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1. Imie i nazwisko

Paulina Hebisz

2. Posiadane dyplomy, stopnie naukowe lub artystyczne — z podaniem podmiotu

nadajacego stopien, roku ich uzyskania oraz tytulu rozprawy doktorskiej.

2007 r. — dyplom magistra, Akademia Wychowania Fizycznego we Wroctawiu,
kierunek: Wychowanie Fizyczne, specjalno$¢: Organizacja czasu wolnego dzieci i
mtodziezy.

2007 r. — dyplom trenera klasy drugiej w kolarstwie, Wyzsza Szkota Kultury
Fizycznej i1 Turystyki im. Haliny Konopackiej w Pruszkowie, Wydziat Wychowania
Fizycznego 1 Turystyki

2011 r. — dyplom trenera klasy pierwszej w kolarstwie, Centralny O$rodek Sportu,

Warszawa

2011 r. — dyplom doktora nauk o kulturze fizycznej, Akademia Wychowania
Fizycznego we Wroclawiu, temat rozprawy doktorskiej: ,,Zmiany wydolnos$ci
beztlenowej kolarzy w efekcie treningu z powigkszong objetoscia oddechowej
przestrzeni martwej”, Promotor: prof. dr hab. Marek Zaton; Recenzenci: prof. dr hab.

n. med. Krzysztof Klukowski oraz prof. dr hab. Jan Chmura

3. Informacja o dotychczasowym zatrudnieniu w jednostkach naukowych lub

artystycznych.

2008 — 2013 wykltadowca, Wyzsza Szkota Edukacja w Sporcie, Instytut
Sportu 1 Rekreacji we Wroctawiu

2010-2011 asystent, Zaktad Fizjologii, Katedra Fizjologii i Biochemii,
Wydziat Wychowania Fizycznego, Akademia Wychowania
Fizycznego we Wroctawiu

2011 -2013 wyktadowca, Ogolnopolski  program  ksztatlcenia  kadr
sportowych, Szkota Wyzsza im. Pawta Wiodkowica w Ptocku

2011 — nadal adiunkt, Zaklad Fizjologii, Katedra Fizjologii 1 Biochemii,

Wydziat Wychowania Fizycznego, Akademia Wychowania
Fizycznego im. Polskich Olimpijczykow we Wroctawiu (do
2021 r. Akademia Wychowania Fizycznego we Wroctawiu)
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4. Omowienie osiggnieé, o ktorych mowa w art. 219 ust. 1 pkt. 2 ustawy z dnia 20
lipca 2018 r. Prawo o szkolnictwie wyzszym i nauce (Dz. U. z 2021 r. poz. 478 z
péin. zm.). Omowienie to winno dotyczy¢ merytorycznego ujecia
przedmiotowych osiagnie¢, jak i w sposob precyzyjny okresla¢ indywidualny
wklad w ich powstanie, w przypadku, gdy dane osiagniecie jest dzielem
wspolautorskim, z uwzglednieniem mozliwosci wskazywania dorobku z okresu

calej kariery zawodowe;j.

Jako osiagnigcie naukowe wskazuje cykl siedmiu oryginalnych prac naukowych
powiazanych tematycznie, opublikowanych po uzyskaniu stopnia doktora nauk o

kulturze fizycznej

4.1 Tytul osiagniecia naukowego

»Ocena skutecznos$ci autorskiego spolaryzowanego programu treningowego w

rozwoju wydolnosci fizycznej kolarzy”

4.2 Wykaz publikacji (autor/autorzy, tytul/tytuly publikacji, nazwa

wydawnictwa, rok wydania, numer wydania).

1. Hebisz Paulina, Hebisz Rafal, Zaton Marek, Ochmann Bartosz, Miclnik Natalia.
Concomitant application of sprint and high-intensity interval training on maximal

oxygen uptake and work output in well-trained cyclists. European Journal of Applied

Physiology, 2016; 116(8): 1495-1502. [IF = 2,130; MEiN = 35 pkt.]

Mo wkiad w powstanie tej pracy: udzial w tworzeniu koncepcji pracy, udzial w
przeprowadzeniu badan, graficzne przedstawienie wynikow badan, udzial w
przygotowaniu tekstu artykulu, udzial w wykonaniu korekty artykutu po otrzymaniu

recenzji, prowadzenie korespondencji z czasopismem.

2. Hebisz Paulina, Hebisz Rafat, Murawska-Cialowicz Eugenia, Zaton Marek. Changes

in exercise capacity and serum BDNF following long-term sprint interval training in
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well-trained cyclists. Applied Physiology Nutrition and Metabolism, 2019; 44(5): 499-
506. [IF = 2,522; MEIN = 70 pkt.]

Moj wkiad w powstanie tej pracy: udziat w prowadzeniu badan, udzial w zbieraniu
danych, udzial w zbieraniu piSmiennictwa, udziat w przygotowaniu tekstu artykutu,
udziat w wykonaniu korekty artykulu po otrzymaniu recenzji, prowadzenie

korespondencji z czasopismem.

3. Hebisz Rafal, Hebisz Paulina, Borkowski Jacek, Zaton Marek. Effects of concomitant
high-intensity interval training and sprint interval training on exercise capacity and
response to exercise- induced muscle damage in mountain bike cyclists with different
training backgrounds. Isokinetics and Exercise Science, 2019; 27(1): 21-29. [IF =
0,474; MEiIN = 40 pkt.]

Moj wktad w powstanie tej pracy: udzial w zaplanowaniu i wyborze metodyki badan,
udzial w interpretowaniu wynikéw 1 wycigganiu wnioskdw z badan, graficzne
przedstawienie wynikow badan, zbieranie pi§miennictwa, udziat w przygotowaniu
tekstu artykutlu, udziat w wykonaniu korekty artykulu po otrzymaniu recenzji,

prowadzenie korespondencji z czasopismem.

4. Hebisz Paulina, Hebisz Rafal. The effect of polarized training (SIT, HIIT, and ET) on
muscle thickness and anaerobic power in trained cyclists. International Journal of
Environmental Research and Public Health, 2021; 18(12): 6547. [IF = 4,614; MEIN =
140 pkt.]

Moj wktad w powstanie tej pracy: udziat w tworzeniu koncepcji pracy i postawieniu
hipotezy badawczej, udziat w zaplanowaniu badan 1 wyborze metodyki badan, udziat
w prowadzeniu badan, udzial w zbieraniu i przetwarzaniu danych, interpretowanie
wynikéw 1 wycigganie wnioskow z badan, udzialt w przygotowaniu tekstu artykutu,
zbieranie pismiennictwa, udziat w wykonaniu korekty po recenzji artykuhu,

prowadzenie korespondencji z czasopismem.

5. Hebisz Paulina, Hebisz Rafal, Jastrzgbska Agnieszka. An attempt to predict changes

in heart rate variability in the training intensification process among cyclists.
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International Journal of Environmental Research and Public Health, 2021; 18(14):
7636. [IF = 4,614; MEIN = 140 pkt.]

Moj wktad w powstanie tej pracy: udziat w tworzeniu koncepcji pracy i postawieniu
hipotezy badawczej, udzial w zaplanowaniu badan 1 wyborze metodyki badan, udziat
w przeprowadzeniu badan, udzial w przygotowaniu tekstu artykulu, zbieranie
piSmiennictwa, udziat w wykonaniu korekty po recenzji artykulu, prowadzenie

korespondencji z czasopismem.

6. Hebisz Rafal, Hebisz Paulina, Danek Natalia, Michalik Kamil, Zaton Marek.
Predicting changes in maximal oxygen uptake in response to polarized training (sprint
interval training, high-intensity interval training, and endurance training) in mountain
bike cyclists. Journal of Strength and Conditioning Research, 2022; 36(6): 1726-
1730. [IF = 3,200; MEiN = 100 pkt.]

Moj wklad w powstanie tej pracy: udzial w tworzeniu koncepcji pracy, udzial w
planowaniu i wyborze metodyki badan, udzial w przeprowadzeniu badan, zbieranie
danych, udziat w interpretowaniu wynikéw 1 wycigganiu wnioskow, graficzne
przedstawienie wynikow badan, udziat w wykonaniu korekty tekstu artykutu przed

wyslaniem do czasopisma.

7. Hebisz Paulina, Hebisz Rafal, Drelak Maja. Comparison of aerobic capacity changes
as a result of a polarized or block training program among trained mountain bike
cyclists. International Journal of Environmental Research and Public Health, 2021;

18(16): 8865. [IF = 4,614; MEiN = 140 pkt.]

Moj wktad w powstanie tej pracy: udziat w tworzeniu koncepcji pracy i postawieniu
hipotezy badawczej, udziat w zaplanowaniu badan 1 wyborze metodyki badan, udziat
w prowadzeniu badan, udzial w przygotowaniu tekstu artykutu, udzial w wykonaniu

korekty artykutu po otrzymaniu recenzji, prowadzenie korespondencji z czasopismem.

Wartos¢ wskaznikow bibliometrycznych jednotematycznego cyklu siedmiu prac

naukowych: IF = 22,168; MEiN = 665 pkt.
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4.3 Omowienie celu naukowego ww. prac i osiagnietych wynikow wraz z

omowieniem ich ewentualnego wykorzystania.

4.3.1 Wprowadzenie

W mojej pracy naukowej zajmowatam si¢ badaniem wptywu intensywnych treningéw
fizycznych na sprawnos¢ krazeniowo-oddechowg, wybrane parametry biochemiczne
uczestniczace w rozwoju adaptacji wysitkowych oraz wydolno$¢ fizyczng kolarzy gorskich.
Do udzialu w badaniach rekrutowalam sportowcow ze wzgledu na fakt, ze sama bytam
zawodniczka kolarstwa, ktore bylo moja pasja. W pracy badawczej skupiatam si¢ na analizie i
zrozumieniu procesu rozwoju wydolnosci fizycznej czynnych zawodnikow. Wybor
sportowcow do grup badanych byt dla mnie wazny, poniewaz osoby takie sa zdolne do
wykonania bardzo intensywnych wysitkow i1 nie odczuwaja Igku przed zmegczeniem bedacym
nastgpstwem skrajnie cigzkiej pracy. Wysoki poziom motywacji wsrdd sportowcoOw byt
gwarancja, ze uzyskane przeze mnie wyniki 1 wyciggane wnioski beda trafne, a programy
treningowe po dostosowaniu do potrzeb szerszych grup spoleczenstwa moga by¢
wykorzystane w promocji zdrowia poprzez udziat w kolarskich imprezach masowych dla
amatorow, a takze uczestnictwo w codziennej aktywnos$ci fizycznej przektadajacej si¢ na
poprawg zdrowia jednostki 1 zdrowia publicznego.

Wsrdd osob nietrenujacych lub aktywnych fizycznie czgsto ocenia si¢ wplyw
zastosowania jednego rodzaju treningu na rozwoj wydolnosci fizycznej. Od dawna badana
jest skutecznos¢ treningdw o duzej objetosci 1 niskiej intensywnosci (low intensity training —
LIT), okreslanych jako treningi wytrzymato$ciowe (Kindermann i wsp. 1979; Stoggl
1 Sperlich 2014). Podczas takich treningdw intensywnos$¢ jest utrzymywana ponizej 65%
maksymalnej mocy tlenowej 1 ponizej progu beztlenowego (Seiler 2010). Wielu autorow
dowodzi, ze sg to treningi skuteczne w rozwoju wydolnosci tlenowej, gdyz wplywaja na
poprawe maksymalnego poboru tlenu, pojemnosci minutowej serca, objetosci wyrzutowej
serca, aktywnos$ci enzymow tlenowych, liczby mitochondriow oraz gestosci sieci naczyn
kapilarnych (Holloszy 1 Coyle 1984; Gledhill i wsp. 1994; Pilegaard i wsp. 2003; Russel
1wsp. 2003; Goodman i1 wsp. 2005; Burgomaster i wsp. 2008; Roxburgh 1 wsp. 2014).
Niektorzy autorzy sugeruja wykonywanie treningdw wytrzymalosciowych z wyzsza
intensywnoscig, zblizong do progu beztlenowego (Kindermann i wsp. 1979; Davis i wsp.

1983; Seiler 1 Kjerland 2006; Seiler 2010; Stoggl 1 Sperlich 2014). Wykazano, Ze treningi
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o intensywnosci zblizonej do progu beztlenowego (threshold training — TT) wptywaja na
przesunigcie momentu osiggni¢cia progu beztlenowego w kierunku wyzszej mocy lub
predkosci oraz wptywaja na poprawe¢ wydolnosci tlenowej poprzez rozwdj maksymalnego
poboru tlenu (Helgerud i wsp. 2007; Meyer 1 wsp. 2007; Neal 1 wsp. 2013; Neufeld i wsp.
2019). Maksymalny pobor tlenu (VO,max) odzwierciedla sprawno$¢ krazeniowo-oddechows
w dostarczaniu tlenu do pracujacych migsni oraz zdolno$¢ ukladu migsniowego do
wykorzystania tlenu w produkcji energii podczas wysitku. Warto$¢ VO,max zalezy od wielu
determinantoéw, migdzy innymi od wentylacji minutowej ptuc, zdolnosci dyfuzyjnej ptuc,
pojemnosci minutowe] serca, stezenia hemoglobiny, gestosci sieci naczyn wilosowatych,
gestosci 1 objetosci mitochondridw, aktywnosci enzymoéw oksydacyjnych (Bassett i Howley
2000; Lucia i wsp. 2001; Warburton i Gledhill 2006; Le Meur i wsp. 2009). Wedlug Wagnera
(2006) najwazniejszym czynnikiem determinujacym VO,max jest pojemno$¢ minutowa serca
1 wielko$¢ przeptywu krwi w migéniach. Niemniej jednak wszystkie powyzsze czynniki sg ze
soba powigzane, jesli jeden z nich ulegnie zmianie, to caty tancuch transportu i ekstrakcji
tlenu réwniez si¢ zmienia (Wagner 2006; Warburton i Gledhill 2006; Wagner 2011).
Kolejnym treningiem, ktéry wptywa na rozwoj wydolnosci fizycznej jest trening
interwatowy. W dostepnym piSmiennictwie opisywane s3 dwa rodzaje treningdéw
interwatowych. Pierwszy rodzaj to sprinterski trening interwalowy (SIT), ktory sktada si¢ z
wysitkow trwajacych najczesciej ok. 10-30 sekund i wykonywany jest z maksymalng
intensywnoscia (wysitki typu ,,all-out”) (Burgomaster i wsp. 2006; Gibala 1 wsp. 2006; Inoue
1 wsp. 2012; Buchheit i Laursen 2013a, 2013b; Gist 1 wsp. 2014). Drugi rodzaj to trening
interwatowy z wysoka intensywnoscig (HIIT), ktory czesto obejmuje wysitki trwajace 1-4
minuty, wykonywane z wysokg intensywnoscig np. z mocg 90-120% maksymalnej mocy
tlenowej, okreslanej w tescie progresywnym (Perry 1 wsp. 2008; McKay i wsp. 2009; Thum
1 wsp. 2017). Wykazano, ze treningi interwatowe s3 rownie skuteczne w rozwoju VO,max,
jak treningi wytrzymatosciowe o niskiej lub umiarkowanej intensywnosci (Gist 1 wsp. 2014;
Zelt 1 wsp. 2014; Litleskare 1 wsp. 2020), a nawet bardziej skuteczne niz treningi
wytrzymaltosciowe (Helgerud i wsp. 2007). Porownujac treningi SIT oraz HIIT wykazano, ze
skuteczno$¢ obu treningdéw interwatowych w rozwijaniu VO,max jest podobna (Naves 1 wsp.
2018; Rosenblat i wsp. 2020; de Oliveira-Nunes i wsp. 2021). Podczas intensywnych
wysitkow, wykonywanych w treningach interwatowych, w duzym stopniu angazowane sg
przemiany beztlenowe, w ktorych adenozynotrifosforan (ATP) resyntetyzowany jest z
wykorzystaniem fosfokreatyny oraz glikogenu. W efekcie angazowania beztlenowych

przemian energetycznych dochodzi do naruszenia réwnowagi kwasowo-zasadowe;j,
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spowodowanej akumulacjg jonéw wodoru (H') imleczanu (La) we krwi (Baron 2001;
Impellizzeri i wsp. 2002; Desgorces i wsp. 2007; Impellizzeri i Marcora 2007; Macdermid
i Stannard 2012). Wykorzystanie fosfokreatyny oraz zaburzenie réwnowagi kwasowo-
zasadowej wptywa na intensyfikacje zmeczenia migsniowego (Harmer 1 wsp. 2000). Osoby
charakteryzujace si¢ wysokim poziomem wydolnosci beztlenowej przejawiajg zdolnos¢ do
wykonywania wysitku w warunkach wysokiej koncentracji jondow wodoru i mleczanu (Juel
1998; Hawley i Stepto 2001; Joyner i Coyle 2008; Bayati i wsp. 2011; Tschakert i Hofmann
2013).

W procesie treningowym rzadko stosuje si¢ tylko jeden rodzaj treningu, zazwyczaj
tworzy si¢ programy treningowe obejmujgce kilka rodzajéw treningdéw. Jednym z czgsto
opisywanych jest spolaryzowany program treningowy, ktory jest definiowany jako cykl
treningdw charakteryzujacy si¢ polaryzacja obcigzen treningowych, czyli sklada si¢ z
treningdw o niskiej intensywno$ci oraz z treningdw o wysokiej intensywnosci. Natomiast
treningi o intensywnos$ci zblizonej do progu beztlenowego nie sg stosowane (Neal i wsp.
2013), lub stanowig tylko 5-10% catkowitej objgtosci treningow (Stoggl i Sperlich 2014;
Rosenblat i wsp. 2019). Niektorzy autorzy dowodza, ze spolaryzowany program treningowy
pozwala na wigkszy rozw6j wydolnosci fizycznej (poprzez poprawe maksymalnego poboru
tlenu, maksymalnej mocy tlenowej, mocy osigganej na progu beztlenowym, czasu pracy
wykonywanej] do odmowy przez badanego), w poréwnaniu do innych programéw
skladajacych si¢ z treningdbw o niskiej 1 progowej intensywnosci, lub programéw
obejmujacych jeden rodzaj treningu: LIT, TT lub HIIT (Neal 1 wsp. 2013; Stoggl 1 Sperlich
2014; Carnes 1 Mahoney 2018). Issurin (2008) krytykuje koncepcje taczenia wielu rodzajow
treningu w jednym cyklu treningowym, gdyz sprzyja to rozwojowi nadmiernego stresu w
organizmie oraz uniemozliwia osiagniecie kilku szczytow wydolnosci w ciggu sezonu
startowego (Issurin 2008). Jednocze$nie autor ten proponuje stosowanie koncepcji treningu
blokowego, zgodnie z ktorag w cyklu treningowym trwajacym 2-4 tygodnie treningi
koncentrujg si¢ na ksztaltowaniu minimalnej liczby zdolnos$ci zwigzanych z przygotowaniem
zawodnika do zawodow sportowych, kolejne zdolnos$ci ksztaltowane sa w nastepujacych po
sobie 2-4 tygodniowych blokach (Issurin 2008; 2010; 2016). Na przyktad Solli 1 wsp. (2019)
oraz Rennestad 1 wsp (2014a; 2014b; 2018) w blokowym programie treningowym stosowali
naprzemiennie kilkunastodniowe bloki treningu LIT oraz kilku lub kilkunastodniowe bloki
treningdw o duzej intensywnosci (HIIT i/lub SIT). Rennestad i wsp. (2014b; 2018) wykazali
poporawe VO,max w efekcie stosowania blokowego programu treningowego. Solli 1 wsp.

(2019) stwierdzili, ze blokowy program byt rownie skuteczny w rozwoju wydolnosci
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fizycznej biegaczy narciarskich, jak klasyczna koncepcja Matveyeva (Matveyev 1965).
Klasyczna koncepcja Matveyeva jest popularng koncepcja planowania treningu sportowego,
ktéra opisuje uktad réznych rodzajow treningu w rocznym cyklu treningowym (Matveyev
1965). Zgodnie z ta koncepcja, w poczatkowej fazie przygotowania sportowca
wytrzymatosciowego do sezonu startowego zdecydowanie dominujg treningi typu LIT. Wraz
ze zblizaniem si¢ okresu startowego zmniejsza si¢ liczba i/lub objgtos$¢ treningdw typu LIT,
natomiast zwigksza si¢ objetosc¢ i liczba treningéw typu HIIT (Tennessen i wsp. 2015; Solli i
wsp. 2019).

Na podstawie analizy dostepnego piSmiennictwa zatozytam, ze spolaryzowany
program treningowy powinien by¢ najbardziej skuteczny w rozwoju wydolno$ci fizyczne;j.
Badane przez innych autoréw spolaryzowane programy treningowe obejmuja treningi
wytrzymalo$ciowe o niskiej intensywnosci (LIT) oraz treningi interwatlowe o wysokiej
intensywnosci (HIIT). Natomiast, moje nowatorskie podejscie do spolaryzowanego programu
treningowego polega na wzbogaceniu tej koncepcji o sprinterskie treningi interwatowe (SIT).
Na podstawie pi$miennictwa spodziewatam si¢, ze skutkiem wykonywania powtarzanych
wysitkéw sprinterskich bedzie powstanie adenozynomonofosforanu (AMP) (Sloth 1 wsp.
2013). AMP stymuluje kinaz¢ biatkowg aktywowana przez adenozynomonofosforan
(AMPK), ktora z kolei aktywuje szereg zmian prowadzacych do rozwoju VO;max (Sloth
1 wsp. 2013). Wérod tych zmian wymienia si¢ stymulacje biatka PGCl1-a, ktére wpltywa m.in.
na rozw6j naczyn kapilarnych w migs$niach oraz na biogenez¢ mitochondriow (Canto
1 Auwerx 2009; Gibala i wsp. 2009; Sloth 1 wsp. 2013). Uogolniajac mozna si¢ spodziewac,
ze wprowadzenie wysitkéw SIT do spolaryzowanych programéw treningowych spowoduje
szczegolny rozwoj zmian obwodowych (w obrgbie uktadu migsniowego), wplywajacych na
VO;max. Jednoczesnie stosowane beda treningi HIIT, ktore odbywaja si¢ przy nasilonym
przepltywie krwi przez serce (Evans 1985). Ponadto podczas treningdéw HIIT obserwuje si¢
spadek objetosci osocza krwi (Jabbour 1 wsp. 2018), a po treningach HIIT obserwuje si¢
mechanizm ekspansji osocza krwi (Warburton 1 wsp. 2004; Bloomer i1 Farney 2013).
Ekspansja osocza, zwigkszajac objetos¢ krwi, jest mechanizmem korzystnym, poniewaz
wplywa na zwigkszenie obj¢tosci wyrzutowej serca (Warburton i wsp. 2004). W zwiazku z
powyzszym mozna si¢ spodziewac, ze treningi HIIT rozwijajag w sposob szczeg6dlny centralne
(sercowe) mechanizmy determinujgce VO,max. Ponadto, zarowno wydzielanie AMP jak
1 ekspansja osocza krwi mogg nastepowa¢ w efekcie wykonywania treningdw LIT
(Warburton 1 wsp. 2004; Bloomer i Farney 2013; Chen i wsp. 2016). Spodziewatam si¢

réwniez, ze duza liczba silnych bodzcow treningowych (wchodzacych w sktad autorskiego
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spolaryzowanego programu treningowego) moze stymulowaé procesy krwiotwoércze, ktore
réwniez determinujg rozwoj VO,max (Nystoriak i Bhatnagar 2018). Sumowanie si¢ wyzej
opisanych mechanizméw moze prowadzi¢ do efektywnego rozwoju wydolnosci fizycznej,
gdyz tak skonstruowany program treningowy powinien kompleksowo wptywaé na
mechanizmy determinujace VO,max.

Ponadto, w stosowanym autorskim spolaryzowanym programie treningowym dla
kazdego uczestnika badan indywidualnie okreslano wielko$¢ obcigzenia w poszczegdlnych
treningach (czas trwania treningu, liczba powtérzen, liczba serii, czas zastosowanych przerw),
na podstawie obserwacji zmian zme¢czeniowych (zdolno$ci wykonywania pracy). Obcigzenia
treningowe, ktore zastosowalam w poszczegélnych badaniach zostaly ustalone z
uwzglednieniem wczesniej publikowanych wynikow badan. Wraz z  zespotem
wskazywali$my w nich zmiany parametréw fizjologicznych, biochemicznych oraz fizycznych
podczas treningdw. W szczegolnoSci opisywaliSmy zmiany obejmujace pobor tlenu,
wentylacje minutowa pluc, czegstos¢ skurczow serca, stezenie jondw wodoru i mleczanu we
krwi, moc mig$niowa oraz szybko$¢ restytucji poboru tlenu i czestosci skurczow serca po

kolejnych powtoérzeniach intensywnego wysitku.

4.3.2 Cel prezentowanego cyklu publikacji

W zwigzku z powyzszym przyjelam nastgpujace cele prezentowanego cyklu
publikacji:

e Ocena efektow autorskiego spolaryzowanego programu treningowego, na tle
innych programéw treningowych, w rozwoju wydolnosci fizycznej u kolarzy
gorskich.

e Ocena obcigzenia wewngtrznego (internal load) wsrdd —sportowcoOw
wykonujgcych autorski spolaryzowany program treningowy.

e Poszukiwanie czynnikbw na podstawie ktorych mozna przewidywac
skuteczno$¢ autorskiego spolaryzowanego programu treningowego w rozwoju

wydolnosci fizyczne;.

4.3.3 Omowienie realizacji celow w poszczegdlnych pracach

Artykul nr 1: Hebisz Paulina, Hebisz Rafal, Zaton Marek, Ochmann Bartosz, Mielnik
Natalia. Concomitant application of sprint and high-intensity interval training on maximal
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oxygen uptake and work output in well-trained cyclists. European Journal of Applied

Physiology, 2016; 116(8): 1495-1502. [IF = 2,130; MEiN = 35 pkt.]

Analiza dostgpnego pisSmiennictwa wskazuje, ze istotnym wskaznikiem okreslajacym
sprawnos$¢ krazeniowo-oddechowa i1 poziom wydolnosci fizycznej jest maksymalny pobor
tlenu (VO,max) (Wagner 2006; Warburton i Gledhill 2006; Wagner 2011). Dlatego celem
pierwszej pracy prezentowanego cyklu bylo porownanie wptywu dwoch programow
treningowych na warto§¢ VO,max i1 czynniki determinujgce VO,max (wentylacje minutowg
phluc 1 objetos¢ wyrzutowa serca) oraz na wartos¢ mocy maksymalnej osigganej w tescie
progresywnym u kolarzy gorskich. Pierwszy program byl autorskim spolaryzowanym
programem treningowym, ktéry obejmowat sprinterski trening interwatowy (SIT), trening
interwatowy o wysokiej intensywnosci (HIIT) oraz trening wytrzymatosciowy o statej
intensywnosci. Drugi program obejmowat treningi wytrzymato$ciowe o statej, umiarkowane;j
intensywnos$ci oraz treningi wytrzymato§ciowe o zmiennej intensywnosci — wysokiej,
umiarkowane;j i niskiej.

W badaniu uczestniczylo 26 kolarzy gorskich, w tym czlonkowie Polskiej Kadry
Narodowej. Wszyscy uczestnicy mieli co najmniej 5-letnie do$wiadczenie treningowe
i rywalizowali w kategoriach elita (zawodnicy powyzej 23 lat) i U23 (zawodnicy w wieku 19-
23 lata). Kolarze zostali losowo podzieleni na dwie grupy: grupe wykonujaca autorski
spolaryzowany program treningowy 1 grup¢ wykonujaca treningi wytrzymalosciowe.
Eksperymentalny program treningowy trwal 8 tygodni, realizowany byl w okresie
przygotowawczym (luty 1 marzec). Spolaryzowany program treningdw obejmowatl: a)
Sprinterski trening interwalowy (SIT), w ktorym kilkukrotnie powtarzano serie wysitkow
maksymalnych. Kazda seria skladata si¢ z czterech maksymalnych powtorzen trwajacych po
30 sekund (podobnych do testu Wingate), przedzielonych 90-sekundowymi, aktywnymi
przerwami. Serie byt oddzielone 20—40 minutami aktywnej przerwy, w ktérej wykonywano
wysitek z umiarkowang intensywnoscig (60—70% maksymalnej czestosci skurczoéw serca -
HRmax). Liczba serii wykonywanych przez kazdego uczestnika byta ustalana indywidualnie.
Serie powtarzano do momentu zmniejszenia wykonanej pracy o 5% w stosunku do
najwyzszej wartosci zarejestrowanej podczas sesji treningowej. Zgodnie z tym kryterium
uczestnicy wykonywali od 2 do 5 serii powtorzen. Czas trwania przerwy miedzy seriami byt
rowniez ustalany indywidualnie, uzalezniony byt od czasu powrotu do stanu wyjsciowego
(mierzonego po rozgrzewce) rownowagi kwasowo-zasadowej, ocenianej na podstawie

stezenia jonéw wodoru we krwi (pomiar z uzyciem analizatora RAPIDLab 348, Siemens
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Healthcare, Niemcy). b) Trening interwalowy o wysokiej intensywnosci (HIIT), sktadajacy
si¢ z wysitkow trwajacych po 4 minuty wykonywanych z intensywnosciag 90-100%
maksymalnej mocy tlenowej, przedzielonych 12 minutowym wysitkiem o umiarkowanej
intensywnosci (60-70% HRmax). Liczba powtérzen 4-minutowego wysitku o wysokiej
intensywnosci byla rowniez ustalana indywidualnie; sesja konczyta si¢, gdy wykonana praca
obnizata si¢ o 5% w stosunku do najwyzszej zarejestrowanej wartosci. Zgodnie z tym
kryterium uczestnicy wykonywali od 4 do 7 powtorzen. ¢) Trening wytrzymalo$ciowy ze
stalg intensywnoscia, wynoszaca 80-90% mocy osiggnigtej na progu przemian beztlenowych
(drugi prog wentylacyjny - VT2). Trening ten trwat od 2 do 3 godzin — kryterium kontynuacji
treningu bylo utrzymanie zalozonej intensywnosci. Program podzielony byl na cykle
treningowe. Kazdy cykl rozpoczynat si¢ treningiem SIT — pierwszego dnia, drugiego dnia
wykonywany byt trening HIIT, trzeciego dnia trening wytrzymatosciowy, a czwarty dzien byt
dniem odpoczynku. W kolejnym dniu uczestnicy rozpoczynali kolejny cykl ponownie od
treningu SIT.
Program treningdw, wykonywany w drugiej grupie badawczej, obejmowal: a) Trening
wytrzymalo$ciowy ze zmienng intensywnoscig, w ktérym naprzemiennie stosowano wysitki:
10-15 minut o wysokiej intensywnosci (100-110% mocy osiagnigtej na progu przemian
beztlenowych) i 10—-15 minut o niskiej i umiarkowanej intensywnosci (50 — 70% HRmax).
Trening ten trwal od 2 do 3 godzin, kryterium jego kontynuacji byto osigganie okre§lonej
mocy. b) Trening wytrzymalo$ciowy ze stala intensywno$cia wynoszaca 80-90% mocy
osiggnigtej na progu przemian beztlenowych. Trening ten trwat od 2 do 3 godzin — kryterium
kontynuacji treningu bylto utrzymanie zatozonej mocy. Pierwszego dnia wykonywano trening
wytrzymato§ciowy o zmiennej intensywnosci; drugiego dnia - trening wytrzymatosciowy o
statlej intensywnosci; trzeciego dnia — znowu trening wytrzymaloSciowy o stalej
intensywnosci; dzien czwarty byt dniem wolnym od treningu. Nast¢pnego dnia rozpoczynat
si¢ kolejny cykl treningowy, w ktérym znowu jako pierwszy wykonywano trening
wytrzymato§ciowy o zmiennej intensywnosci, itd. W obu badanych grupach intensywnos$¢
treningdéw byla mierzona podczas kazdej sesji treningowej z uzyciem czujnika czgstosci
skurczow serca RS800CX (Polar Electro, Oy, Finlandia) i rowerowego systemu pomiaru
mocy (PowerTap, Stany Zjednoczone).

Bezposrednio przed i1 po zakonczeniu eksperymentalnego okresu treningowego kazdy z
badanych kolarzy wykonat test progresywny, Test progresywny przeprowadzony zostal na
cykloergometrze Cyclus 2 (RBM Elektronik, Lipsk, Niemcy). Wysitek rozpoczynano przy
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obcigzeniu 50 W, co 3 minuty obcigzenie zwigkszano o kolejne 50 W, az do odmowy
kontynuacji pracy przez badanego. Podczas testu:

— Wyliczano prace catkowitg 1 okreslano warto$¢ maksymalnej mocy tlenowej (Pmax),
jako najwyzsza moc osiggni¢ta podczas testu.

— Rejestrowano parametry oddechowe, wykorzystujac analizator Quark (Cosmed,
Rzym, Wtochy). Mierzony byl pobor tlenu (VO,), maksymalny pobor tlenu (VO,max),
wydychany dwutlenek wegla (VCO,), wentylacja minutowa pluc (VE). Na podstawie
zapisu danych oddechowych wyznaczano prog przemian beztlenowych - drugi prog
wentylacyjny (VT2).

— Rejestrowano czestos¢ skurczow serca (HR) przy uzyciu sporttestera RS800CX.

— Szacowano obje¢tos¢ wyrzutowa serca (SV) wykorzystujac dwie niezalezne metody.
W pierwsze] metodzie opierano si¢ na zasadzie Ficka, w ktorej wykorzystano
warto$ci VO, i HR mierzone w ostatniej fazie testu progresywnego, kiedy osiagni¢to
VO,max, zgodnie z réwnaniem: SV=[(VO,max/16,22)/HR]*100 (Stringer i wsp.
1997). Druga metoda wykorzystywata pomiar ci$nienia tetniczego krwi, wykonywany
przy uzyciu ci$nieniomierza zegarowego (Riester, Niemcy), bezposrednio po
zakonczeniu testu progresywnego. SV oszacowano na podstawie roOwnania:
SV=101+(0,50*ci$nienie te¢tna)-(0,59*cisnienie rozkurczowe)-(0,61*wiek) (Jackson

1955).

Rezultaty 1 wnioski wynikajace z artykutlu nr 1

Na podstawie przeprowadzonych badan stwierdzono, ze po okresie treningdw w obu
badanych grupach kolarzy istotnie zwigkszyta si¢ ilos¢ wykonanej pracy w tescie
progresywnym. W grupie wykonujace]j autorski spolaryzowany porgram treningowy zakres
zmian byt wigkszy, niz w grupie wykonujacej treningi wytrzymatosciowe (wzrost
odpowiednio o 10,4% 1 4,2%). Tylko w grupie wykonujacej spolaryzowany program
treningowy istotnie zwigkszyla si¢ warto$¢: maksymalnego poboru tlenu, maksymalnej
wentylacji minutowej pluc oraz objetosci wyrzutowej serca, szacowane] zarOwno na
podstawie VO,, jak 1 cisnienia tg¢tniczego krwi. Analizujgc indywidualne zmiany
maksymalnego poboru tlenu w grupie wykonujacej trening spolaryzowany, warto$¢ ta
wzrosta u kazdego zawodnika. Wielko$¢ zmian wynosita od 4,7 do 13,8 ml-kg'l-min'l. W

grupie tej warto§¢ VO,max poprawita si¢ $rednio o 8,7 ml-kg'1 ‘min’', czyli 15%. Natomiast w
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grupie wykonujacej treningi wytrzymato$ciowe nie uzyskano istotnych zmian maksymalnego
poboru tlenu.

Przeprowadzone badania dowodza, ze autorski spolaryzowany program treningowy
jest bardziej skuteczny w rozwoju VO,max i1 poprawie wydolnos$ci fizycznej u kolarzy, niz
program sktadajacy si¢ z treningdéw wytrzymatosciowych. Jest prawdopodobne, ze tak
znaczna zmiana VO,max, wentylacji minutowej ptuc, objetosci wyrzutowej serca oraz ilosci
wykonanej pracy u osob z kilkuletnim dos$wiadczeniem sportowym jest wynikiem
zastosowania dwoch rodzajow protokotdw treningu interwatowego: SIT i1 HIIT, oraz

indywidualnego dostosowania obcigzenia treningowego do kazdego zawodnika.

Artykul nr 2: Hebisz Paulina, Hebisz Rafal, Murawska-Cialowicz Eugenia, Zaton Marek.
Changes in exercise capacity and serum BDNF following long-term sprint interval training in
well-trained cyclists. Applied Physiology Nutrition and Metabolism, 2019; 44(5): 499-506.
[IF = 2,522; MEIiN = 70 pkt.]

Artykul numer 2 to efekt kontynuacji badan oceniajacych skuteczno$¢ autorskiego
spolaryzowanego programu treningowego w rozwoju wydolnosci fizycznej kolarzy gorskich.
Glownym celem badan opisanych w tym artykule byla ocena ostrych zmian stezenia
neurotroficznego czynnika pochodzenia mézgowego (BDNF) oraz stezenia srodbtonkowego
czynnika wzrostu naczyn (VEGF-A) w surowicy: przed, podczas i po sesji sprinterskiego
treningu interwatowego (SIT). Ponadto, celem byla ocena dlugotrwatych zmian st¢zenia
BDNF 1 VEGF-A w efekcie stosowania 2 1 6 miesigcznego programu treningowego. BDNF
jest jednym z czynnikow wspot-wptywajacych na sprawno$¢ uktadu nerwowego (Schmolesky
1 wsp. 2013), przypisuje si¢ mu role w tworzeniu i rozwoju neurondéw oraz w powstawaniu
1 poprawie sprawnosci synaps (Bos 1 wsp. 2014). Czynnik BDNF wplywa nie tylko na
sprawnos$¢ uktadu nerwowego, wykazano ze odgrywa istotne znaczenie w regeneracji migsni
(Clow 1 Jasmin 2010) oraz w tworzeniu kanalikow angiogennych poprzez wptyw na ekspresje
czynnika VEGF-A (Usui i wsp. 2014). Uwaza si¢, ze VEGF-A i BDNF dzialaja jednocze$nie,
indukujac angiogeneze — proces tworzenia nowych naczyn wlosowatych (Long i wsp. 2013).
VEGF-A jest réwniez czynnikiem silnie zaangazowanym Ww procesy Neurorozwojowe
1 neurodegeneracyjne (Wahl 1 wsp. 2011). Wskazane wyzej mechanizmy z pewnoscig maja
istotne znaczenie w rozwoju wydolnosci i sprawnosci fizyczne;.

