ACTUALITATI IN MEDICINA SPORTIVA

MAXIMAL OXYGEN UPTAKE IN ESTONIAN
YOUNG CROSS-COUNTRY SKIERS: A LONGITUDINAL STUDY

Agnes MAGI'?, Sulev KOKS®, Eve UNT"**,

'Department of Sports Medicine and Rehabilitation,

Faculty of Medicine, University of Tartu, Estonia,

Sports Medicine and Rehabilitation Clinic, Tartu University Hospital,
*Department of Pathophysiology, Institute of Biomedicine and
Translational Medicine, Faculty of Medicine, University of Tartu,
‘Department of Cardiology, Faculty of Medicine, University of Tartu

Summary

Longitudinal studies have shown that VO,  increases the most as the outcome of
training in the age between 15-25 (Rusko, 2003). Meanwhile, it is not clear how
much this increase is connected to training or other development values. The aim
of the present study was to analyze maximal oxygen uptake longitudinally among
15-19 year old cross-country skiers and its relations with training characteristics.
Methods: determination of anthropometrical data (height, weight, BMI) and aerobic
capacity (VO,, )in the age period from 15 to 19 years during 5 years in 58 skiers (41
males and 17 females). Results: The dynamics of relative VO, (ml/kg/min) were not
significant in comparison across all age groups in young male skiers. A significant
positive trend of VO, (I/min; ml/kg'min) was found in young female skiers in the
17-year-old age group compared with the previous age group. Significant relationship
was detected between change of training volume and change of Vo, kg (difference
between the age of 15 and 19 years among male young skiers) (r=0.475, p=0.002).
In conclusion, our study showed a moderate increase in VO, during the age period
of 15 to 19 years, whereas the increase was more pronounced in male than female
skiers. VO, of young cross-country skiers was associated with the age as well as
with the training hours per week.
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Pesziome

Ilpogedénnvie mHocONemHUe UCCIEO08ANHUA NOKAZAU, YMO 8 pe3yibmame
mpenupoeox naubonvuiuii nodvém VO, —nabnrooaemcs 6 603pacmiublx pynnax
om 15 0o 25 nem (Rusko, 2003). Tem He meHnee, He ACHO, 8 KAKOU Mepe MO
yeenuierHue cesA3aHo ¢ MpPeHUPOBOUHbIM NPOYECCOM UNU OPYSUMU NOKAZAMENAIMU
pazeumus. Llenvb npoeedénnbix ucciedosanuil 3aKa04aIach 6 ONUmenbHOM analuse
MAKCUMATbHO20 NOMpebieHUs KUCIopodd 8 803pacmuulx epynnax om 15 do 19
JIlem U UX C643b C MPEHUPOBOUHbIMU Xapakmepucmukamu. Memoouka: usmepenue
anmponomempuueckux oaumnwlx (eec, pocm, UMT) u onpedenenue aspobroii
pabomocnocobnocmu (VO, ) 6 meuenuu 5 nem 6 pasuvix 603pacmuolx 2pynnax
om 15 0o 19 nem, nposedénnvix cpedu epynnwvi uz 58 nviowcnuxos (41 myscuuna u 17
JHCEHUYUH,).

B eaicecoonom nabmodenuu 6 ounamuke omuocumensvio nokazamenei VO, pear (n/
MUH; MI/K2/MUH) He HAOI00AI0Ch SHAYUMENbHO20 PACXOHCOCHUSI OAHHBIX CPEOU 8CeX
603PACMHBIX 2PYII MOLOOIX ILIHCHUKOG-MYICUUH. FHAUUMENbHASI HOTONCUMENbHASL
menoenyus noxazamenell VOZpeuK (/Mur; MI/K2/MUR) ObLIA BLIAGILEHA CPEOU MONIOOBIX
JBIACHUY-dICeHWUH 8 6o3pacme 17 em 6 cpagHnenuu ¢ npedvioyujell 803paAcmuoll
epynnoti. Haubonee 3nayumenvhas c6s3b MeNCOy USMEHEHUAMU 00bEMA MPEHUPOBOK
uvo, pm/Ke OvLIa 6biABNeHA 8 803pacmubiX epynnax 15 u 19 nem cpedu monoovix
avircHukos-myacuun (r=0.475, p=0.002).

