0.6 (moderate) and >1.2 (large). Uncertainty in
each effect was expressed as 90% confidence limits and as prob-
abilities that the true effect was substantially positive or nega-
tive.”® These probabilities were used to make a qualitative
inference about the true effect as previously described.*®

RESULTS

In both teams, total distance per minute was reduced by a small
magnitude in the first match at altitude, and this was also true
for the Bolivians in game 5 (figure 1A). There was no clear dif-
ference in the effect of altitude on total distance between teams
(figure 1B). Low-velocity running per minute was higher by a
small magnitude in Australians than in Bolivians in the second
match at near sea level (figure 1C), but there was no clear differ-
ence in the effect of altitude between teams (figure 1C,D).

High-velocity running per minute was moderately higher in
Australians compared with Bolivians in the second game at near
sea level, and higher by a small magnitude in Bolivians com-
pared with Australians in games 3 and 5 (figure 2A). Australian
HiVR per minute was moderately lower in game 3 and lower by
a small magnitude in game 4 compared with the pooled near
sea-level data. Despite this, there was a smaller reduction in
HiVR per minute in Australians compared with Bolivians in
games 3 and 4 at altitude, and there was no clear difference in
game 5 (figure 2B).

Maximal accelerations per minute were higher in Australians
than in Bolivians in game 1 at near sea level by a small magni-
tude, with no other clear differences seem (figure 2C). Bolivian
maximal accelerations were higher by a small magnitude in
game 5 than for pooled near sea level data, figure 2C. There
was no difference in the effect of altitude on maximal accelera-
tions between teams (figure 2D).

Bolivian Dsp,c.x was moderately higher than Australians in
game 1 at near sea level, and moderately higher for Australians
compared with Bolivians in game 5 at altitude (figure 3A).
There were moderate within-team reductions in Dspe, in each
game at altitude compared with at near sea level (figure 3A),
and this reduction was greater in Australians than in Bolivians in
game 4 (figure 3B).

The HiVRspea was higher by a moderate magnitude in
Bolivians compared with Australians in games 1, 2 and 4, with a
large difference in game 3 (figure 3C). Both sides had small-
large within-team reductions at altitude compared with at near
sea level (figure 3C). The effect of altitude on HiVRs e was
lower by a small magnitude in Australians compared with
Bolivians in game 3 (figure 3D).
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Total distance (A) and low-velocity running (B) per minute of games, each expressed at near sea level (G1, G2) and at altitude (G3, G4,

G5, 3600 m). Also, relative change of Australians versus Bolivians at altitude for total distance (C) and low-velocity running per minute (D). ‘n" for
Australians (Au) and Bolivians (Bo) is in methods. "*' denotes a small standardised difference between teams, ‘A" a small within-team change for

Australians, and #' a small within-team change for Bolivians.

The Accelspeac Was lower by a small magnitude in Bolivians
only in games 3 and 4 compared with at near sea level, table 1.
There were no other clear differences between groups.

Both teams had substantial decrements in the 5 min stanza
subsequent to the peak period for total distance (DS4,), HiVR
distance (HiVRSp) and Accelspeac in each match, but there
were no substantial differences between groups for the effects of
altitude on this decrement (figure 4).

DISCUSSION

This is the first study to document the effects of high altitude
on the match activity profile of sea level-resident and
altitude-resident team-sport athletes. The major findings of this
study are: high altitude reduced match running in friendly
matches; the altitude-induced reduction in activity profile in
soccer matches was variable, but it was similar in sea level and
high-altitude natives; thus, neither 13 days of acclimatisation for

sea-level natives nor lifelong residence at altitude could protect
against reduced output during matches at altitude.

The athletes in this study were well conditioned with similar
Yo-Yo intermittent recovery level one scores (see companion
paper'”) to age-matched peers.>* * Thus, the results of this
study may be transferrable to similar populations of athletes.