W badaniach uczestniczyli kolarze gorscy, ktorzy zostali losowo podzieleni na dwie

grupy badane. Podczas 6-cio miesigcznego eksperymentu pierwsza grupa realizowata autorski
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spolaryzowany program treningowy, ktory obejmowat sprinterski trening interwatowy (SIT),
trening interwatowy o wysokiej intensywnosci (HIIT), oraz trening wytrzymato$ciowy o
stalej intensywnos$ci. Natomiast zawodnicy drugiej grupy - poréwnawczej realizowali
program treningowy sktadajacy si¢ treningdw interwatowych o wysokiej intensywnosci oraz
treningdw wytrzymatosciowych o statej intensywnosci. Przebieg poszczegolnych treningow
byl podobny do treningdéw opisanych w artykule nr 1.

Bezposrednio przed eksperymentem oraz po 2 i 6 miesigcach trwania eksperymentu
wykonano badania laboratoryjne. Pierwszego dnia badan wykonywany byt test progresywny,
a po dniu przerwy sprinterski trening interwatowy. Test progresywny miat taka sama
procedure jak w artykule nr 1. Podczas testu oceniano maksymalng moc tlenowa oraz
rejestrowano parametry oddechowe. Sprinterski trening interwalowy wykonano na
cykloergometrze Cyclus 2 (RBM elektronik-automation GmbH, Niemcy). Zostal on
poprzedzony rozgrzewka trwajaca 20 minut o niskiej i umiarkowanej intensywnosci. Po
rozgrzewce stosowano przerwe aktywna o niskiej intensywnosci trwajaca 10 minut. Nastgpnie
wykonywane byly 3 serie sprinterskich wysitkéw interwatowych. W kazdej serii wykonano
4 maksymalne wysitki trwajace po 30 sekund. Pomiedzy wysitkami stosowano przerwe
aktywna, trwajaca 90 sekund. Pomigdzy seriami stosowano 25-40 minut przerwy aktywnej z
niska i umiarkowang intensywnoscia. Podczas kazdego powtorzenia mierzono moc, obliczano
ilos¢ wykonanej pracy, rejestrowano parametry oddechowe wg podobnej procedury, jak w
tescie progresywnym. Przed sprinterskim treningiem interwatlowym, nastgpnie 10 minut po
pierwszej serii powtdrzen, oraz 10 i 60 minut po ostatniej serii powtorzen, pobierano krew z
zyty odtokciowej, w celu wykonania oznaczen stezenia BDNF (Cloud-Clone Corp, USA) oraz

VEGF-A (Diaclone SAS, Francja).

Rezultaty 1 wnioski wynikajace z artykutu nr 2

Na podstawie przeprowadzonych badan wykazano, ze podczas sprinterskiego treningu
interwatowego, wykonywanego przed eksperymentem, nie zaobserwowano biezacych zmian
stezenia BDNF, w Zadnej z badanych grup, natomiast st¢zenie VEGF-A wzrosto po pierwszej
i ostatniej serii powtorzen, w poréwnaniu do wartosci spoczynkowej zmierzonej przed
treningiem, tylko w grupie realizujacej autorski spolaryzowany program treningowy.
Natomiast w badaniach przeprowadzonych po 2 i 6 miesigcach wykonywania treningu, tylko
w grupie realizujgcej program spolaryzowany, stezenie BDNF i1 VEGF-A w surowicy krwi
obnizyto si¢ 10 minut po pierwszej serii powtdrzen oraz 60 minut po ostatniej serii powtorzen

w porownaniu do warto$ci spoczynkowej, zmierzonej przed treningiem. Uzyskane wyniki
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moga wskazywac na poprawe sprawnosci wykorzystania BDNF oraz VEGF-A po wysitkach
z maksymalng intensywnoscig. Jednocze$nie prezentowane wyniki dowodza, ze
wykorzystanie BDNF oraz VEGF-A moze by¢ szybsze po jednej serii wysitkow
sprinterskich, niz po calym treningu sktadajgcym si¢ z 3 serii. Poniewaz obnizenie st¢zenia
BDNF ponizej wartosci wyjsciowej zaobserwowano juz w 10. minucie po zakonczeniu
pierwszej serii maksymalnych wysitkow, natomiast po catym treningu obnizone st¢zenie
BDNF ponizej warto$ci spoczynkowej wykazali§my dopiero w 60. minucie restytucji. Jedng z
mozliwych rél wykorzystania BDNF jest naprawa uszkodzen mig¢sni wywotanych wysitkiem
fizycznym. Wiekszo$¢ krazacego BDNF jest magazynowana w phytkach krwi, gdzie znajduja
si¢ rowniez inne czynniki wzrostu, w tym naskorkowy czynnik wzrostu (EGF) (Oka i Orth
1983), czynnik wzrostu $rdédblonka naczyniowego (VEGF) (Tischer i wsp. 1989) oraz
ptytkopochodny czynnik wzrostu (PDGF). Na podstawie dostgpnego pismiennictwa oraz
wynikéw przedstawionych w artykule nr 2 mozna przypuszczaé, ze obnizenie st¢zenia BDNF
i VEGF-A po maksymalnym wysitku wskazuje na jego wykorzystanie w regeneracji
uszkodzonych mieéni szkieletowych. Prawdopodobnie jest to efekt regularnie wykonywanego
sprinterskiego treningu interwatowego, poniewaz poziom BDNF przed eksperymentem po
serii maksymalnych sprintow nie zmienit si¢, podczas gdy poziom VEGF-A 10 minut po
pierwszej 1 trzeciej serii istotnie zwickszyl si¢ w grupie realizujacej trening spolaryzowany.

Spoczynkowe warto$ci stgzenia BDNF nie zmienity si¢ w zadnej z badanych grup. Na
podstawie danych z piSmiennictwa spodziewaliSmy si¢ wzrostu spoczynkowych wartosci
stezenia BDNF w surowicy krwi, w efekcie zastosowania programoéw treningowych
(Murawska-Ciatowicz 1 wsp. 2015; Angelucci 1 wsp. 2016; Church i wsp. 2016). Brak zmian
spoczynkowego stezenia BDNF, w prowadzonych badaniach, moze wynika¢ z relatywnie
wysokich warto$ci spoczynkowych BDNF, jakie zmierzono podczas badan przed
eksperymentem ws$rod uczestnikow. Poziom ten miescit si¢ w zakresie normy fizjologiczne;,
ale w poréwnaniu do uczestnikéw innych badan byl wyzszy (Knaepen 1 wsp. 2010). Na tej
podstawie mozna przypuszczac, ze istnieja mechanizmy regulujace spoczynkowy poziom
BDNF 1 jego zmiana poprzez regularny trening jest mozliwa tylko w okreslonych
indywidualnie granicach.

Tylko w grupie realizujgcej autorski spolaryzowany program treningowy
spoczynkowe stezenie VEGF-A byto istotnie wyzsze w badaniach wykonanych po 2. 1 6.
miesigcu treningu w porownaniu do wartosci zmierzonej przed eksperymentem. Wobec tego
intensyfikacja treningu, polegajaca na wprowadzeniu autorskiego spolaryzowanego programu

treningowego jest skuteczna w stymulowaniu wzrostu st¢zenia VEGF-A. Ponadto
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dowiedlismy, ze uzyskane zmiany stezenia VEGF-A mogg si¢ utrzymywac przez 6 miesiecy,
jesli nadal wykonuje si¢ treningi spolaryzowane. Zwigkszenie st¢zenia VEGF-A jest
korzystne poniewaz m. in. wplywa na proces tworzenia nowych naczyn wtosowatych, tym

samym poprawia sprawnos¢ krgzeniowo-oddechowg 1 poziom wydolnosci fizyczne;.

Artykul nr 3: Hebisz Rafal, Hebisz Paulina, Borkowski Jacek, Zaton Marek. Effects of
concomitant high-intensity interval training and sprint interval training on exercise capacity
and response to exercise- induced muscle damage in mountain bike cyclists with different
training backgrounds. Isokinetics and Exercise Science, 2019; 27(1): 21-29. [IF = 0,474,
MEIiN = 40 pkt.]

W badaniach opisanych w artykule nr 3 podjetam probe oceny zmian st¢zenia
mioglobiny (Mb) 1 aktywnoS$ci kinazy kreatynowej (CK) w krwi podczas wielokrotnie
powtarzanego ci¢zkiego wysitku (byl nim sprinterski trening interwatowy). Ponadto,
zamierzalam ustali¢, czy adaptacja do cigzkich treningdw (zawartych w autorskim
spolaryzowanym programie treningowym) zmieni odpowiedZ organizmu na pojedynczy
sprinterski trening interwalowy, mierzona jako zmiany st¢zenia Mb i zmiany aktywnosci CK.
Na podstawie analizy dostepnego pisSmiennictwa wiadomo, ze intensywny trening (mi¢dzy
innymi trening interwatowy, w ktérym generowana jest wysoka moc mig$niowa) wplywa na
powstawanie mikrouszkodzen mig$ni szkieletowych (Newham 1 wsp. 1986; Abbiss i Laursen
2005; Brancaccio 1 wsp. 2010). Dodatkowo praca migéniowa o charakterze izometrycznym
1 ekscentrycznym intensyfikuje powstawanie mikrouszkodzen migsni szkieletowych
(Newham 1 wsp. 1986; Carpes 1 wsp. 2007; Prins 1 wsp. 2007). PotwierdziliSmy to réwniez w
pdzniejszych badaniach wlasnych przeprowadzonych podczas wyscigéw kolarskich (Hebisz
iwsp. 2022). Jednak z drugiej strony uszkodzenia wldkien mig$niowych sa bodZcem
stymulujgcym regeneracje¢ i rozwdj adaptacji wysitkowej (Banfi 1 wsp; 2012). Jedng z miar
uszkodzen wiokien migsniowych jest wzrost stezenia mioglobiny 1 aktywnosci kinazy
kreatynowej w krwi (Noakes 1987; Brancaccio i wsp. 2010). W zwigzku z powyzszym w
badaniach opisanych w artykule nr 3 chcieliSmy okresli¢, czy na stopien uszkodzenia migs$ni
przez pojedynczy sprinterski trening interwatowy, moze wplywaé¢ rodzaj wczesniej
stosowanych programow treningowych (doswiadczenie treningowe).

W badaniach uczestniczyli kolarze gorscy, ktérzy zostali podzieleni na trzy grupy.
Dwie grupy realizowaty autorski spolaryzowany program treningowy (pierwsza grupa

spolaryzowana i druga grupa spolaryzowana), natomiast trzecia grupa realizowala program
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treningdw wytrzymatosciowych. Podczas dokonywania podziatu na grupy uwzgledniono
charakterystyke treningoéw, ktore kolarze wykonywali 3 miesigce przed rozpoczgciem
eksperymentu (dane zebrane z zapisOw treningowych z wykorzystaniem systemu Garmin
Connect, Ltd., USA) oraz charakterystyke treningdbw wykonywanych podczas eksperymentu.
Zawodnicy pierwszej grupy spolaryzowanej przed eksperymentem wykonywali glownie
treningi wytrzymatosciowe o duzej objetosci i umiarkowanej intensywnosci, tygodniowa
objetos¢ treningdéw wynosita 14-16 godzin. Zawodnicy drugiej grupy spolaryzowanej przed
eksperymentem wykonywali treningi o mniejszej objetosci 1 wigkszej intensywnosci,
tygodniowy czas treningdw wynosit 7-9 godzin. Podczas 8-tygodniowego eksperymentu
zawodnicy obu grup spolaryzowanych realizowali autorski spolaryzowany program
treningowy, ktory obejmowat sprinterski trening interwalowy (SIT), trening interwatowy o
wysokiej intensywno$ci (HIIT) oraz trening wytrzymato$ciowy o stalej intensywnosci.
Zawodnicy grupy trzeciej (wytrzymatosciowej) przed eksperymentem wykonywali gtdéwnie
treningi wytrzymatosciowe o duzej objetosci 1 umiarkowanej intensywnosci, kontynuowali je
nie wprowadzajac zadnych zmian podczas eksperymentu.

Bezposrednio przed i po eksperymencie wykonano badania laboratoryjne: test
progresywny oraz sprinterski trening interwatowy. Procedura zastosowana podczas testow
laboratoryjnych byla taka sama jak w poprzednich artykutach. Podczas testow obliczano ilo$¢
wykonanej pracy, mierzono moc i pobor tlenu. Stezenie mioglobiny (EIAab, Stany
Zjednoczone) i aktywnos$¢ kinazy kreatynowej (Biosystems, Hiszpania) mierzono w surowicy
krwi pobieranej 20 minut przed rozpoczgciem i1 60 minut po zakonczeniu sprinterskiego
treningu interwatowego. Dodatkowo wyliczano r6znice pomigdzy powysitkowym
1 spoczynkowym stgzeniem mioglobiny AMb oraz aktywnos$cig kinazy kreatynowej ACK w
surowicy. Aktywno$¢ CK jest zazwyczaj oceniana od 1. do 72. godziny po wysitku, a
szczytowe warto$ci obserwuje si¢ miedzy 8. a 24. godzing po wysitku (Staubli i wsp. 1985;
Hurley 1 wsp. 1995; Serrdo i wsp. 2003; Baird 1 wsp. 2012). Stezenie Mb najczesciej ocenia
si¢ 1 godzing po wysitku 1 wtasnie wtedy powinno osiggnac szczytowa wartos¢ (Driessen-
Kletter 1 wsp. 1990; Brancaccio 1 wsp. 2010). W opisywanym badaniu probki krwi pobrano
60 minut po teScie ze wzgledow logistycznych, poniewaz uczestnicy badan po zakonczeniu
testu wracali do miejsca zamieszkania. Tak wczesny pomiar CK po wysitku moze nie
odzwierciedla¢ rzeczywistego stanu zmeczenia. Jednak w badaniach Totsuka 1 wsp. (2002)
istotny wzrost aktywnos$ci CK wystgpit 3 godziny po wysitku, w badaniach Park i Lee (2015)
2 godziny po wysitku, natomiast Koutedakis 1 wsp. (1993) oraz Brancaccio i wsp. (2010)
wykazali, Ze nawet 5 min po maksymalnym te$cie wysitkowym aktywno$¢ CK we krwi
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istotnie wzrosta. W zwigzku z powyzszymi doniesieniami podjetam probe oceny aktywnosci

CK w probkach krwi pobranych 60 minut po sprinterskim treningu interwatowym.

Rezultaty 1 wnioski wynikajace z artykutu nr 3

Na podstawie przeprowadzonego eksperymentu potwierdzono, ze wielokrotnie
powtarzany wysitek sprinterski wptywa na zwigkszenie stgzenia Mb i aktywnos$ci CK we
krwi. Ponadto wykazano, ze autorski spolaryzowany program treningowy wptynat na zmiany
stezenia Mb (AMD) 1 aktywnos$ci CK (ACK) obserwowane w efekcie wykonania SIT. Kolarze
grupy spolaryzowanej, ktorzy przed eksperymentem trenowali z wigksza objetoscia osiggneli
mniejsze AMb i ACK po eksperymencie w poréwnaniu do badan wyj$ciowych. Natomiast
kolarze grupy spolaryzowanej, ktorzy przed eksperymentem trenowali z mniejsza objetoscia
osiggneli wigksze AMb 1 ACK. Jednocze$nie ustalono, ze tylko grupa spolaryzowana
przygotowana uprzednio treningiem o duzej objetosci istotnie zwiekszyla ilo$¢ pracy
wykonanej w SIT.
Powyzsze dane pokazuja, ze przygotowanie organizmu poprzez treningi o duzej objetosci ma
wpltyw na efekty autorskiego spolaryzowanego programu treningowego. Niedostateczne
przygotowanie treningami o duzej objetosci sprawia, ze odpornos¢ migéni na uszkodzenia

oraz zdolno$¢ do wykonywania intensywnej pracy nie rozwijaja sie.

Artykul nr 4: Hebisz Paulina, Hebisz Rafat. The effect of polarized training (SIT, HIIT, and
ET) on muscle thickness and anaerobic power in trained cyclists. International Journal of

Environmental Research and Public Health, 2021; 18(12): 6547. [IF = 4,614; MEIN = 140
pkt.]

W badaniach opisanych w artykule nr 4 oceniano wptyw zastosowania autorskiego
spolaryzowanego programu treningowego na przekrdj poprzeczny mig¢sni uda oraz wartos¢
maksymalnej mocy beztlenowej. Wedtug niektorych autorow rozwojowi maksymalnej mocy
beztlenowej towarzyszy zwigkszenie przekroju poprzecznego migsni, a w konsekwencji
zwigkszenie masy mig$niowej (Naimo 1 wsp. 2015; Rosenblat i wsp. 2020). Duzy odsetek
masy mig$niowej w skladzie ciata nie jest korzystny podczas wykonywania niektdrych
wysitkow. Na przyktad w kolarstwie gorskim znaczna liczba treningdw oraz rywalizacja
odbywa si¢ w terenie gorskim lub pagoérkowatym, wigc masa ciata ma wpltyw na sposdb
i predkos¢ przemieszczania si¢ (Impellizzeri 1 wsp. 2005). Wielu autoréw dowodzi, ze

treningi interwalowe wplywaja na poprawe¢ mocy szczytowej i $redniej podczas krotkich
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maksymalnych wysitkdw oraz na przyrost masy migsniowej 1 zwiekszenie przekroju migsni,
zard6wno wsrdd osob nietrenujacych jak i trenujacych (Roth i wsp. 2001; Hakkinen 1 wsp.
2003; Hudelmaier i wsp. 2010; Estes i wsp. 2017). W zwigzku z powyzszym kolejnym celem
prowadzonych przeze mnie badan bylo sprawdzenie, czy zastosowanie autorskiego
spolaryzowanego programu treningowego, obejmujacego treningi interwatowe, wptywa na
zmiany przekroju migénia czworoglowego uda.

W badaniach uczestniczyli kolarze goérscy, ktorych losowo podzielono na dwie grupy.
Podczas 9-tygodniowego eksperymentu jedna grupa kolarzy realizowata autorski
spolaryzowany program treningowy obejmujacy sprinterski trening interwatowy (SIT),
trening interwatowy o wysokiej intensywnosci (HIIT) oraz trening wytrzymatosciowy o statej
intensywnos$ci. Natomiast druga grupa kolarzy (grupa porownawcza) wykonywala treningi
HIIT oraz treningi wytrzymato$ciowe o statej i zmiennej intensywnosci.

Bezposrednio przed i1 po =zakonczeniu eksperymentu przeprowadzono badania
laboratoryjne, ktére obejmowaty ultrasonograficzny pomiar przekroju migéni uda oraz
wykonanie sprinterskiego treningu interwalowego. Pomiar przekroju migsni uda wykonywano
przed rozpoczeciem sprinterskiego treningu interwalowego. Uczestnikom mierzono mase
ciala oraz przekrdj mieénia czworoglowego uda wykorzystujac ultrasonograf BodyMetrix ™
System (Hosand Technologies, Wiochy) z sonda pracujaca w trybie A z czestotliwoscia
2,5MHz. Przekrdj migsnia czworogtowego uda prawego i lewego zmierzono po wykonaniu
zdjecia ultrasonograficznego wzdluz przebiegu migsnia prostego uda. W analizie danych
postuzono si¢ taczng grubosciag warstwy mig$niowe] wzdluz dokonanego pomiaru, ktdrag
stanowita warstwa migsnia prostego uda oraz warstwa mie$nia obszernego posredniego. Do
analizy wykorzystano miejsce, w ktorym przekr6j migsnia byl najwiekszy. Sprinterski trening
interwatowy wykonano zgodnie z procedura opisang w poczatkowych artykutach

prezentowanego cyklu.

Rezultaty 1 wnioski wynikajace z artykutu nr 4

Przeprowadzone badania wykazaty, ze po 9-tygodniowym procesie treningowym w
grupie realizujgcej autorski spolaryzowany program treningowy zmniejszyt si¢ przekrdj
migs$nia uda prawego i lewego. Ponadto, zaobserwowano zwigkszenie warto§ci mocy Sredniej
we wszystkich powtdérzeniach wykonanych podczas sprinterskiego treningu interwatowego.
Natomiast w grupie pordwnawcze] nie zaobserwowano istotnych zmian w przekrojach

mig$niowych oraz w warto$ciach mocy szczytowej i/lub $rednie;.
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Zmniejszenie si¢ przekroju migsnia czworogtowego uda uwazam za szczegolnie
istotny efekt moich badan, poniewaz jest efektem odmiennym w poréwnaniu do wynikéw
badan innych autoréw. Autorzy ci dowodza ze podjecie regularnej aktywnosci fizycznej o
charakterze sitowym (Roth 1 wsp. 2001; Hakkinen 1 wsp. 2003; Putman i1 wsp. 2004;
Hudelmaier 1 wsp. 2010), wytrzymatosciowym-tlenowym (Konopka i1 Harber 2014; Harber
iwsp. 2012) a takze interwatowym (Bazyler i wsp. 2015; Naimo 1 wsp. 2015; Estes i wsp.
2017) wplywa na zwigkszenie przekroju poprzecznego migsni. Uczestnikami badan w wyzej
cytowanych artykutach byly osoby nietrenujgce. Natomiast w badaniach wtasnych opisanych
w artykule nr 4 uczestniczyli kolarze, ktorzy systematycznie trenowali przed rozpoczgciem
eksperymentu. Wobec tego wyjsciowy poziom aktywnos$ci fizycznej moze by¢ czynnikiem
wyjasniajacym réznice pomiedzy wynikami badan. Niektorzy autorzy dowodza, ze
zastosowanie programow treningowych sktadajacych si¢ z treningdw sitowych i treningow
wytrzymalo$ciowych nie prowadzi do powiekszenia si¢ przekroju poprzecznego mig$ni wsrod
sportowcow (Coffey 1 wsp. 2006; Losnegard i wsp. 2011; Murach i Bagley 2016). W naszym
eksperymencie nie wykorzystywaliSmy treningu sitowego, ale silnym czynnikiem
stymulujacym rozwoj przekroju migséni, tak ja sugerowano (Bazyler i wsp. 2015; Naimo
iwsp. 2015; Estes 1 wsp. 2017), mogt by¢ trening SIT. Wykonywanie wysitkéw
wytrzymato$ciowych moglo by¢ czynnikiem, ktéory zahamowal rozwdj przekroju
poprzecznego uda, ktérego spodziewaliSmy si¢ w efekcie intensywnych treningdow SIT wsrod
kolarzy gorskich. Co wigcej, zaobserwowaliSmy spadek przekroju poprzecznego migsni
czworoglowych uda konczyny dolnej prawej i1 lewej w grupie realizujacej autorski
spolaryzowany program treningowy, co jest efektem zaskakujgcym. Moze to roéwniez
wynika¢ z odmiennego protokotu treningu SIT, w poréwnaniu do innych badan, w ktérych
pomigdzy maksymalnymi wysitkami stosowano dtuzsze przerwy, np. 4 minutowe (Naimo
iwsp. 2015). Campos 1 wsp. (2002) wykazali, ze stosowanie krotkiej przerwy migdzy
powtorzeniami, ktora nie pozwala na optymalny wypoczynek, oraz wykonywanie duzej
liczby powtdrzen podczas treningu silowego nie wplywa na zmiany przekroju migsni. Inni
autorzy wykazali, Zze zastosowanie podczas treningu sitowego lub podczas treningu
interwalowego przerwy, ktora nie pozwala na optymalny wypoczynek pomigdzy kolejnymi
powtorzeniami, wplywa na zmniejszenie przekroju mig¢sniowego (Souza i wsp. 2011; 2014).
W badaniach Souza i wsp. (2011; 2014) zastosowanie krotkiej przerwy wypoczynkowej
skutkowato zwiekszeniem ekspresji katabolicznego biatka zaniku migsni F-box (MAFbx)

oraz zmniejszeniem poziomu biatek anabolicznych takich jak miogenne czynniki regulacyjne
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(MyoD, miogenina) oraz insulinopodobny czynnik wzrostu (IGF-I). Ten mechanizm moze
wyjasnia¢ uzyskane przez nas wyniki.

Uzyskane w naszym badaniu zmiany przekroju poprzecznego mig¢sni czworoglowych
uda mogg mie¢ znaczenie w rywalizacji sportowej poniewaz liczni autorzy wskazuja, ze
wyniki sportowe, miedzy innymi w kolarstwie gorskim, sa skorelowane z mocg uzyskiwang
na progach metabolicznych i mocg maksymalng generowang przez mig¢snie podczas testow
progresywnych wyrazong w W/kg masy ciata (Impellizzeri i wsp. 2005). Co wigcej Inoue
1wsp. (2012) oraz Bejder i wsp. (2019) dowiedli, ze $rednia moc (wyrazona w W/kg) w
sprinterskim treningu (tescie) interwatowym, sktadajagcym si¢ z 4 sprintow trwajacych po 30
sekund, silnie koreluje z wynikami sportowymi kolarzy goérskich. Wyniki zaprezentowane w
artykule nr 4 dowiodly wzrostu $redniej mocy beztlenowej w sprinterskim treningu
interwatlowym. Powyzsze efekty uzyskano przy braku istotnych zmian masy ciata
1 zmniejszeniu przekroju mie$ni czworogtowych uda. Dlatego efekty te moga korzystnie
wptyna¢ na wyniki sportowe w kolarstwie gorskim, gdyz prowadzg do poprawy mocy

mie$niowej rozpatrywanej w W/kg masy ciala.

Artykul nr 5: Hebisz Paulina, Hebisz Rafal, Jastrzebska Agnieszka. An attempt to predict
changes in heart rate variability in the training intensification process among cyclists.
International Journal of Environmental Research and Public Health, 2021; 18(14): 7636. [IF
=4,614; MEIN = 140 pkt.]

W artykule nr 5 spolaryzowany program treningowy okresliliSmy intensyfikacja
treningu. Okreslenie to zostato uzyte na podstawie doniesien naukowych innych autorow,
wykazujacych Ze intensyfikacja treningu polega na kilkutygodniowym, a nawet
kilkumiesigcznym skroceniu czasu trwania i czgstoSci wykonywania treningdw LIT oraz
zwiekszeniu czasu trwania 1 czgsto$ci stosowania treningdw HIIT (Seiler 1 wsp. 2010). Sa
autorzy, ktorzy uwazaja, ze zwigkszenie intensywno$ci procesu treningowego wigze si¢ z
ryzykiem przecigzenia, przetrenowania. Z drugiej strony uwaza si¢, ze zwigkszenie
intensywnos$ci trenowania jest skuteczne w rozwoju wydolnosci krazeniowo-oddechowe;j.
Dlatego nalezy si¢ spodziewaé, ze reakcje organizmu na intensyfikacj¢ treningu moga si¢
rozni¢ miedzyosobniczo. Popularng metoda oceny stresu fizjologicznego 1 obcigzenia
organizmu treningiem jest analiza czynno$ci autonomicznego ukladu nerwowego na
podstawie zapisOw spoczynkowej zatokowej zmiennosci rytmu serca (HRV) (Pichot i wsp.

2002; Earnest 1 wsp. 2004; Kaikkonen 1 wsp. 2012; Schmitt i wsp. 2013). Wiadomo rowniez,
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ze spoczynkowe 1 restytucyjne HRV jest skorelowane z wydolnos$cig krazeniowo-oddechowg
(Daanen i wsp. 2012; Da Silva i wsp. 2014). Poniewaz pomiar HRV shuzy zar6wno ocenie
stopnia obcigzenia organizmu, jak i ocenie sprawnos$ci krazeniowo-oddechowej, to mogiby
sta¢ si¢ dobrg miarg oceny indywidualnych reakcji na intensywne treningi. Poniewaz trening
wpltywa na wzrost aktywnos$ci uktadu przywspoétczulnego (nerwu blednego), to zatozylisSmy,
ze zwickszenie parametréw HRV moze by¢ szczegodlnie duze u oséb o wyjsciowo niskich
warto$ciach np. mocy widma wysokich czgstotliwosci (HF) lub pierwiastka kwadratowego ze
sredniej sumy kwadratow réznic pomiedzy kolejnymi odstgpami RR (RMSSD).

W artykule nr 5 oceniali$my indywidualne zmiany spoczynkowych parametrow HRV
u kolarzy podczas procesu treningowego, w ktorym po okresie dominujacego treningu LIT
zwigkszyl si¢ udziatl treningu HIIT. Przyjeto, ze u kolarzy charakteryzujacych si¢ niskimi (w
porownaniu z innymi obserwowanymi osobami) spoczynkowymi wartosciami HRV
intensyfikacja treningu spowoduje relatywnie duze zmiany tych parametrow, natomiast u
kolarzy z wysokimi spoczynkowymi wartosciami HRV intensyfikacja treningu skutkowataby
stosunkowo niewielkimi ich zmianami.

W badaniu wzigto udziat siedmiu kolarzy gorskich. Badanie polegato na obserwacji
efektow procesu treningowego prowadzonego przez 12 tygodni i zostalo opracowane w
oparciu o klasyczny model periodyzacji (Kiely 2012; Solli i wsp. 2019). Badanie podzielono
na dwa 6-tygodniowe okresy. W pierwszym okresie (P1) dominowaty treningi LIT. W drugim
okresie (P2) zmniejszono liczbe i czas trwania treningéw LIT, natomiast zwigkszono liczbg
iczas trwania treningdw HIIT. Realizowano 4-dniowe mikrocykle treningowe (trzy dni
treningowe 1 czwarty dzien to aktywny lub bierny wypoczynek). W pierwszym okresie kazdy
mikrocykl obejmowal dwa treningi wytrzymatosciowe oraz jeden trening interwatowy o
wysokiej intensywnosci. W drugim okresie kazdy mikrocykl obejmowat dwa treningi
interwalowe o wysokiej intensywnosci oraz jeden trening wytrzymato$ciowy.

Bezposrednio przed kazdym okresem treningowym wykonywano test progresywny
zgodnie z procedurg opisang w poczatkowych artykutach prezentowanego cyklu. Podczas
procesu treningowego, wykorzystujac pulsometry V800 (Polar Electro Oy, Finlandia)
rejestrowano odstep czasowy miedzy zalamkami R (RR). Kazda rejestracj¢ wykonywano
codziennie przez 10 minut po przebudzeniu, w pozycji lezacej. Analizie poddano 5-minutowy
odcinek rozpoczynajacy sie¢ w 30. sekundzie nagrania. Dla kazdego zapisu obliczono
nastgpujace parametry: usrednione odcinki czasowe pomiedzy zatamkami R (RRNN),
odchylenie standardowe od $redniej odcinkow czasowych pomiedzy zatamkami R (SDNN),

pierwiastek kwadratowy ze $redniej sumy kwadratow roznic pomigedzy kolejnymi odstgpami
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RR (RMSSD) oraz parametry szybkiej transformacji Fouriera: moc widma niskich
czestotliwosei (LF), moc widma wysokich czestotliwosci (HF), catkowita moc widma (T).
Obliczenia przeprowadzono w programie Kubios HRV Standard (Kubios Oy, Finlandia)

uzywajac szybkiej transformacji Fouriera.

Rezultaty i wnioski wynikajace z artykutu nr 5

Na podstawie przeprowadzonych badan wykazano, ze u trzech kolarzy zbior wynikow
HF gromadzonych w okresie P2 byt istotnie wyzszy od zbioru wynikow HF gromadzonych w
okresie P1. Natomiast u jednego kolarza zbior wynikow HF gromadzonych w okresie P1 byt
wyzszy od zbioru wynikow gromadzonych w okresie P2. Z analizy dostepnego pi§miennictwa
wynika, ze warto$ci spoczynkowe czgstosci skurczéw serca i wartosci HRV s powigzane
z wydolnoscig tlenowa 1 wydolnoscia krazeniowo-oddechowag (Grant i wsp. 2013; Plaza-
Florido 1 wsp. 2019). Bellenger i wsp. (2016) wykazali, ze wzrost wydolnosci wysitkowej
W procesie treningowym zwigzany byt z poprawa parametréw HRV, takich jak RMSSD 1 HF.
Sandercock 1 wsp. (2005) w swojej metaanalizie dowodza, ze dlugotrwaty proces treningowy
oparty na wysiltku tlenowym prowadzi do wzrostu spoczynkowych wartosci HF, a Macor
1 wsp. (1996) wskazuja, ze kolarze wyczynowi maja wyzsze spoczynkowe warto$ci HF niz
osoby nietrenujace. Jednak publikacje opisujace wptyw intensyfikacji treningu na parametry
HRV dostarczaja niespdjnych wynikéw. Pichot i wsp. (2000) wykazali, ze w okresie
3 tygodni, kiedy intensywny trening stanowit 30% catkowitego obciazenia, wartos¢ HF
obnizyla si¢, chociaz w omawianym badaniu celem byl trening prowokujacy kumulacje
zmgczenia. Schneidera 1 wsp. (2019) sugerowali, ze wsrdd sportowcoOw logarytm naturalny
RMSSD nie zmienit si¢ po kilku treningach HIIT. Podobnie Danitlowicz-Szymanowicz 1 wsp.
(2011) nie zaobserwowali zmian HF, RMSSD ani SDNN w wyniku 2-miesi¢cznej
intensyfikacji treningu ws$rdd biegaczy. Natomiast Raczak i wsp. (2006) wykazali, ze u
biegaczy po okresie 4 miesiecy, w ktorym zwigkszono liczbg treningdw o wysokiej
intensywnosci, wzrosty wartosci RMSSD, SDNN i LF. Uzupetlieniem powyzszych doniesien
innych autoréw sg wyniki zaprezentowane w artykule nr 5, w ktorym wykazujemy, ze zmiany
parametrow HRV w wyniku intensyfikacji procesu treningowego sa zindywidualizowane
wsrod sportowcow.

Dzigki temu, ze dane o HRV 1 obcigzeniach treningowych byly przez nas gromadzone
codziennie, mogliSmy podja¢ probe poszukiwania zalezno$ci pomiedzy indywidualng
objetoscia wysitkow o niskiej intensywno$ci 1 indywidualnymi danymi o zmienno$ci

zatokowego rytmu pracy serca. PodjeliSmy tez probe wskazania indywidualnych zalezno$ci
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pomiedzy objetoscig wysitkow o wysokiej intensywnosci 1 danymi o HRV. Wykazalismy, ze
u zawodnikéw o niskim wyjsciowym poziomie HF, RMSSD, SDNN istnieje dodatnia
korelacja (o umiarkowanej sile) pomiedzy objetoscia stosowanych ¢Ewiczen o wysokiej
intensywnos$ci 1 miarami aktywnosci przywspotczulnego uktadu nerwowego (spoczynkowe
HF, RMSSD, SDNN). Ponadto u zawodnika o najwyzszym wyj$ciowym poziomie HF,
RMSSD, SDNN istniata ujemna korelacja pomiedzy objetoscig zastosowanych ¢wiczen o
wysokiej intensywnosci i miarami aktywnosci przywspoiczulnego uktadu nerwowego. Na
podstawie powyzszych korelacji oraz dalszych analiz w artykule nr 5 zasugerowano, ze
reakcja autonomicznego uktadu nerwowego na intensyfikacje procesu treningowego moze
by¢ zwigzana z wyj$ciowym poziomem zmienno$ci zatokowego rytmu pracy serca. Taka
informacja moze by¢ przydatna dla treneréw i zawodnikow dazacych do osiagniecia
wysokiego pobudzenia przywspotczulnego w spoczynku (jako miary niskiego poziomu stresu
1 wysokiej sprawnos$ci krazeniowej), na przyktad w okresie startow w zawodach sportowych.
Mozliwe, ze metodyka analiz zastosowanych w artykule nr 5 moze by¢ wykorzystana w
treningu zdrowotnym, jesli jego celem jest rozw6j aktywnosci przywspotczulnej (uznawanej

za miar¢ ryzyka rozwoju schorzen uktadu krazenia).

Artykul nr 6: Hebisz Rafal, Hebisz Paulina, Danek Natalia, Michalik Kamil, Zaton Marek.
Predicting changes in maximal oxygen uptake in response to polarized training (sprint interval
training, high-intensity interval training, and endurance training) in mountain bike cyclists.
Journal of Strength and Conditioning Research, 2022; 36(6): 1726-1730. [IF = 3,200; MEiIN
= 100 pkt.]

W artykule nr 6 zaprezentowane zostaly wyniki rozszerzajace wyzej opisane
osiaggnigcia badawcze. Przedstawione zostaly wskazniki fizjologiczne, na podstawie ktorych
mozna przewidywa¢ rozwd] maksymalnego poboru tlenu (VO;max) w odpowiedzi na
zastosowanie autorskiego spolaryzowanego programu treningowego u kolarzy. Proba
wskazania wskaznikow predykcji odpowiedzi na program treningowy wyniklta z
wczesniejszych spostrzezen. Podczas analiz dostgpnego pismiennictwa oraz analiz wcze$niej
prowadzonych badan dostrzegaliSmy, ze odpowiedz adaptacyjna na programy treningowe jest
zroznicowana. Na podstawie tych analiz zalozyliSmy, ze odpowiedz adaptacyjna na autorski
spolaryzowany program treningowy powinna by¢ zwigzana z wyjSciowym poziomem
wydolnosci fizycznej oraz uprzednio stosowanymi bodZcami treningowymi (Laursen i wsp.