Haww uccnedosanus nokasanu ymepennoe ysenuuenue VO, 6 6ospacme om 15 0o

19 nem u 6 mo dice 8pems ygenuuenue Ovli0 bonee bIPANCEHHO ) TBIHCHUKOB-MYICUUH,

uem y avicuy-rcenuun. VO,  y MOTOObIX IbIJHCHUKOS 3A6UCUMO KAK OM 603pacma,
peax

mak u om Koaudecmea mpeHupoBOUHblX 4adCco6 6 Heoerio.
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Knrwoueswie cnosa: aspobnas pabomocnocobrocms, VO
MHO20NemHUe UCCTeO08AHUSL, TBIHCHBIU CNOPM

2 pear’

Introduction

The maximal oxygen uptake (VO, ) is recog-
nized as one of the major quantitative traits in sports
physiology and the most common parameter to
demonstrate training effects. VO, _ isinfluenced by
different environmental and genetic factors (Ranki-
nen et al., 2000). On average, women’s VO, _ values
are 10% lower compared to men due to higher body
fat mass and lower levels of haemoglobin (Pate et al.,
1987; Durstine et al., 1987). During the growth and
maturation period in 11-17 year-old humans, the
increase of VO, __ is affected primarily by body lean
mass (Amstrong and Welsman, 2001).

Competitive cross-country skiing requires a
high level VO, _ in additon to the other main cha-
racteristics of performance as skiing economy and
maximal anaerobic skiing power. VO, _ levelamong
world class skiers may increase up to 89-93 ml/min/
kg (Rusko, 2003). It has been found that not all indi-
viduals achieve the maximum oxygen consumption
plateau during maximal exertion. In this case it has
been suggested to determine the highest level of
oxygen uptake (VO, ) achieved in an exercise test
to maximum exhaustion (Bassett and Howley, 2000;
Armstrong and Welsman, 2001).

The aim of the present study was to analyze
maximal oxygen uptake longitudinally among 15-19
year old cross-country skiers and its relations with
training characteristics.

Material and methods

Participants of the present study were young
cross-country and biathlon skiers (hereafter young
skiers). The total number of subjects was 58 (41 males
and 17 females). 52% of young skiers were current
or former junior Estonian national team members.
All study participants had five consecutive pre-
participation health evaluations (PHE) from the age
period of 15 to 19 years at Tartu University Hospital
during the period 2002-2013. Study inclusion criteria
for young skiers were regular specific cross-country
skiing training during the observed age period and
the PHE had to include an exercise test on treadmill
determining the maximal oxygen uptake peak
(VO,,.,)- The study protocol was approved by the
Research Ethics Committee of University of Tartu
(protocol no. 196/M-30, and no. 207/M-9).

Personal history and training characteristics
were obtained by using an internationally accepted
questionnaire (Wappers, 2005). Subjects’height (cm)
was measured using the metal anthropometer (+0.1
c¢m) and body mass (kg) was determined by using
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clinical scales (+0.05 kg), body mass index (BMI) was
calculated.

All incremental continuous exercise tests were
performed on the treadmill (Telineyhtyma, Kotka,
Finland). A standardized stress test protocol for
cross-country skiers was used increasing treadmill
inclination and speed. The duration of each load
step was 3 minutes. All tests were performed to
volitional exhaustion to obtain the parameters of
maximal aerobic endurance. VO, .. (absolute, 1/
min and relative, ml/kg/min) was determined by the
direct breath-by-breath method using a gas analyzer
Oxycon Pro version 5.2, Hoechberg, Germany. In addi-
tion, duration of the exercise test (min) was recorded.
During the exercise test, heart rate was recorded by
a sport-tester (Polar Electro, Finland). Gas analysis
data were automatically calculated for every 30 sec
period. VO,  was considered as the highest VO,
rate achieved within 30 seconds at the end of the
exercise test. The criteria for maximal exercise test
were the following: (1) respiratory exchange ratio
(RER) equalled at least 1.1; (2) HR__ > 90% of the
age-predicted maximum calculated according to
the formula 220 - age (Davis, 2006).

The change of VO2peak (Avozpeak, ml/kg/min) was
obtained by calculating the differences of VO, __, be-
tween the age groups of 15 and 19 years in young
female and male skiers. Change of exercise test
duration and the training volume per week were
calculated similarly. In addition, dynamics of vozpeak,
duration of exercise test and training volume were
observed in each age group separately compared
with the previous age group.

Statistical analysis was performed with the
Statistical Package for Social Sciences (SPSS version
20.0 for WINDOWS). Descriptive data are presented
as means (x) and standard deviations (SD). The
dynamics of VO, (ml/kg/min) and the duration
of the exercise test (min) as change between five
time-points were analyzed with repeated analysis
of variance. The Pearson’s correlation coefficient (r)
was applied to determine the relationships between
variables. P values of <0.05 were set as statistically
significant.