The effect of altitude on high-intensity activity during the
friendly matches reported in this study was uncoupled from the
physical capacity testing data reported in the companion
paper.'” The Australians and Bolivians reduced their Dspeak by a
similar magnitude at altitude. On initial glance, this may seem a
bit surprising, given that the higher relative reduction in high
intensity intermittent running capacity of the Australians com-
pared with the Bolivians'” should contribute directly to reduced
movement capacity in matches.?® The Australians had a greater
desaturation at altitude, !” and each 1% reduction in saturation
can cause a concomitant 1% reduction in Ojma.>. The
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Figure 2 High-velocity running (HiVR, > 4.17 m/s, A) and maximal accelerations (>2.78 m/s%, B) per minute of games, each expressed at near sea
level (G1, G2) and at altitude (G3, G4, G5, 3600 m). Also, relative change of Australians versus Bolivians at altitude for HiVR (C) and maximal
accelerations per minute (D). ‘n’ for Australians (Au) and Bolivians (Bo) is in methods. **' denotes a small standardised effect between teams,

‘A" a small within-team effect for Australians, ‘A" a moderate within-team effect for Australians, and '#' a small within-team effect for Bolivians.

difference in SpO, lessened by the final match,'” and this coin-
cided with the Australians having a higher Dspeac than the
Bolivians, indicating a degree of acclimatisation. The reduction
at altitude of high-intensity capacity was more marked in the
Australians than in Bolivians,'” yet in matches the opposite was
true, with smaller reductions in peak HiVR in the Australians.
This is in agreement with the notion that players’ physical activ-
ity during games is first influenced by tactics®® and outcomes,>’
which have a greater impact than physical fitness per se. Given
the influence of the opposition and team style*® on the match
running of players,®" *? it is possible that neither of the two
teams here were fully taxed physically during matches. These
factors need to be considered when opinions on the likely
effects of altitude on team-sport athlete performance are
formed.'* %3

It should be acknowledged that the Australian coach
instructed his players to play conservatively in the first match at
near sea level to avoid potential injury after 30 h of long-haul
travel 3 days prior to the first match. This has affected our
ability to detect altitude-induced differences between groups,

but it reflects a practical reality faced by many teams travelling
internationally for competition, especially those from the
Southern hemisphere. Equally, it is possible that the Australians’
effort reflected travel fatigue®* and reduced wellness!” stemming
from playing a match on the third day after arrival in Bolivia,
after 30 h of long-haul travel and a 10 h time zone change.
Long-haul travel is known to reduce counter-movement jump
performance,® which in turn is related to the amount of HiVR
performed by elite team sport athletes in competition.>®

In accordance with reduced capacity'” at high altitude,® © the
peak 5 min running distance on arrival at 3600 m was 13-16%
lower for Bolivian and Australians, respectively, than that
reported with the same method at 1600 m.> As the magnitude
of this standardised effect was evident for both Australians and
Bolivians, it is intriguing that lifelong residence at altitude did
not offer a protective effect against altitude for the Bolivians.
This is especially true when the lower desaturation'” and higher
initial Hbyas'® of the Bolivians are considered.

The decrement in peak 5 min HiVR in the subsequent stanza
was only slightly higher than earlier,® but both studies clearly
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Figure 3 Peak 5 min data for distance (Dspeak, A) and high-velocity running (HiVRspes, >4.17 ms), each expressed at near sea level (G1, G2) and
at altitude (G3, G4, G5, 3600 m). Also, relative change of Australians versus Bolivians at altitude for Dspeak (C) and HiVRspeai (D). ‘n’ for Australians

(Au) and Bolivians (Bo) is in methods. ‘*' denotes a small standardised effect between teams,
a large standardised effect between teams, ‘A" a moderate within-team effect for Australians, ‘AAA" a large within-team effect for

L

T %1

a moderate standardised effect between teams,

Australians, ‘##" a moderate within-team effect for Bolivians, and “###" a large within-team effect for Bolivians.