2005). Na podstawie naszych wcze$niejszych badan (przedstawionych w artykule nr 3)
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wiedzieliSmy juz, ze staz treningdw o duzej objetosci moze pozytywnie wptywac na mniejsze
uszkodzenia narzadowe, powstajace podczas intensywnej pracy oraz moze wplywaé na
wigksza zdolno$¢ do wykonywania intensywnych wysitkow treningowych, przy mniejszym
zaburzeniu rownowagi kwasowo-zasadowej (Hebisz 1 wsp. 2019). Wykonanie wigkszej pracy
podczas treningdw mogtoby ostatecznie wptywac¢ bardziej efektywnie na rozwdj wydolnosci
fizycznej. ZatozyliSmy réwniez, ze odpowiedz adaptacyjna na autorski spolaryzowany
program treningowy moze by¢ zalezna od zdolno$ci regulowania kwasicy metabolicznej po
intensywnych wysitkach (Tabata i wsp. 1997). Taka regulacja polega mi¢dzy innymi na
usuwaniu dwutlenku wegla na drodze nasilonej wentylacji minutowej ptuc (Duffin 2005). W
zwigzku z tym silna odpowiedz wentylacyjna na intensywny wysilek moglaby sprzyjaé
sprawnej restytucji i w ten sposoéb umozliwia¢ trenujagcym wykonanie wigkszej liczby
wysitkow o duzej mocy. Wykonanie wigkszej pracy mogloby ostatecznie wplynaé na
wielko$¢ zmian adaptacyjnych.

W  przeprowadzonych badaniach uczestniczyli kolarze gorscy. Przeanalizowano
histori¢ treningdw uczestnikoOw 1 zarejestrowano catkowity dystans przejechany na rowerze
podczas calego roku poprzedzajacego omawiane badania. Podczas 8-tygodniowego
eksperymentu zastosowano autorski spolaryzowany program treningowy, ktory obejmowat
sprinterski trening interwatowy (SIT), trening interwalowy o wysokiej intensywnosci (HIIT)
oraz trening wytrzymalo$ciowy.

Podczas eksperymentu, w pierwszej i ostatniej sesji SIT, podczas ostatnich 2 minut
przerwy po rozgrzewce, rejestrowano odstgpy czasu miedzy zalamkami R (RR)
wykorzystujac pulsometr V800 (Polar Electro Oy, Finlandia). Oprogramowanie Kubios HRV
Standard (Kubios Oy, Finlandia) zostalo uzyte do analizy HRV wedlug domen czasu
1 czestotliwo$ci. Obliczenia w zakresie czasu obejmowaty odchylenie standardowe od $rednie;j
odcinkow czasowych pomiedzy zalamkami R (SDNN) i pierwiastek kwadratowy ze $redniej
sumy kwadratow roznic pomiedzy kolejnymi odstgpami RR (RMSSD). W dziedzinie
czgstotliwosci przeprowadzono analiz¢ widmowa przy uzyciu szybkiej transformacji Fouriera
w celu uzyskania mocy widma wysokiej czestotliwosci (HF) 1 mocy widma niskiej
czestotliwosci (LF).

Przed i po zakonczeniu eksperymentu uczestnicy wykonali test progresywny, przed
testem mierzono sktad ciala (masg¢ ciata szczuplego — LBM oraz % zawartos¢ tkanki
tluszczowej) wykorzystujac analizator Bodymetrix (Intelametrix, Brentwood, USA). Podczas

testu mierzono maksymalny pobor tlenu (VO,max) oraz maksymalng wentylacje minutowa
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pluc (VEmax), ktére znormalizowano do LBM. Test progresywny wykonywano zgodnie z

procedurg opisang w poczatkowych artykutach niniejszego cyklu.

Rezultaty 1 wnioski wynikajace z artykutu nr 6

Wykonano korelacje czgstkowe dla wszystkich zmiennych (dystans pokonany podczas
wszystkich treningéw w calym roku poprzedzajacym eksperyment, VO,max'LBM,
VEmaxLBM"', HF, LF i RMSSD) typowanych jako predyktory zmiany VO,max
(AVO;max). Najsilniejszy wspotczynnik korelacji wielokrotnej stwierdzono mi¢dzy zmiang
adaptacyjng VO,max, do autorskiego spolaryzowanego programu treningowego, a rocznym
dystansem pokonanym przez kolarzy, VEmaxLBM™ oraz RMSSD. Model regresji, ktory
opracowano na podstawie tej korelacji (r = 0,868; p = 0,000; F = 16,31) byl nastepujacy:
AVO,max = -0.790215 +(0.000032* Dystans) + (0.300521*VEmaxLBM™) +
(0.003256*RMSSD)

W powyzszym modelu korelacja czastkowa dla RMSSD nie osiggneta zatozonego kryterium
prawdopodobienstwa statystycznego. Dlatego w artykule nr 6 wykazali§my druga korelacje
wielokrotng miedzy zmiang adaptacyjng VO,max a rocznym dystansem pokonanym przez
kolarzy 1 VEmax LBM™. Model regresji dla tej korelacji (r = 0,837; p = 0,000; F = 19,82),
ktéry przewidywal AVO,max byt nastepujacy:

AVO,max = —0.953219 + (0.000034* Dystans) + (0.379657*VEmax LBM™)

Zarowno w pierwszym jak i drugim modelu stan wytrenowania, okres$lany jako
dystans przejechany na rowerze w roku poprzedzajacym badania, byl najsilniejszym
predyktorem AVO,max (sita korelacji czastkowej byta duza).

W  prezentowanych réwnaniach regresji uwzgledniano maksymalng wentylacje pluc
znormalizowang do masy ciata szczuptego VEmaxLBM™. Normalizacja ta wydaje sie
uzasadniona, poniewaz w pisSmiennictwie uznano, ze pobodr tlenu podczas wysitku ma wieksza
warto$¢ diagnostyczng w odniesieniu do masy ciata szczuptego (Crespo 1 wsp. 2009; Cooper
1 wsp. 2014). Takie podejscie do analizy poboru tlenu podkresla rolg tkanki migsniowej jako
najaktywniejsze] metabolicznie 1 zuzywajacej najwigcej tlenu (Cooper 1 wsp. 2014)
1 wyklucza tkanke thuszczowa, ktéra prawie nie zuzywa tlenu i podlega minimalnej perfuzji
(Crespo 1 wsp. 2009). Wentylacja minutowa ptuc jest czynnikiem zwigzanym zaréwno z VO,
jak 1 VCO, dlatego dokonalismy analizy po znormalizowaniu jej do LBM. Nasze wyniki
wzmacniaja waznos¢ VEmaxLBM™' jako zmiennej, ktora ilustruje metaboliczne znaczenie

wentylacji ptuc w odniesieniu do metabolicznie aktywnej tkanki.
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Zaprezentowane w artykule nr 6 réwnania regresji wielorakiej sg innowacyjne,
poniewaz w dostepnym pismiennictwie nie znalaztam podobnych metod przewidywania
efektow trenowania. Dostepne s3 jedynie posrednie metody estymowania biezacej (a nie
osiggniete] w przysztosci) wartosci VO,max (Heil 1 wsp. 1995; George 1 wsp. 1997; Akalan
1 wsp. 2008). Natomiast nasze analizy statystyczne pokazuja, ze mozna przewidzie¢ efekty
zastosowania autorskiego spolaryzowanego programu treningowego w oparciu o analizg
do$wiadczenia treningowego oraz VEmaxLBM™. Wyniki tych badan sa rozszerzeniem
wnioskow wskazanych w artykule nr 5, gdzie stwierdziliSmy, ze mozna przewidywac efekty
autorskiego spolaryzowanego programu treningowego w oparciu o analize wyjsciowych
danych o HRV mierzonym w spoczynku.

Wyniki analiz zaprezentowanych w artykule nr 6 moga mieé¢ wysoka warto$é
aplikacyjna. Sportowcy 1 trenerzy, a takze osoby ¢wiczace rekreacyjnie moga podejmowac
proby przewidywania skuteczno$ci zastosowania autorskiego spolaryzowanego programu
treningowego w ich indywidualnych przypadkach poprzez analizy VEmax, HRV 1 historii

trenowania.

Artykul nr 7: Hebisz Paulina, Hebisz Rafal, Drelak Maja. Comparison of aerobic capacity
changes as a result of a polarized or block training program among trained mountain bike
cyclists. International Journal of Environmental Research and Public Health, 2021; 18(16):
8865. [IF = 4,614; MEIN = 140 pkt.]

W ostatnim artykule, prezentowanego przeze mnie cyklu, poréwnuje skuteczno$¢
autorskiego spolaryzowanego programu treningowego oraz blokowego programu
treningowego w rozwoju wydolnosci tlenowej. Zgodnie z koncepcja blokowego programu
treningowego naprzemiennie stosuje si¢ kilkunastodniowe bloki treningu LIT oraz kilku lub
kilkunastodniowe bloki treningéw o duzej intensywnosci takie jak HIIT 1/lub SIT ((Issurin
2008; Rennestad i wsp. 2014a; 2014b; 2018; Solli 1 wsp. 2019). Solli 1 wsp. (2019)
stwierdzili, ze program blokowy jest rownie skuteczny w przygotowaniu do osiaggania
wysokich wynikow sportowych w biegach narciarskich zawodniczki na poziomie elitarnym,
jak klasyczna koncepcja Matveyeva. Rennestad i wsp. (2014b) wykazali poprawe VO,max o
8,8% w efekcie wykonywania blokowego programu treningowego, ponadto w jednym
przypadku zaobserwowano, ze VO,max zwickszyt sie z 73,8 mlI'min™ kg™ do 87 ml'min™" kg’
' W zwiazku z tymi doniesieniami, chcieliémy oceni¢ skutecznoéé blokowego programu

treningowego w rozwoju maksymalnego poboru tlenu, mocy osigganej] na progach
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wentylacyjnych i maksymalnej mocy tlenowej u kolarzy, na tle naszej autorskiej koncepcji

spolaryzowanego programu treningowego.

W badaniach uczestniczyli kolarze, ktorych losowo podzielono na dwie grupy: grupe

kolarzy wykonujacych blokowy program treningowy oraz grup¢ kolarzy wykonujacych
autorski spolaryzowany program treningowy. Przed oraz po zakonczeniu 8-tygodniowego
eksperymentu uczestnicy wykonali test progresywny oraz w kolejnym dniu test weryfikujacy
wartos¢ VO,max. Test progresywny zostal wykonany zgodnie z procedurag przedstawiong w
poczatkowych artykutach prezentowanego cyklu. Podczas testu mierzono maksymalng moc
tlenowa (Pmax), czesto$¢ skurczow serca (HR), pobor tlenu (VO,), objetos¢ wydychanego
dwutleneku wegla (VCO,), wentylacje minutowa ptuc (VE). Na podstawie zapisu danych
oddechowych wyznaczano pierwszy prog wentylacyjny (VT1) oraz drugi prog wentylacyjny
(VT2). W momencie wystgpienia progu VT1 1 VT2 wskazana zostala warto$¢ czestosci
skurczéw serca (HRyt; 1 HRy12), poboru tlenu (VO,.y1i 1 VOayr2) 1 mocy (Pyry 1 Pyro).
Test weryfikujacy, podobnie jak test progresywny, wykonano na cykloergometrze. Test byt
poprzedzony 15 minutowa rozgrzewka: pierwsze Sminut z mocg osiggang przy VTI,
nastgpnie 10 minut z mocg osiggang w potowie odlegtos$ci pomigdzy progiem VT1 i VT2. Po
rozgrzewce stosowano 5 minut aktywnej przerwy z obcigzeniem 20 W. Nastepnie
wykonywany byl wysitek weryfikujacy VO,max z intensywnoscig 110% maksymalnej mocy
tlenowej osiaggnigtej podczas testu progresywnego, wysilek weryfikujacy trwat do odmowy
przez badanego. Podczas testu mierzono parametry oddechowe oraz czgsto$¢ skurczow serca.
Pomiar VO,, VCO,, VE oraz HR wykorzystano do weryfikacji maksymalnych wartosci.
Najwyzsza wartos¢ VO,, VCO,, VE 1 HR zarejestrowana podczas testu progresywnego lub
podczas testu weryfikujacego zostata uznana za maksymalny pobdr tlenu (VO,max),
maksymalng warto$§¢ wydychanego dwutlenku wegla (VCO,max), maksymalng wentylacje
minutowg ptuc (VEmax) oraz maksymalng czgstos$¢ skurczow serca (HRmax).

Podczas 8-tygodniowego eksperymentu zawodnicy wykonywali sprinterski trening
interwalowy (SIT), trening interwalowy o wysokiej intensywnosci (HIIT) oraz trening
wytrzymalo$ciowy o niskiej intensywnosci (LIT). Protokoty treningowe byty zblizone do
protokotéw stosowanych w powyzszych artykutach prezentowanego cyklu. Podczas
eksperymentu stosowano dni biernego wypoczynku (passive rest — PR).

Blokowy program treningowy zostal podzielony na dwa rodzaje blokéw: bloki o
niskiej intensywnos$ci (B-LI), trwajace po 17 dni, w ktérych dominowaly treningi typu LIT
oraz bloki o wysokiej intensywnosci (B-HI), trwajace po 11 dni, w ktorych wykonywano
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wytacznie treningi typu SIT i1 HIIT. Podczas eksperymentu powyzsze bloki stosowano
naprzemiennie, zgodnie z ponizszym schematem:

- B-LI (17dni): dzien 1(SIT), dzien 2(LIT), 3(LIT), 4(PR), S(LIT), 6(LIT), 7(PR), 8(HIIT),
9(LIT), 10(LIT), 11(PR), 12(LIT), 13(LIT), 14(PR), 15(SIT), 16(LIT), 17(PR),

- B-HI (11dni): dzien 1(SIT), dzien 2(HIIT), 3(HIIT), 4(PR), 5(SIT), 6(HIIT), 7(HIIT), 8(PR),
9(SIT), 10(HIIT), 11(PR)

- B-LI (17dni): dzien 1(HIIT), dzien 2(LIT), 3(LIT), 4(PR), 5(LIT), 6(LIT), 7(PR), 8(SIT),
9(LIT), 10(LIT), 11(PR), 12(LIT), 13(LIT), 14(PR), 15(HIIT), 16(LIT), 17(PR),

- B-HI (11dni): dzien 1(SIT), dzien 2(SIT) 3(HIIT), 4(PR), 5(SIT), 6(SIT), 7(HIIT), 8(PR),
9(SIT), 10(HIIT), 11(PR)

Spolaryzowany program treningowy sktadat si¢ z 4 cyklow treningowych, kazdy cykl
trwat 14 dni 1 sktadat si¢ z: dzien 1(SIT), dzien 2(HIT), 3(LIT), 4(PR), 5(SIT), 6(LIT), 7(PR),
8(SIT), 9(HIIT), 10(LIT), 11(PR), 12(HIT), 13(LIT), 14(PR).

Podczas eksperymentu kolarze kazdej grupy wykonali po 40 treningéw, 16 dni
przeznaczonych byto na bierny wypoczynek. Grupa realizujaca trening blokowy wykonata 11
treningéw SIT, 11 treningdw HIIT oraz 18 treningdéw LIT, natomiast grupa realizujaca trening

spolaryzowany wykonata 12 trening6éw SIT, 12 treningdw HIIT oraz 16 treningéw LIT.

Rezultaty i wnioski wynikajace z artykutu nr 7

W wyniku przeprowadzonych badan wykazano, ze w obu grupach kolarzy istotnie
poprawily si¢ VO,max oraz Pmax. Tylko w grupie realizujacej autorski spolaryzowany
program treningowy zaobserwowano istotnie wyzsze wartosci VCO,max oraz VEmax.
Analizujac wskazniki oddechowe oraz moc w odniesieniu do progéw wentylacyjnych, w obu
grupach, wykazano istotnie wyzsze wartosci Pyt, Py, oraz VO,.y1,. Ponadto w grupie
realizujgcej spolaryzowany program treningowy wykazano istotnie wyzszg warto§¢ VOy.yT.
DowiedliSmy, ze zarowno trening blokowy, jak i1 trening spolaryzowany sa efektywna
strategia rozwoju wydolnosci tlenowej u kolarzy. Obydwa programy treningowe wptynety na
poprawe VO,max, Pmax oraz mocy osigganej przy progach wentylacyjnych. Jednak wielkos¢
zmiany VO;max miata wickszg amplitude w nastepstwie spolaryzowanego programu
treningowego (zmiana z 57,2 do 65,3 ml-min'l-kg'l), niz w nastepstwie blokowego programu
treningowego (zmiana z 60,0 do 63,6 ml'min"'kg'). Dlatego koncepcja autorskiego
spolaryzowanego programu treningowego wydaje si¢ by¢ bardziej efektywna w rozwoju

VO,max w czasie kilku tygodni.
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Efekty uzyskane przez innych autoréw, ktorzy testowali skuteczno$¢ blokowych
programow treningowych w rozwoju VO,max, sg zréznicowane (Breil i wsp. 2010;
Ronnestad 1 wsp. 2014a; 2014b; McGawley i wsp. 2017). Niektorzy wykazuja poprawe
wydolnosci (Breil 1 wsp. 2010; Rennestad 1 wsp. 2014a; 2014b) natomiast McGawley 1 wsp.
(2017) wykazali brak zmian. Niezaleznie od réznic w budowie blokowych programow
treningowych, nawet najbardziej efektywny program treningu blokowego, opisany przez
Ronnestad 1 wsp. (2014b) byt mniej skutecznym sposobem rozwoju VO,max, niz opisany w
prezentowanej pracy program spolaryzowany (jesli zestawimy $rednie zmiany VO,max
wyrazone w I'min” i wyrazone w %).

Podsumowujac, zastosowany w grupie kolarzy gorskich autorski spolaryzowany program

treningowy byl bardziej skuteczny w rozwoju VO,max, niz blokowy program treningowy.

4.3.4 Podsumowanie cyklu

Zaprezentowany przeze mnie cykl publikacji dowodzi, ze stosowanie autorskiego
spolaryzowanego programu treningowe skutecznie rozwija wydolno$¢ fizyczna kolarzy, w
szczegolnosci sprawnos¢ krazeniowo-oddechowa. Skuteczno$¢ stosowanego programu moze
wynika¢ z wprowadzonych zmian, w poréwnaniu do opiséw spolaryzowanych programéw
treningowych dostepnych w pi§miennictwie. Jedng z tych zmian bylo wiaczenie do programu
sprinterskich treningéw interwatowych, dzieki temu zawodnicy wykonywali dwa rodzaje
treningéw interwalowych (SIT oraz HIIT) w kazdym mikrocyklu. Druga zmiang bylo
indywidualne wyznaczanie optymalnej wielko$ci obcigzenia w kazdym treningu (czas trwania
treningu, liczba powtdrzen, liczba serii, czas zastosowanych przerw wypoczynkowych). W
prezentowanym cyklu publikacji poréwnywatam skuteczno$¢ autorskiego spolaryzowanego
programu treningowego z innymi programami: 1) programem opierajagcym si¢ na treningach
wytrzymato$ciowych o statej 1 zmiennej intensywnos$ci, 2) programem skladajagcym si¢ z
treningdw wytrzymatosciowych 1 interwatowych o wysokiej intensywnosci, 3) z programem
treningu blokowego. W kazdym pordwnaniu bardziej skuteczny w rozwoju wydolno$ci
fizycznej byt autorski spolaryzowany program treningowy.

Na podstawie danych zaprezentowanych w cyklu publikacji mozna stwierdzi¢, ze
autorski spolaryzowany program treningowy jest bodzcem kompleksowo rozwijajacym
czynniki determinujgce VO,max, gdyz zaobserwowano zmiany wentylacji minutowej ptuc,
objetosci oddechowej, objetosci wyrzutowej serca, stezenia Sroédblonkowego czynnika

wzrostu naczyn (VEGF-A). Ponadto spolaryzowany program treningowy moze wplywaé na

32



Paulina Hebisz Autoreferat

procesy neurotroficzne i1 na regeneracj¢ uszkodzonych mieéni szkieletowych, poniewaz
wykazano powysitkowe obnizenie stezenia neurotroficznego czynnika pochodzenia
mozgowego (BDNF) i czynnika VEGF-A. Moze to wskazywac na usprawnienie procesow
wykorzystania BDNF oraz VEGF-A do regeneracji uszkodzonych migsni szkieletowych, po
wysitkach z maksymalng intensywnos$cig. WykazaliSmy rowniez, ze spolaryzowany program
treningowy moze wptywaé na poprawe odpornosci mig$ni na uszkodzenia, gdyz w efekcie
jego stosowania zmniejszyt si¢ powysitkowy wzrost aktywno$ci kinazy kreatynowej i
stezenia mioglobiny w krwi, czyli czynnikéw wskazujacych na uszkodzenia narzadowe.
Jednoczesnie, w efekcie zastosowania spolaryzowanego programu treningowego,
zaobserwowali$my zmniejszenie si¢ przekroju migsnia uda prawego i lewego. Jest to efekt
rzadko spotykany, ale w przypadku rywalizacji w niektorych dyscyplinach sportowych, np. w
kolarstwie gorskim, moze by¢ korzystny, poniewaz przeciwdziala zwigkszeniu masy mie$ni.
Pomimo zmniejszenia przekroju mig$ni uda warto§¢ mocy osiaganej podczas sprinterskiego
treningu interwatowego zwigkszyla sie. Wskazane powyzej zmiany mogly sprzyjaé
wykonywaniu wigkszej pracy oraz osigganiu wyzszej mocy w podejmowanych wysitkach.
Zaobserwowalismy popraw¢ mocy maksymalnej, mocy osigganej na progu beztlenowym
(wentylacyjnym) oraz wieksza ilo§¢ wykonanej pracy w tescie progresywnym. W
sprinterskim treningu interwatowym, wykonywanym po poszczegdlnych eksperymentach w
warunkach laboratoryjnych, rowniez obserwowano wigksza ilos¢ wykonanej pracy oraz
wiekszg warto$¢ mocy $rednie;.

Warty podkreslenia jest fakt, Zze mozna podja¢ probe przewidywania rozwoju VO,max
w efekcie stosowania autorskiego spolaryzowanego programu treningowego, za pomocag
roOwnania regresji. RoOwnanie regresji, jakie opracowaliSmy, jest oparte na statusie
wytrenowania okre$lonym jako dystans pokonany na rowerze w roku poprzedzajacym
badanie, maksymalnej wentylacji minutowej ptuc znormalizowanej do masy ciata szczuptego
oraz jednej z miar zatokowej zmienno$ci rytmu pracy serca (HRV) mierzonej podczas
restytucji powysitkowej (RMSSD). Mozliwos¢ przewidywania zmiany VO,max, ktory jest
jednym z kluczowych determinantdow wydolnosci fizycznej, jest niezwykle istotna gdyz
pozwala prognozowa¢ efektywno$¢ treningu. Wskazano réwniez, ze wyjsciowy poziom
parametrow HRV pozwala prognozowaé¢ zmiany tych parametréw (pobudzenie nerwu
btednego) w efekcie zastosowania spolaryzowanego programu treningowego. Mozliwo$¢
dokonywania takich prognoz wydaje si¢ cenna dla trenerdéw, sportowcdéw i oséb aktywnych

fizycznie, poniewaz istnieje zwigzek miedzy parametrami HRV a zdolno$ciami wysitkowymi.
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Ponadto wykazaliSmy, ze zmiany parametrow HRV w efekcie stosowania treningu
spolaryzowanego s3 zindywidualizowane wsrod kolarzy.

Uzupetnieniem osiagni¢¢ zaprezentowanych w powyzszym cyklu publikacji, jest
wykazanie poprawy wynikow sportowych, poprzez analiz¢ rankingu miejsc zajmowanych
przez badanych kolarzy gorskich podczas wyscigéw rangi Mistrzostw Polski, Mistrzostw
Europy, Pucharéw Swiata oraz Mistrzostw Swiata. Dodatkowym osiagnieciem w pracy
naukowej bylo zdobycie przez jedng z uczestniczek badan (wykonujaca autorski
spolaryzowany program treningowy) bragzowego medalu Mistrzostw Europy oraz Mistrzostw
Swiata w kolarstwie gorskim w roku 2022. Niestety artykut przedstawiajacy te wyniki nie
zostat jeszcze opublikowany.

Podsumowujac, w mojej pracy naukowej wykazalam skuteczno$¢ autorskiego
spolaryzowanego programu treningowego w rozwoju wydolnos$ci fizycznej, w szczegdlnosci
poprzez poprawe sprawno$ci krazeniowo-oddechowej, ktéra ma istotne znaczenie w
komforcie zycia codziennego i w podtrzymaniu zdrowia. Dlatego zaproponowany program
treningowy po dostosowaniu do potrzeb szerszych grup spoteczenstwa moze stuzyé poprawie

zdrowia publicznego.
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5. Informacja o wykazywaniu si¢ istotna aktywnoscia naukowa albo artystyczna
realizowana w wiecej niz jednej uczelni, instytucji naukowej lub instytucji

kultury, w szczegdlnoS$ci zagranicznej.

Odbyte staze naukowe:
— 5.06. — 9.06. 2017 — Staz naukowy w University of Rouen, Department of Physical

Education and Sports, Rouen, Francja. Opiekunem stazu byt Profesor Ludovic Seifert.

— 1.09. — 30.09. 2022 — Staz naukowy w University of Cassino and Lazio Meridionale,
Department of Human Sciences, Society and Health, Cassino, Wtochy. Opiekunka

stazu byla Profesor Cristina Cortis.

Publikacje bedace efektem odbytego stazu:

— Hebisz Paulina, Cortis Cristina, Hebisz Rafal. Acute effects of sprint interval training
and chronic effects of polarized training (sprint interval training, high intensity
interval training, and endurance training) on choice reaction time in mountain bike
cyclists. International Journal of Environmental Research and Public Health, 2022;
19(22): 14954. [MEIN = 140 pkt.] W momencie opublikowania artykulu czasopismo
posiadato IF = 4,614; ale w czerwcu biezacego roku stracito wspotczynnik IF za rok

2022.

— Hebisz Rafal, Cortis Cristina, Hebisz Paulina, Borkowski Jacek, Jastrzebska
Agnieszka. Effect of POL, SIT, HIIT and LIT training programs on aerobic fitness,
LOX-1 and ox-LDL concentration in active peoples. Frontiers in Physiology (w

recenzji)
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6. Informacja o innej aktywnos$ci naukowej lub artystycznej

6.1 Udzial w grantach naukowych

— Gloéwny wykonawca w projekcie:
»Ksztattowanie wydolnosci beztlenowej pod wplywem treningu z powigkszong objetoscia
anatomicznej przestrzeni martwej.” Grant programu grantoéw wewngtrznych Akademii
Wychowanie Fizycznego we Wroctawiu pn. ,,Badania naukowe stuzace rozwojowi mtodych
naukowcow.” Kierownik: Prof. dr hab. Marek Zaton. Termin realizacji grantu 01.09.2011 —

31.03.2012.

— Glowny wykonawca w projekcie:
,R0zw0] 1 mijanie procesoOw adaptacyjnych wskutek treningu z powickszong objetoscia

b

oddechowej przestrzeni martwej.” Grant programu grantdow wewnetrznych Akademii
Wychowanie Fizycznego we Wroclawiu pn. ,,Badania naukowe dla miodych naukowcow”.

Kierownik: Prof. dr hab. Marek Zaton. Termin realizacji grantu 01.10.2013 —31.03.2015.

— Glowny wykonawca w projekcie:
,Proba identyfikacji skutkow glikolitycznego treningu interwalowego za pomocg parametrow
fizycznych, fizjologicznych 1 biochemicznych.” Grant programu Ministra Nauki
1 Szkolnictwa Wyzszego pn. "Rozwdj Sportu Akademickiego" Numer grantu: N RSA3
00253. Kierownik: Prof. dr hab. Marek Zaton. Termin realizacji grantu: 08.04.2015 -
07.10.2017.

— Glowny wykonawca w projekcie:
,»R0zZw0] 1 ocena wydolnosci fizycznej za pomocg wysitkbw o zmiennej intensywnos$ci.”
Grant programu grantow wewngetrznych Akademii Wychowanie Fizycznego we Wroctawiu.
Numer grantu: PN/BK/2020/07. Kierownik: dr Rafal Hebisz. Termin realizacji grantu
29.01.2020 — 30.11.2022.
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6.2 Wykonane recenzje naukowe:

Recenzja grantu badawczego:

Rok 2023. Recenzja grantu badawczego w konkursie ogloszonym przez University of
Leuven, Research Council of KU Leuven, Belgia. Tytut recenzowanego grantu: MAeSTRo:
Neuro-Musculoskeletal Assessement and Training for safe e-cycling. Numer grantu:

C2M/23/031.

Recenzje artykulow naukowych:

e Dla czasopisma European Journal of Sport Science [IF = 3,980]
Rok 2017, tytul artykulu: The effect of preceding high-intensity race efforts on the pacing
behaviour and performance of elite short-track speed skaters.
Rok 2018, tytul artykutlu: Short-time high-intensity exercise increases peripheral BDNF in a
physical fitness-dependent way in healthy men.
Rok 2019, tytut artykutu: Short-term high-intensity interval training increases systemic brain-
derived neurotrophic factor (BDNF) in healthy women.
Rok 2020, tytut artykutu: Low to moderate-intensity exercise training is as effective as
moderate to high-intensity exercise training at lowering preptin and irisin levels in obese
children.
Rok 2022, tytut artykutu: Effect of polarized training on cardiorespiratory fitness of untrained
healthy young adults: A randomized control trial with equal training impulse.
Rok 2023, tytut artykutu: The effect of a standardized verbal encouragement protocol on peak
oxygen uptake during incremental treadmill testing in healthy individuals: a randomized
cross-over trial.

e Dla czasopisma International Journal of Environmental Research and Public

Health [IF = 4,614]

Rok 2022, tytul artykutu: Analysis of a skating time-trial competition and associated
performance-determinants in cross-country skiers.
Rok 2022, tytut artykulu: Analysis of physical fitness in young padel players according to
gender and category.
Rok 2022, tytut artykutu: Effects of 30-s all-out effort on postural control in young road
cyclists.
Rok 2022, tytul artykutu: Heart rate response, temporal structure and the stroke technique

distribution in table tennis national category matches.
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Rok 2022, tytut artykutu: Moderate-to-vigorous physical activity, obesity, and physical fitness
in adults: a cross-sectional study.

e Dla czasopisma Journal of Strength and Conditioning Research [IF = 4,415]
Rok 2021, tytut artykutu: Exercise decreases serum brain-derived neurotrophic factor (BDNF)
but did not change time-trial performance in older untrained men.

e Dla czasopisma Physical Therapy in Sport [IF = 2,365]
Rok 2018, tytut artykulu: Effect of short-term cold-water immersion on muscle pain
sensitivity in elite track cyclists.

e Dla czasopisma Frontiers in Physiology [IF = 4,755]
Rok 2022, tytut artykutu: The acute effect of an exercise fatigue protocol on cardiorespiratory
response to high intensity interval performance in road cyclists: the role of fitness level and
annual training volume.

e Dla czasopisma Plos One [IF = 3,752]
Rok 2019, tytul artykulu: Cycling power output and cadence in short-term efforts: a
comparison of laboratory and field-based data in XCO athletes.

e Dla czasopisma Human Movement
Rok 2019, tytul artykulu: Within and between sessions reliability of a pedal force system for
power output and pedalling technique measurements.

e Dla czasopisma Physiology International (Acta Physiologica Hungarica)
Rok 2020, tytul artykutu: Agreement between heart rate deflection point and maximal lactate

steady state in young adults.

6.3 Udzial w konferencjach naukowych

Prace zaprezentowane podczas konferencji naukowych po uzyskaniu stopnia doktora:

— Hebisz Paulina, Hebisz Rafat, Zaton Marek. The long-term effects of sprint interval
training on physiological response to repeted maximal sprint cycling. 21st Annual
Congress of the European College of Sports Science, 2016, Wieden, Austria.

— Hebisz Paulina, Hebisz Rafal, Zaton Marek, Madej Wojciech. Zmiany wydolno$ci
fizycznej pod wplywem treningdéw pojemnosci glikolitycznej 1 pojemnos$ci tlenowej
wykonywanych z zastosowaniem powigkszonej objetosci oddechowej przestrzeni
martwej. XXXI Zjazd Naukowy Polskiego Towarzystwa Medycyny Sportowej, 2015,

Zielona Gora.
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Hebisz Paulina, Hebisz Rafal, Zaton Marek. Impact of training with additional
respiratory dead space on the respiratory and circulatory efficiency in cyclists. Journal
of Physiology and Pharmacology 2014, 65(1), s.47. XXVI Kongres Polskiego

Towarzystwa Fizjologicznego, 2014, Szczecin.

6.4 Wyroznienia za dzialalnos¢é naukowq

Ocena wyrodzniajaca, przyznana w roku 2019, w rankingu efektywnosci naukowe;,
dydaktycznej 1 organizacyjnej za lata 2017-2018 wsrod pracownikéw akademickich
Wydzialu Wychowania Fizycznego, Akademii Wychowania Fizycznego we
Wroctawiu.

Nagroda II stopnia, w roku 2022, za dzialalno$¢ naukowg i maksymalny IF w
pojedynczej pracy proporcjonalnie do liczby autorow. Nagroda Rektora Akademii

Wychowania Fizycznego im. Polskich Olimpijczykow we Wroctawiu.

6.5 Dodatkowe informacje

Od 2014 roku do chwili obecnej jestem cztonkiem Polskiego Towarzystwa
Fizjologicznego

W latach 2020 — 2023 bytlam cztonkiem Komisji Rewizyjnej we Wroctawskim
Oddziale Polskiego Towarzystwa Fizjologicznego

Od 2021 roku jestem cztonkiem Rady Recenzentéw w czasopismie International
Journal of Environmental Research and Public Health [IF = 4,614]

W latach 2022 — 2023 bylam Edytorem go$cinnym w czasopi$mie International
Journal of Environmental Research and Public Health [IF = 4,614], Special issue:
,Exercise Training and Physiological Mechanisms Developing the Physical Fitness

Level”

6.6 Wykaz pozostalych publikacji, napisanych po uzyskaniu stopnia doktora nauk o

kulturze fizycznej z wylaczeniem prac zaprezentowanych w rozdziale 4 i 5.

Laczna warto$¢ punktowa prac opublikowanych po uzyskaniu stopnia doktora, a nie

wchodzacych w sklad monotematycznego cyklu oraz nie obejmujacych prac powstatych w

wyniku wspolpracy migdzynarodowej, przedstawia si¢ nastepujaco:

IF = 21,473; MEiN = 707 pkt

44



Paulina Hebisz Autoreferat

Spdjnos¢ tematyczna calego mojego dorobku naukowego opublikowanego po uzyskaniu
stopnia doktora nauk o kulturze fizycznej sprawia, ze artykuty ktore nie wchodza w skiad
monotematycznego cyklu publikacji sg nadal $cisle z nim zwigzane i rozwijajg gldowny nurt
moich zainteresowan naukowych. Prace te obejmujg pie¢ zagadnien, ktére kolejno omowig
przyporzadkowujac do nich artykuty naukowe:

— Ocena zdolnosci wysitkowych poprzez reakcje fizjologiczne, biochemiczne oraz

fizyczne w kolejnych seriach sprinterskiego treningu interwatowego

— Ocena sprawnosci kragzeniowo-oddechowej poprzez analiz¢ parametrow termicznych

podczas intensywnych wysitkow fizycznych

— Fizjologiczna i biochemiczna charakterystyka kolarzy gorskich i kolarzy szosowych

— Ocena maksymalnego poboru tlenu — poszukiwanie protokotu testowego, ktory

umozliwia weryfikowanie wartosci VO,max

— Wykorzystanie powigkszonej objetosci oddechowej przestrzeni martwej w rozwoju

wydolnosci fizycznej

Ocena zdolnosci wysitkowych poprzez reakcje fizjologiczne, biochemiczne oraz fizyczne
w kolejnych seriach sprinterskiego treningu interwalowego

W sktad programéw treningowych, ktorych skuteczno$¢ oceniatam w prowadzonych
badaniach naukowych, wchodzil migdzy innymi sprinterski trening interwatowy. Protokoét
sprinterskiego treningu interwatowego jaki stosowalam, byl duzym obcigzeniem dla
zawodnikow, poniewaz obejmowat od kilku do nawet dwudziestu maksymalnych powtorzen,
a kazde powtorzenie trwato 30 sekund. Sposéb wykonania powtorzen byl analogiczny do
testu Wingate, wigc spodziewatam si¢, ze powtdrzenia beda miaty charakter wysitkow
glikolitycznych 1 beda prowokowaly maksymalne zaburzenie rdéwnowagi kwasowo-
zasadowej. PowtoOrzenia byly podzielone na serie, w kazdej serii wykonywano po
4 powtorzenia, przedzielone 90-sekundowg przerwag aktywng. Miedzy seriami stosowano
dluzsza przerwe¢ aktywng trwajaca od 25 do 40 minut. W prowadzonych badaniach
naukowych dokonali§my oceny biezacych efektow wykonania sprinterskiego treningu
interwalowego na podstawie rejestrowanych parametréow fizjologicznych, biochemicznych
1 fizycznych. Zaktadali§my, ze na podstawie gromadzonych danych bedzie mozna podjac

probe indywidualizowania obcigzenia w treningach interwatowych.
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Do tego obszaru badan zaliczam nastepujace publikacje:

Hebisz Rafal, Hebisz Paulina, Zaton Marek. Heart rate variability after sprint interval
training in cyclists and implications for assessing physical fatigue. Journal of Strength
and Conditioning Research 2022; 36(2): 558-564. IF = 3,200; MEiN = 100 pkt.
Hebisz Rafal, Hebisz Paulina, Zaton Marek. Work efficiency in repeated sets of
sprint interval exercise in cyclists. Journal of Sports Medicine and Physical Fitness
2017; 57(3): 195-201. IF = 1,120; MEiN = 20 pkt.