Results

Anthropometrical and physical performance
characteristics of young skiers by age and sex are
presented in table. An increase in anthropometrical
parameters among male skiers was significantin age
groups 16,17, 18 and 19 as compared with previous
age groups. Among young female skiers, a significant
increase in the same characteristics was found only in
the 16-year-old and 17-year-old age group (p<0.01,
<0.001 accordingly) compared with the previous age
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group. There were no statistically significant changes in the dynamics of mean BMI in different male and fe-
male age groups. Among young male skiers, a remarkable increase of the training volume (hours/week) was
observed at the age of 16 years. In female skiers, no significant changes in the dynamics in training hours per
week were found up to 18 years, whereas a significant increase was observed at the age of 19 (p<0.05).

A significant improvement in the duration of the standardized exercise test performance (min) was
detected in 16 and 17 years age groups among young male skiers and in young female skiers of 18 years in
comparison with the previous age group. The dynamics of relative VO, ... (ml/kg/min) were not significant
in comparison across all age groups in young male skiers. However, we found a significant positive trend of
VO, (/min)aswellas VO, _, (ml/kg'min)inyoung female skiers in the 17-year-old age group compared with
the previous age group. The correlation analysis showed a statistically significant relationship between the
change of training volume and the change VO, car (ml/kg/min) among young male skiers (r=0.475, p=0.002),
but there was no significant relationship between these variables among female skiers (r=0.331; p>0.05).

Characteristics of young skiers by age and sex groups

Age group

ears) 15 years 16 years 17 years 18 years 19 years
Gender Male Female Male Female Male Female Male Female Male Female
Weight (kg) 63.248.0 | 584486 | 67.2484™ | 60.246.8" | 69.747.8"" | 60.6£52" | TL4+7.6™ | 623444 | T72.5482™ | 61.8+5.0
Height (cm) 176.8+5.5 | 167.1442 | 179.6+5.8™ | 169.5+4.3™ | 180.9+5.6™" | 168.5+3.8 | 181.8+5.5" |170.644.2 |181.6+63 |169.143.7
BMI (kg/m?) 202419 | 20.8+23 | 20.8£2.0 | 21.0£19 | 21318 | 21.3tL6 | 21.5£16 | 21415 | 21916 | 21.6£13
Training volume (h/week) 8.542.5 7.0+1.4 998277 | 7.6+24 11329 9.342.1 124429 10.9+2.9 13.4+2.9 13.243.1°
ET duration (min) 24.645.1 205834 | 27.082.2° | 2011£28 | 27.942.0° | 219424 | 28322 | 234177 | 293#16 | 24,6+2.6
10, (Vmin) 4.0+0.6 3.0+0,3 4405 | 31201 472067 | 34+03" | 48407 34403 5.00.5" 3.5+0.4
10, (mlkg/min) 64.146.1 539459 | 66.1+4.7 | 53.0£52 | 67.044.5 | 554455 | 67.6£57 | 549450 | 68.1£5.0 | 57.1#52

Note: *p<0.05; **p<0.01; ***p<0.001 compared to the previous age group; ET - exercise test.

Discussion

Competitive cross-country skiing belongs to the group of one of the most demanding sports events.
In the classification of sports activities by Mitchell et al. (2005), which is based on the type and intensity of
exercise performed, cross-country skiing is characterized as a sport with high dynamic and low to moderate
static (depending on technique of skiing) capacities. Regardless of very different length of race distances
— from sprint distances 1.5 km up to 50 km — all distances require high endurance performance (Stdggl et
al., 2010; Rusko et al.,, 2003).

Several longitudinal studies among skiers have referred to VO, increase with age and training during
the 15-20-year-old period. It has been estimated that the annual increase in VO, _ amounts to 1-3 ml/kg/
min/year (Rusko et al., 1992; Rusko, 2003), which is in accordance with our results of young male skiers. The
ability to tolerate a high percentage of VO, __ for a long term and to move efficiently are important factors
for achieving better results (Lucia et al., 2008). We observed the significant correlation between A training
volume and AVO, , (ml/kg/min), i.e.increase of training hours related positively to the dynamics of VO,
(ml/kg/min). Armstrong et al. (2011) concluded that young athletes can improve their VO, . through training,
but the association between current habitual physical activity and aerobic fitness needs to be proven.

Conclusion

Our study showed a moderate increase in VO, ... during the age period of 15 to 19 years, whereas the
increase was more pronounced in male than female skiers. VO, ..i of young cross-country skiers was associ-
ated with the age as well as with the training hours per week.
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