Table 1 Five-min peak period data for the frequency of maximal
accelerations (Accelspeai) for games at near sea level and at high
altitude
Accelspear
Venue Australian Bolivian
Near sea level
Game 1 114 1346
Game 2 11+3 10+2
Altitude (3600 m)
Game 3 9+1 10+3#
Game 4 10+5 10+3#
Game 5 11+2 1143

‘# Denotes a small reduction from sea level.

show a 1.5-fold higher decrement than matches played at sea
level.>” *® This method does not allow for a definitive statement
on fatigue in matches, as reduced output may reflect altered
tactics®® or indeed likely match outcomes that can be derived by
players from the current score.”” However, it is not too specula-
tive to suggest that reduced wellness'” and capacity® 17 3% 40 of
athletes at altitude would also cause increased transient fatigue
in matches after periods of peak high-intensity activity.

In agreement with previous investigations on the effects of
environmentally stressful conditions on team-sport athlete activ-
ity profiles, altitude had little clear effect on the capacity of
players to maximally accelerate in matches.! This is perhaps due
in part to this being the least reliable measure derived from
GPS,*! *2 but also due to the nature of where these accelerations
typically occur. Players typically perform maximal accelerations
when in the vicinity of the ball, or when they are trying to get
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Figure 4 Mean relative decrement in distance (Dyeat), and
high-velocity running (HiVRpeak, >4.17 m/s') from the peak 5 min
period to the subsequent 5 min epoch at sea level (SL) games at
altitude (G3, G4, G5, 3600 m) for Australians versus Bolivians. ‘n’ for
Australians (Au) and Bolivians (Bo) is in methods. Error bars represent
the 90% Cls of the mean change; the hatched bar represents the
smallest worthwhile difference and thus the magnitude of a trivial
change.

in position to receive or intercept the ball. Players are very
likely to therefore protect the capacity to perform these meta-
bolically demanding actions™ by modifying lower intensity
actions—a form or pacing strategy. It is also possible that the
short nature of these tasks, even though conducted at a high-
metabolic power,** makes them less susceptible to limitation by
hypoxia.

LIMITATIONS

This study has attempted to quantify adaptation of match
running performance to high altitude in sea level-resident natives
and high altitude-resident natives. Using the activity profile of
players in matches as a tool to assess adaptation is fraught with
danger. For example, the activity profile of players can be influ-
enced by match score** or the relative skill of opposing teams,**
and is inherently variable.*® It is also difficult to make conclu-
sions on the effect pacing strategy’ *” has on mitigating fatigue of
these athletes at altitude. Furthermore, the positional differences
were not investigated. The use of more sensitive activity profile
analytical methods®* rather than blunt descriptions of average
match activity helps identify the true effect of altitude on these
players. In further defence of this study, we have attempted to
provide a comprehensive analysis of haematological,'® wellness,
fatigue and physical capacity,'” and sleep'® of these athletes to
contextualise the activity profile changes in matches.

CONCLUSIONS

High altitude probably reduced match running of elite youth
soccer players in friendly matches; the altitude-induced reduc-
tion in activity profile in soccer matches was variable, but it was
similar in sea level and high-altitude natives; thus, neither
13 days of acclimatisation for sea-level natives nor lifelong resi-
dence at high altitude could protect against reduced output
during matches at high altitude. Sea-level teams can thus travel
to high altitudes confident that the reductions in match running
they experience will be similar to those experienced by high-
altitude natives.

What is known on this subject

» Moderate altitude reduces the activity profile and increases
transient fatigue in elite youth soccer players.

» Six days residence at moderate altitude is insufficient to
return activity profiles to sea-level norms.

What this study adds

» High altitude reduces the distance covered by elite youth
soccer players during matches for sea level and high-altitude
natives.

» Match activity profile is uncoupled from physical capacity
decrement at high altitude.

» Neither thirteen days of acclimatisation nor lifelong
residence at high altitude protects against the detrimental
effects of altitude on match activity profile.