Hebisz Paulina, Hebisz Rafal, Bakonska-Pacon Ewa, Zaton Marek. Acute
hematological response to a single dose of sprint interval training in competitive
cyclists. Science & Sports 2017; 32(6): 369-375. IF = 0,763; MEiN = 15 pkt.

Hebisz Rafal, Hebisz Paulina, Borkowski Jacek, Zaton Marek. Differences in
physiological responses to interval training in cyclists with and without interval
training experience. Journal of Human Kinetics 2016; 50: 93-101. IF = 0,798; MEIN =
15 pkt.

Hebisz Paulina, Hebisz Rafal, Zaton Marek, Borkowski Jacek. Dynamics of changes
in power output, heart rate, and disorders of acid-base balance during interval training
in mountain cyclists. Isokinetics and Exercise Science 2015; 23(4): 245-252. IF =
0,357; MEiN = 15 pkt.

Hebisz Rafal, Hebisz Paulina, Zaton Marek. Effects of long-term sprint interval
training on work efficiency and acid-base balance in mountain bike cyclists. Medicina

dello Sport 2019; 72(1): 12-24. IF = 0,406; MEiN = 20 pkt.

Praca: ,,Heart rate variability after sprint interval training in cyclists and implications for

assessing physical fatigue.”

M¢; wkiad w powstanie tej pracy: udziat w przeprowadzeniu badan, graficzne

przedstawienie wynikéw badan, udzial w korygowaniu tekstu artykutu przed wystaniem do

czasopisma oraz po otrzymaniu recenzji, prowadzenie korespondencji z czasopismem.

W pracy tej oceniano parametry czasowe i czestotliwo$ciowe zmienno$ci zatokowego

rytmu pracy serca (HRV) podczas sprinterskiego treningu interwatowego. Probowali§my

ocenia¢ rozwd@] zmeczenia podczas sprinterskiego treningu interwatlowego na podstawie

analizy HRV, oraz oceny $redniej mocy, szczytowej mocy, poboru tlenu, stezenia jondow

wodoru i mleczanu we krwi. Dwudziestu siedmiu kolarzy wykonato sprinterski trening

interwalowy, ktory obejmowat cztery serie maksymalnych wysitkow. Kazda seria sktadala si¢
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z czterech 30-sekundowych maksymalnych sprintéw przeplatanych 90-sekundowsg aktywnag
przerwa. Kazda seria byla oddzielona 25-40 minutowa aktywna przerwa. Podczas
sprinterskiego treningu interwalowego rejestrowano parametry czasowe i czgstotliwosciowe
HRYV: usrednione odcinki czasowe pomigdzy zatamkami R (RRNN), odchylenie standardowe
od $redniej odcinkéw czasowych pomiedzy zatamkami R (SDNN), pierwiastek kwadratowy
ze $redniej sumy kwadratow réznic pomiedzy kolejnymi odstgpami RR (RMSSD) oraz moc
widma niskich czestotliwosci (LF), moc widma wysokich czestotliwosci (HF) i catkowita
moc widma (T). Przed druga serig maksymalnych wysitkow obnizyla si¢ wartos¢ SDNN.
Wartosci wszystkich parametréw czasowych 1 czestotliwosciowych obnizyty si¢ w pomiarze
wykonanym przed trzecig serig w porownaniu do pomiaru wykonanego przed pierwsza seria.
Uzyskane dane wskazywaty na rozwoj stresu fizjologicznego juz w nastepstwie wykonania
pierwszej 1 drugiej serii sprintdw. Zmianom parametrow HRV nie towarzyszyly zmiany
sredniej mocy, szczytowej mocy, poboru tlenu ani stezenia jonow mleczanu i wodoru.
Dopiero w czwartej serii wysitkoOw zaobserwowano, ze istotnie obnizyta si¢ $rednia moc
i stezenie jonow wodoru oraz zwickszyta si¢ warto$¢ poboru tlenu, w poréwnaniu do
poczatkowych serii. W zwigzku z powyzszym uznano, ze zmiany HRV obserwowane przed
kolejnymi seriami sprintow nie byly prognostyczne dla zmian zme¢czeniowych, rozumianych
jako spadek zdolno$ci do wykonywania pracy. Zmiany HRV nie byly tez prognostyczne dla
zmian metabolicznych, ktérych odzwierciedleniem byt pobor tlenu i ste¢zenie jonéw wodoru.
O braku prognostycznej wartosci zmian HRV obserwowanych podczas faz restytucji w
sprinterskim treningu interwalowym $§wiadczyt rowniez brak znaczacej korelacji pomiedzy

zmianami HRV 1 zmianami mocy jakie zaobserwowano podczas treningu interwatowego.

Praca ,,Work efficiency in repeated sets of sprint interval exercise in cyclists.”

M¢; wkiad w powstanie tej pracy: udzial w przeprowadzeniu badan, graficzne
przedstawienie wynikoéw badan, udziat w wykonaniu korekty tekstu artykutu, udziat w
wykonaniu korekty po recenzji artykutu, prowadzenie korespondencji z czasopismem.

W  publikacji oceniano zmiany efektywnos$ci pracy podczas kolejnych serii
sprinterskiego treningu interwalowego u kolarzy charakteryzujacych si¢ roéznym
doswiadczeniem w wykonywaniu treningu interwalowego. Badano 20 kolarzy podzielonych
na dwie grupy: kolarzy wykonujacych trening interwatowy co najmniej przez rok (kolarze
doswiadczeni) oraz kolarzy nieposiadajagcych doswiadczenia w treningu interwalowym
(kolarze niedoswiadczeni). Wszyscy uczestnicy wykonali trening interwatlowym obejmujacy

cztery serie, maksymalnych wysitkéw, w kazdej serii po cztery 30-sekundowe maksymalne
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powtorzenia przeplatane 90-sekundowg aktywng przerwa. Migdzy seriami stosowano 25-40
minut aktywnej przerwy. W kazdej serii oceniano wydajnos$¢ pracy, pobor tlenu i stezenie
jondéw wodoru. Wydajno$¢ pracy w grupie kolarzy niemajacych do$wiadczenia w treningu
interwatowym spadta w drugiej, trzeciej i czwartej serii. Wydajno$¢ pracy w grupie kolarzy
majacych doswiadczenie w treningach interwatowych poprawita sie¢ w drugiej, trzeciej
i czwartej serii. Stezenie jonow wodoru obnizylo si¢ w drugiej, trzeciej i czwartej serii w
porownaniu do pierwszej serii w grupie niedo§wiadczonych kolarzy, natomiast w trzeciej i
czwartej serii w grupie doswiadczonych kolarzy. W tej pracy wykazaliSmy, ze wydajnos¢
pracy w kolejnych seriach sprinterskiego treningu interwalowego poprawia si¢ u kolarzy z
doswiadczeniem w sprinterskim treningu interwatowym, natomiast pogarsza si¢ u kolarzy nie

majacych doswiadczenia w tym treningu.

Praca: ,,Acute hematological response to a single dose of sprint interval training in
competitive cyclists.”

Moj wklad w powstanie tej pracy polegat na tworzeniu koncepcji pracy 1 postawieniu
hipotezy badawczej, udzial w interpretacji wynikow i1 wycigganiu wnioskow z badan, udziat
w przygotowaniu tekstu artykuhlu, zbieraniu pi$miennictwa, prowadzeniu korespondencji
Z czasopismem.

W pracy oceniano zmiany parametrow hematologicznych podczas sprinterskiego
treningu interwalowego u kolarzy. Szesnastu kolarzy wykonalo sprinterski trening
interwatowy, sktadajacy si¢ z czterech serii maksymalnych wysitkow, podobnie jak w wyzej
opisanych publikacjach. Podczas sprinterskiego treningu interwatowego mierzono stgzenie
czerwonych krwinek, biatych krwinek i hemoglobiny we krwi oraz warto$¢ hematokrytu po
kazdej serii oraz przed treningiem. Obliczano procentowa zmian¢ objetosci osocza. Przed i po
treningu interwalowym oceniano skfad ciata i mas¢ ciala. Po kazdej kolejnej serii, w
poréwnaniu do wartosci wyjsciowych, zaobserwowano wyzsze stezenie krwinek czerwonych
(o 8,4%, 6,8%, 5,6%, 3,8%, odpowiednio w kolejnych seriach), krwinek biatych (o 107,8%,
119,6%, 284,3%, 339,2%, odpowiednio w kolejnych seriach), hemoglobiny (o 7,5%, 6,1%,
4,1%, 2,0%, odpowiednio w kolejnych seriach) oraz wyzsza wartos¢ hematokrytu (o 9,2%,
7,5%, 7,0%, 3,7%, odpowiednio w kolejnych seriach). Objeto$¢ osocza zmniejszyta si¢ (o -
14,5%, -11,7%, -9,2%, -5,4%, odpowiednio w kolejnych seriach) w poréwnaniu z wartoscia
wyj$ciowa. Bezposrednio po zakonczeniu sprinterskiego treningu interwatowego zmniejszyta

si¢ masa ciata 1 zawartos¢ wody w porOwnaniu ze stanem obserwowanym bezposrednio przed
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treningiem. Stosowany protokoél sprinterskiego treningu interwatowego wywotat ostrg
hipowolemi¢ po pierwszej serii sprintdw, jednak wraz z kolejnymi pomiarami, po kolejnych
seriach, stan ten stawal si¢ coraz bardziej lagodny. Po pierwszej serii maksymalnych
wysitkow objetos¢ osocza zmniejszyla si¢ o 14,5% po czwartej serii wysitkow objetosc
osocza zmniejszyla si¢ o 5,4%. Zmiany te moga wskazywa¢ na zwigkszanie si¢ objgtosci
osocza krwi podczas aktywnych przerw (trwajacych 25-40 minut) stosowanych pomigdzy
seriami sprintow. Zwigkszenie objetosci osocza krwi, pomiedzy kolejnymi seriami wysitkow
w sprinterskim treningu interwalowym, byloby mechanizmem korzystnym poniewaz m.in.
moze wpltywac na zwigkszenie objetosci wyrzutowej serca, ktora determinuje ilos¢ zuzytego

tlenu podczas maksymalnego wysitku.

Praca ,,Differences in physiological responses to interval training in cyclists with and
without interval training experience.”

Moj wklad w powstanie tej pracy: udzial w przeprowadzeniu badan, udzial w
zbieraniu 1 przetwarzaniu danych, udzial w wykonaniu korekty po recenzji artykutu,
prowadzenie korespondencji z czasopismem.

W tej pracy przedstawiono rozkltad mocy powtérzen w kolejnych seriach
sprinterskiego treningu interwalowego. Badano 23 kolarzy, ktorych podzielono na dwie
grupy: kolarzy doswiadczonych z co najmniej 2-letnim stazem treningu interwatowego
1 kolarzy niedo$wiadczonych w sprinterskim treningu interwatowym. Przebieg sprinterskiego
treningu interwatowego byt podobny do wyzej opisanych, ale liczba serii nie byta $cisle
okreslona, trening trwat do odmowy przez badanego. Doswiadczeni kolarze wykonali
znacznie wigcej serii maksymalnych wysitkow niz niedoswiadczeni kolarze (odpowiednio 5,8
+1,2 vs. 4,3 £0,9 serii). W grupie kolarzy doswiadczonych wykonana praca obnizyla si¢ tylko
w ostatniej serii, natomiast w grupie kolarzy niedo§wiadczonych wykonana praca obnizyla si¢
juz w drugiej 1 kazdej kolejnej serii, w pordwnaniu z pierwszg serig. Rozktad mocy,
w kolejnych wykonywanych seriach, zmieniat si¢ tylko w grupie kolarzy doswiadczonych, od
trzeciej serii moc spadata w poczatkowych powtdrzeniach serii, 1 zwigkszala si¢
w koncowych powtorzeniach serii, w poréwnaniu do pierwszej serii. Stezenie jondw wodoru
obnizylo si¢ w trzeciej, przedostatniej i ostatniej serii w grupie doswiadczonych kolarzy oraz
w kazdej kolejnej serii w grupie niedo$wiadczonych kolarzy, w poréwnaniu do pierwszej
seril. Podsumowujac, w pracy tej wykazano, ze doswiadczeni kolarze byli w stanie
wielokrotnie tolerowaé wysoki poziom kwasicy mleczanowej. Rozktad mocy zmienial si¢

wraz ze zmniejszeniem zaburzen rownowagi kwasowo-zasadowej. By¢ moze zmiany w
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rozktadzie mocy pozwalaty grupie kolarzy doswiadczonych wykonywa¢ zblizong pracg w

kolejnych seriach przy mniejszych zaburzeniach rownowagi kwasowo-zasadowe;.

Praca: ,,Dynamics of changes in power output, heart rate, and disorders of acid-base
balance during interval training in mountain cyclists.”

Moj wklad w powstanie tej pracy: udzial w tworzeniu koncepcji pracy i postawieniu
hipotezy badawczej, udzial w przetwarzaniu danych, udziat w przygotowaniu tekstu artykutu,
udziat w zbieraniu pismiennictwa, prowadzenie korespondencji z czasopismem.

W pracy tej koncentrowano si¢ na ocenie wysitkowej oraz restytucyjnej czestosci
skurczow serca (HR) w kolejnych seriach sprinterskiego treningu interwalowego. Badaniami
objeto kolarzy gorskich doswiadczonych i niedo§wiadczonych w treningu interwatowym.
Przeprowadzony sprinterski trening interwalowy sktadal si¢ z kilku serii (od 4 do 6, do
odmowy przez badanego) maksymalnych powtdrzen, wykonywanych podobnie jak w wyzej
opisanych artykulach. W przeprowadzonych badaniach, tylko w grupie kolarzy
doswiadczonych w treningu interwalowym, po ostatniej serii maksymalnych wysitkow
zaobserwowano szybsza pierwszg faze restytucji HR. Przyspieszenie pierwszej fazy restytucji
HR mogto by¢ zwigzane ze znacznie mniejszym wzrostem st¢zenia jonow mleczanu i wodoru
we krwi w ostatniej serii sprintow, w porownaniu do poprzednich serii. Szczytowa warto$¢
HR mierzona podczas powtdrzen obnizyla si¢ w ostatniej serii treningu tylko u kolarzy
niedo$§wiadczonych. Kolarze doswiadczeni w treningu interwalowym wykonali wigcej serii
maksymalnych wysitkow (5,4 = 0,64) niz kolarze niedo$wiadczeni (4,4 = 0,69). Tylko u
kolarzy niedo§wiadczonych moc 1 praca obnizyla si¢ w ostatniej serii, w poréwnaniu do
poprzednich serii. Podsumowujac, spadek mocy, wykonanej pracy, szczytowego HR oraz
stezenia jonéw wodoru we krwi (w porownaniu do pierwszej serii) wydaja si¢ byc
uzytecznymi markerami oceny indywidualnej wielkosci obcigzenia w treningu interwalowym
u kolarzy niedoswiadczonych w treningu interwalowym. U kolarzy do$§wiadczonych
uzytecznymi markerami oceny wielkos$ci obcigzenia moze by¢ spadek stezenia jonoéw wodoru

we krwi oraz szybsza pierwsza faza restytucji HR (w poréwnaniu do wezesniejszych serii).

Praca: ,,Effects of long-term sprint interval training on work efficiency and acid-base
balance in mountain bike cyclists.”

Moj wktad w powstanie tej pracy: udzial w zaplanowaniu metodyki badan, udzial w
przeprowadzeniu badan, udziat w wykonaniu korekty po recenzji artykulu, prowadzeniu

korespondencji z czasopismem.
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Celem pracy byta ocena zmian wydajnos$ci pracy i rownowagi kwasowo-zasadowej po
kilku miesigcach systematycznego stosowania sprinterskiego treningu interwatowego.
Trzydziestu jeden kolarzy gorskich o podobnym do$wiadczeniu treningowym podzielono na
dwie grupy. Przez osiem miesigcy jedna grupa wykonywata autorski spolaryzowany program
treningowy obejmujacy sprinterski trening interwatowy, trening interwatowy o wysokiej
intensywnos$ci oraz trening wytrzymalosciowy o niskiej intensywno$ci. Druga grupa
(porownawcza) wykonywala trening interwalowy o wysokiej intensywnosci oraz trening
wytrzymatosciowy. Wydajno$¢ pracy i rownowage kwasowo-zasadowg oceniano podczas
sprinterskiego treningu interwalowego, ktory wykonano przed eksperymentem, oraz po 2, 6
1 8 miesigcach treningu eksperymentalnego. Zmiany istotne statystycznie zaobserwowano
jedynie w grupie wykonujacej autorski spolaryzowany program treningowy. Catkowita
wydajno$¢ pracy i pobdr tlenu wzrosty po 2, 6 1 8 miesigcach stosowania programu
spolaryzowanego. Zaobserwowano mniejszy wzrost stezenia jonow wodoru we krwi w
badaniach wykonanych po 2 i 6 miesigcach, w grupie wykonujacej trening spolaryzowany, w
porownaniu do pomiarow wykonanych przed eksperymentem. W grupie poréwnawczej
zaobserwowano spadek wydajnosci pracy po 6 i 8 miesigcach treningu. Podsumowujac
osiggnigte w tej pracy wyniki, stwierdzono ze dlugotrwate wykonywanie autorskiego
spolaryzowanego programu treningowego moze znaczaco zwickszy¢ calkowitg 1los¢
wykonanej pracy w powtarzanych maksymalnych wysitkach przy jednoczesnym zwigkszeniu

tlenowego kosztu energetycznego i zmniejszeniu zaburzen rownowagi kwasowo-zasadowe;j.

Ocena sprawnosci krazeniowo-oddechowej poprzez analiz¢ parametrow termicznych

podczas intensywnych wysitkow fizycznych

Podczas wykonywania diugotrwatych 1 intensywnych wysitkow fizycznych istotna
role w utrzymaniu zdolnosci wysitkowej spelniaja procesy termoregulacyjne, ktore
umozliwiajg usuwanie nadmiaru powstajgcej energii cieplnej. Sprawno$¢ mechanizmu
termoregulacji zalezy od dystrybucji krwi do mig$ni oraz do krazenia skornego. Proces ten
odbywa si¢ efektywnie w warunkach duzej objetosci krwi i1 jest dwufazowy. W pierwszej
fazie intensywnego wysitku skorny przeptyw krwi si¢ zmniejsza, w drugiej fazie
intensywnego wysitku przeptyw krwi w naczyniach skérnych moze si¢ zwigksza¢. Poniewaz
objetos¢ krwi jest jednym z czynnikow determinujgcych objeto§¢ wyrzutowa serca (a tym
samym rowniez VOpmax) to przyjeliSmy zalozenie, ze mozliwa powinna by¢ ocena
wydolnos$ci fizycznej 1 sprawno$ci uktadu krazenia na podstawie obserwacji wysitkowej
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intensywnos$ci promieniowania termicznego z wybranych obszaré6w powierzchni ciala.
Kolejnym przedmiotem naszych badan bylo okreslenie, czy istnieje zwigzek pomiedzy
wydolnoscia tlenowa, a zmiang temperatury wybranych obszarow powierzchni ciata podczas

intensywnych wysitkéw fizycznych.
Do tego obszaru badan zaliczam nastgpujace publikacje:

e Jastrzgbska Agnieszka, Hebisz Rafal, Hebisz Paulina. Temporal skin temperature as
an indicator of cardiorespiratory fitness assessed with selected methods. Biology 2022;
11(7): 948. IF = 4,200; MEiIN = 100 pkt.

e Hebisz Rafal, Hebisz Paulina, Borkowski Jacek, Wierzbicka-Damska Iwona, Zaton
Marek. Relationship between the skin surface temperature changes during sprint
interval testing protocol and the aerobic capacity in well-trained cyclists.

Physiological Research 2019; 68(6): 981-989. IF = 1,655; MEIN = 40 pkt.

Praca: ,,Temporal skin temperature as an indicator of cardiorespiratory fitness assessed
with selected methods.”

Moj wktad w powstanie tej pracy: udziat w przeprowadzeniu badan, zbieranie danych do
analiz, graficzne przedstawienie wynikow badan, udzial w wykonaniu korekty po recenzji
artykuhu.

Celem tej pracy bylo ustalenie, czy istniejg zwigzki pomiedzy miarami wydolnosci
fizycznej 1 sprawnosci ukladu krazenia, a zmianami temperatury powierzchni ciata
(intensywnosci promieniowania termicznego) podczas intensywnych wysitkow oraz po ich
zakonczeniu. W badaniu wzig¢lo udziat 23 me¢zczyzn aktywnych fizycznie. Kazdy badany
wykonywat test progresywny, a po 48-godzinnej przerwie test weryfikujacy, z mocg 110%
maksymalne] mocy wyznaczone] w tescie progresywnym (Pmax), potaczony z analizg
parametrow termicznych i rejestracja czgstosci skurczow serca. Na podstawie zapisu czgstosci
skurczoOw serca wykonano analizy zmienno$ci zatokowego rytmu pracy serca w restytucji.
Gestos$¢ promieniowania cieplnego z powierzchni ciata mierzono kamerg termowizyjng Sonel
KT384 podczas wysitku z mocg 110% Pmax 1 w restytucji po tym wysitku. Na podstawie
wykonanych analiz stwierdziliémy, ze temperatura powierzchni skroni obnizyta si¢ podczas
wysitku 1 wzrosta podczas restytucji. Nastgpnie wykazaliSmy, ze wysitkowe zmiany
temperatury powierzchni skroni ujemnie koreluja z wydolnoscig fizyczng (mocg testu
progresywnego). WykazaliSmy rowniez, Ze restytucyjne zmiany temperatury powierzchni

skroni dodatnio koreluja z wydolno$cig fizyczng 1 zastosowanymi miarami sprawnos$ci uktadu
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krazenia (VO,max, restytucyjne parametry zmiennosci zatokowego rytmu pracy serca, tempo
restytucji czestosci skurczow serca). Uzyskane wyniki wskazuja, ze pomiar temperatury
powierzchni ciata podczas i po intensywnym wysitku fizycznym moze by¢ uzyteczny w

ocenie wydolnosci fizycznej oraz w ocenie sprawnosci uktadu krazenia.

Praca: ,,Relationship between the skin surface temperature changes during sprint interval
testing protocol and the aerobic capacity in well-trained cyclists.”

Moj wktad w powstanie tej pracy: udziat w przeprowadzeniu badan, zbieranie danych do
analizy, graficzne przedstawienie wynikow badan, udzial w wykonaniu korekty po recenz;ji
artykutu, prowadzenie korespondencji z czasopismem.

W przeprowadzonym badaniu oceniano, czy zmiany temperatury powierzchni ciata
podczas sprinterskiego treningu interwatowego koreluja z wydolnoscia tlenowa kolarzy. W
badaniu wzig¢to udziat 21 kolarzy. Maksymalng moc testu progresywnego i maksymalny
pobor tlenu znormalizowany do masy ciata szczuptego (odpowiednio LBM-Pmax i LBM-
VO;max) zmierzono podczas testu progresywnego. Temperature powierzchni ciata
rejestrowano na skroni i ramieniu podczas sprinterskiego treningu interwalowego. Na
podstawie zapisanych danych stwierdziliémy, ze temperatura powierzchni ciata obniza si¢ w
restytucji po serii sprinterskiego treningu interwalowego. Ponadto wykazalismy, ze LBM-
VO;max silnie koreluje z restytucyjng zmiang temperatury powierzchni skroni. Znaczacych
korelacji nie stwierdziliSmy dla zmian temperatury powierzchni ramienia. Na podstawie
uzyskanych wynikéw mozna uznaé, ze pomiar temperatury ciala podczas sprinterskiego

treningu interwalowego moze stuzy¢ diagnostyce wydolnosci fizyczne;.

Fizjologiczna i biochemiczna charakterystyka kolarzy gorskich i kolarzy szosowych
Kolarstwo dzieli si¢ na wiele konkurencji, jednak najbardziej popularnymi w rekreacji
1 sporcie sg kolarstwo gorskie oraz kolarstwo szosowe. Charakterystyka tych dwoch
konkurencji do$¢ mocno si¢ rozni. Czas wyscigow w kolarstwie goérskim jest krotszy,
rywalizacja wymaga wigkszej intensywnos$ci i odbywa si¢ w wigkszo$ci na wyboistych
gorskich $ciezkach. Rywalizacja w kolarstwie szosowym jest znacznie dluzsza, co wymusza
mniejszg intensywno$¢ wysitku, i odbywa si¢ na réwnych asfaltowych drogach. Niektore
wyscigi szosowe skladajg si¢ z wielu etapow rozgrywanych w kolejnych dniach. W kilku
naszych pracach staraliSmy si¢ wskaza¢ rdznice pomiedzy charakterystyka fizjologiczna,

biochemiczng i fizyczna kolarzy gorskich i szosowych.

53



Paulina Hebisz Autoreferat

Do tego obszaru badan zaliczam nastepujace publikacje:

e Hebisz Rafal, Borkowski Jacek, Hebisz Paulina. Creatine kinase and myoglobin
plasma levels in mountain bike and road cyclists 1 h after the race. International
Journal of Environmental Research and Public Health 2022; 19(15): 9456. MEIN =
140 pkt. W momencie opublikowania artykulu czasopismo posiadato IF = 4,614; ale w
czerwcu biezacego roku stracito wspotczynnik IF za rok 2022.

e Hebisz Paulina, Hebisz Rafal, Borkowski Jacek, Zaton Marek. Time of VO,max
plateau and post-exercise oxygen consumption during incremental exercise testing in
young mountain bike and road cyclists. Physiological Research 2018; 67(5): 711-719.
IF = 1,701; MEiN = 20 pkt.

e Hebisz Paulina, Hebisz Rafal, Zaton Marek. Body balance in a free-standing position
in road and off-road cyclists. Baltic Journal of Health and Physical Activity 2014,
6(4): 245-251. MEIiN = 11 pkt.

e Zaton Marek, Hebisz Paulina, Hebisz Rafal. Zmiany fizjologiczne u kolarzy
szosowych i1 gorskich pod wplywem wieloletniego treningu. Sport Wyczynowy 2011;
49(3): 69-80. MEIN = 1 pkt.

Praca: ,,Creatine kinase and myoglobin plasma levels in mountain bike and road cyclists
1 h after the race.”

Moj wklad w powstanie tej pracy: udziat w zbieraniu danych, graficzne przedstawienie
wynikow badaf, wykonanie poprawek w przygotowanym tek$cie artykulu, udziat w
wykonaniu korekty po recenz;ji artykutu, prowadzenie korespondencji z czasopismem.

Celem pracy bylo poréwnanie wptywu wyscigu kolarzy gorskich 1 wyScigu kolarzy
szosowych na zmiany aktywnosci kinazy kreatynowej (CK) i st¢zenia mioglobiny (Mb)
w osoczu krwi. Ponadto chcieliSmy sprawdzi¢ czy spodziewane zmiany wykaza korelacje
z wynikami wys$cigu. Kolarze gorscy (n = 11) i kolarze szosowi (n = 14), byli badani przed
1 po wyscigu. Kolarzom pobrano krew 2 godziny przed i 1 godzing po wyscigu w celu oceny
aktywnosci CK 1 stezenia Mb. Nastepnie obliczono roznice aktywnosci CK 1 stezenia Mb
pomiedzy pomiarami wykonanymi w probkach pobranych przed wyscigiem 1 po wyscigu
(ACK 1 AMD). Mierzono czas rywalizacji kazdego kolarza i obliczano strat¢ czasowa w
stosunku do zwycigzcy wyscigdw (TD). Wydolnos$¢ tlenowa kolarzy oceniano podczas testu
progresywnego, w ktorym mierzono maksymalny pobor tlenu i maksymalng moc testu

progresywnego. Zaobserwowano, ze aktywno$s¢ CK 1 stezenie Mb réznity sie istotnie
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pomiedzy pomiarami wykonanymi przed i po wyscigu. Aktywnos¢ CK po wyscigu
zwigkszyla si¢ tylko u kolarzy szosowych, podczas gdy stezenie Mb po wysScigu zwigkszylo
si¢ tylko u kolarzy gorskich. Na podstawie wykonanych korelacji stwierdzono zaleznos¢
pomiedzy stratg czasowg do zwycigezcy 1 AMb wsérod kolarzy szosowych, oraz zalezno$¢

pomiedzy stratg czasowa do zwyciezcy 1 ACK wsrod kolarzy gorskich.

Praca: ,,Time of VO;max plateau and post-exercise oxygen consumption during
incremental exercise testing in young mountain bike and road cyclists.”

Moj wktad w powstanie tej pracy: udziat w tworzeniu koncepcji pracy i1 postawieniu
hipotezy badawczej, udziat w przygotowaniu tekstu artykulu, udziat w zbieraniu
piSmiennictwa, udzial w wykonaniu korekty po recenzji artykulu, prowadzenie
korespondencji z czasopismem.

W pracy pordownywano posrednie markery wydolnosci beztlenowej (takie jak: stezenie
jonow mleczanu i wodoru w krwi po tescie Wingate i tescie progresywnym, maksymalng moc
osiggnigta w tescie Wingate, oraz czas plateau VO,max w teScie progresywnym) u kolarzy
szosowych 1 gorskich. W badaniach uczestniczylo 14 kolarzy gorskich i 13 kolarzy
szosowych, ktorzy wykonali test Wingate oraz test progresywny. Podczas testu Wingate
mierzono maksymalng moc beztlenowa oraz $rednia moc. Podczas testu progresywnego
mierzono maksymalng moc tlenowa, maksymalny pobor tlenu oraz czas plateau VO,;max
(Tplateau). Analizowano powysitkowe pomiary poboru tlenu (VO,post), wydalania
dwutlenku wegla, (VCO,post) oraz wspotczynnika oddechowego RER (RERpost) przez
3 minuty bezposrednio po tescie progresywnym. Ponadto mierzono stezenie jondw mleczanu
1 wodoru w krwi, w 3 minucie po kazdym tesScie. Zebrane dane wykazaty znaczace roznice
miedzy kolarzami gorskimi i kolarzami szosowymi pod wzgledem Tplateau, VO,post,
VCO,post, RERpost 1 stezenia mleczanu. PowyzZsze parametry osiagnely wyzsze warto$ci
wsrdd kolarzy gorskich w porownaniu do kolarzy szosowych. Nie zaobserwowano rdznic
migdzy kolarzami gorskimi i szosowymi w wartosciach Pmax, VO,max, st¢zenia jondw
wodoru oraz parametréw mierzonych w tescie Wingate. Wydtuzony czas plateau VO,max w
potaczeniu z wigkszymi powysitkowymi warto§ciami st¢zenia mleczanu i poboru tlenu moze
sugerowa¢ wigkszy udziat przemian beztlenowych podczas testow progresywnych u kolarzy

gorskich, w poréwnaniu z kolarzami szosowymi.
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Praca: ,,Body balance in a free-standing position in road and off-road cyclists.

Moj wklad w powstanie tej pracy: udzial w tworzeniu koncepcji pracy i postawieniu
hipotezy badawczej, udziat w przygotowaniu tekstu artykulu, udziat w zbieraniu
piSmiennictwa, udzial w wykonaniu korekty po recenzji artykulu, prowadzenie
korespondencji z czasopismem.

W pracy poréwnywano zdolno$ci utrzymania rownowagi ciala kolarzy szosowych
i gorskich bezposrednio przed i po sezonie wyscigowym. W badaniu wzigto udziat 10 kolarzy
szosowych 1 10 kolarzy gorskich. Bezposrednio przed i po pig¢ciomiesigcznym sezonie
wyscigowym przeprowadzono proby stabilograficzne w swobodnej postawie stojacej (w
spoczynku i po tescie progresywnym). W ocenie rownowagi ciata analizowano odleglo$¢
i predkos$¢ przesunigé $rodka nacisku (w plaszczyznie strzatkowej i ptaszczyznie czolowej).
Testy przeprowadzono przy oczach otwartych, zamknietych 1 w sprzezeniu zwrotnym. Po
sezonie wyScigowym, w grupie kolarzy gorskich zwigkszyta si¢ odlegtos¢ i1 predkos¢ srodka
przesunig¢ nacisku mierzona po tescie progresywnym. W grupie kolarzy gorskich, po sezonie
wyscigowym, doszto do pogorszenia réwnowagi ciala w plaszczyznie strzaltkowej. Ponadto
po sezonie wyscigowym kolarze gorscy charakteryzowali si¢ gorsza roOwnowaga ciata w
porownaniu z kolarzami szosowymi. Wysitkowi kolarzy gorskich towarzysza drgania i ruchy
pionowe zwigzane z pokonywaniem nieréwnosci podtoza. Zawodnicy mogg je amortyzowaé
poprzez prace konczyn i tutowia, utrzymujac roéwnowage ciata. Mozliwe, ze wielokrotne
powtarzanie takich bodZzcow wysitkowych wptywa na recepcj¢ ukladu przedsionkowego lub
adaptacj¢ jader przedsionkowych w osrodkowym uktadzie nerwowym. Wigksza odleglos¢
1 predkos¢ przesunie¢ srodka nacisku podczas wys$cigu moze pozwala¢ sprawniej pokonywac
nieréwnosci terenu. W zwigzku z powyzszym zmiany, ktore zaobserwowaliSmy w badaniach
u kolarzy gorskich moga by¢ zmianami przystosowawczymi. Jednoczesnie w grupie kolarzy

szosowych zaobserwowano popraw¢ rownowagi statycznej po sezonie wyscigowym.

Praca: ,,Zmiany fizjologiczne u kolarzy szosowych 1 gorskich pod wpltywem
wieloletniego treningu”.

Moj wklad w powstanie tej pracy: udziat w przeprowadzeniu badan, udziat
w zbieraniu danych do analizy, graficzne przedstawieniu wynikow badan, udziat
w przygotowaniu tekstu artykutu, prowadzenie korespondencji z czasopismem.

Celem badan bylo poréwnanie zmian utrwalonych u zawodnikoéw uprawiajacych
kolarstwo szosowe i1 gorskie w nastgpstwie wieloletniego treningu. W trakcie minimum 4 lat

wykonywano regularne badania wysitkowe (test progresywny) z pomiarem mocy mig¢sniowej,
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pracy catkowitej, poboru tlenu, wentylacji minutowej pluc, czestosci skurczow serca, pH
krwi, st¢zenia wodoroweglandw oraz stezenia jonéw mleczanu w krwi. W wyniku
wieloletniego treningu istotnie wzrosta ilos¢ wykonanej pracy i powysitkowe pH krwi oraz
obnizyla si¢ maksymalna czesto$¢ skurczow serca, w catej badanej grupie. Kolarze gorscy
charakteryzowali si¢ wyzszymi wartosciami maksymalnego poboru tlenu oraz wykonanej w
teScie pracy w trakcie catego eksperymentu. Uzyskane wyniki wskazuja, ze wysitek kolarzy
gorskich sprzyja szybszemu wzrostowi zdolnosci do wykonywania maksymalnej pracy o

charakterze tlenowym.

Ocena maksymalnego poboru tlenu — poszukiwanie protokolu testowego, ktory

umozliwia weryfikowanie wartosci VO,max

Maksymalny pobdr tlenu (VO,max) jest przedmiotem badan od wielu lat i jest
uznawany za zloty standard w ocenie wydolnosci tlenowej. W celu oceny VO,max
najczesciej stosowany jest protokdt testu progresywnego, podczas ktdrego systematycznie
zwigksza si¢ intensywnos$¢ wykonywanego wysitku, ktory trwa do odmowy przez badanego.
Jednak ciagle dyskutowanym problemem jest ustalenie ktorzy uczestnicy rzeczywiscie
wykonali maksymalny wysitek podczas testu progresywnego, a ktérzy zakonczyli test
przedwczesnie nie osiggajac prawdziwego maksymalnego poboru tlenu. W zwigzku z
watpliwo$ciami poszukuje si¢ protokoldw testowych, ktore weryfikowatyby wyniki testu
progresywnego. Niektorzy, w celu potwierdzenia uzyskania VO,max, podpierajg si¢
osiggnieciem fazy plateau VO,max podczas testu progresywnego. Inni proponujg wykonanie
testu weryfikujacego w celu potwierdzenia uzyskania maksymalnego poboru tlenu. Jest to test
wykonywany po okoto 5-15 minutach od zakonczenia testu progresywnego. Podczas testu
weryfikujacego wykonuje si¢ wysitek kilkuminutowy o stalej mocy, wyzsze] niz moc
osiggnieta w tescie progresywnym. Niektorzy sugerujg aby wysilek weryfikujacy uzyskanie
VO;max wykona¢ w innym dniu, niz test progresywny, poniewaz tolerancja wysitku jest
wowczas wyzsza. W zwiazku z powyzszym prowadziliSmy badania, w ktorych
poszukiwaliSmy protokotu testowego, umozliwaijacego osiagnigcie najwyzszych wartosci

poboru tlenu wsrdd kolarzy.

Do tego obszaru badan zaliczam nastepujace publikacje:
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e Hebisz Paulina, Jastrzgbska Agnieszka, Hebisz Rafal. Real assessment of maximum
oxygen uptake as a verification after an incremental test versus without a test.
Frontiers in Physiology 2021; 12: 739745. IF = 4,755; MEIN = 100 pkt.

e Hebisz Rafat, Hebisz Paulina, Zaton Marek, Michalik Kamil. Peak oxygen uptake in
a sprint interval testing protocol vs. maximal oxygen uptake in an incremental testing
protocol and their relationship with cross-country mountain biking performance.
Applied Physiology Nutrition and Metabolism 2017; 42(4): 371-376. IF = 2,518;
MEIN = 30 pkt.

Praca: ,,Real assessment of maximum oxygen uptake as a verification after an incremental
test versus without a test.”

Moj wklad w powstanie tej pracy: udziat w tworzeniu koncepcji pracy, udzial w
interpretacji wynikow badan, udziat w graficznym przedstawieniu wynikow, udziat
przygotowaniu tekstu artykutu.

W pracy poréwnywano warto$¢ szczytowego poboru tlenu (VO,peak), mierzonego
podczas testu progresywnego oraz podczas dwoch testow weryfikujacych. Jeden z testow
weryfikujacych wykonano 15 min po tescie progresywnym (VO,peak 1), drugi wykonano w
innym dniu (VO;peak 2). Poszukiwano korelacji, ktéra pozwolitaby przewidzie¢ ktéorym
uczestnikom wystarczy do oceny maksymalnego poboru tlenu tylko test weryfikujacy,
a ktorzy powinni wykonywaé test progresywny. Badania przeprowadzono wsrod 23 osob
(osoby aktywne fizycznie oraz kolarze). Indywidualna analiza wykazata, ze w teScie
weryfikujacym 1 — 3 osoby, a w tescie weryfikujagcym 2 — 11 0so6b uzyskato wigkszg wartos¢
szczytowego poboru tlenu niz w teScie progresywnym. Wsrod osob mtodych wydaje sie
prawdopodobnym, zZe test weryfikujacy maksymalny pobor tlenu ma wigksze znaczenie
diagnostyczne, gdy jest wykonywany w osobnym dniu. Na podstawie zmian czg¢stosci
skurczow serca w fazie wolnej reakcji krazeniowej na wysitek o umiarkowanej intensywnosci
(np. podczas rozgrzewki) oraz na podstawie ilorazu masy ciala szczuptego 1 wysokosci ciata
mozliwe jest przewidywanie, czy najwyzsza wartos¢ szczytowego poboru tlenu zostanie
uzyskana w tescie progresywnym, czy w tescie weryfikujagcym, wykonanym w osobnym dniu.
Ta zalezno$¢ moze mie¢ znaczenie aplikacyjne, poniewaz pozwoli na oszczedno$¢ czasu
przeznaczonego na badanie maksymalnego poboru tlenu, poprzez skrdcenie procedury jego

pomiaru do jednego testu.
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Praca: ,,Peak oxygen uptake in a sprint interval testing protocol vs. maximal oxygen
uptake in an incremental testing protocol and their relationship with cross-country mountain
biking performance.”

Moj wklad w powstanie tej pracy: udziat w przeprowadzeniu badan, graficzne
przedstawieniu wynikéw badan, udziat w wykonaniu korekty tekstu artykutu przed
wyslaniem do czasopisma, udzial w wykonaniu korekty po recenzji artykutu, prowadzenie
korespondencji z czasopismem.

W tej pracy poszukiwali§my odpowiedzi na pytanie, czy szczytowy pobor tlenu
(VO,peak) osiggniety w sprinterskim wysitku interwatowym (SIT) koreluje z wynikiem
sportowym. Ponadto chcieliSmy sprawdzi¢, czy wartos¢ VO,peak w SIT jest zblizona do
szczytowego poboru tlenu uzyskanego w tescie progresywnym przez kolarzy gorskich. Grupa
28 kolarzy gorskich wykonata trzy proby wysitkowe: a) test progresywny, b) wysitek
interwatowy polegajacy na wykonaniu czterech 30-sekundowych powtorzen z maksymalng
intensywnoscia, przedzielonych przerwa 90-sekundowa, c) start w wyscigu kolarstwa
gorskiego. Podczas testu progresywnego i wysitku interwatowego mierzony byl pobor tlenu
1 wentylacja minutowa ptuc. Podczas wys$cigu mierzono czas rywalizacji. Wykazano istotng
statystycznie korelacj¢ pomiedzy szczytowym poborem tlenu w wysitku interwatowym,
a czasem wyscigu. U 9 zawodnikow szczytowy pobor tlenu w wysitku interwatowym byt
wyzszy, niz w tescie progresywnym. Zawodnicy ci charakteryzowali si¢ istotnie krotszym
czasem uzyskanym podczas wyscigu wzgledem zawodnikow, u ktérych pobdr tlenu w
wysitku interwatowym byt nizszy niz w te$cie progresywnym. Podsumowujac, kolarze gorscy
u ktorych szczytowy pobor tlenu w wysitku interwatlowym przekraczal szczytowy pobor tlenu

w tescie progresywnym osiggali lepsze wyniki sportowe.

Wykorzystanie powiekszonej objetosci oddechowej przestrzeni martwej w rozwoju
wydolnosci fizycznej

Jednym ze S$rodkéw, ktory moze ksztattowaé wydolnos¢ fizyczng jest trening
z zastosowaniem powiekszonej objetosci oddechowej przestrzeni martwej. W fizjologicznej
przestrzeni martwej (nieuzytecznej) powietrze wdychane zostaje rozcienczone w drogach
oddechowych przez powietrze, ktore pozostalo w nich po poprzednim wydechu. To
powoduje, ze nowa porcja wdechowego powietrza rozciencza si¢ w nim i zawiera mniejsza
procentowa ilo$¢ tlenu a wigksza dwutlenku wegla. Fizjologiczna przestrzen martwa to

objetos¢ powietrza w tej czgsci drog oddechowych, w ktorych nie zachodzi wymiana gazowa.

59



Paulina Hebisz Autoreferat

Anatomiczna przestrzen martwa stanowi roznic¢ pomigdzy objetoscig oddechowg a objetoscia
powietrza zalegajaca w ptucach bezposrednio po wykonaniu wydechu. Réznicowanie tych
dwoch przedziatéw wynika z faktu, ze podczas poglebionego i/lub czestego oddychania
zwieksza si¢ objeto$¢ powietrza nie podlegajagcego wymianie gazowej. Objetos¢ anatomiczne;j
przestrzeni martwe] mozna zwigkszy¢ poprzez zastosowanie specyficznych urzadzen.
Wielko§¢ obcigzenia (objeto§¢ przestrzeni martwej) mozna dowolnie regulowac.
Wykorzystanie dodatkowej oddechowej przestrzeni martwej zachodzi na przykiad podczas
nurkowania z rurkg. Wtedy w sktad powietrza pecherzykowego wchodzi wigcej powietrza po
poprzednim wydechu. Zwigkszenie przestrzeni nieuzytecznej moze prowadzi¢ do poglebienia
oddychania. Regularne wysitki w takich warunkach moga sprzyja¢ poprawie tolerancji
podwyzszonego cisnienia parcjalnego dwutlenku wegla, a obnizonego cisnienia parcjalnego
tlenu. Sugeruje si¢, ze w ten sposéb mozna osiggna¢ zmiany adaptacyjne do pracy w
warunkach hiperkapnii i/lub hipoksji. Oddychanie przez powigkszong objetos¢ oddechowe;j
przestrzeni martwej moze poprawi¢ sprawno$¢ wymiany gazowej i sprawno$¢ migsni
oddechowych. Dlatego prowadzilismy badania aby oceni¢ wpltyw stosowania powigkszonej

objetosci oddechowej przestrzeni martwej na poziom wydolnosci fizyczne;.
Do tego obszaru badan zaliczam nastgpujace publikacje

e Hebisz Rafal, Hebisz Paulina, Zaton Marek. Impact of training with additional
respiratory dead space on spirometry and exercise respiratory pattern in cyclists.
Central European Journal of Sport Sciences and Medicine 2015; 9(1): 75-83. MEIN =
12 pkt.

e Hebisz Paulina, Hebisz Rafal, Zaton Marek. Changes in breathing pattern and cycling
efficiency as a result of training with added respiratory dead space volume. Human
Movement 2013; 14(3): 247-253. MEiN = 14 pkt.

e Powyzsze prace, oceniajagce wpltyw treningu z powiekszong objetoscig oddechowe;j
przestrzeni martwej] na wydolno$¢ fizyczna, byly kontynuacja badan jakie

prowadzitam przed uzyskaniem stopnia doktora nauk o kulturze fizyczne;.

Praca: ,,Impact of training with additional respiratory dead space on spirometry and
exercise respiratory pattern in cyclists.”

Mo¢j wkiad w powstanie tej pracy: udzial w zaplanowaniu i wyborze metodyki badan,
udzial w przeprowadzeniu badan, graficzne przedstawienie wynikow badan, udziat w

przygotowaniu tekstu artykutu, prowadzenie korespondencji z czasopismem.
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W pracy oceniano wptyw treningdéw z zastosowaniem powigkszonej objetosci oddechowe;
przestrzeni martwej, na parametry mierzone podczas badania spirometrycznego oraz
parametry oddechowe mierzone podczas testu cigglego. Dwudziestu kolarzy losowo
podzielono na dwie grupy: eksperymentalng i kontrolng. Eksperyment trwat 10 tygodni, w
tym czasie wszyscy kontynuowali swoj dotychczasowy program treningowy. Tylko w grupie
eksperymentalnej, podczas treningdw wytrzymalosciowych (wykonywanych 2 razy w
tygodniu), kolarze stosowali dodatkowa objetos¢ oddechowej przestrzeni martwej (ktora
stanowita maska potaczona z rurg o tacznej objetosci 1000 ml). Bezposrednio przed i po
eksperymencie kazdy uczestnik zostal poddany badaniu spirometrycznemu oraz wykonat test
ciggly o stalej intensywnosci. W tedcie spirometrycznym mierzono szczytowy przeptyw
wdechowy (PIF) i wydechowy (PEF), nat¢zona objetos¢ wydechowa w ciagu jednej sekundy
(FEV1) 1 natezona pojemnos$¢ zyciowa (FVC). W tedcie cigglym mierzono objgtosé
oddechowg, czestotliwo$¢ oddechow oraz czas wdechu i wydechu. Przeprowadzony
eksperyment wykazal wzrost objetosci oddechowej 1 spadek czestotliwosci oddechow w obu
grupach kolarzy. Objetos¢ oddechowa byta istotnie wyzsza w grupie eksperymentalnej w
porownaniu do grupy kontrolnej. Ponadto tylko w grupie eksperymentalnej wzrosta warto$¢
PIF, PEF oraz FEVI. Podsumowujac stwierdzono, ze dodatkowa obj¢tos¢ oddechowej
przestrzeni martwej zastosowana podczas treningdéw w grupie eksperymentalnej wptyneta na
wzrost przeptywu powietrza obserwowany w badaniach spirometrycznych w spoczynku oraz

podczas intensywnego wysitku ciaglego.

Praca: ,,Changes in breathing pattern and cycling efficiency as a result of training with
added respiratory dead space volume.”

Mo¢j wktad w powstanie tej pracy: udzial w planowaniu i wyborze metodyki badan,
udziat w przeprowadzeniu badan, udzial przygotowaniu tekstu artykutlu, prowadzenie
korespondencji z czasopismem.

W pracy oceniano wplyw treningu z powiekszong objetoscig oddechowej przestrzeni
martwej na wzorzec oddychania i wydolno$¢ fizyczng. Dwudziestu kolarzy losowo
podzielono na grupe eksperymentalng i kontrolng. Wszyscy uczestniczyli w programie
treningowym, ktéry obejmowat trening wytrzymalo$ciowy o umiarkowanej intensywnos$ci
oraz trening interwalowy o maksymalne; intensywno$ci. Podczas  treningu
wytrzymatosciowego, tylko w grupie eksperymentalnej, stosowano dodatkowa objetoscig
oddechowej przestrzeni martwej (1000 ml). Parametry oddechowe, w tym m.in. pobor tlenu

(VO,), wydalanie dwutlenku wegla (VCO,;), krancowo-wydechowe ci$nienie parcjalne
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dwutlenku wegla (PETCO,), wentylacje minutowa ptuc (VE), objetos¢ oddechowa (TV) oraz
catkowita wykonang prace (W), mierzono przed i po eksperymencie podczas testu
progresywnego 1 ciagtego. Po przeprowadzonym eksperymencie zaobserwowano wyzsze
PETCO; 1 TV w obu grupach podczas obu testow. VCO, wzrosto w grupie eksperymentalne;j
podczas testu cigglego. VO, i VE wzrosty tylko w grupie eksperymentalnej podczas testu
ciggltego 1 progresywnego. Praca catkowita wzrosta podczas testu cigglego w obu grupach.
Jednak catkowita praca wykonana podczas testu progresywnego wzrosla tylko w grupie
eksperymentalnej. Podsumowujgc stwierdzono, ze trening z powigkszong objetoscig
oddechowej przestrzeni martwej poprawiat wydolnos¢ wysitkowg podczas maksymalnego
wysitku oraz wplynal na poprawe maksymalnego poboru tlenu. Z drugiej strony ten rodzaj

treningu wplynal na zmniejszenie wydajnosci energetycznej wysitku submaksymalnego.

Pozostale prace:

e Michalik Kamil, Zaton Marek, Hebisz Paulina, Hebisz Rafal. Heart rate and oxygen
uptake recovery and the level of aerobic capacity in mountain bikers. Polish Journal
of Sport and Tourism 2017; 24(4): 242-246. MEiN = 14 pkt.

e Hebisz Rafal, Blacha Ryszard, Hebisz Paulina, Szczepan Stefan. The relationship
between the gross efficiency and the ability to repeat the given pressure force in

trained cyclists. Human Movement 2019; 20(1): 48-54. MEiN = 40 pkt.

7. Informacja o  osiagnieciach  dydaktycznych, organizacyjnych oraz

popularyzujacych nauke lub sztuke

Staz dydaktyczny

9.06. — 15.06. 2016 — Staz dydaktyczny w University of Porto, Faculty of Sport, Porto,

Portugalia. Opiekunka stazu byta Profesor Susana Soares Ribeiro.

Promotorstwo prac dyplomowych
— W latach 2019 - 2022 bylam promotorem pomocniczym przewodu doktorskiego
irozprawy doktorskiej mgr Natalii Danek. Tytut rozprawy: Znaczenie rozgrzewki

hiperkapnicznej w rozwoju wydolnos$ci beztlenowe;.
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Od 2011 roku do chwili obecnej bylam promotorem oraz recenzentem prac
dyplomowych licencjackich (7 prac) i magisterskich (5 prac). Tematyka prac byla
zwigzana z wykorzystaniem wskaznikow fizjologicznych, biochemicznych
i fizycznych w ocenie skuteczno$ci stosowania réznych programéw treningowych w

rozwoju wydolnosci fizycznej wsrdd osob trenujacych i nietrenujacych.

Autorski program specjalizacji instruktorskiej, sylabusy oraz zajecia dydaktyczne z

przedmiotow:

Od 2014 roku do chwili obecnej prowadze wedlug mojego autorskiego programu
przedmiot ,,Specjalizacja instruktorska: Kolarstwo”, realizowany na studiach drugiego
stopnia, na kierunku Sport oraz na kierunku Wychowanie Fizyczne w Akademii
Wychowania Fizycznego im. Polskich Olimpijczykow we Wroctawiu.

Jestem autorka sylabusa dla przedmiotu ,Fizjologia 1 biochemia treningu
sportowego”, ktory jest realizowany na studiach drugiego stopnia, na kierunku Sport
w Akademii Wychowania Fizycznego im. Polskich Olimpijczykéw we Wroctawiu.
Jestem autorkg sylabusa dla przedmiotu ,,Fizjologia treningu sportowego”, ktory jest
realizowany na studiach drugiego stopnia, na kierunku Wychowanie Fizyczne w
Akademii Wychowania Fizycznego im. Polskich Olimpijczykéw we Wroctawiu.

Od 2010 roku do chwili obecnej prowadzg zajecia z przedmiotu ,,Fizjologia”, ktory
jest realizowany na studiach pierwszego stopnia, na kierunku Wychowanie Fizyczne
oraz na kierunku Sport w Akademii Wychowania Fizycznego im. Polskich
Olimpijczykow we Wroctawiu.

W latach 2013 — 2017 prowadzitam zajecia z przedmiotu ,,Fizjolgiczne metody
kontroli relaksacji”, ktory byl realizowany na kierunku Turystyka i Rekreacja w
Akademii Wychowania Fizycznego we Wroctawiu.

Od 2015 roku do chwili obecnej prowadze zajecia z przedmiotu ,,Fizjologia i
biochemia treningu sportowego”, ktory jest realizowany na studiach drugiego stopnia,
na kierunku Sport w Akademii Wychowania Fizycznego im. Polskich Olimpijczykow
we Wroctawiu.

Od 2017 roku do chwili obecnej prowadze zajecia z przedmiotu ,,Fizjologia treningu
sportowego”, ktory jest realizowany na studiach pierwszego stopnia, na kierunku
Wychowanie Fizyczne w Akademii Wychowania Fizycznego im. Polskich

Olimpijczykow we Wroctawiu.
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Od 2017 roku do chwili obecnej prowadz¢ zajecia z przedmiotu ,,Programowanie i
kontrola wysitku fizycznego”, ktory jest realizowany na studiach drugiego stopnia, na
kierunku Wychowanie Fizyczne w Akademii Wychowania Fizycznego im. Polskich
Olimpijczykow we Wroctawiu.

Od 2017 roku do chwili obecnej jestem opiekunem dydaktycznym praktyk
studenckich w ramach ,,Praktyki zawodowej trenerskiej - dyscyplina: Kolarstwo”,
realizowanej na studiach pierwszego stopnia, na kierunku Sport w Akademii

Wychowania Fizycznego im. Polskich Olimpijczykéw we Wroctawiu.

Czlonkostwo w komisjach i zespolach

W latach 2016 — 2017 bytam cztonkiem Komisji Konkursowej Wydziatu Wychowania
Fizycznego, Akademii Wychowania Fizycznego we Wroctawiu. Komisja Konkursowa
w sprawie rozstrzygniecia otwartych konkurséw na stanowiska nauczycieli
akademickich.

W latach 2017 — 2020 bylam cztonkiem Wydziatlowej Komisji Dydaktyki, na
Wydziale Wychowania Fizycznego w Akademii Wychowania Fizycznego we
Wroctawiu.

W latach 2019 — 2023 bytam czlonkiem Komisji Egzaminacyjnej do przeprowadzenia
egzaminéw dyplomowych (licencjackich) na kierunku Wychowanie Fizyczne w
Akademii Wychowania Fizycznego we Wroctawiu (od 2022 Akademii Wychowania
Fizycznego im. Polskich Olimpijczykéw we Wroclawiu).

W latach 2021 — 2022 bylam czlonkiem Komisji Przetargowej w Akademii
Wychowania Fizycznego im. Polskich Olimpijczykow we Wroctawiu.

W roku 2022 bylam cztonkiem Zespotu przygotowujacego kierunek Sport, Akademii
Wychowania Fizycznego we Wroctawiu, do oceny przez Polska Komisje

Akredytacyjna.

Uczestnictwo w szkoleniach

W roku 2013 uczestniczytam w szkoleniu pt.: ,,Zwigkszanie dostgpnosci uczelni
wyzszych dla oséb niepetnosprawnych”, organizowanym przez Fundacje¢ Instytutu
Rozwoju Regionalnego.

W roku 2016 uczestniczylam w szkoleniu pt.: ,,Aktualnie stosowane procedury w

projektowaniu 1 wytwarzaniu suplementéw diety. Zasady funkcjonowania
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laboratoriow kontroli w zaktadzie farmaceutycznym”, organizowanym przez Olimp
Laboratories Sp. z o0.0.
— W roku 2021 uczestniczytam w szkoleniu pt.: ,,Wsparcie w kryzysie zdrowia

psychicznego”, organizowanym przez Stowarzyszenie ,, Twoje Nowe Mozliwo$ci”.

Udzial w konferencjach popularyzatorskich

Wystapienie na Kongresie Rowerowym organizowanym przez Szkole Wyzsza Psychologii
Spotecznej we Wroctawiu w ramach Dolno$laskiego Festiwalu Rowerowego. Temat

wystapienia: Trening z uzyciem wspotczesnych metod kontroli obcigzen, 2015, Wroctaw.

Uniwersytet dzieci
Prowadzilam zajgecia w ramach Uniwersytetu Dzieci, w cyklu spotkan zatytutowanych
,»Rozbudzamy w dzieciach pasje do aktywnosci fizycznej i pomagamy im odkrywac witasne

zainteresowania”. Temat zaje¢: ,,Jak pokonywac przeszkody na rowerze.”

Wyroéznienia

Podrecznik, ktorego jestem wspotautorem zajmuje II miejsce w rankingu popularnosci
i liczby sprzedawanych egzemplarzy w ciggu ostatniej dekady. Ranking prowadzony przez
Wydawnictwo Akademii Wychowania Fizycznego im. Polskich Olimpijczykéow we
Wroctawiu oraz Ksiggarni¢ Sportowo-Medyczng we Wroctawiu.

Zatonh Marek, Hebisz Rafal, Hebisz Paulina. Fizjologiczne podstawy treningu w kolarstwie

gorskim. Wydawnictwo Akademii Wychowania Fizycznego we Wroctawiu, Wroctaw 2011.

8. Oprocz kwestii wymienionych w pkt. 1-6, wnioskodawca moze podaé inne

informacje, wazne z jego punktu widzenia, dotyczace jego kariery zawodowej.

Do 2015 roku bylam zawodniczka kolarstwa gorskiego, posiadajaca licencje Polskiego
Zwiazku Kolarskiego. Do moich najwigkszych osiagnie¢ naleza:
— I miejsce w Pucharze Polski w maratonie w kolarstwie gorskim, 2008 rok, kategoria
Elita kobiet.
— Il miejsce w Pucharze Polski w kolarstwie gorskim, 2010 rok, kategoria Elita kobiet,
— III miejsce w Mistrzostwach Polski w maratonie w kolarstwie gorskim, 2010 rok,

kategoria Elita kobiet,
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— II miejsce w Mistrzostwach Polski w wysScigu druzynowym w kolarstwie gorskim,

2012 rok.

W latach 2012 — 2020 bylam trenerem kolarstwa gorskiego w nastepujacych klubach:
— KTM Racing Team Ztoty Stok,
— SGR Specialized,
— Asystentka trenera Kadry Narodowej w kolarstwie gorskim 2013 rok.
— W tym czasie moi podopieczni wielokrotnie zdobywali medale podczas Mistrzostw
Polski w kolarstwie gorskim, oraz regularnie zajmowali miejsca w drugiej dziesigtce
podczas Pucharéw Swiata, Mistrzostw Europy i Mistrzostw Swiata w kolarstwie

gorskim.

Informacja nauko-metryczna calego dorobku po uzyskaniu stopnia doktora:
Liczba punktow zgodnie z wykazami MEiN/MNiSW - 1512 pkt.

Warto$¢ wskaznika Impact Factor — 43,641 (przed zmiang punktacji czasopism naukowych,

ktéra miata miejsce w czerwcu 2023 roku, wskaznik IF mojego dorobku wynosit 56,267).
Indeks Hirscha — 6

Liczba cytowan:
— wg Author Search: ogdétem 100, bez autocytowan 59, autocytowania 41

— wg Cited Reference Search: ogolem 112, bez autocytowan 68, autocytowania 44

Paulina Hebisz

(podpis wnioskodawcy)
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Wykaz dokumentéw potwierdzajacych najistotniejsze osiagniecia naukowe:

1. Skan dokumentu potwierdzajacego posiadanie stopnia doktora
2. Pelne teksty artykuldw tworzacych osiggniecie naukowe: cykl siedmiu oryginalnych
prac naukowych powigzanych tematycznie, opublikowanych po uzyskaniu stopnia
doktora
3. Skany oswiadczen wspotautorow prac zespolowych, wchodzacych w sktad cyklu
siedmiu oryginalnych prac naukowych powigzanych tematycznie
4. Potwierdzenie aktywno$ci naukowej w innej Uczelni:
— Skany dokumentéw potwierdzajacych odbycie stazéw naukowych
— Pelne teksty artykutow naukowych bedacych efektem odbytego stazu
5. Potwierdzenie udzialu w grancie naukowym finansowanym przez Ministra Nauki i
Szkolnictwa Wyzszego
6. Informacja naukometryczna calego dorobku naukowego potwierdzona przez
Biblioteke Akademii Wychowania Fizycznego im. Polskich Olimpijczykow we

Wroctawiu
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Abstract

Purpose In this study, we compared the effects of two dif-
ferent training modalities on maximal oxygen uptake and
work output.

Methods Participants included 26 well-trained mountain
bike cyclists were divided into two groups. The first group
trained using a conventional endurance protocol at steady-
state (moderate) intensity and variable-intensity (high-
moderate-low) free of maximal efforts. The second group
combined endurance training with a sprint and high-inten-
sity interval training protocol, which, respectively, were
based on 30 s maximal repetitions and 4 min high inten-
sity repetitions. Training duration was 8 weeks. A graded
exercise test was administered pre- and post-training. Work
output, oxygen uptake, minute pulmonary ventilation, heart
rate and stroke volume were determined during the test.
Results While work output significantly increased post-
training in both groups (P < 0.05), the interval train-
ing group showed a greater magnitude of change (from
284.4 +91.9 to 314.2 4 95.1 kJ) than the endurance train-
ing group (from 271.8 & 73.3 to 283.4 £ 72.3 kJ). Signifi-
cant increases in maximal oxygen uptake (from 57.9 + 6.8
t0 66.6 & 5.3 ml kg~! min~!), maximal pulmonary ventila-
tion and stroke volume were observed only in the interval
training group.

Communicated by David C. Poole.

P4 Paulina Hebisz
paulinahebisz @interia.pl

Department of Physiology and Biochemistry, University
School of Physical Education in Wroclaw, 35 J.I. Paderewski
Avenue, 51-612 Wroclaw, Poland

National Team Coach, Polish Cycling Federation,
Pruszkéw, Poland

Conclusions An exercise protocol involving endurance
and sprint and high-intensity interval training was found
to induce positive effects on maximal oxygen uptake in a
group of well-trained cyclists with several years athletic
experience.

Keywords Interval training - Maximal oxygen uptake -
Cycling

Abbreviations

ANOVA  Analysis of variance

E Endurance training group

H* Hydrogen ion

HIT High-intensity interval training

HRmax  Maximal heart rate

I Interval and endurance training group
MTB Mountain bike

SV Stroke volume

VE Minute pulmonary ventilation

VO, Oxygen uptake

VO,max Maximal oxygen uptake

Introduction

Maximal oxygen uptake (VO,max) is a global indicator of
fitness performance (Bassett and Howley 2000). It reflects
cardiorespiratory effectiveness in supplying oxygen to
working muscle as well as the ability of the muscular sys-
tem to utilise oxygen during exercise. VO,max is contin-
gent on numerous supply- and demand-side determinants
including minute pulmonary ventilation, pulmonary dif-
fusion capacity, cardiac output, haemoglobin level, capil-
lary density, mitochondrial volume density and oxidative
enzyme activities (Bassett and Howley 2000; Warburton
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Table 1 Anthropometric and

. . o Group Age (years) Height (cm) Mass (kg) VO,max (ml kg~! min~") W (k)
physiological characteristics of
groups I and E I 24.4+3.7 1784+72  668+87  57.9+68 284.4 +91.9
E 25.1+5.1 175.8 £4.3 63.9 + 6.1 61.3+75 271.8 +£73.3

Data are presented as mean =+ standard deviation

VO,max maximal oxygen uptake during the graded exercise test, W work output during the graded exercise

test

and Gledhill 2006). According to Wagner (2006), the most
important factor in the development of VO,max is cardiac
output and locomotor muscle blood flow. Nonetheless, all
of the above factors are interrelated, if one of the mecha-
nisms are modified the entire oxygen transport and extrac-
tion chain is subject to change (Wagner 2006, 2011; War-
burton and Gledhill 2006).

The results of numerous studies make it abundantly
clear that elite performance in endurance sports requires
high VO,max capabilities (Le Meur et al. 2009; Lucia
et al. 2001; Martino et al. 2002; Padilla et al. 1999). The
higher the oxygen consumption, the more energy can be
produced and translated into power or speed (Padilla et al.
1999). However, there are physiological limitations to indi-
vidual VO,max. Lucia et al. (2010) stated that variability
in VO,max is influenced to a large degree by genetics. In
contrast, Bouchard et al. (2011) attribute the influence of
genetics only in individuals prior to an appropriate training
intervention. Astrand and Saltin (1967) stated that VO,max
may significantly increase (by 50 %) after exposure to ade-
quate and regular exercise.

It is believed that continuous endurance training is effec-
tive in enhancing VO,max, as prolonged exercise is domi-
nated by aerobic energy metabolism (Gledhill et al. 1994;
Warburton et al. 2004). This form of training is known to
increase both cardiac output and stroke volume, two deter-
minants considered crucial to improving oxygen transport
to exercising muscles (Arbab-Zadeh et al. 2004; Gledhill
et al. 1994; Goodman et al. 2005). However, there has
been an increased focus on other training modalities and
their effect on VO,max in recent years, with a large body
of work concentrating on high-intensity interval training
(HIIT) (Sloth et al. 2013). Currently, there is consensus that
interval training and endurance training as separate modali-
ties are effective in improving VO,max as they induce
increased enzymatic activity, mitochondrial volume density
(Burgomaster et al. 2008; Holloszy and Coyle 1984; Pile-
gaard et al. 2003; Russell et al. 2003) and capillary density
(Fluck and Hoppeler 2003; Roxburgh et al. 2014).

Though many studies have documented the impact of
interval training on VO,max, almost all involve examining
the effects of a single type of interval training on a sam-
ple of sedentary or recreational athletes (Sloth et al. 2013).
There is a paucity of data on the influence of a training
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program linking different interval training variations on
VO,max in athletes with several years professional expe-
rience. For this reason, the aim of this work was to com-
pare the effects of two training modalities on VO,max in
well-trained mountain bike (MTB) cyclists. The first inter-
vention would involve conventional endurance training at
steady-state (moderate) intensity and variable intensity
(high-moderate-low) free of maximal efforts. The second,
besides an endurance training component, would involve
two interval training protocols: (a) sprint interval training
involving several sets of four 30 s maximal cycling efforts
interspersed with 90 s rest periods and (b) high-intensity
interval training consisting of several 4 min cycling efforts
at 90-100 % maximal aerobic power followed by 12 min
of moderate-intensity cycling. We hypothesised that both
intervention programs would lead to improvements in
VO,max, but that the group of cyclists performing interval
training would show a greater magnitude of change primar-
ily by improvements in pulmonary ventilation and stroke
volume as a result of the two additional training stimuli.

Methods
Participants

For the purposes of the study, we recruited 26 MTB cyclists
of whom the majority were members of the National Team.
All participants had at least 5 years of athletic experience
and competed in the same cross-country categories (Elite
and U23). The study design was approved by the Ethics
Committee of the University School of Physical Education
in Wroclaw, Poland and carried out in accordance with the
Declaration of Helsinki. All of the cyclists provided writ-
ten consent to participate in the study after being informed
about the methods and procedures.

The participants were randomly divided into two groups.
Group I completed an interval/endurance training protocol
(n = 13; nine men and four women) whereas group E real-
ised an endurance training protocol (n = 13; ten men and
three women). No significant intergroup differences were
observed for body height, mass or physical fitness level
(determined using a graded exercise test, explained later).
These characteristics are presented in Table 1. The groups
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also did not differ in terms of training status and load, were
previous training history primarily involved endurance-
based cycling at steady-state (moderate) intensity and vari-
able intensity (high-moderate-low). None of the cyclists
had experience with maximal effort exercise characteristic
of interval training, only high intensity efforts such as sev-
eral-minute uphill climbs. All participants followed a simi-
lar training plan, in which they trained for 10 months each
year from December to the following September. During a
typical week training duration was 11-13 h in which a dis-
tance of 270-400 km was cycled. During the racing season
(from April to September) all of the cyclists participated
in 20-25 races. The present intervention encompassed the
two last months of the preparatory season which lasts from
December to March.

Experimental design

For group I, the training program lasted 8 weeks and
involved three cycling protocols. Only one training proto-
col was performed per daily training session. The program
began with protocol (a) on the first day, (b) on the second
and (c) on the third day. The fourth day was a day of rest
and on the fifth the participants began training with (a)
again. They were:

a. Sprint interval training, which was composed of sev-
eral sets of maximal intensity cycling. Each set con-
sisted of four maximal bouts of 30 s interspersed with
90 s rest periods (similar in design to the Wingate
test) and was separated by 20—40 min active recovery
at moderate intensity (60-70 % maximal heart rate).
The number of sets performed by each participant was
determined individually. Sets were repeated until work
done decreased by 5 % compared with the highest
value recorded during the training session. This crite-
rion resulted in participants completing between two
and five sets. Similarly, the duration of active recov-
ery between sets was also tailored to each participant
by calculating the time needed to return to acid—base
homeostasis via blood hydrogen ion (H") concentra-
tion (measured after a warm-up and was approximately
44 nmol 171). This was performed using a RAPIDLab
348 blood gas system (Siemens Healthcare, Germany)
and found to require 20—40 min of active recovery.

b. High-intensity interval training, consisting of 4 min
of high-intensity cycling (90-100 % maximal aero-
bic power) followed by 12 min of medium-intensity
cycling (60-70 % maximal heart rate). The number of
times the 4-min of high-intensity cycling was repeated
was also determined individually; the session was
ended when work output decreased by 5 % compared
with the highest recorded value. This criterion resulted

in participants completing between four and seven such
repetitions.

c. Endurance training, which was performed at 80-90 %
power at the ventilatory threshold for 2-3 h.

For group E, the training program lasted 8 weeks and
involved three cycling protocols. Similar to group I, each
protocol was performed once a day, beginning with (a) on
the first day, (b) on the second day and (b) again on the
third day. The fourth day was a day of rest to return to train-
ing (a) on the fifth day. These two training modalities were:

a. Variable-intensity endurance training that alter-
nated between 10-15 min of high-intensity cycling
(100-110 % power at the ventilatory threshold) and
10-15 min of low- and moderate-intensity effort (50—
70 % maximal heart rate) for a total of 2-3 h.

b. Endurance training performed at 80-90 % power at the
ventilatory threshold for 2-3 h.

The training load parameters of maximal heart rate
(HRmax), power at the ventilatory threshold and maximal
aerobic power were determined a priori using a graded
exercise test outlined in further detail below. Exercise
intensity was continually measured throughout each train-
ing session using a RS800CX heart rate monitor (Polar
Electro, Finland) and cycling power meter system (Power-
Tap, United States).

Exercise test

A graded exercise test was administered before and after
the 8-week training program in controlled laboratory con-
ditions at the Exercise Laboratory at the University School
of Physical Education (PN-EN ISO 9001:2001 certified).
The test was performed on a Cyclus two cycle ergom-
eter (RBM Elektronik, Germany). Starting workload was
50 W and increased every 3 min by 50 W until volitional
exhaustion. The ergometer was connected to a computer
that recorded instantaneous power and time. If a participant
was unable to complete an entire 3 min stage 0.28 W per
second missed was subtracted from the work rate at that
stage. The highest power output determined in the graded
exercise test was taken to be the measure of maximal aero-
bic power. Work done was calculated for each stage in the
graded exercise test by multiplying power (e.g., 50 W) by
time (180 s). The results were summed across all the com-
pleted stages and converted into kilojoules (kJ).

Respiratory function was measured 3 min prior and con-
tinued S min after the test. The cyclist wore a mask connected
to a Quark gas analyser (Cosmed, Italy). The gas analyser
was calibrated before use with a reference gas mixture of car-
bon dioxide (CO,)—5 %, oxygen (O,)—16 %, and nitrogen
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Table 2 Total work output

. . . Group I Group E

and cardiorespiratory variables

pre- and post-training of groups Pre Post Pre Post

Iand E
W (K)) 284.4 +£91.9 314.2 £ 95.1* 271.8 £73.3 283.4 + 72.3*%
VO,max (1 min~?) 39+0.38 4.5+0.7* 39+£0.6 40=+0.5
VO,max (ml kg~! min~!) 579 £6.8 66.6 + 5.3* 61.3+7.5 624 +6.9
VEmax (1 min~") 160.2 + 38.4 174.1 + 36.7* 141.1 £24.9 141.6 + 24.8%*
HRmax (beats min~") 189.9 + 8.0 1902 £ 8.1 190.5 £ 6.2 191.0+7.1
SV, (ml) 115.1 £ 11.6 133.1 £ 18.8* 121.6 £ 8.9 116.7 & 14.0%*
SV, (ml) 129.9 +26.3 148.9 &+ 23.5% 129.6 +21.8 131.9 +£24.0

Data are presented as mean =+ standard deviation

Wt

o total work output during the graded exercise test, VO,max maximal oxygen uptake during the graded

exercise test; VEmax maximal pulmonary ventilation, HRmax maximal heart rate, SV, stroke volume, esti-
mated on the basis of blood pressure measured after graded exercise test, SV, stroke volume, estimated on
the basis of oxygen uptake and heart rate measured during graded exercise test

* P < 0.05 significant difference between before vs. after training program

** P < 0.05 significant difference between I vs. E

(N,)—79 %. Tidal air was analyzed on a breath-by-breath
basis to determine oxygen uptake (VO,), maximal oxygen
uptake (VO,max), carbon dioxide excretion (VCO,) and min-
ute pulmonary ventilation (VE). Absolute and relative (per kg
of body mass) VO,max was calculated based on the composi-
tion of expired air and minute ventilation. The measures were
averaged over 30-s intervals. The ventilatory threshold was
determined by V-slope analysis of VO, and VCO, as outlined
by Beaver et al. (1986). This method assumes an increase
VCO, in relation to VO, during graded intensity efforts. The
RS800CX monitor was also used to record HRmax.

Stroke volume (SV) was estimated using two independ-
ent methods. The first method estimated SV from VO, and
the second from post-exercise blood pressure. As the first
method was dependent on VO,, we used the second method
to verify the first but interpreted the result with caution
as post-exercise blood pressure can be volatile. The first
involved a model based on the Fick principle in which we
used VO, and HR measured in the last phase of graded
exercise test when VO,max was attained (Stringer et al.
1997). The equation reads:

VO,max
SV =22 %100
HR
where SV—stroke volume (ml), VO,max—maximal
oxygen uptake in the graded exercise test (ml min~!),
HR—heart rate at VO,max in the graded exercise test
(beats min~").