Author affiliations

"Institute of Sport, Exercise and Active Living, College of Sport and Exercise Science,
Victoria University, Melbourne, Australia

Western Bulldogs Football Club, Melbourne, Australia

3Department of Sports Medicine/Sports Physiology, University of Bayreuth, Bayreuth,
Germany

AASPIRE Academy for Sports Excellence, Doha, Qatar

>National Institute of Sports Studies, University of Canberra, Canberra, Australia
®Department of Physiology, Australian Institute of Sport, Canberra, Australia
"Facultad de Medicina, Instituto Boliviano de Biologia de Altura (IBBA), Universidad
Mayor de San Andrés, La Paz, Bolivia

6 of 7 Aughey RJ, et al. Br J Sports Med 2013;47:1107-i113. doi:10.1136/bjsports-2013-092776

"ybuAdoo Aq paroslold 1sanb Aq 8102 JoquianoN Tg uo jwod fwqg wslg//:dny woly papeojumod €102 J9qWIBAON 92 U0 9//260-ET0Z-SUodslg/9eTT 0T Se paysiignd 1sii :pajA suods r g


http://bjsm.bmj.com/

Original article

8appleton Institute, Central Queensland University, Adelaide, Australia
%Exercise Physiology Laboratory, Flinders University, Adelaide, Australia

Contributors RJA was involved in the conception and design, analysis and
interpretation of the data and critically revising the article for important intellectual
content and final approval. KH was involved in the acquisition of the data and
critically revising the article for important intellectual content and final approval. MV
was involved in the analysis and interpretation of the data and drafting the article
for final approval. WFS was involved in the conception and design, acquisition of
the data, analysis and interpretation of the data, drafting of the article and final
approval. PCB was involved in the conception and design, acquisition of data,
analysis and interpretation of data, critically revising the article for important
intellectual content and final approval. MB was involved in the conception and
design, analysis and interpretation of the data, critically revising the article for
important intellectual content and final approval. BS was involved in the acquisition
of data, analysis and interpretation of the data, drafting the article and final
approval LAG-L was involved in the conception and design, acquisition of the data,
analysis and interpretation of the data, drafting the article and final approval MK
was involved in the acquisition of the data, analysis and interpretation of the data,
drafting the article and final approval RS was involved in the conception and design,
acquisition of data, critically revising the article for important intellectual content
and final approval CS was involved in the acquisition of data and critically revising
the article for important intellectual content GDR— was involved in the acquisition
of the data, critically revising the article for important intellectual content and final
approval JCJC was involved in the acquisition of the data, critically revising the
article for important intellectual content and final approval NW was involved in the
acquisition of the data, analysis and interpretation of the data and drafting the
article for final approval CJG was involved in the conception and design, analysis
and interpretation of the data, critically revising the article for important intellectual
content and final approval.

Competing interests None.

Patient consent Obtained.

Ethics approval Victoria University Human Research Ethics Committee.
Provenance and peer review Not commissioned; externally peer reviewed.

Open Access This is an Open Access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 3.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited and the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/3.0/

REFERENCES

1 Aughey RJ, Goodman CA, McKenna MJ. Greater chance of high core temperatures
with modified pacing strategy during team sport in the heat. J Sci Med Sport 2013.
Published Online First: Epub Date. doi: 10.1016/j.jsams.2013.02.013

2 Duffield R, Coutts A, Quinn J. Core temperature responses and match running
performance during intermittent-sprint exercise competition in warm conditions.

J S Cond Res 2009;23:1238-44.

3 Garvican LA, Hammond K, Varley MC, et al. Lower running performance and
exacerbated fatigue in soccer played at 1600 m. Int J Sports Physiol 2013 May 22.
[Epub ahead of print]

4 Ekblom B. Applied physiology of soccer. Sports Med 1986;3:50-60.

5 Clark SA, Bourdon PC, Schmidt W, et al. The effect of acute simulated moderate
altitude on power, performance and pacing strategies in well-trained cyclists.

Eur J Appl Physiol 2007;102:45-55.