The second method employed post-exercise diastolic
pressure, pulse pressure (the difference between systolic
and diastolic blood pressure) and participant age (Jackson
1955). Here, blood pressure was recorded using an aneroid
sphygmomanometer (Riester, Germany) in the first minute
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of recovery after the graded exercise test was completed
when the participant was still sitting on the ergometer.
Blood pressure was taken by the same individual by plac-
ing the sleeve of the sphygmomanometer on the left arm.
SV was estimated based on the equation:

SV = 101 4 (0.50 x pulse pressure)
— (0.59 x diastolic pressure) — (0.61 x age)

where SV—stroke volume (ml), pulse pressure—the dif-
ference between post-exercise systolic and diastolic blood
pressure (mm Hg), diastolic pressure—post-exercise (mm
Hg), age—(years).

Data analysis

The Statistica 10.0 software package (StatSoft, USA) was
used for data processing. Arithmetic means and standard
deviations were calculated. A two-way mixed model ANOVA
(two groups x two time) was used to analyse the main effects
and interaction. When significant changes were obtained,
additionally the post hoc Duncan test was used to identify all
interactions (in time and between groups). The significance
level for all statistical procedures was set at P = 0.05. Pear-
son’s correlation coefficients were calculated to determine the
strength of associations between VO,max and the physiologi-
cal variables and work output obtained in the graded exer-
cise test. Correlations were determined for the entire sample
(groups I and E combined), and for each group separately.

Results

Upon completing the 8-week training programs, a statisti-
cally significant increase in work output was observed in
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both groups I (P = 0.002) and E (P = 0.018) although
group I showed a greater magnitude of change (Table 2). In
group I, significant increases were also noted for VO,max
(P = 0.004), maximal VE (P = 0.012) and SV, the lat-
ter estimated from VO, (P = 0.022) and blood pressure
(P = 0.003). No difference was found for pre- and post-
training HRmax in either group. Significant post-training
differences between the groups were found in VEmax and
SV estimated from blood pressure (Table 2).

Significant correlations were obtained for the entire
group (groups I and E combined) between VO,max and
maximal VE (r = 0.46, P < 0.05); VO,max and SV esti-
mated from oxygen uptake and heart rate (r = 0.76,
P < 0.05) and VO,max and SV estimated from blood pres-
sure (r = 0.39, P < 0.05).

Analysis of the inter-individual differences in group
I showed that VO,max increased in each participant by
approximately 4.7-13.8 ml kg~! min~!. The mean increase
in VO,max was 8.7 ml kg~! min~! or 15 % (Fig. 1). No
corresponding increase in VO,max was observed in
group E. Inter-individual analysis showed increased oxy-
gen uptake in eight individuals (by approximately 1.9-
6.1 ml kg=! min~!) but a decrease in five cyclists (by
approximately 0.3-6.6 ml kg~! min~') (Fig. 2).

Discussion

Our findings indicate that a combined endurance and
interval training protocol is more effective in increasing
VO,max than endurance training alone in MTB cyclists.
Only group I showed such a marked improvement in
VO,max (by approximately 15 %). It is highly probable
that this training adaptation is the result of the two types
of interval training protocols (sprint interval training and
high-intensity interval training) that were applied and that
training load was individually adjusted to each participant
to generate the most effective training effects. Addition-
ally, only group I showed significant increases in maximal
VE and estimated SV, both of which affect the VO,max.
The only variable to increase post-training in both groups
I and E was work output, improving by 10.4 and 4.2 %,
respectively.

Roxburgh et al. (2014) compared the effects of HIIT and
endurance training on VO,max in sedentary adults. While
improvements in maximal oxygen uptake were observed
after both training modalities, the group performing both
endurance and interval training showed an increase in
VO,max by 10.1 %, whereas endurance training alone was
responsible for a 3.9 % increase. Such a dynamic improve-
ment in VO,max among sedentary or untrained individuals
has been confirmed in numerous studies (Bouchard et al.
2011; Metcalfe et al. 2012). The literature shows that such
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Fig. 1 Inter-individual differences in VO,max pre- and post-interval/
endurance training (group I)
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Fig. 2 Inter-individual differences in VO,max pre- and post-endur-
ance training (group E)

results cannot be translated for athletes with several years
training experience. This is especially the case for athletes
whose training routines involve only endurance-based
exercise, where studies have indicated that it is difficult to
increase VO,max in this population (Laursen and Jenkins
2002; Sloth et al. 2013).

Metcalfe et al. (2012) observed increases in VO,max
about 15 % in males and 13 % in females after HIIT,
although this was also observed in individuals leading a
sedentary lifestyle. Other studies have shown smaller gains,
where an interval training intervention for inactive or recre-
ationally active individuals improved VO,max by approxi-
mately 4-13 % (Roxburgh et al. 2014; Sloth et al. 2013).
In an athletic population, the concomitant application of
endurance and interval training was found to increase
VO,max by only 1-7 % (Creer et al. 2004; Laursen and
Jenkins 2002; Smith et al. 1999). However, all of the cited
studies involved either sprint interval training or high-inten-
sity interval training, never both. Additionally, these works
utilised a rigid interval training protocol for all participants
using a fixed number of repetitions (4-8) involving 30 s
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to 5 min of exercise interspersed with predetermined rest
periods (1-5 min) (Creer et al. 2004; Laursen and Jenkins
2002; Smith et al. 1999).

Sloth et al. (2013) compared the results of various inter-
val training strategies to conclude that sprint (all-out) inter-
val training induced better training effects on VO,max than
when using HIIT alone. They found that generating peak
power in the first few seconds of sprint exercise leads to
more physiological adaptations (due to increased use of the
glycolytic and phosphocreatine pathways) than maintain-
ing a constant, high (but not maximal) level of power dur-
ing a short bout of exercise. The ability to rapidly generate
high power in sprint exercise is also associated with a high
level of muscle fibre recruitment. Since training intensity
in interval training exceeds VO,max, increased recruitment
leads to augmented adaptations among not only the anaero-
bic enzymes in type II fibres but also aerobic enzyme activ-
ity (Bailey et al. 2009). Hence, the application of sprint
training even in highly trained athletes is believed to induce
significant improvements in aerobic capacity as measured
by VO,max (Sloth et al. 2013).

One of the other previously mentioned determinants of
VO,max is cardiac output, which is a function of heart rate
and stroke volume (Trilk et al. 2011; Wagner 2006; War-
burton and Gledhill 2006). According to various sources,
high-intensity training produces a stronger effect on stroke
volume than continuous moderate-intensity training as the
increase in blood returning to the heart stretches the ven-
tricles to a greater extent, thereby forcing stronger contrac-
tions (Morris-Thurgood and Frenneaux 2000; Stray-Gun-
dersen et al. 1986; Trilk et al. 2011).

Another determinant of VO,max is VE (Warburton and
Gledhill 2006). Studies have found that sprint interval
training improves maximal pulmonary ventilation (McK-
enna et al. 1997) to a greater extent than traditional endur-
ance training in trained athletes (Laursen and Jenkins 2002;
Sloth et al. 2013). This has been explained by increases in
blood H* concentration, partial pressure of oxygen (pO,)
and partial pressure of carbon dioxide (pCO,), all of which
stimulate blood chemoreceptors (Kumar and Bin-Jaliach
2007). As a result, by increasing the accumulation of post-
exercise metabolites, this training modality may have pro-
voked an enhanced respiratory response.

Other authors have highlighted the role of skeletal mus-
cle oxidative enzyme activities on VO,max, such as suc-
cinate dehydrogenase and citrate synthase, or the devel-
opment of blood capillaries and mitochondrial volume
density (Henriksson and Reitman 1977). Some investiga-
tions reported an increase in enzyme activity after just
2 weeks of interval training, where a similar result was
obtained only after 10-12 weeks of endurance training
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(Blomstrand et al. 2011; Burgomaster et al. 2005, 2008;
Gollnick et al. 1973; Green et al. 1991; Henriksson and
Reitman 1977; Perry et al. 2010). It is, therefore, highly
likely that the metabolic adaptations brought on by interval
training stimulate rapid improvement in VO,max.

There is also evidence that increased VO,max via inter-
val training more efficiently translates into augmented work
output than endurance training, such as by 10.1 and 7.5 %
in recreationally active and 11.1 and 3 % in sedentary indi-
viduals, respectively (Gibala et al. 2006; Roxburgh et al.
2014). However, research involving highly trained athletes
showed far smaller gains in work output via interval train-
ing (Laursen and Jenkins 2002; Sloth et al. 2013). None-
theless, the superior gains in fitness performance afforded
by the inclusion of interval training in an endurance-based
training program attest to the effectiveness of this training
modality in both trained and untrained populations. This
is compounded by the fact that interval training involves
lower training volume, finding it to be a time-efficient exer-
cise strategy. Lastly, as indicated in this study, of particular
importance is the modulation of interval training strategies
(sprint interval training and high-intensity interval training)
and the individual adjustment of training load to induce the
most effective performance adaptations.

Conclusions

An exercise protocol involving endurance and sprint and
high-intensity interval training induced greater positive
effects on VO,max as well as maximal exercise perfor-
mance than an exercise program involving conventional
endurance training in well-trained MTB cyclists with sev-
eral years athletic experience.
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Changes in exercise capacity and serum BDNF following
long-term sprint interval training in well-trained cyclists

Paulina Hebisz, Rafat Hebisz, Eugenia Murawska-Cialowicz, and Marek Zaton

Abstract: The study determined the effects of sprint interval training on the acute and chronic changes of serum brain-derived
neurotrophic factor (BDNF) and aerobic capacity. Twenty-six cyclists were divided into experimental (E) and control groups. Both
groups executed a 6-month exercise intervention involving high-intensity interval training (HIIT) and continuous endurance
training (CET) with group E replacing HIIT and CET sessions with sprint interval training (SIT) that was executed twice a week.
Two exercise tests were administered prior to the intervention and at 2 and 6 months after study outset. Incremental exercise
test assessed aerobic capacity by measuring maximal oxygen uptake and work output; the sprint interval exercise test (SIXT)
comprises 3 sets of four 30-s all-out repetitions interspersed with 90 s of rest with sets separated by 25-40 min of active recovery.
Oxygen uptake, work output, BDNF, and vascular endothelial growth factor A (VEGF-A) concentrations (baseline, 10 min after
first set, and 10 and 60 min after third SIXT set) were taken during the SIT test. Significant decreases in BDNF relative to baseline
values were observed 10 min after the first set and 60 min after the third set in group E at the 2- and 6-month assessments.
Increases in baseline VEGF-A after 2 and 6 months of training and increases in maximal oxygen uptake after 2 months of training
were also observed only in group E. The inclusion of SIT with HIIT and CET shows positive long-term effects, including increased
maximal oxygen uptake and baseline VEGF-A and a reduction in BDNF below baseline levels during and after SIXT.

Key words: sprint interval training, brain-derived neurotrophic factor, vascular endothelial growth factor, maximal oxygen
uptake, cyclists, aerobic capacity.

Résumé : Cette étude détermine les effets de I’entrainement par intervalle au sprint sur les modifications ponctuelles et
chroniques du facteur neutrophique dérivé du cerveau (« BDNF ») et sur la capacité aérobie. On répartit 26 cyclistes dans deux
groupes, I'un expérimental (« E ») et 'autre, de contrdle. Les deux groupes se soumettent durant 6 mois a un programme
comprenant un entrainement par intervalle d’intensité élevée (« HIIT ») et un entrainement d’endurance en continu (« CET »); le
groupe E remplace les séances HIIT et CET par des séances de sprint par intervalle (« SIT ») a raison de 2 fois par semaine. On fait
passer deux tests kinésiques avant puis 2 et 6 mois apres le début de I’étude. Le test a ’effort progressif évalue la capacité aérobie
par la mesure de la consommation maximale d’oxygeéne et de la production de travail; le test de sprint par intervalle (« SIXT »)
comprend 3 séances de 4 sprints de 30 s a fond de train intercalés de 90 s de repos, chaque séance étant séparée de I’autre par
25-40 min de récupération active. On enregistre au cours des SIT la consommation d’oxygeéne, la production de travail, les
concentrations du BDNF et du facteur de croissance A de ’endothélium vasculaire (« VEGF-A »), et ce, au début, 10 min apres la
premiére séance puis 10 et 60 min apres la 3¢ séance SIXT. On observe dans le groupe E comparativement a la valeur initiale une
diminution significative du BDNF 10 min aprés la premiere séance et 60 min apres la 3¢ séance au 2¢ et 6° mois. On observe une
augmentation significative de la valeur de base du VEGF-A apres 2 et 6 mois d’entrainement et une augmentation de la
consommation maximale d’oxygene apres 2 mois d’entrainement seulement dans le groupe E. L’inclusion de SIT dans les séances
HIIT et CET suscite a long terme des effets positifs, soit 'augmentation de la consommation maximale d’oxygeéne et du VEGF-A
de base et une diminution du BDNF sous la valeur initiale, et ce, durant et aprés SIXT. [Traduit par la Rédaction]|

Mots-clés : entrainement par intervalle de sprint, facteur neutrophique dérivé du cerveau, facteur de croissance de ’endothélium
vasculaire, consommation maximale d’oxygene, cyclistes, capacité aérobie.

Introduction 5-fold increase in BDNF messenger RNA expression in the hip-
pocampus and cerebral cortex following exercise (Cotman and
Berchtold 2002; Neeper et al. 1996; Rasmussen et al. 2009), with
levels peaking in the second hour of postexercise recovery (Rasmussen
et al. 2009).

Brain-derived neurotrophic factor (BDNF) is a member of the
neurotrophin family and the most prevalent growth factor in the
central nervous system (Schmolesky et al. 2013), and is important

in the creation, development, and maintenance of neurons as well There is a lack of agreement on the role of BDNF in other body
as the production and differentiation of synapses (Bos et al. 2014).  gystems. BDNF is thought to stimulate satellite cells and play an
BDNF is vital for stable memory function and low BDNF levels are important role in muscle regeneration (Clow and Jasmin 2010).
associated with the onset of Alzheimer’s disease and other ner- BDNF has been linked to energy metabolism as a contraction-
vous system disorders (Thoenen et al. 1991). Animal research has inducible protein in skeletal muscle that is capable of enhancing
found exercise to be beneficial in BDNF synthesis by inducing a fat oxidation during postexercise recovery via AMP-activated

Received 20 June 2018. Accepted 26 September 2018.

P. Hebisz, R. Hebisz, E. Murawska-Ciatowicz, and M. Zatofi. Department of Physiology and Biochemistry, University School of Physical Education in
Wroclaw, 35 ].I. Paderewski Avenue, 51-612 Wroclaw, Poland.

Corresponding author: Paulina Hebisz (email: paulinahebisz@interia.pl).

Copyright remains with the author(s) or their institution(s). Permission for reuse (free in most cases) can be obtained from RightsLink.

Appl. Physiol. Nutr. Metab. 00: 1-8 (0000) dx.doi.org/10.1139/apnm-2018-0427 < Published at www.nrcresearchpress.com/apnm on 4 October 2018.



| rich2/apn-apnm/apn-apnm/apn99914/apn1312d14z | XppWS | S=3 | 3/12/19 | 8:50 | Art: apnm-2018-0427 | Input-1st disk, 2nd ?? |

Pagination not final (cite DOI) / Pagination provisoire (citer le DOI)

protein kinase (Matthews et al. 2009). Moreover, BDNF is also
recognized as a regulator of intercellular communication in the
immune system (Bos et al. 2014). Usui et al. (2014) highlighted the
functional role of BDNF in angiogenic tube formation by influenc-
ing the expression of vascular endothelial growth factor A (VEGF-
A), a potent angiogenic factor, suggesting that VEGF-A and BDNF
act concomitantly to induce angiogenesis (Long et al. 2013).
VEGF-A is also strongly involved in neurodevelopmental and neu-
rodegenerative processes (Carmeliet and Ruiz de Almodovar 2013;
Wu et al. 2008).

Human studies on BDNF have mostly concentrated on evaluat-
ing serum levels in response to acute exercise. It was shown that
the release of BDNF from platelets is influenced by factors con-
nected with muscle function such as Ca?* secretion and shear
stress (Fujimura et al. 2002). According to Schmidt-Kassow et al.
(2012) and Vega et al. (2006), serum BDNF significantly increases
following exercise and returns to baseline within 10 min after
cessation. Several studies have reported a correlation between
cardiorespiratory fitness (maximal oxygen uptake (VO,,,.,) and
the magnitude of change in serum BDNF (Huang et al. 2014), al-
though many studies have shown that the magnitude of change in
serum BDNF is dependent on the intensity and duration of exer-
cise (Ferris et al. 2007; Schmolesky et al. 2013; Vega et al. 2006).
When considering the most appropriate exercise time-point,
Schmidt-Kassow et al. (2012) posited that peak serum BDNF is
achieved approximately 20 min into intensive exercise.

In the available literature, little is known on the acute changes
in serum BDNF after several repeated sets of maximal efforts
common in sprint interval training (SIT), a training modality char-
acterized by exercise performed at a very high intensity for ap-
proximately 30 s (protocol similar to the Wingate anaerobic test).
This lack of knowledge includes the duration of the postexercise
change of serum BDNF concentration, which is important as SIT
can induce significant changes in blood pH and lactate ion con-
centration, both of which are associated with the postexercise
secretion of certain hormones including cortisol (Vega et al. 2006).
Schiffer et al. (2011) and Vega et al. (2006) have suggested that
changes in the acid-base balance after intensive exercise may
affect BDNF secretion. Schiffer et al. (2011) showed that an intra-
venous injection of sodium lactate resulted in an immediate in-
crease serum BDNF concentration. Hence, if acute and significant
changes in acid-base homeostasis affect the secretion of BDNF, it
is possible that SIT may induce changes in BDNF relative to base-
line levels.

There is also a lack of agreement in the literature on the effects
of long-term regular training on serum BDNF concentrations com-
pared with pretraining levels (Huang et al. 2014). Low-intensity
exercise performed over 3 months has been reported to increase
baseline serum BDNF when administered during physiotherapy
in patients with Parkinson’s disease (Angelucci et al. 2016). Other
studies have reported an increase in serum BDNF after 3 months
of systematic cross-fit training in a sample of physically active
individuals (Murawska-Ciatowicz et al. 2015) and after 8 weeks of
resistance training in men with previous resistance training expe-
rience (Church et al. 2016). On the other hand, a number of studies
have shown that baseline serum BDNF does not change after aer-
obic training (Ruscheweyh et al. 2011; Schiffer et al. 2009; Schulz
et al. 2004) or resistance training (Goekint et al 2010; Schiffer et al.
2009). This discrepancy may be due to evidence suggesting that
long-term adaptations in BDNF level may be dependent on the
exercise intensity used during an intervention (Bos et al. 2014). In
addition to the inconclusive findings on serum BDNF response to
standard exercise protocols, there is insufficient data on how
baseline BDNF changes as a result of systematic SIT, which is
considered to be an effective training method for improving aer-
obic capacity (Hebisz et al. 2016).

The aim of this study was to investigate the acute changes in
serum BDNF during and after an SIT session and document the

Appl. Physiol. Nutr. Metab. Vol. 00, 0000

Table 1. Experimental (E) and control (C) group characteristics.

VOZmax
Group (mL'mintkg) P...(W) Age(y) Mass(kg) Height (cm)
E 58.9+5.0 343.0+61.2 18.5t4.6 66.819.6 175.916.8
C 54.118.2 314.2156.4 20.0+5.6 66.0%11.8 173.6%10.2

Note: Data are presented as means *+ SD. P, .., maximal aerobic power during
incremental exercise testing; VO, .., maximal oxygen uptake during incremental
exercise testing.

long-term effects after 6 months of training with SIT in mountain
bike (MTB) cyclists. In addition, VO,,,,, VEGF-A, and maximal
aerobic power (P,,,.,) were analyzed to assess the relationship be-
tween aerobic capacity and BDNF level. It was hypothesized that
acute SIT exercise would increase BDNF above baseline levels. It
was also hypothesized that 6 months of systematic training would
result in an increase in baseline BDNF and improvement in aero-
bic capacity.

Materials and methods

Participants

This study involved 26 MTB cyclists with at least 2 years of
competitive experience. Participant training background was an-
alyzed and training characteristics (heart rate and power output)
over a 12-month period prior to study outset were collected from
previously saved training records using the Garmin Connect sys-
tem (Garmin Ltd., USA). On average, participants trained 10-13h a
week and competed in 20-25 races per year. Approximately 80% of
training volume was based on a continuous endurance training
(CET) protocol performed at an intensity below 80% maximum
heart rate (HR,,,,) and 20% involved high-intensity interval train-
ing (HIIT) performed above 80% HRmax. Participants were ran-
domized to a control group (C: n = 12; 4 females and 8 males) and
an experimental group (E: n = 14; 5 females and 9 males). No
significant intergroup differences were observed for body height,
mass, and aerobic capacity (Table 1). The study design was ap-
proved by the Ethics Committee of the University School of Phys-
ical Education (Wroclaw, Poland) and conducted in accordance
with the Declaration of Helsinki. Participants were advised of the
procedures and provided their written informed consent prior to
inclusion in the study.

Experimental design

The study duration was 6 months and encompassed the prepa-
ratory season and the beginning of the race season. Preceding the
preparatory season was a 6-week transition season in which train-
ing volume had been reduced by 50% compared with the prepara-
tory and race season (4-6 h per week). This phase involved 2 CET
sessions per week at an intensity not exceeding 70% HR_ ... Train-
ing involved various modalities such as cycling, gym exercises,
running, swimming, or cross-country skiing. Upon concluding the
6-week transition, group C resumed their normal training regi-
men of CET and HIIT in which CET was executed 3 times a week
and HIIT twice a week. Each CET session was performed at an
intensity of 55%-60% P, ., for 120-180 min whereas HIIT involved
five to seven 5-min bouts at 85%-95% P, ., interspersed with
12 min of moderate-intensity efforts. In group E, the training pro-
tocol was modified to include an SIT component in which CET was
performed twice a week, HIIT once a week, and SIT twice a week.
The procedures in CET and HIIT were identical to those in group C
whereas SIT involved 3 to 4 sets of maximal cycling. Each set
comprised four 30-s all-out repetitions interspersed with 90 s of
recovery performed at a power output below 50 W. Upon conclud-
ing a set, the participants cycled at moderate intensity (45%-50%
P, ,ax) for 25 min as a form of active recovery. The remaining 2 days
of the week were designated as days of rest. The design of the
study is illustrated in Fig. 1.
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Fig. 1. Flowchart of the study design. CET, continuous endurance training; HIIT, high-intensity interval exercise; SIT, sprint interval training.
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Group E weekly training protocol
2xCET 2xSIT,1 xHIOT,2x CET
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Group C weekly training protocol
2xCET 2xHIIT, 3xCET
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Total training volume in both groups was 10-13 h per week.
Every fourth week the training volume was decreased by approx-
imately 50% to 5-6.5 h to promote recovery without modification
to the training protocol or intensity. Exercise intensity was mea-
sured throughout using an Edge 520 or Edge 810 heart rate mon-
itor (Garmin Ltd, Kansas, US). Power output was measured using a
PowerTap G3 ANT+ meter and GS ANT+ telemetric system (PowerTap,
Wis., USA).

Exercise tests

Outcome measures were measured during an incremental ex-
ercise test (IXT) and a sprint interval exercise test (SIXT) prior to
study outset (pre-intervention), after a 2-month period (peri-
intervention), and at the end of the 6-month intervention (post-
intervention). The tests were separated by a 24-h interval during
which the participants refrained from any exercise or physical
exertion. The tests were administered under laboratory condi-
tions in a temperature- and humidity-controlled exercise labora-
tory (PN-EN ISO 9001:2001). Each test began at 09:00 h and
participants were at least 150 min postprandial. Although bio-
chemical measures were to be recorded in both tests, fasting was
avoided due to the duration and intensity of the exercise tests.
Participant breakfast was high in carbohydrates and identical to
the meal consumed prior to competition.

The IXT was conducted on a Cyclus 2 cycle ergometer (RBM
elektronik-automation GmbH, Leipzig, Germany) that was cali-
brated before each trial. Starting workload was set at 50 W and
increased by another 50 W every 3 min until volitional exhaustion
was reached. If a participant was unable to complete an entire
3-min stage, 0.28 W was subtracted for each missing second from
the work rate at the attained stage. The resultant power output
was used to define the P, for each participant. Respiratory func-
tion was measured by wearing a mask connected to a Quark gas
analyzer (Cosmed, Milan, Italy). The device was calibrated before
use with a reference gas mixture of carbon dioxide (5%), oxygen
(16%), and nitrogen (79%). Tidal air was analyzed on a breath-by-
breath basis to determine oxygen uptake (VO,), carbon dioxide
excretion, and minute pulmonary ventilation. Absolute and rela-
tive (per kg of body mass) VO,,,., was calculated based on the
composition of expired air and minute ventilation. The measures
were averaged over 30-s intervals.

The SIXT was performed on the same Cyclus 2 cycle ergometer.
The test was preceded by a 20-min warm-up where the first 5 min
involved cycling at an intensity corresponding to 40% P,,.. (as
determined in the IXT) and the remaining 15 min at 60% P,,,..
Following the warm-up, an active 10-min cool-down was per-
formed by cycling at a low intensity. The test proper involved
3 sets of maximal cycling sprints similar in design to an SIT ses-

sion with the participant motivated to pedal as hard and as fast as
possible during the sprints. Each set consisted of four 30-s repeti-
tions interspersed with 90 s of active recovery in which workload
was decreased to 30 W. The sets were separated by moderate-
intensity cycling at approximately 40% P,,,... The active recovery
component between sets was continued until blood pH returned
to at least 7.35, resulting in individual recovery times that ranged
from 25 to 40 min. Blood pH during this recovery phase was
continually measured using a RAPIDLab 348 blood gas system
(Siemens Healthcare, Germany). Power output was recorded
throughout and the work done was calculated as the product of
power output and time. Respiratory function was evaluated using
the same procedures and equipment as in the IXT. Data were
collected from the beginning of each set until 2 min after set
termination. For data analysis, work done and VO, were summed
across the 3 sets. A visual approximation of the SIXT protocol is

presented in Fig. 2 alongside the heart rate values recorded during F2

1 trial.

Biochemical measures

Blood samples were collected during the SIXT and always drawn
from the basilic vein. A baseline sample was collected 20 min
prior to test start and then 10 min after the completion of the first
set followed by additional samples 10 and 60 min after the third
set was finished. The 10-min mark was chosen as drawing blood
prior to this time may pose a risk of fainting after maximal efforts
that involve substantial anaerobic glycolysis (Krediet et al. 2004;
Lacewell et al. 2014). It has been recommended that low-intensity
exercise be continued after exhaustive exercise to maintain myo-
cardial pump action and prevent a sudden drop in blood pressure
and fainting (Halliwill et al. 2014). For the sample drawn in the
first set, the active recovery phase was briefly interrupted. Blood
samples were collected in Sarstedt tubes with serous granules
(Stamar, Poland) and then allowed to clot at room temperature for
30 min. The samples were then centrifuged for 10 min at 3000 rpm
(Eppendorf Centrifuge 5810, Hamburg, Germany). Serum was ex-
tracted and then stored Eppendorf tubes at -80 °C. Only serum
samples were collected to determine BDNF and VEGF-A as Slusher
et al. (2018) showed that BDNF in serum and plasma provides
different results after HIIT in which BDNF increased in serum but
did not change in plasma. Furthermore, anticoagulants found in
plasma can activate platelets releasing BDNF with high variability
(Pareja-Galeano et al. 2015). Biochemical analysis was performed
after all pre-, peri-, and post-intervention samples had been col-
lected. After thawing, BDNF levels were assayed using an enzyme-
linked immunosorbent assay kit for BDNF (Cloud-Clone Corp.,
Texas, USA). VEGF-A was analyzed in the same time points using a
VEGF-A immunoenzymatic test (Diaclone SAS, Besancon, France).

< Published by NRC Research Press
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Fig. 2. Illustration of sprint interval exercise test protocol concomitant with participant heart rate (HR).
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BDNF and VEGF-A concentrations measured 10 min after the first
set and at 10 and 60 min after the last set were corrected for
plasma volume changes. For this purpose, hematocrit value (HCT)
and hemoglobin (HGB) concentrations were measured prior to
centrifugation using an ABX Micros OT 16 Analyser (Horiba, Po-
land). The measures were used to show the percent change in
blood plasma volume (%APV) following the formula given by Dill
and Costill (1974):

HGB,,,
HGB

1 — HCT
%APV = 100 x < ) x ( post

- 100
1- HCTPre>

post

where HGB,,,. and HGB,, are XXX and XXX, respectively, and
HCT,,,. and HCT,,, are XXX and XXX, respectively.

In addition to the above sampling, arterialized capillary blood
was also drawn immediately before and 3 min after each set to
determine hydrogen (H*) and lactate ion (La-) concentrations us-
ing the RAPIDLab 348 (Siemens Healthcare, Germany) and Lactate
Scout (SensLab, Leipzig, Germany) analyzers. These measurements
were taken to analyze the correlation between lactic acidosis and
BDNF concentrations.

Statistical analysis

The data set was analyzed with the Statistica 13 software package.
Arithmetic means and standard deviations were calculated for all
measures. BDNF levels across the 2 groups (E and C), 3 exercise tests
for each group (pre-intervention, peri-intervention, and post-
intervention), 4 blood samples for each test (baseline, 10 min after
first set, 10 min after third set, and 60 min after third set) were
compared using multi-factorial ANOVA with post hoc compari-
sons using the Duncan’s test. For BDNF, standard error of the
measurment (SEMeas) and smallest detectable change (SDC) were
calculated as per Schambra et al. (2015). For this analysis, 2 sets of
BDNF data were created that contained all the results obtained
from the test and retest using the same serum samples and by the
same analyst. The calculations were made using the following
equations:

SEMeas = V o®measurement + o*residual

SDC = SEMeas x V2 x 1.96

where o?measurment is the variance of differences between the
test and the retest, and o?residual is the residual variance.

VEGF-A concentrations were analyzed with the Friedman test
and then with the Wilcoxon signed-rank test due to the large
variability of this variable. The remaining variables were analyzed
(2 groups and 3 exercise tests) using 2-way ANOVA with the Dun-
can’s test post hoc. Statistical significance was assumed at the
level of p < 0.05. Pearson’s correlation coefficients were calculated
to determine the strength of associations between BDNF levels
and aerobic capacity determined by the VO,,,..» Py and lactic
acidosis determined by H* and La- concentrations. Spearman’s
correlation coefficients were determined to analyze the relation-
ship between BDNF and VEGF-A levels due to the lack of a normal
distribution.

Results

Only in group E did BDNF significantly decrease 10 min after the
first set and 60 min after the third set when compared with base-
line (pre-SIXT) levels at the peri-intervention (p = 0.013 and
p = 0.039, respectively) and post-intervention (p = 0.01 and
p =0.039, respectively) time points (Table 2). Baseline BDNF levels
did not change in either group at any time point; however, a
significant upward trend in group C was observed when com-
paring post-intervention with pre-intervention levels (p = 0.1)
(Table 2). For BDNF, SEMeas and smallest detectable change were
3.18 ng-mL-! and 8.81 ng-mL-, respectively. Additionally, VEGF-A
significantly increased in group E at 10 min after the first set and
10 min after the third set when compared with baseline (pre-SIXT)
levels at pre-intervention (p = 0.049 and p = 0.037, respectively)
and significantly decreased 10 min after the first set when com-
pared with baseline levels at the peri-intervention and post-
intervention time-points (p = 0.01 and p = 0.029, respectively)
(Table 2). Moreover, in group E baseline VEGF-A significantly in-
creased at peri-intervention (p = 0.009) and post-intervention
(p = 0.023) when compared with pre-intervention levels. In group C,
VEGF-A significantly increased 10 min after the third set when
compared with baseline (pre-SIXT) levels at peri-intervention
(p = 0.049) (Table 2). No significant changes were observed in ei-
ther group for total work output, VO,, or lactate and hydrogen ion
concentrations (Table 3).

In the IXT, VO,,,., measured at peri-intervention had signifi-
cantly increased only in group E when compared with pre-
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Table 2. SIXT-based BDNF and VEGF-A concentrations.

Pre-intervention Peri-intervention Post-intervention

Experimental group
BDNF concentration (ng/mL)
Baseline 12.615 12.6%4.1 13.415.3
10 min after first set 10.8+6.4 6.8+2.8* 7.5%3.6*
10 min after third set 12.4+5.1 9.913.8 9.4+4.4
60 min after third set 9.7+3.8 7.7+2.8* 8.413.6*
VEGF-A concentration (pg-mL™)
Baseline 347.31342.3 443.8+40171 434.7+388.2%F
10 min after first set 418.2+381.4* 323.7+£309.9* 308.2+281.2*
10 min after third set 455.4+320.5* 365.61296.7 331.8%274.8
60 min after third set 384.7+309.6 350.7+317.8 342.61£312.3
Control group
BDNF concentration (ng/mL)
Baseline 8+4 10.7%£5.7 11.6%£3.9
10 min after first set 9.745.2 9.816.8 11.2+4.4
10 min after third set 10.8+5.1 10.6+6.2 11.8+3.9
60 min after third set 7.412.8 8.3t4.5 10.4%3.5
VEGF-A concentration (pg-mL™)
Baseline 339.1£269 328.4%236 309.9+349.5
10 min after first set 397.8%£301.7 362.61321.6 331.6%£307.6
10 min after third set 404.3%£298.6 411.8+288.3* 363+308.7
60 min after third set 376.41322.8 397.41342.2 3441+269.3

Note: Data are presented as means + SD. BDNF, serum brain-derived neurotrophic factor;
SIXT, sprint interval exercise test; VEGF-A, vascular endothelial growth factor A. *, p < 0.05
vs. baseline measure; T, p < 0.05 versus pre-intervention measures; ¥, p < 0.01 versus

pre-intervention measures.

Table 3. SIXT-based total work output, oxygen uptake, and postexercise
hydrogen and lactate ion concentrations.

Pre- Peri- Post-
Variable intervention intervention intervention
Experimental group
Weor (K]) 205.4+33.1 215.5+34.4 217.5%36.5
VOy0c (L) 55.248.6 60.2+10.5 61.4+9.6
H* ;¢ (nmol-LY) 85.418.2 80.218.7 79.2110.3
H+3rd (anI'L_1) 76.617.3 7918 73.919.2
La—s (mmol-LY) 17.412.1 17.413.7 17.1£3.1
La=3,4 (mmol-L7) 16.91+2.7 17.4+4.2 16.5+3
Control group
Wi (K]) 194.4+415 199.5+42.2 198.2+41.9
VO, (L) 53.5+12.8 54+11.7 56.8+12.3
H* i (nmol-L7) 90.2+10.6 87.2+12.8 87.7+12.2
H*;.q4 (nmol-L7Y) 85.8114.5 85114.9 85.3113.9
La-,, (mmol-L7) 19.1+1.8 18.6%1.6 18.1+2
La—5,4 (mmol-L) 18.642.1 16.9%5.8 18.1#2.1

Note: Data are presented as means * SD. H*,, hydrogen ion concentration
after the first SIXT set; H*;,4, hydrogen ion concentration after the third SIXT
set; La—, lactate ion concentration after the first SIXT set; La—5.4, lactate ion
concentration after the third SIXT set; SIXT, sprint interval exercise test; VO,
total oxygen uptake in the SIXT; W, total work output in the SIXT.

intervention levels (p = 0.042). No significant changes were
observed for P ., in either group (Table 4).

There were no significant correlations between BDNF levels and
aerobic capacity determined by the VO, .., VEGF-A, and P, and
lactic acidosis determined by H* and La~ concentrations.

BDNF analysis revealed statistically significant main effects for
factors: collected blood sample, group x exercise test, and group x
collected blood sample (Table 5). Statistically significant main ef-
fects were also demonstrated for P, (group factor: df =1; F =
7.842; p = 0.006; 12 = 0.095), VO,,...... (group factor: df = 1; F = 17.39;
p = 0.000, 1?2 = 0.188, and exercise test factor: df = 2; F = 3.144;
p = 0.048; 2 = 0.077), lactate ion concentrations in SIXT (group
factor: df = 1; F = 7.113; p = 0.008; n? = 0.036), and hydrogen ion
concentrations in SIXT (group factor: df=1; F=25.83; p=0.000; 2 =

Table 4. IXT-based maximal aerobic power and maximal oxygen uptake.

Pre- Peri- Post-
Variable intervention intervention intervention
Experimental group
P ax (W) 343+61.2 364.760.9  363.3%61.4
VO, ax (MLmin~t-kg™!)  58.9+5 65.1%5.61 64.5+6.8
Control group
P ax (W) 314.2456.4  322.7+62.8  319.6+62.9
VO, oy (ML-1min-kg™)  54.1%8.2 57.249.6 56.7+8.7

Note: Data are presented as means * SD. IXT, incremental exercise test; P,
maximal aerobic power; VO,,,.,, maximal oxygen uptake. ¥, p < 0.05 versus
pre-intervention measures.

Table 5. Main effects in ANOVA for BDNF.
Factor df F p n?

Group 1 0016 0899 0000
Exercise test 2 0962 0384 0008
Collected blood sample 3 5753 0001* 0064
Group x exercise test 2 4598 0011* 0035
Group x collected blood sample 3 3113 0027* 0036
Exercise test x collected blood sample 6 0837 0542 0,02
Group x exercise test x collected blood sample 6 0089 0997 0002

Note: BDNF, brain-derived neurotrophic factor.

0.12). No statistically significant main effects were demonstrated
for the remaining variables.

Discussion

The results did not show any acute changes in serum BDNF
concentrations when performing the SIXT at pre-intervention in
either group. However, after 2 and 6 months of training, only in
group E did BDNF levels significantly decrease 10 min following
the first set and 60 min after the last set of sprints when compared
with baseline levels. These results are different from previous
studies that have shown an increase in serum BDNF levels fol-
lowing exercise (Ferris et al. 2007; Schmidt-Kassow et al. 2012;
Schmolesky et al. 2013). For example, Tonoli et al. (2015) assessed
the effects of HIIT on serum BDNF concentrations in type 1 diabet-
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ics to find a significant increase after ten 60-s repetitions were
performed at 90% P,... In another study, a similar HIIT-based
protocol was administered to healthy subjects and resulted in
even higher serum BDNF increases when compared with those
recorded after CET performed at 70% P, (Saucedo Marquez et al.
2015). Nofuji et al. (2012) compared serum BDNF levels following
exercise at various levels of intensity among physically active and
inactive participants. In both groups, BDNF did not change after
exercise at 40% VO,,,., but did significantly increase immediately
after exercise at 60% VO,,,., and 100% VO,,.. when compared
with baseline levels. Interestingly, a significant decrease was ob-
served in serum BDNF at 30 and 60 min after exercise only in the
physically active group and only after exercise at 100% VO, .5
suggesting an improvement in BDNF utilization after maximal
intensity exercise (Nofuji et al. 2012). The present results corrobo-
rate this finding, further indicating that BDNF utilization may be
enhanced after just 1 set of maximal exercise in SIXT compared
with an entire 3-set session as a reduction in BDNF below baseline
levels was observed just 10 min after the first SIXT set. One of the
possible roles of BDNF utilization is the repair of exercise-induced
muscle damage. The majority of circulating BDNF is stored in
platelets, which also contain epidermal growth factor (Oka and
Orth 1983), VEGF (Tischer et al. 1989), and platelet-derived growth
factor (Antoniades et al. 1979), all of which play a role in wound
healing. Some studies have shown that serum BDNF can induce
muscle damage (Ferris et al. 2007; Kuipers 1994). Therefore, it is
possible that the BDNF during exercise contributes to the repair of
damaged skeletal muscle. Lian et al. (1998) showed that BDNF
treatment suppressed the release of creatine kinase and prosta-
glandin E2, which are indicators of muscle cell damage, in rat
muscle exposed to oxidative stress in vivo. Furthermore, the de-
layed regeneration of muscle fibers after injury was observed in
muscle-specific BDNF knockout mice (Clow and Jasmin 2010). In
another study by this group of authors, the increase in myoglobin
concentration and creatine kinase activity (markers of muscular
damage) after a SIT test was significantly less when compared
with pre-intervention measures in a group of cyclists who regu-
larly performed interval training (unpublished data). In the pres-
ent study, a reduction of VEGF-A was observed after the first set in
the SIXT compared with baseline levels only in the experimental
group at 2 and 6 months of training. Based on these findings and
those in the present study involving group E, it can be surmised
that the decrease in BDNF and VEGF-A after maximal exercise is
indicative of its utilization for muscle regeneration. It is likely
that this is the effect of regularly performed SIT because the pre-
intervention BDNF level after a set of maximal sprints did not
change while VEGF-A at 10 min after the first and third sets signif-
icantly increased. Similarly, the acute increase in VEGF-A at
10 min after interval training was observed by Wahl et al. (2011) in
untrained participants.

Analysis of baseline BDNF concentrations in group E revealed
no significant changes in the subsequent months of training (pre-
intervention vs. peri- and post-intervention). This finding is con-
sistent with other studies that have examined the effects of
aerobic training on BDNF (Ruscheweyh et al. 2011; Schiffer et al.
2009; Schulz et al. 2004). One highly suggestive explanation for
the lack of change in baseline BDNF in this group may be the
already high concentrations (12.6 * 5 ng-mL-!) measured at pre-
intervention particularly when compared with group C (8 + 4 ng-mL™).
Although no significant between-group differences were observed
and the magnitudes both fall within the accepted range for
healthy participants (1.5-30 ng-mL™!) (Knaepen et al. 2010), the
baseline values in group E attest to individual differences despite
the identical pre-intervention training profile of both groups. Fur-
thermore, the inclusion of SIT in the training regime of group E
apparently did not have a significant effect on baseline BDNF at
later time-points despite the enhanced training intensity. To fur-
ther elucidate the effects of SIT on baseline BDNF, future research
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should include participants of a lower physical activity level who
should present lower baseline BDNF levels (Gruszczynska et al.
2018). In contrast with group E, baseline BDNF in group C revealed
a positive trend (p = 0.01) across the time-points and may be ex-
plained by the resumption of aerobic training after a 2-month
reduction in training intensity prior to study outset. This trend of
increasing BDNF is consistent with other studies that also ob-
served increased baseline BDNF after regular aerobic exercise
(Zotadz et al. 2008). Of interest is the fact that BDNF increased in
group C and reached a magnitude similar to group E at the pre-
intervention time-point. Future research should conduct a more
sustained investigation to determine if this positive trend contin-
ues over time or if a plateau is reached due to homeostatic regu-
lation.

Relatively high magnitudes of SEMeas and smallest detectable
change for serum BDNF concentration were obtained in the pres-
ent study. SEMeas represented ~23%-40% of the average BDNF
baseline value. It is difficult to find similar data on biochemical
measures of human blood in the literature, with previously re-
ported SEMeas for transcranial magnetic stimulation to be =10%
(Schambra et al. 2015) for indirectly determined VO, .. =13%
(Greiwe et al. 1995) and the strength of various muscle groups
~4%-20% (Mentiplay et al. 2015). The SEMeas and SDC determined
for serum BDNF does indicate that our findings should be inter-
preted with caution.

Significant increases in VO,,,,, and baseline VEGF-A were ob-
served only in group E. These changes suggest that a combination
of moderate-intensity endurance training with HIIT and SIT can
significantly improve the physiological adaptations to training
than CET and HIIT alone and maintain these positive changes over
a 6-month interval. These results confirm our earlier findings
(Hebisz et al. 2016) in which a combination all 3 training modali-
ties in 1 training program improved VO,,,,,, more than a protocol
based on steady-state and variable exercise in well-trained cyclists.
The changes we observed in VO, ., are substantially greater than
those reported by other authors who administered an endurance
training intervention with only HIIT (Etxebarria et al. 2014;
Laursen et al. 2005; Rgnnestad et al. 2015; Smith et al. 1999) or only
SIT (Creer et al. 2004; Etxebarria et al. 2014). The concomitant
increase in VEGF-A was expected as VEGF-A expression is known
to increase under hypoxic conditions induced by metabolic acido-
sis such as during strenuous exercise (Hoppeler 1999). VEGF-A is
considered an important stimulus of muscle angiogenesis (Breen
et al. 2008; Tang et al. 2010), suggesting that the applied interven-
tion in group E induces a complex cardiovascular response in the
study group of cyclists; no correlation between changes in VEGF-A
and BDNF was demonstrated, as reported by other authors (Long
et al. 2013; Usui et al. 2014).

Conclusions

The inclusion of regular SIT in a training regime can reduce
serum BDNF and VEGF-A to below pre-exercise baseline levels
after just 1 set of SIXT-based maximal sprints although the reduc-
tion of BDNF is greater after 1 set of sprints than after 3 sets. This
acute BDNF and VEGF-A response was maintained during the du-
ration of the study. The combination of CET with HIIT and SIT
appears to be more effective in increasing VO,,,., and baseline
VEGEF-A than CET and HIIT alone and that these positive effects
were also observed over the 6-month intervention.
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Abstract.

BACKGROUND: While interval training is considered an effective modality for improving performance, its effectiveness among
athletes may be influenced by previous training experience.

OBJECTIVE: To investigate whether differences in training background are reflected in the development of exercise capacity|
and level of muscle damage following a single bout of repeated maximal sprints after an 8-week intervention of high-intensity|
interval training (HIIT), sprint interval training (SIT), and endurance training (ET).

METHODS: Three groups of male cyclists were studied: E1 (n = 10) included cyclists with a background in high-volume
moderate-intensity training, E2 (n = 7) comprised cyclists with low-volume high-intensity training experience, and C (n =
(7) served as a control group with an identical training background as E1. During 8-week intervention HIIT, SIT, and ET were
performed by cyclists in group E1 and E2, group C performed only ET. At pre- and post-intervention, cyclists performed tw
exercise tests: 1) incremental testing protocol (ITP) to assess maximal oxygen uptake (VO2max) and maximal power (Pmax);
and 2) sprint interval testing protocol (SITP) to determine oxygen uptake (VO2), work, and change in creatine kinase (ACK) and
myoglobin (AMD) levels.

RESULTS: After intervention, VOomax increased in all groups although Pmax increased only in E1 and C. During post-
intervention sprint interval testing protocol, VO and work increased only in E1, whereas ACK and AMb decreased in E1 but
increased in E2.

ICONCLUSIONS: A history of high-volume moderate-intensity training can induce beneficial performance adaptations by re-
ducing muscle damage and allowing greater work output. It is suggested that interval training be preceded by a longer period of
high-volume training in athletes.

Keywords: Interval training, work, creatine kinase, myoglobin

1. Introduction

*Corresponding author: Paulina Hebisz, Department of Physiol-
ogy and Biochemistry, University School of Physical Education,
35 J.I. Paderewski Avenue, 51-612 Wroclaw, Poland. Tel.: +48

Sprint interval training (SIT) and high-intensity in-
terval training (HIIT) are known as two potent ex-
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anaerobic capacity [1-3]. The former involves several
bouts of short maximal intensity exercise (Cca. 30 s)
separated by recovery intervals of 15 s—4 min dura-
tion [4-6]. In the latter, the repeated exercise is either
performed for several minutes at an intensity exceed-
ing 90% maximal oxygen uptake (VO2max) [1] or with
repeated efforts at an intensity above the ventilatory
threshold [2]. The well-documented effects of these
training modalities in high-performance athletes in-
clude significant increases in VOomax [6,7], maximal
power output during incremental exercise testing [6,
7], power output on metabolic thresholds [6], perfor-
mance in individual time trials [7,8], and performance
in cycling races [9]. One study by the present au-
thors [10] revealed greater improvements in VOsmax
(=~ 15%) and maximal power output (=~ 10.4%) dur-
ing incremental test among well-trained mountain bike
(MTB) cyclists than those reported in comparable stud-
ies that administered an exclusive HIIT or SIT in-
tervention (=~ 3-8%) [1,6,7]. In Hebisz et al. [10],
the authors administered the 8-week training inter-
vention that involved a microcycle of SIT, HIIT, and
steady-state endurance training. While most of the
available studies assess the effects of one type of in-
terval training [7-9]. It is possible that an exercise
protocol consisting of both HIIT and SIT may in-
duce enhanced training adaptations compared with
one modality alone. HIIT that involves several min-
utes of exercise at an intensity above 90% VOsmax
is known to increase cardiac output and stroke vol-
ume [1,10-12] whereas the concomitant application of
SIT may have provoked changes in skeletal muscle ox-
idative capacity [13]. Many of these adaptations are as-
sociated with stimulated angiogenesis; increased mito-
chondrial biogenesis via the peroxisome proliferator-
activated receptor gamma coactivator 1-alpha (PGC-
la)) and AMP-activated protein kinase (AMPK) acti-
vation; and increased maximal oxidative enzyme activ-
ity including citrate synthase, beta-hydroxyacyl-CoA-
dehydrogenase, cytochrome oxidase, pyruvate dehy-
drogenase, and malate dehydrogenase [3].

In addition to limited information on the combi-
nation of different interval modalities, there is lack
of documented evidence on the effects of athlete
training background. The most majority of interval
training studies have stratified their population sam-
ples according to VOomax levels by distinguishing
groups such as elite athletes (> 70 ml-min~—!-kg~—1),
highly trained athletes (60-69 ml-min—!-kg~!), well-
trained athletes (5059 ml-min—'-kg~!), and seden-

ing to this classification of aerobic capacity, studies
have found that SIT or HIIT elicit greater improve-
ments in VO;max among sedentary individuals (== 10
15%) [14-16] than trained cyclists (= 5%) [17] or]
well-trained cyclists or triathletes (= 3—8%) [7]. While
research has included a wide range of study popula-
tions, a literature review revealed no works that have
stratified a sample according to such characteristics as
exercise intensity, volume and training history.

Despite many beneficial changes induced by inter-
val training, several negative effects have been identi-
fied with muscle damage as the most prominent [18]. It
is worth noting that significant exercise-induced mus-
cle fiber damage can result from not only interval
training but steady-state exercise performed at mod-
erate or high intensity [19]. Research also suggests
that muscle fiber damage is a necessary precursor for|
the onset of important physiological adaptations [20].
In the literature, some biochemical markers of muscle|
damage are increased myoglobin concentration (Mb)
and creatine kinase activity (CK) in blood plasma
following exercise [21,22]. Interestingly, current find-
ings suggest that eccentric muscular contractions in-
duce greater increases in Mb and CK than concen-
tric contractions [23] and that Mb and CK can also
be triggered by increased oxidative stress [21]. How-
ever, it is unclear what changes occur to Mb and CK|
during SIT-based exercise particularly among trained
athletes with varied training backgrounds (different
macrocycle volume and intensity). This is of interest as
many coaches continue to apply the Matveyev model
of training periodization [24], in which training pro-
gresses from a low-intensity high-volume phase to a
high-intensity low-volume phase. This model theoreti-
cally would best prepare the athlete for the high loads
entailed in interval training. However, there is a mod-
icum of scientific evidence for this model particularly
among advanced athletes [24]. An assessment of the
acute changes in serum Mb and CK in response to SIT]
should show the degree of experienced muscle damage
among athletes with different training backgrounds.
Furthermore, interval training has been strongly pro-
moted as a time-efficient exercise strategy that induces
enhanced adaptations compared with longer-duration
and more monotonous endurance training [3]. How-
ever, little attention has been paid to whether the par-
ticipant or athlete can tolerate the high loads of SIT,
again suggesting the need for research on the effects ofi
this training modality on muscle damage.

In light of the above, the aim of the study was to
determine the effects of a concomitant SIT, HIIT, an

tary individuals (< 50 ml-min—!-kg—') [2]. Accord-
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Table 1
Anthropometric and physiological characteristics of groups E1, E2, and C
Group Age [years] Height [cm] Mass [kg] VO2max [ml-kg*1 -min—1] Pmax [W]
El 217+ 6.6 1795 £ 6 70.2 £ 9.9 574 +34 369.5 £ 42.5
E2 21.2+438 176.4 £5.2 67.4 + 8.6 58.6 £5.9 349.3 £ 26.5
C 20.2 +43 176.5 £5.8 68.4 +9.1 554+72 345.6 £44.2

VO2max — maximal oxygen uptake in an incremental testing protocol, Pmax — maximal aerobic power in an incremental testing protocol; datal
are presented as mean + standard deviation.

PRE-INTERVENTION INTERVENTION
(3 months) (8 weeks)

High-volume moderate-intensity = G i
SIT +HIIT + CET

Group training
El < P >
I.r\\\a.-_vmlumc_ h}gil-lnlcnsuy SIT + HIIT + CET
Group training
K2 < >4 -
High-volume moderate-intensity - .
) training VET + CET
Group _ _
C < >4 >
Test | Test 2
(ITP and SITP) (ITP and SITP)

[Fig. 1. Scheme of the experiment (SIT — sprint interval training; HIIT — high-intensity interval training; CET — continuous endurance training;
IVET — varied-intensity endurance training; ITP — incremental testing protocol; SITP — sprint interval testing protocol).

continuous endurance training (CET) intervention on records using the Garmin Connect system (Garmin
maximal aerobic power and VOsmax in relation to Ltd.,USA). Participant exercise history was then de-
prior training background. Another goal was to deter- termined and the cyclists were assigned to either one
mine if differences in training background would be of two experimental groups (El: n = 10; E2: n =
reflected in the level of muscle damage in response a 7) or a control group (C: n = 7). Group El was
single dose of SIT. It was hypothesized that athletes composed of cyclists who executed a relatively high-
with greater training experience in high-volume exer- volume training regime at moderate intensity. In this
cise would be subject to less muscular damage and group, weekly training volume was 14-16 hours, of
present better post-intervention improvements in exer- which 7% was performed at 65-70% of maximal heart
cise performance. rate (HRmax), 85% at 70-80% HRmax, 5% at 80—

85% HRmax, and 3% above 85% HRmax. Group E2
included cyclists who executed relatively low-volume
training at high intensity. Weekly training volume was
7-9 hours, of which 15% of exercise was performed
at 65-70% HRmax, 21% at 70-80% HRmax, 62% at
80-90% HRmax, and 2% above 90% HRmax. Group
C involved cyclists who shared an identical training
profile as group E1 (high-volume training at moderate-
intensity) but served as a control group and were not
subject to any intervention or training modifications
during the study duration. Group characteristics are
presented in Table 1.

2. Materials and methods
2.1. Participants

This study design was approved by the institutional
ethics committee and all procedures were performed in
accordance with the Declaration of Helsinki. Twenty-
six male mountain bike (MTB) cyclists were recruited
with a minimum of 2 years competitive experience in
their respective racing format. Written informed con-

sent was obtained after the procedures were fully ex- 2.2, Procedures
plained. Previous training characteristics (heart rate
and power output) over a 3-month period prior to study The duration of the training intervention was

outset were collected from previously saved training 8 weeks (shown in Fig. 1). HIIT, SIT, and CET were)
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concomitantly executed by E1 and E2. SIT was per-
formed twice a week. Each SIT session involved 12 to
16 repetitions of 30-s maximal intensity cycling with
four repetitions constituting one set. Each repetition
was interspersed with 90 s of low-intensity cycling not
exceeding 30 W. A recovery period was provided be-
tween each set in which the first 2 min were performed
at an intensity corresponding to 30% maximal aero-
bic power (determined during an incremental test) fol-
lowed by 20 min of cycling at 50% maximal aero-
bic power and then 3 min of cycling at 15% maximal
aerobic power. HIIT was performed once a week and
involved 5 to 7 cycling bouts of 5 min performed at
an intensity 85-95% maximal aerobic power with re-
covery intervals between each repetition performed at
45-50% maximal aerobic power for 10-15 min. The
CET modality was performed twice a week and in-
volved 120-180 min of cycling at an intensity of 70—
80% HRmax.

Participants in group C continued their existing
training regime based on two endurance training
modalities. The first was varied-intensity endurance
training (VET) with two sessions held each week. Each
session began with several minutes of cycling at an in-
tensity of 65-70% HRmax, followed by cycling again
for several minutes at an intensity of 80-85% HRmax,
and then several dozen minutes of cycling at 70-80%
HRmax. This order was then repeated several times
with total session duration 120-180 min. The sec-
ond involved steady-state CET executed three times a
week. In this modality, the controls cycled for 120-
180 min at an intensity equivalent to 70-80% HRmax.

In total, participants in all groups (El, E2, and C)
performed five training sessions per week during the
intervention. Only one training session was held per
day. The remaining two days of the week included: a
day of absolute rest and a day of recovery session that
involved low-intensity cycling at 60% HRmax, in all
participants. Weekly training volume was 11-13 hours
for groups E1 and E2 and 14-16 hours for group C
(identical to pre-intervention training volume). Every
fourth week total training volume was decreased by
approximately 50% in each group (to 5.5-8 hours of
exercise) to promote recovery without modification to
the exercise protocol or intensity. Power output during
training was continuously measured using a rear wheel
hub-mounted G3 ANT+ and GS ANT+ telemetric sys-
tem (PowerTap, Wisconson, US). Heart rate was con-
tinuously measured and displayed together with power
output during training with the Garmin Edge 520 and

2.3. Testing

Physical fitness parameters and physiological vari-
ables were measured pre- and post-intervention by ad-
ministering two exercise tests based on an incremen-
tal testing protocol (ITP) and a sprint interval test-
ing protocol (SITP). The two tests were interspersed
by 24 hours of rest during which the participants re-
frained from any exercise or training stimulus. ITP and
SITP were executed in controlled laboratory condi-
tions (temperature and humidity controlled) at the Ex-
ercise Laboratory of the University School of Physical
Education (PN-EN ISO 9001:2001 certified). Testing
began at 09:00 approximately 150 min postprandial.

2.3.1. Incremental testing protocol

The ITP was performed on an Excalibur Sport cy-
cle ergometer calibrated before each test (Lode B.V.|
The Netherlands). Starting workload was 50 W and
increased every 3 min by 50 W until volitional fa-
tigue. If a participant was unable to complete an en-
tire 3 min stage 0.28 W per second missed was sub-
tracted from the work rate at that stage. The highest
power output determined in the incremental exercise
test was taken to be the measure of maximal aero-
bic power (Pmax). Respiratory gas exchange was mea-
sured on a breath-by-breath basis with a Quark gas an-
alyzer (Cosmed, Italy, Mediolan). The device was cal-
ibrated before each trial with a reference gas mixture
of carbon dioxide (5%), oxygen (16%), and nitrogen
(79%). Tidal air was collected by wearing a face mask|
and analyzed to determine oxygen uptake (VO3). The
composition of expired air and minute pulmonary ven-
tilation was used to determine VOsmax and averaged
over 30-s intervals.

2.3.2. Sprint interval testing protocol

The SITP was performed on the same Excalibur]
Sport cycle ergometer as in the ITP and preceded by
a warm-up in which the participant cycled for 5 min
at 40% Pmax (as determined in the ITP) and then forn
15 min at 60% Pmax. An active 5-min cool-down was
then performed by cycling at an intensity equivalent to
30 W. The test proper then began and consisted of three|
sets of sprint interval exercise. Each set was composed
of four 30-s maximal bouts with the participant mo-
tivated to produce an all-out effort and sustain a high
power output for as long as possible. The repetitions
were interspersed with 90 s of active recovery in which
cycling intensity was reduced to 30 W. Upon complet-

[Edge 810 cycling monitor (Garmin Ltd., Kansas, US)

ing each set a recovery component was performed tha
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Table 2
Pre- and post-intervention work done, Pmax, and VOz in the ITP and SITP
E1l E2 C

Pre Post Pre Post Pre Post
Sprint interval testing protocol
Wi [K]] 723+ 84 76.2 £ 9** 739+ 6.9 75 +7.7 68.5 + 10.7 71.1+£10.3
Wo [kJ] 724 £ 8.1 76.4 £+ 9.4%* 743+72 748 £ 7.6 694+ 11.3 71.7+£11.2
W3 [K]] 71.5 £ 817 75.7 £ 9.1** 732+ 6.8 743+ 7.7 69 + 11 69.4 £ 10.5"
Wit [k]] 216.2 £24.6 220.9 £ 12.4** 221.3 £20.8 224.1 £229 206.9 + 32.9 213.1 £32.2
VOao_1 [1] 36.8 + 6.5 41.5 £ 6.4** 434 +3.8 43.1+3 374+6.3 379 +6.7
VOao_2 [1] 38.8+5.7 432 £ 6.9%*A 435+ 44 41.5+25 38.1+6 369 + 8
VOao_3 [1] 394+5.6 433 £ 6.2/ 433 +4.7 41.9+25 38+6.2 373+6.8
Incremental testing protocol
Pmax [W] 369.5 £ 42.5 393.9 + 39** 349.3 + 26.5 365 + 354 345.6 +£44.2 352 £453
VOgmax [ml-min—1-kg=1] 574 4+34 63.5 £ 6.1** 58.6+5.9 63.6 + 3.9* 554+72 58.9 +9.8*

PPre — pre-intervention; Post — post-intervention; W1 2 3 — work done in the first, second, third sprint interval testing protocol set; Wior — total
work done in all sprint interval testing protocol sets; VO2_1 2 3 — sum of oxygen uptake in the first, second, third sprint interval testing protoco.
set; Pmax — maximal aerobic power in an incremental testing protocol; VOamax — maximal oxygen uptake in an incremental testing protocol;)
* —p < 0.05 vs. pre-intervention measures; ** —p < 0.01 vs. pre-intervention measures; N —p < 0.05 vs. the first and second set; data are

presented as mean =+ standard deviation.

involved pedaling with no external load for the first
2.5 min. Intensity was then increased to 40% Pmax and
continued until blood pH decreased to 7.3. Arterialized
capillary blood from the fingertip was drawn in order to
assay pH with the use of a RapidLab 348 blood gas an-
alyzer (Siemens Healthcare, Germany). This resulted
in individualized recovery times that ranged from 25 to
40 min. A subsequent low-intensity effort of 5 min at
30 W was then performed prior to beginning the next
set.

Instantaneous and average power were recorded in
each sprint repetition and the work done in each set
(W1, W5, W3) and the sum of all sets (W) was ex-
trapolated as the product of power and time. Respira-
tory function was also measured with the same pro-
cedure and equipment as in the ITP. Respiratory gas
measures were collected at test start and recorded for
2.5 min after set termination. VO5 was summed for
each set and included the four sprint repetitions and re-
covery intervals and the 2.5 min post-exertion interval.

A 10 ml blood sample was drawn from the antecu-
bital forearm vein to determine myoglobin concentra-
tion (Mb) and creatine kinase activity (CK) as mark-
ers of muscular damage. A baseline measure was ob-
tained 20 min prior to test start and a post-exertion
sample was drawn 60 min after the last set was com-
pleted. Blood was immediately centrifuged to extract
blood plasma. The samples were stored in Eppendorf
tubes at —80°C and analyzed once all pre- and post-
intervention samples were collected. CK was deter-
mined with a standard assay kit (Biosystems, Spain)
and an Epoch microplate spectrophotometer integrated
with Gen5 proprietary software (Biotek, USA). Mb

was determined with a respective assay kit (EIAab,
USA) with the same microplate reader as above. The
delta change between baseline and post-exertion mea-
sures was calculated and reported as ACK and AMb.

2.4. Data analysis

Means and standard deviations were calculated for
all variables using the Statistica 13 software pack-
age (Statsoft, Poland). The distribution of the data set
was screened for normality with the Shapiro-Wilk test.
Data comparisons were made with the Friedman test
with the Wilcoxon signed-rank test for post-hoc analy-
sis. Pearson’s correlation coefficients (PCC) were cal-
culated to analyze the relationship between changes in
pre- and post-intervention Wtot with the changes in
AMD and ACK. Significance for inferential analysis
was accepted at the 0.05 level of confidence.

3. Results

The assumption of normal distribution was not met
for ACK and AMb in El, AMB in E2, and W,
Ws, W3, Wy, VOo_o, VO5_3 and ACK in group C.
For group-combined data (E1 and E2), AMb, ACK,
and Wtot were characterized by a normal distribution.
Analysis of pre- and post-intervention ITP-derived
Pmax and VOgomax revealed significant increases in
group El. In E2, a significant increase was observed
only for VO,max albeit a trend towards an increase in
Pmax was identified (p = 0.09) (Table 2). Analysis of]
the SITP variables showed that VO, and work done in-
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Table 3
Pre- and post-intervention creatine kinase activity and myoglobin concentration in the sprint interval testing protocol
El E2 C
Pre Post Pre Post Pre Post

CKp [U-171] 148.9 £ 61.8 150.5 £ 67.2 220.7 £ 125 231.5 £ 156.5 156.9 £ 39.8 162.4 £79.2

CKg [U171] 205 + 83.1" 174.8 £75.5*" 232.7 £ 128.5 279.3 £ 136*" 179.6 & 57.2" 190.3 £ 85"

Mbg [ng-ml—1] 124+ 8.9 116 £ 5.6 12+5.6 20.3 +26.2 138+ 7.1 12.6 + 4.7

Mbg [ng-ml—1] 41.1 204" 27.8 £ 14.6*" 185+94 41.5 £ 17.2*N 31.8 £ 151" 324+ 197"

ACK [U171] 56.2 +33.3 244+ 17.1* 12+ 15.6 47.8 £ 8.9* 22.6 +34.3 279 +26.3

AMD [ng-ml—1] 28.7 + 18.1 16.2 + 13.1* 6.5 + 10.1 21.2 + 6.9* 18 £17.1 19.8 + 20
[Pre — pre-intervention; Post — post-intervention; CKp — baseline creatine kinase activity in blood serum; CKg — post-exertion creatine kinase in|
blood serum; Mbg — baseline myoglobin concentration in blood serum; Mbg — post-exertion myoglobin concentration in blood serum; ACK
difference in baseline and post-exertion CK; AMb — difference in baseline and post-exertion Mb; * — p < 0.05 vs. pre-intervention measures;
" —p < 0.05 vs. baseline value; data are presented as mean =+ standard deviation.

35

creased significantly only in group El, in all three in-
dividual sets. No significant differences were observed » .
for total work done, work done per set, or VO, in group 25 .
E2 and C (Table 2).

Analysis of the biochemical markers revealed sig-
nificant post-exertion increases in CK and Mb (com-
pared with baseline values) among all groups at both
the pre- and post-intervention time points (excluding
pre-intervention E2). Post-intervention group compar-
isons showed that the increase in CK and Mb was
significantly less in E1 but significantly greater in E2 5
when compared with pre-intervention measures. This - i
was reflected in the delta change between baseline A L R
and post-exertion values, in which post-intervention Ml changssforal]

ACK and AMbD significantly decreased in E1 but sig-

20

Wig changes [kJ]

Fig. 2. Scatter plot illustrating the linear correlation between pre-

nificantly increased in E2. No significant differences and post-intervention changes in AMb and Wtot (r = —0.62, p <
were observed in control group between pre- and post- 0.05); correlation coefficients based on E1 and E2 combined data.
intervention CK and Mb levels. Baseline value CK and
Mb was greater in E2 compared with E1 and C at 3
pre- and post-intervention but not significant between- | o
eroup differences were observed (Table 3). o

Correlation analysis of the changes in AMb and W = °
for group-combined data (E1 and E2, together) at pre- ]
and post-intervention revealed a significant negative 2 s \
correlation (r = —0.62, R?2 = 0.39, p = 0.008), in i . ‘x\_\ Sl |
which a decrease in AMb after SITP was associated T e e iy,
with an increase in post-intervention W, when com- = s f \
pared pre-intervention Wy, (Fig. 2). A similar rela- 0 o =
tionship was observed for the change in ACK and the . o L ™
change in W, (r = —0.5, RZ = 025, p = 0.041) .
(Fig. 3). b T I R Era— 0 2 @ & »

CK activity changes [U-I""]

Fig. 3. Scatter plot illustrating the linear correlation trend between
pre- and post-intervention changes in ACK and Wtot (r = —0.5,
p < 0.05); correlation coefficients based on E1 and E2 combine
Increased Mb and CK levels were observed after data.

the administration of SITP. Several studies have con-

4. Discussion
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idative stress can cause severe muscle damage due to
metabolic [21,25] and mechanical factors associated
with excessive muscle tension or stretch [26,27]. How-
ever, the applied exercise tests were all based on ped-
aling mechanics, an activity dominated by concentric
muscle work [28]. While researchers have suggested
that even highly intensive concentric exercise does not
induce significant changes in CK and Mb [23,29] or
other biochemical markers of acute muscle damage
(i.e. calpain or calpastatin) [29-31], the cited works
adopted an exercise testing protocol significantly dif-
ferent from the one used herein. For example, Newham
and Jones [23] and Vissing et al. [29] both adminis-
tered an uphill walking/climbing task. While Murphy
et al. [31] did use a cycle ergometer, their exercise pro-
tocol involved cycling at 70% VOsmax until fatigue
and a Wingate-based protocol. In the present study,
Mb and CK were measured when performing repeated
30-s maximal sprints which may have induced greater
metabolic stress and causing increased muscle damage
than the above protocols.

Post-intervention group comparisons revealed that
the increase in CK and Mb was significantly less
in E1 compared with other groups. This was also
seen by the significant decrease in post-intervention
ACK and AMb compared with pre-intervention val-
ues. Such a diametric difference between pre- and post-
intervention values was accompanied by increased
muscle oxygen potential. Laughlin and Roseguini [32]
indicated that sprint interval training develops capillary
density and muscular blood flow in fast twitch mus-
cle fibers. In addition, SIT-induced changes in neuro-
muscular characteristics are known to increases mus-
cle oxidative potential during such efforts [26]. This is
evidenced in the present study by the significant post-
intervention increases of SITP-based VOs. The con-
comitant increase in oxygen potential and the observed
changes of ACK and AMb could have influenced the
increase in the amount of work done in E1 but none
of the other groups. This thesis is supported by the
negative correlation between the change in AMb and
ACK with the change in work done that was ob-
served at both pre- and post-intervention time points.
These changes are significant in the context of previ-
ous findings in which a strong correlation was iden-
tified between VO, peak obtained during a SITP and
race performance in well-trained MTB cyclists [33].
Moreover, another study demonstrated a correlation
between average power in an interval training exercise
test and MTB race times [34]. This relationship ap-
pears to be rationally justified as competitive MTB in-

volves repeated dynamic efforts at an intensity above
Pmax [35].

It is interesting to note the increase in CK and Mb
in group E2 after the intervention was completed. Cur-
rent evidence suggests that regular training should re-
duce susceptibility to muscle fatigue [26] and muscle
tissue damage [36]. However, the differences between
El and E2 suggest that the adaptive response to inten-
sive training may be strongly influenced by previous
high-volume endurance training background in well-
trained cyclists. It may be surmised that if the training
stimulus was insufficient, then the resistance to damage
and also oxidative potential of muscle to short high-
intensity exercise may not improve. Relatedly, the ad-
ministration of intermittent sprint training to a group of]
untrained adults (twenty 10-s sprints performed three
times per week for 5 weeks) led to enhanced Ca™ ™ re-
lease compared with controls [37]. This release can re-
sult in the activation of calpain-3 leading to the proteol-
ysis of cell constituents and eventual apoptosis [30,38]
and also the activation of phospholipase A, which af-
fects cell membrane integrity [38]. Hence, the detri-
mental effects of phospholipase A, and Ca?* over-
load due to high-intensity exercise [38] may explain
the CK and Mb dynamics observed in group E2. It is
important to note that while @rtenblad et al. [37] did
report improved sprint performance after 5 weeks of]
sprint training, they involved an untrained sedentary|
sample. In the present study, no change in work done|
was observed in group E2, suggesting that the applied
intervention was not effective in the enhancement of]
exercise capacity during repeated sprint performance.
When comparing E1 and E2 post-intervention out-
comes, the results show that work done and VO, in|
the SITP is enhanced when previous training status in-
volves high-volume training at moderate intensity and
that the application of such a training regime appears
to also reduce the post-exertion effects of CK and Mb
during high-intensity exercise.

5. Conclusions

The concomitant execution of SIT, HIIT, and CET
is beneficial in the development of VOymax regardless
of previous training background. However, the find-
ings suggest that an increase in VO2 and work done
in repeated sprint exercise is possible if a training in-
tervention of SIT, HIIT, and CET be preceded by aer-
obic training of high-volume moderate-intensity. Such
high-volume moderate-intensity training may induce
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beneficial training adaptations (evidenced via reduced
SITP-based CK and Mb levels) that reduce structural
damage within the muscle fiber thereby allowing a
greater amount of work done during intense exercise.
These findings may aid the coach in explicitly deter-
mining training load over a long-term (several-month
or several-year) perspective. This is particularly use-
ful in the planning of training at high-volume to pre-
pare MTB cyclists for later training at high-intensity,
with the goal of increasing power output during max-
imal efforts and therefore improving competitive per-
formance.

5.1. Study limitations

The findings of the study require careful interpreta-
tion due to certain intrinsic limitations. The relatively
small sample size and underlying distribution of the
data required the use of non-parametric methods to
compare individual sets and pre- and post-intervention.
Non-parametric tests, particularly with small samples,
lack the statistical power of their parametric equiva-
lents and limit inference on the magnitude of the stud-
ied training effects. However, these limitations are dif-
ficult to overcome due to the difficulties in recruiting
and retaining high-performance athletes that can ex-
ecute the training intervention and highly demanding
exercise tests.
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Abstract: This study was undertaken to investigate the effect of two different concepts in a training
program on muscle thickness and anaerobic power in trained cyclists. Twenty-six mountain bike
cyclists participated in the study and were divided into an experimental group (E), which performed
polarized training, comprising sprint interval training (SIT), high-intensity interval training (HIIT),
and endurance training (ET), and a control group (C), which performed HIIT and ET. The experiment
was conducted over the course of 9 weeks. Laboratory tests were performed immediately before and
after the conducted experiment, including an ultrasound measurement of the quadriceps femoris
muscle thickness and a sprint interval testing protocol (SITP). During the SITP, the cyclists performed
4 maximal repetitions, 30 s each, with a 90-s rest period between the repetitions. SITP was performed
to measure maximal and mean anaerobic power. As a result of the applied training program, the
muscle thickness decreased and the mean anaerobic power increased in the experimental group. By
contrast, no significant changes were observed in the control group. In conclusion, a decrease in
muscle thickness with a concomitant increase in mean anaerobic power resulting from the polarized
training program is beneficial in mountain bike cycling.

Keywords: polarized training; sprint interval training; high intensity interval training; muscle thick-
ness; anaerobic capacity; trained athletes

1. Introduction

Athletes practicing endurance sports, such as cross-country running, cycling, and
cross-country skiing, use different concepts in their training programs to improve ath-
letic performance [1,2]. It has been proven that peak performance in endurance sports
requires a high level of maximal oxygen uptake (VO,max), a common measure of aerobic
capacity [3-5]. However, in the abovementioned sports disciplines, the racing effort is
characterized by variable intensity, repeatedly reaching the maximal level of intensity.
Therefore, it is increasingly important to develop not only aerobic but also anaerobic ca-
pacity [6]. Anaerobic capacity is the ability to perform short maximal efforts to achieve
maximal anaerobic power [7]. According to some authors, the development of maximal
anaerobic power is accompanied by an increase in muscle thickness [8]. Significant in-
creases in muscle thickness and mass in sports such as cycling, cross-country running, and
cross-country skiing are not beneficial, as competitions usually take place in mountain-
ous or hilly terrains. Sports performance is affected by body mass in conditions such as
those [9,10]. In light of the above, the effectiveness of various training programs concepts
in endurance sports characterized by variable intensity is assessed.