6  Brutsaert TD, Spielvogel H, Soria R, et al. Performance of Altitude Acclimatized and
Non-Acclimatized Professional Football (Soccer) Players at 3,600 m. JEP Online
2000;3:15.

7 Harris RC, Edwards RH, Hultman E, et a/. The time course of phosphorylcreatine
resynthesis during recovery of the quadriceps muscle in man. Pfliigers Arch
1976;367:137-42.

8 Balsom PD, Gaitanos GC, Ekblom B, et al. Reduced oxygen availability during high
intensity intermittent exercise impairs performance. Acta Physiol Scand
1994;152:279-85.

9 Smith KJ, Billaut F. Influence of cerebral and muscle oxygenation on repeated-sprint
ability. £ur J Appl Physiol 2010;109:989-99.

10  Billaut F, Smith K. Prolonged repeated-sprint ability is related to arterial O,
desaturation in men. Int J Sports Physiol Perform 2010;5:197-209.

11 Bishop D, Edge J. Determinants of repeated-sprint ability in females matched for
single-sprint performance. Eur J Appl Physiol 2006;97:373-9.

12 Bishop D, Spencer M. Determinants of repeated-sprint ability in well-trained
team-sport athletes and endurance-trained athletes. J Sports Med Phys Fitness
2004;44:1-7.

20

21

22

23

2

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

Buchheit M, Ufland P. Effect of endurance training on performance and muscle
reoxygenation rate during repeated-sprint running. £ur J Appl Physiol
2010;111:293-301.

Gore CJ, McSharry PE, Hewitt AJ, et al. Preparation for football competition at
moderate to high altitude. Scand / Med Sci Sports 2008;18(Suppl 1):85-95.

Gore CJ, Aughey RJ, Bourdon PC, et al. Methods of the International study on
Soccer at Altitude 3600 m (ISA3600). B J Sports Med 2013;47:A82-1.

Sargent C, Schmidt WF, Aughey RJ, et al. The impact of altitude on the sleep of
young elite soccer players (ISA3600). B J Sports Med 2013;47:A88-94.

Buchheit M, Simpson BM, Garvican-Lewis LA, et al. Wellness, fatigue and physical
performance acclimatisation during a 2-week soccer camp at 3600 m (ISA 3600).
Br J Sports Med 2013;47:1100-106.

Wachsmuth N, Kley M, Spielvogel H, et al. Changes in blood gas transport of
altitude native soccer players near sea-level and sea-level native soccer players at
altitude 1SA3600. Br J Sports Med 2013;47:193-9.

Aughey RIJ. Increased high-intensity activity in elite Australian football finals
matches. Int J Sports Physiol Perform 2011;6:367-79.

Aughey RJ. Applications of GPS technologies to field sports. Int J Sports Physiol
Perform 2011;6:295-310.

Varley MC, Aughey RJ. Acceleration profiles in elite Australian soccer. Int J Spo Med
Accepted.

Varley MC, Elias GP, Aughey RJ. Current match-analysis techniques’ underestimation of
intense periods of high-velocity running. Int J Sports Physiol Perform 2012;7:183-5.
Hopkins WG, Marshall SW, Batterham AM, et al. Progressive statistics for studies in
sports medicine and exercise science. Med Sci Sports Exerc 2009;41:3—13.

Deprez D, Vaeyens R, Coutts AJ, et al. Relative age effect and Yo-Yo IR1 in youth
soccer. Int J Sports Med 2012;33:987-93.

Bangsbo J, laia FM, Krustrup P. The Yo-Yo intermittent recovery test : a useful tool for
evaluation of physical performance in intermittent sports. Sports Med 2008;38:37-51.
Helgerud J, Engen LC, Wisloff U, et al. Aerobic endurance training improves soccer
performance. Med Sci Sports Exerc 2001;33:1925-31.

Powers SK, Lawler J, Dempsey JA, et al. Effects of incomplete pulmonary gas
exchange on VO2 max. J Appl Physiol 1989;66:2491-5.

Bradley PS, Carling C, Archer D, et al. The effect of playing formation on
high-intensity running and technical profiles in English FA Premier League soccer
matches. J Sports Sci 2011;29:821-30.

Dupont G, Nedelec M, McCall A, et al. Effect of 2 soccer matches in a week on
physical performance and injury rate. The Am J Sports Med 2010;38:1752-8.
Tenga A, Larsen @. Testing the validity of match analysis to describe playing styles
in football. Int/ J Perform Anal Sport 2003;3:90-102.

Carling C, Le Gall F. Analysis of repeated high-intensity running performance in
professional soccer. J Sports Sci 2012;30:325-36.

Buchheit M, Mendez-Villanueva A, Simpson BM, et al. Match running performance
and fitness in youth soccer. Int J Sports Med 2010;31:818-25.

Bartsch P, Saltin B, Dvorak J, et al. Consensus statement on playing football at
different altitude. Scand J Med Sci Sports 2008;18(Suppl 1):96-9.

Schobersherger W, Schobersberger B. The traveling athlete: from jet leg to jet lag.
Curr Sports Med Rep 2012;11:222-3.

Chapman DW, Bullock N, Ross A, et al. Detrimental effects of west to east
transmeridian flight on jump performance. Eur J Appl Physiol 2012;112:1663-9.
Cormack SJ, Money MM, Morgan W, et al. Influence of neuromuscular fatigue on
accelerometer load in elite Australian football players. Int J Sports Physiol Perform
2012.

Bradley PS, Sheldon W, Wooster B, et a/. High-intensity running in English FA
Premier League soccer matches. J Sports Sci 2009;27:159-68.

Mohr M, Krustrup P, Bangsbo J. Match performance of high-standard soccer players
with special reference to development of fatigue. J Sports Sci 2003;21:519-28.
Gore CJ, Hahn AG, Scroop GC, et al. Increased arterial desaturation in trained
cydlists during maximal exercise at 580 m altitude. J Appl Physiol
1996;80:2204-10.

Gore CJ, Little SC, Hahn AG, et al. Reduced performance of male and female
athletes at 580 m altitude. Eur J Appl Physiol 1997;75:136-43.

Varley MC, Fairweather IH, Aughey RJ. Validity and reliability of GPS for measuring
instantaneous velocity during acceleration, deceleration, and constant motion.

J Sports Sci 2012;30:121-7.

Aughey RJ. Widening margin in activity profile between elite- and sub-elite
Australian football: a case study. J Sci Med Sport 2013;16:382-6.

Osgnach C, Poser S, Bernardini R, et al. Energy cost and metabolic power in elite
soccer: a new match analysis approach. Med Sci Sports Exerc 2010;42:170-8.
Match score influences running intensity in football. 7th World congress on science
and football, 2011. Japanese Society of Science and Football, Nagoya, Japan.
Rampinini E, Coutts A, Castagna C, et al. Variation in top level soccer match
performance. Int J Sports Med 2007;28:1018-24.

Gregson W, Drust B, Atkinson G, et al. Match-to-match variability of high-speed
activities in premier league soccer. Int J Sports Med 2010;31:237-42.

Waldron M, Highton J, Daniels M, et al. Preliminary evidence of transient fatigue
and pacing during interchanges in rugby league. Int J Sports Physiol Perform
2013;8:157-64.

Aughey RJ, et al. Br J Sports Med 2013;47:i1107—i113. doi:10.1136/bjsports-2013-092776

70f7

"ybuAdoo Aq paroslold 1sanb Aq 8102 JoquianoN Tg uo jwod fwqg wslg//:dny woly papeojumod €102 J9qWIBAON 92 U0 9//260-ET0Z-SUodslg/9eTT 0T Se paysiignd 1sii :pajA suods r g


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
http://dx.doi.org/10.1016/j.jsams.2013.02.013
http://bjsm.bmj.com/