One training program concept is the use of high-volume, low-intensity endurance
training (ET) [1,11]. During ET trainings, the intensity is below 65% of maximal aerobic
power as well as below the lactate threshold [12]. Another training concept is to combine
ET trainings with those performed at or slightly above lactate threshold training (TT), at
an intensity of 65-80% of maximal aerobic power [1,11-14]. The next concept is to use
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polarized training, which involves a combination of ET, TT, and interval training (IT) per-
formed well above the lactate threshold and at intensities exceeding 80% of maximal aerobic
power [1,11-14]. Two of the most common forms of IT are high-intensity interval training
(HIIT) and sprint interval training (SIT), which differ in terms of the duration and inten-
sity of repetitions, in addition to the duration of rest intervals between repetitions [15-17].
Typically, HIIT-type interval training is used in polarized training [1,18].

Due to the variable intensity of the racing effort, in the aforementioned sports dis-
ciplines, the concept of polarized training seems to be an optimal approach. This was
supported by a study by Stoggl and Sperlich [1] conducted on endurance athletes, in
which four training strategies were compared: (1) polarized training, (2) high-volume,
low-intensity training, (3) threshold training, and (4) HIIT training, each used for 9 weeks.
It was demonstrated that polarized training produces the best results in terms of develop-
ing peak oxygen uptake, peak power, and peak velocity and improves time to exhaustion
during the ramp protocol [1]. Similarly, training cyclists showed greater improvements
in peak power output, lactate threshold, and high-intensity exercise capacity [18], while
recreational runners achieved improvement in 5-km performance and a greater increase in
maximal oxygen uptake (VOp;max) [19] as a result of polarized training, compared to other
training strategies.

The studies cited in the foregoing paragraph on polarized programs used HIIT-type
interval training [1,18,19]. According to some, polarized training involving simultaneous
use of two types of interval training, HIIT and SIT, is beneficial in the development of
aerobic capacity, as indicated by significant increases in VO;max and maximal aerobic
power (APmax) in trained cyclists [17,20]. One may wonder what effect this combination
of trainings would have on anaerobic capacity level and muscle thickness. The target
intensity during HIIT is typically “near maximal”, or between 80% and 100% of APmax,
with single periods of physical activity usually taking 4 min, while SIT protocols commonly
include “all-out” efforts often taking 10-30 s [21,22]. SIT improves not only aerobic capacity
indicators but also anaerobic capacity, as indicated by the increase in peak power and
mean power during short maximal efforts [23,24]. Estes et al. [25] indicate that the use of
interval training, in addition to the development of aerobic capacity, affects the increase in
muscle mass and thickness of the vastus lateralis muscle among nonathletic adolescents.
Naimo et al. [8] demonstrated an increase in peak and mean anaerobic power with a
simultaneous increase in thigh muscle thickness under the influence of interval training
among hockey players.

Having considered the foregoing, the aim of this study was to investigate whether in
a group of trained cyclists, the use of polarized training, including two types of interval
training, SIT and HIIT, as well as endurance training, affects the changes in quadriceps
femoris muscle thickness, in addition to maximal and mean anaerobic power, measured
during the sprint interval testing protocol (SITP).

2. Materials and Methods
2.1. Participants

The study involved twenty-six mountain bike cyclists (males). Each participant
was characterized by at least three years of training experience in cycling. In addition,
each participant declared the following with regard to the three-year period prior to
entering the experiment: (1) training for at least 10 h per week (not including rest periods),
(2) participating in a minimum of 15 cycling races per year, and (3) no regular (performed at
least once every two weeks) trainings described as sprint interval training (SIT) below. The
participants were randomly divided into two groups: control (C, n = 12) and experimental
(E, n = 14). The characteristics of the groups are shown in Table 1.
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Table 1. Characteristics of the cyclist groups studied.

Grou VO;max APmax Age Body Mass  Body Height
P ImL-1.min1 kgl W] [years] [kgl [em]

Pre-Experiment

E 623+ 6.4 380.8 + 50.0 21.7 £7.7 69.6 8.1 179.1 £ 6.2

C 59.6 £ 8.4 369.6 £29.2 205+55 702 £ 8.9 1775 £ 6.1
Post-Experiment

E 66.3 £5.6% 3983 £37.8*% 21.7 +£7.7 69.9+7.6 179.1 £ 6.2

C 61.2 £10.1 373.8 £29.1 205+55 69.4+9.1 1775 £ 6.1

E—experimental group; C—control group; VO,max—maximal oxygen uptake measured during the incremental
testing protocol; APmax—maximal aerobic power measured during the incremental testing protocol; *—p < 0.05—
significant difference between pre- and post-experiment value; data are presented as mean =+ standard deviation.

The study design was approved by the Ethics Committee of the University School
of Physical Education (Consent number: 39/2019) and carried out in accordance with the
Declaration of Helsinki. Written informed consent was obtained from the participants and
their guardians after the study details, procedures, benefits, and risks were explained.

2.2. Course of the Experiment

Prior to the start of the experiment (the course of which is shown in Figure 1), each
participant reduced their training volume to 2 sessions per week for a period of 6 weeks.
During this period, cyclists were not involved in physical activities at intensities exceeding
70% maximal heart rate (HRmax). The experiment lasted 9 weeks and was conducted
during the preparatory period. During the experiment, group E cyclists performed:

- twice a week, sprint interval training (SIT), which consisted of 12-16 repetitions
at maximal intensity, taking 30 s. The activity periods were divided into sets, and
4 repetitions were performed in each set. A low-intensity active rest of 90 s was
used between repetitions, during which the power did not exceed 50 W. A 25-min
active rest was used between sets, during which the first 2 min were performed at an
intensity of 20% APmax, the next 20 min at approximately 50% APmax, and the last
3 min at 20% APmax. The course of the SIT is shown in Figure 2.

- once a week, high intensity interval training (HIIT), which included several (5-7)
5-min activity periods at an intensity of 85-95% APmax, interspersed with a 12-min
activity at 50% APmax.

- twice a week, endurance training (ET), performed at an intensity of 55-60% APmax,
for a total of 120-180 min.

As a part of the experiment, group C cyclists performed:

- twice a week, HIIT training (trainings were performed as described above, the same
as in group E).

- three times per week, ET training (trainings were performed as described above, the
same as in group E).

Two days per week were dedicated to active or passive recreation in each group. The
total weekly training volume was 10-13 h for each participant in the experiment and did
not differ significantly between the groups. In the fifth week of the experiment, a recovery
cycle was applied, featuring 50% less total training volume in both groups (5-6.5 h), with
no change in training methods or intensity.

During training, power output was monitored using a PowerTap G3 ANT+ and GS
ANT+ system (PowerTap, Madison, WI, USA), whereas heart rate (HR) was monitored
using a Garmin Edge 520 and Edge 810 system (Garmin Ltd., Olathe, KS, USA).
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Figure 1. Scheme of the experiment (ITP—incremental testing protocol; SITP—sprint interval testing protocol; MT—muscle
thickness measurements; E—experimental group; C—control group; ET—endurance training; SIT—sprint interval training;
HIIT—high intensity interval training).
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Figure 2. Diagram representing the sprint interval training with the heart rate (HR) of one of the participants.

2.3. Study Procedures

Laboratory testing was performed immediately before and after the experiment, which
included an incremental testing protocol (ITP), ultrasound measurement of quadriceps
femoris muscle thickness, and performing the sprint interval testing protocol. During the
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24 h that preceded the exercise tests, the participants did not perform any training. All
the foregoing tests and measurements were performed in controlled laboratory conditions
(temperature and humidity controlled) at the Exercise Laboratory of the University School
of Physical Education (PN-EN ISO 9001:2001 certified).

2.3.1. Incremental Testing Protocol (ITP)

The test was performed on a Lode Excalibur Sport cycle-ergometer (Lode BV, Groningen,
The Netherlands), which was calibrated before the tests. The physical activity started with a
load of 50 W, and every 3 min the load was increased by 50 W, until the participant refused to
continue. If a participant was unable to complete an entire 3 min stage, 0.28 W per second
missed was subtracted from the work rate at that stage. The highest power output determined
in the ITP was taken to be the measure of maximal aerobic power (APmax).

Respiratory function was measured during the test. The cyclist wore a mask connected
to a Quark gas analyzer (Cosmed, Milan, Italy). The gas analyzer was calibrated before use
with a reference gas mixture of carbon dioxide—5%, oxygen—16%, and nitrogen—79%.
Respiratory parameters were measured in each recorded breath (breath-by-breath) and
then averaged over 30-s intervals. The maximal oxygen uptake (VO,max) was determined
from the recorded data.

2.3.2. Sprint Interval Testing Protocol (SITP)

The test was also performed on a Lode Excalibur Sport cycle-ergometer, which was
calibrated before the tests. The test was preceded by a 20-min warm-up, during which the
participant exercised at an intensity of 40% APmax (as determined by the ITP) for 5 min,
and then at 60% APmax for 15 min. A low-intensity active rest of 10 min was used after
the warm-up. This was followed by 4 maximal repetitions—30 s each, during which the
participant was supposed to achieve as much power as possible in the shortest time and
maintain it for as long as possible. An active rest period of 90 s was used between the
repetitions, during which the participant pedaled at 30 W.

The power was measured during each repetition. Maximal and mean anaerobic
power measured during the best repetition (Pmax and Ppean1) and mean anaerobic power
determined from all four repetitions (Ppyeans) were used in the data analysis.

2.3.3. Muscle Thickness Measurements (MT)

Prior to the sprint interval testing protocol, participants” quadriceps femoris muscle
thickness and body mass were measured using a BodyMetrix™ System ultrasound device
(Hosand Technologies, Verbania, Italy) with an A-mode probe at 2.5 MHz. This device was
validated for tissue thickness measurements by Ribeiro et al. [26]. A layer of ultrasound
gel was applied to the participant’s skin surface before measurement. The right and left
quadriceps femoris muscle thickness was measured after ultrasound imaging, along the
course of the rectus femoris muscle. The measurement was done in a standing position.
The total thickness of the muscle layer along the measurement taken was used in the data
analysis, comprising the rectus femoris layer and the vastus intermedius layer. The site
where the muscle thickness was the largest was used for analysis; the result was recorded
in millimeters. The same person performed the measurement both before and after the
experiment in all participants.

Additional measurements were taken to assess the reliability of the quadriceps femoris
muscle thickness measurement procedure used. A randomly selected twenty-nine students
(age: 21.3 £ 0.6 [years]; body mass: 70.3 = 9.8 [kg]; body height: 176.6 £ 8.9 [cm]) of the
University School of Physical Education participated in the measurements. The right and
left quadriceps femoris muscle thickness was measured twice in each of the students. The
measurement was performed as described above using the same a BodyMetrix™ System
ultrasound device. (Hosand Technologies, Verbania, Italy). In the group of students, the
measurement was made by the same person who performed the measurement among
the cyclists.
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2.4. Statistical Analysis

Statistica 13.1 software was used for statistical calculations. Arithmetic mean and stan-
dard deviation were calculated. Analysis of variance with repeated measures and Scheffe’s
post hoc test were used to determine whether there were statistically significant differences
in the parameters evaluated between groups E and C, as well as between tests performed
before and after the experiment. The p < 0.05 level was taken as statistically significant.

In order to assess the reliability of the muscle thickness measurement, the Cronbach’s
alpha coefficient (x) was calculated. Then, the value of standard error measurement (SEM)
was calculated based on the following formula:

SEM = SD-V1—«a o)

3. Results

Analysis of variance demonstrated statistically significant main effects for interactions
between groups and repeated measures in terms of the right quadriceps femoris muscle
thickness (F = 8.68; p = 0.007; n? =0.27), left quadriceps femoris muscle thickness (F = 14.80;
p = 0.000; n? = 0.38), mean anaerobic power determined from all four repetitions (Ppeana) of
the sprint interval testing protocol (F = 8.67; p = 0.007; n?> = 0.27) (Table 2), maximal oxygen
uptake (F = 8.30; p = 0.008; 1 = 0.27), and maximal aerobic power (F = 6.69; p = 0.017;1% = 0.23)
(Table 1). Based on post hoc tests, the thickness of the right and left quadriceps femoris muscles
decreased statistically significantly in the E group. In addition, Peans increased significantly
in the E group. In contrast, no significant changes in muscle thickness or anaerobic power
values were observed in the C group (Table 2). Maximal oxygen uptake and maximal aerobic
power increased significantly only in the E group (Table 1).

Table 2. Pre- and post-experiment muscle thickness and anaerobic power measures.

Pre-Experiment Post-Experiment
0, 0,
Mean =+ SD 95% Cl Mean =+ SD 95% C1
Lower Upper Lower Upper

Experimental group

MT-r (mm) 54.14 + 54 51.02 57.26 50.28 + 6.03 * 46.8 53.76
MT-1 (mm) 50.5 + 6.34 46.83 54.16 46.14 + 6.06 * 42.64 49.64
BM (kg) 69.67 & 8.07 65.01 74.33 70.21 £ 8.37 65.37 75.05
Pmax (W) 1216.2 £ 253.7 1069.7 1362.7 1220.3 £239.2 1082.17 1358.42
Pmean1 (W) 726.3 + 86.39 676.41 776.18 736.0 £ 101.7 677.29 794.76
Preans (W) 626.41 £+ 75.54 582.79 670.03 648.69+ 78.7 * 603.24 694.13
Control group
MT-r (mm) 49.0 £5.25 45.66 52.34 50.58 + 5.96 46.79 54.37
MT-1 (mm) 46.08 + 6.12 42.19 49.97 48.33 + 6.52 44.18 52.48
BM (kg) 70.25 £ 8.91 64.58 7591 69.75 & 8.65 64.25 75.25
Pmax (W) 1301.8 £ 235.8 1151.9 1451.7 1271.9 £ 230.0 1125.83 1418.13
Prmean1 (W) 721.82 £77.17 672.79 770.85 719.02 £ 94.26 659.13 778.92
Preans (W) 610.19 £+ 61.57 571.06 649.31 619.25 £+ 50.84 586.94 651.55

MT-r—right quadriceps femoris muscle thickness; MT-l—left quadriceps femoris muscle thickness; BM—body
mass; Pmax—maximal anaerobic power reached during SITP; Pyeani—mean anaerobic power reached during the
repetition with the highest Prax; Pmeana—mean anaerobic power calculated from performing all four repetitions
during SITP; *—p < 0.05—significant difference between pre- and post-experiment value.

An additional measurement of the reliability of the procedure among students showed
that « for the left and right quadriceps femoris muscle thickness was 0.995 and 0.994,
respectively. In turn, the SEM for the left and right quadriceps femoris muscle thickness
was 0.507 mm and 0.542 mm, respectively.

4. Discussion

In the presented study, it was shown that in a group of trained cyclists, under the influ-
ence of applying polarized training, including endurance training and two types of interval
training, SIT and HIIT, the quadriceps femoris muscle thickness decreased. Concurrently,
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there was an increase in mean anaerobic power determined from four repetitions performed
during the sprint interval testing protocol, while the value of maximal anaerobic power did
not change. These results may complement previous studies that described the beneficial
effects of polarized training on aerobic capacity levels in endurance athletes [17,20,27].
As in the presented study, among cyclists of the experimental group, an increase in the
maximal oxygen uptake and maximal aerobic power was additionally observed.

The decrease in the quadriceps femoris muscle thickness in the presented study is
a different effect compared to the results of studies published in other scientific articles.
Numerous authors conclude that undertaking regular strength [28-31], endurance [32,33],
and interval [25] physical activity increases muscle thickness. An increase in muscle
thickness has also been observed as a result of training programs involving strength training
and endurance training [30,31,33], as well as programs comprising strength training and
interval training [25,34]. The study participants in the foregoing articles were nontraining
individuals. In contrast, the study described in this manuscript involved cyclists who
systematically trained prior to the experiment. In view of this, the initial level of physical
activity can be considered to be a factor explaining the differences between the findings of
the present study and those of the authors cited above.

Among endurance athletes, the implementation of strength training may be a stimulus
to provoke an increase in muscle thickness [35]. The implementation of SIT-type training
among trained hockey players had a similar effect [8]. Nevertheless, several authors have
argued that the use of training programs created using strength training and endurance
training does not lead to an increase in muscle thickness among athletes [36-38]. Strength
training was not performed in our experiment, yet it did include SIT along with HIIT and
endurance training, similar to the study by Naimo et al. [8]. In our experiment, performing
endurance training may have been a factor that inhibited the development of muscle
thickness that we expected to result from intensive SIT training among mountain bike
cyclists. Moreover, in our experiment, we observed a decrease in the thickness of the right
and left quadriceps femoris muscles in the E group, which was a surprising effect. It is
possible that differences in the effects of the experiment described in this manuscript and
the experiment by Naimo et al. [8] may also result from a different SIT training protocol.
Our study involved maximal repetitions taking 30 s each. Naimo et al. [8] also used
maximal repetitions lasting 10-30 s. The most important difference concerned the rest
periods separating the repetitions. In our study, we used an active rest of 90 s between
maximal sprints, whereas the rest period in the study by Naimo et al. [8] was 4 min.
Campos et al. [39] showed that using a short rest period between repetitions, which does
not enable optimal rest, and performing a high number of repetitions during strength
training do not affect changes in muscle thickness. The opposite effect, i.e., an increase
in muscle thickness, was obtained in strength training with long rest intervals and low
repetition numbers [39]. Other studies (on animals) have shown that the use of intervals
during resistance training [40] or interval training [41] that do not facilitate optimal rest
between repetitions results in muscle thickness reduction (muscle atrophy). This is because
the application of a short rest period resulted in an increased expression of proteins with a
catabolic function and a decrease in expression of proteins with an anabolic function [40].

In the presented study, it was impossible to explain the mechanisms of the observed
muscle atrophy because no muscle biopsy was performed. Anoveros-Barrera et al. [42]
indicated that muscle biopsy allows the assessment of muscle for morphological, cellu-
lar, and biochemical features. Biopsy can be assessed for the expression of genes and
their involvement in catabolic and anabolic pathways of muscle, which were mentioned
above [40,42]. According to some authors, the changes in muscle thickness may be the
result of the change in the angle between the longitudinal axis of the entire muscle and
its fibers, defined as the pennation angle [43,44]. The muscle hypertrophy and greater
muscle tone involve an increase in fiber pennation angles, while a greater value of the
fiber pennation angles results in a decrease in muscle strength [44]. In the presented study;,
muscle strength was not assessed, but the maximal anaerobic power was measured, which
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did not change. Therefore, most likely the pennation angle did not change either. However,
the degree of fiber pennation angles can be detected by ultrasonic investigation from the
image of a B-mode ultrasonogram, which we did not perform. The lack of muscle biopsy
and measurement of fiber pennation angles in the present study is a limitation and indicates
a direction for further detailed research.

The foregoing changes in the muscle thickness may be important in sports competi-
tions, as numerous authors report that athletic performance in mountain bike cycling is
correlated with power at metabolic thresholds [9], as well as maximal power of incremental
tests [10] expressed in W~kg’1. Furthermore, Bejder et al. [45] and Inoue et al. [46] demon-
strated that mean power (expressed in W-kg 1) in a sprint interval training consisting of
four sprints of 30 s each is strongly correlated with the athletic performance of mountain
bike cyclists. The authors’ previous original studies have shown that polarized training
leads to an increase in maximal power in the incremental testing protocol [20,27]. The
results of the present study proved an increase in mean power in a sprint interval testing
protocol. The foregoing effects were obtained in the absence of significant changes in body
mass. Having considered that, these effects can positively impact sport performance in
mountain bike cycling, as they lead to improved power measured in W-kg 1.

5. Conclusions

As a result of the polarized training program, the quadriceps femoris muscle thickness
decreased, accompanied by an increase in the mean anaerobic power of the sprint interval
testing protocol. Such changes are beneficial to achieving good sport performance in
mountain bike cycling.
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Abstract: Individual changes in resting heart rate variability (HRV) parameters were assessed in
seven Polish cyclists during a training process consisting of: a six-week period (P1) of predominantly
low- and moderate-intensity training (L-MIT) and a six-week period (P2) where the proportion of
high-intensity interval training (HIT) increased. Daily recorded HRV parameters included high-
frequency spectral power (HF), square root of the mean squared difference between successive
normal-to-normal RR intervals (RMSSD), and standard deviation of normal-to-normal RR intervals
(SDNN). In each training microcycle, the average values of HF,y, RMSSD,y, and SDNN,, were
calculated individually for each participant. In three cyclists, HF was higher in P2 compared to P1,
whereas in one cyclist, HF was higher in P1 than in P2. Each of these four cyclists presented an
individual correlation between the average daily duration HIT effort in training microcycles (HIT4y)
and HF,,. Cyclists with low baseline values of HRV parameters showed increased activity of the
parasympathetic nervous system, while in the cyclist with high baseline values of HRV parameters,
an opposite change was observed. In conclusion, changes in resting HRV parameters between period
P1 and P2 can be individualised. In the investigated group, it was possible to predict how HRV
would change as a result of training intensification on the basis of HRV baseline values.

Keywords: heart rate variability; high-intensity interval training; cardiorespiratory fitness

1. Introduction

Training intensification comprises changes in the intensity, duration, and frequency of
training sessions in a training process lasting from several weeks to even several months [1].
According to Solli et al. [2], training intensification is a classic periodization model for
endurance athletes. On the other hand, Smith [3] indicates that the training periodization
is not only planning the distribution of training loads, but also planning the frequency of
races, tests assessing the level of athletes’ efficiency, and planning regeneration periods.
Among endurance athletes, low- and moderate-intensity training (L-MIT) accounts for
80% of total training load, and 20% is high-intensity interval training (HIT) [1]. Training
intensification consists in reducing the duration and frequency of L-MIT training sessions
and increasing the duration and frequency of HIT training [1].

Literature distinguishes two variations of interval training, one involving exercise
performed at maximal intensity (sprint interval training) with the other at high intensity
above the lactate/ventilatory threshold or with an intensity at 95-125% maximal aerobic
power [4-6]. The interval training protocol includes multiple repetitions of exercise, often
lasting from a few seconds to several minutes, separated by recovery periods of varying
duration [4-7]. However, the effects of training intensification on cardiorespiratory and
performance changes are not clear.

According to some studies, training intensification is a process that positively in-
fluences the development of cardiorespiratory efficiency [4,8], as measured by the level
of maximal oxygen uptake (VO;max) [9]. On the other hand, studies on cross-country
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skiers by Evertsen et al. [10] did not show any significant differences in physiological
and performance changes between moderate-intensity and high-intensity training groups.
Gaskill et al. [11], as a result of a two-year research project, describe athletes achieving
improvements in physiological test results and race performances by implementing tra-
ditional training loads, with a predominance of L-MIT training, and a second group of
athletes with no performance improvement resulting from a traditional approach. How-
ever, the application of training intensification in this group achieved the expected results.
The above reports indicate that the issue of training intensification should be approached
individually, as it is beneficial only for some athletes.

The effects of training intensification are assessed on the basis of physiological and
performance changes [1,11]. Up to now, researchers have mainly been focused on adaptive
changes to the training process in general, and thus individuals may be missed. The
phenomena of individual reactions and adaptive changes dependent on specific training
are known facts. Therefore, it seems reasonable to look for factors that could characterize
individuals. This will allow one to more accurately predict the development of cardiorespi-
ratory fitness in response to a several-week training intensification programme consisting
of L-MIT and HIT efforts.

A popular method to evaluate cardiorespiratory fitness is an analysis of autonomic
nervous system activity based on the records of resting [12-14] or restitution [15] sinus heart
rate variability (HRV). A measurement of HRV is often used to assess training load [16]
and post-exercise fatigue in athletes [17-19]. Moreover, changes in HRV parameters are
analysed in relation to the level of aerobic capacity, as measured by the value of maximal
oxygen uptake [9]. Ueno et al. [14] and Oliveira et al. [20] observed that obtaining high
aerobic capacity was accompanied by an increase in HRV parameters identifying vagus
nerve activation. Moreover, Botek et al. [21] found that maintaining high resting high-
frequency spectral power (HF), total spectral power (T), and the square root of the mean
squared difference between successive values of normal-to-normal RR intervals (RMSSD)
in the training process allows for the effective development of aerobic capacity. Hoydal [22]
and Garber et al. [23] have shown that participants with a high VO,max level struggle to
achieve further improvement in VO,max through training, as compared to individuals with
alow VO,max level. This raises the question of whether, among athletes with high values of
HRV parameters, it will be more difficult to improve them in the training process because, as
it has been shown, VO;max correlates with HRV parameters [14,20]. Many athletes divide
the training process into a period of predominant moderate-intensity efforts and a period
of increased high-intensity efforts [2,24]. However, available literature lacks information
on whether one can predict resting HRV changes in the training intensification process.

Therefore, the aim of this study was to evaluate individual changes in resting HRV
parameters in cyclists during a training process wherein, after a period of predominant
L-MIT training, the proportion of HIT training increased. It was assumed that, in cyclists
characterised by low (as compared with other observed individuals) baseline resting HF
and RMSSD, training intensification would result in relatively large changes in these
parameters, while in cyclists with high (as compared with other participants) baseline
resting HF and RMSSD, training intensification would result in relatively small changes in
these parameters.

2. Materials and Methods
2.1. Participants

Seven Polish mountain-bike cyclists (four men: S1, S3, S5, 56; and three women: S2, 54,
S7) participated in this study. Prior to the experiment, each cyclist had at least three years of
training experience and had participated in cycling races at the national level. Based on the
maximal oxygen uptake, six cyclists can be rated at aerobic fitness level, while the S3 cyclist,
at an elite level, in accordance with the criteria proposed by Figueira et al. [25] and Joyner
and Coyle [26]. Table 1 presents the physiological and anthropometric characteristics of
the studied cyclists and their experience in practicing cycling.
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Table 1. Individual characteristics of the study participants based on the incremental exercise test, HRV analyses performed

before the experiment and competitive status.

Variables S1 S2 S3 S4 S5 S6 S7
Age [year] 21 18 24 17 20 22 20
Body mass [kg] 75.4 55.8 73.2 49.3 62.2 70.9 54.7
Body height [m] 1.83 1.71 1.81 1.62 1.71 1.86 1.63
VO,max [ml-min~!-kg™!] 66.6 58.1 77.0 58.0 62.4 68.7 60.4
Pmax [W-kgfl] 5.97 4.70 6.52 4.56 5.66 5.97 5.34
Pmax; [W] 450 262 477 225 352 423 292
Pmax, [W] 460 275 465 240 344 418 310
VT2; [W] 305 205 320 140 225 305 205
VT2, [W] 330 190 335 145 220 305 215
HF,, [ms?] 546 689 1381 3922 3597 10,746 30,865
LF;, [ms?] 137 890 3082 4060 2086 2526 5881
RMSSD,, [ms] 39 53.1 86.1 119.3 111 168.3 333.4
SDNN}, [ms] 27.9 43.2 72.3 93.1 81.1 133.7 207.7
RRNN}, [ms] 1006 1267 1537 1140 1318 1197 1398
Experience [y] 7 4 9 3 6 7 5

HRV—heart rate variability; S1—first participant of the study (a man cyclist); S2—second participant of the study (a woman cyclist);
S3—third participant of the study (a man cyclist); S4—fourth participant of the study (a woman cyclist); S5—fifth participant of the study (a
man cyclist); S6—sixth participant of the study (a man cyclist); S7—seventh participant of the study (a woman cyclist); VO,;max—maximal
oxygen uptake; Pmax;—maximal aerobic power measured before period P1; Pmax,—maximal aerobic power measured before period
P2; VT2;—power at the second ventilatory threshold measured before period P1; VT2,—power at the second ventilatory threshold
measured before period P2; HF,—high-frequency spectral power; LF,—low-frequency spectral power; RMSSD,—square root of the mean
squared difference between successive normal-to-normal RR intervals; SDNN,—standard deviation of normal-to-normal RR intervals;
RRNNp—mean normal-to-normal RR intervals; ,—each HRV parameter was expressed as the average of measurements performed in the
week preceding the commencement of the experiment; Experience—experience in practicing cycling and competitive status presented

in years.

The study design was approved by the local Ethics Committee of the University School
of Physical Education (Consent number: 39/2019), and all procedures were performed in
accordance with the Declaration of Helsinki. Written informed consent was obtained from
the participants and their legal guardians after the study details, procedures, risks, and
benefits had been explained.

2.2. Experimental Design

The experiment was preceded by a 2-week period of weekly training loads reduced to
3 sessions of 45 min each with an intensity of 70-85% of the second ventilatory threshold
(VT2) power. The investigation consisted in observing the effects of the training process
carried out for 12 weeks and was developed on the basis of the classic periodisation
model [2,27]. The study was divided into 2 periods, each lasting 6 weeks. In the first period
(P1), L-MIT trainings predominated. In the second period (P2), the number and duration
of L-MIT trainings were reduced (as compared to the last week of P1), while the number
and duration of HIT trainings were increased. In a few cases, the periods were shortened
by several days as the participants presented with health problems. In the event of an
infection, no extension of any period was allowed, owing to commitments to participate
in competitions. In each case, data analysis was stopped 10 days before the first race of
the competition period. A flowchart showing the course of the experiment is shown in
Figure 1.
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Figure 1. Flowchart of the study design.

In each training period, 4-day training microcycles were implemented. Each microcy-

cle ended with a day of rest (4th day of the microcycle). In P1, the microcycles consisted of
the following cycling trainings:

L-MIT trainings at a level of 70-85% power measured at VT2 and at 65-75% of maximal
heart rate (HRmax); their duration equalled 2—4 h (Training 1—T1);

trainings with exercises requiring high pedalling frequency, at a heart rate of 65-75%
HRmax—repeated efforts with a pedalling frequency increased by 15-25 RPM com-
pared to the individually preferred rhythm (determined on the basis of constant-
intensity training observations) (Training 2—T2);

training sessions with repeated exercises of high intensity (above 150% of maximal
aerobic power (Pmax), determined in the incremental exercise test) lasting 15-20 s
(Training 3—T3);

trainings consisting of resistance exercises (e.g., semi-squats) alternated with cycling
exercises of high pedalling frequency (increased by 15-25 RPM compared to the
individually preferred rhythm), at a heart rate of 65-75% HRmax (Training 4—T4).

Each microcycle included 2 L-MIT trainings and 1 training selected from among the

others mentioned above. In P2, the following cycling trainings were implemented:

L-MIT trainings at an intensity of 70-85% power measured at VI2 and at a heart rate
of 65-75% HRmax; their duration equalled 2-3.5 h (Training 5—T5);

HIT interval trainings involving repeated efforts at 130-160% Pmax lasting 25-50 s
(Training 6—T6);

HIT trainings comprised of repeated efforts at 105-120% Pmax lasting 1-2 min (Train-

HIT trainings consisting of repeated efforts at 90-100% Pmax lasting 3-6 min (Training

[ ]
[
ing 7—T7);
[ ]
8—T8);
[ ]

trainings composed of resistance exercises (e.g., semi-squats) (Training 9—T9).

Each microcycle included 2 HIT trainings selected from among those mentioned above

and 1 L-MIT training. In addition, in each period, L-MIT running trainings (at 60-70%
maximum heart rate, determined in the incremental exercise test) and plyometric trainings
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(based on jumping ability exercises) were implemented. In each period, it was possible
to extend the training microcycle by 1 day, during which an additional L-MIT training
was performed, provided that: (1) the participants evaluated their general feeling as good
during the whole microcycle (the evaluated was made on the basis of a conversation with
the cyclists and the assessment of the ability to perform the given training loads—when the
cyclist reported that he/she could easily perform subsequent training sessions, his well-
being was assessed as good); (2) the LF/HF ratio determined during the microcycle did not
assume values exceeding the individual average value by more than 100% (such a criterion
was adopted based on the observation of the LF/HF index values in the work with cyclists,
the results of which are described in this manuscript—such a change usually resulted
in a decrease in the ability to perform training sessions); (3) no decrease in power was
observed during training compared with previous training microcycles. In each period, it
was possible to shorten the training microcycle by 1 day, provided that: (1) the participants
evaluated their general feeling as bad during the whole microcycle; (2) the LF/HF ratio
determined during the microcycle assumed values exceeding the individual average value
by more than 100%; (3) a decrease in power was observed during training compared with
previous training microcycles.

During both training periods, it was assumed that the cyclists (performing L-MIT
training) should try to keep the heart rate close to that recorded in the first L-MIT training
performed during P1 and P2.

Information showing the workload of each cyclist is provided in Table 2.

Table 2. Individual load in cycling training.

Cycling Training S1 S2 S3 S4 S5 S6 S7
t (min) 120-240 120-210 120-225 120-150 150-230 120-195 150-240
T1 P (W) 215-260 145-175 225-270 100-120 160-190 215-260 145-175
Rep 1 1 1 1 1 1 1
t (min) 10-20 10-15 10-15 5-10 10-15 10-15 10-20
RPM 103-113 101-111 97-107 106-116 100-110 98-108 106-116
T2 P (W) 215-260 145-175 225-270 100-120 160-190 215-260 145-175
Rep 2-5 2-4 2-5 1-4 2-5 2-5 2-5
t(s) 15 15 15 15 15 15 15
T3 P (W) >675 >393 >715 >337 >528 >634 >438
Rep 14 1-4 1-4 1-4 1-4 1-4 1-4
t (min) 3 2 3 15 3 2 3
RPM 103-113 101-111 97-107 106-116 100-110 98-108 106-116
T4 P (W) 290-320 190-220 305-335 125-155 210-240 290-320 190-220
Rep 3-7 3-6 3-7 2-5 3-7 3-7 3-7
t (min) 120-195 120-160 120-195 120-135 135-195 120-180 140-210
T5 P (W) 230-280 130-160 235-285 100-125 155-185 215-260 150-180
Rep 1 1 1 1 1 1 1
t(s) 40-50 30-40 40-50 25-30 40-50 40-50 40-50
T6 P (W) 600-650 380420 605-655 3556-385 450-500 540-590 400-440
Rep 8-16 6-12 8-20 4-10 8-16 8-12 8-12
t(s) 60-120 60-90 60-120 60-80 60-90 60-120 60-120
T7 P (W) 480-520 290-330 485-525 250-290 370-410 440-480 325-365
Rep 5-10 3-7 5-8 3-6 4-8 3-7 5-10
t (min) 4-6 34 4-6 3-35 4-6 3-5 5-6
T8 P (W) 410450 250-275 415-455 215-240 310-345 375-415 280-310
Rep 4-8 3-6 4-8 2-4 4-8 3-6 4-8

S1, S2, etc.—subsequent participants; T1, T2, etc.—subsequent types of cycling training; t—duration of training efforts; P—power achieved
during training efforts; RPM—pedalling frequency for selected training efforts; Rep—the number of repetitions in one training session.

2.3. Exercise Test

Immediately before each training period, an incremental exercise test was performed
on a Lode Excalibur Sport cycle ergometer (Lode BV, Groningen, the Netherlands), cali-
brated before commencement of the study. The test started with a 50 W load; every 3 min,
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the load was increased by 35 and 50 W (for women and men, respectively) until refusal due
to exhaustion. If the participant was unable to exercise for the entire 3 min at the last test
load, 0.19 and 0.28 W (for women and men, respectively) was subtracted from the obtained
final maximal power for each missed second [4,28,29]. In this way, Pmax was calculated.

During the test, respiratory parameters were recorded. The subjects wore a mask
connected to a Quark breathing gas analyser (Cosmed, Milan, Italy). The gas analyser was
calibrated before the test, via connection with a gas cylinder containing a reference gas
mixture consisting of carbon dioxide (5%), oxygen (16%), and nitrogen (79%). Respiratory
parameters were measured breath by breath and then averaged in 30 s intervals. VO,max
was indicated on the basis of the recorded data, if the subject met at least two of the
following three criteria: (1) 90% of age-predicted maximal heart rate (220—age); (2) respi-
ratory exchange ratio >1.15; and (3) lactate concentration >10 mmol-171 [30]. Arterialized
capillary blood was drawn 3 min after the test’s conclusion to assay lactate concentration
by a Lactate Scout (SensLab, Leipzig, Germany). VT2 was indicated with the method of
Beaver et al. [31], at the point preceding the second non-linear increase in VE-VO, ! or
VE-VCO, ! equivalent, and the power output at VT2 was then determined.

The previous week, at the beginning of the study and throughout the experiment,
the time interval between heartbeats (RR) was recorded with a V800 chest strap and heart
rate monitor (Polar Electro Oy, Kempele, Finland). Each recording was performed on
a daily basis for 10 min immediately after waking up, in a supine position. A 5-min
segment starting with the 30th second of the recording was analysed. The days on which
the athletes had an infection and the first training microcycle from restarting training
after the infection were excluded from the analysis. For each recording, the following
parameters were calculated: high-frequency spectral power (HF), low-frequency spectral
power (LF), total spectral power (T), the square root of the mean squared difference between
successive normal-to-normal RR intervals (RMSSD), standard deviation of normal-to-
normal RR intervals (SDNN), and the mean normal-to-normal RR intervals (RRNN). The
calculations were performed with Kubios HRV Standard software (Kubios Oy, Kuopio,
Finland) using the fast Fourier transformation. A low artifact correction threshold was
used when performing the analysis.

In each training microcycle, the daily duration of L-MIT effort (performed with a
power below VT2) and the daily duration of HIT effort (performed with a power above
90% Pmax) was recorded. These calculations included only cycling efforts. The remaining
efforts were not considered in the data analysis.

For each participant, average power (P.y) and average heart rate (HR,y) were recorded
during 60 min of cycling, immediately after a warm-up, in the L-MIT training implemented
in the first microcycle of P1, in the last microcycle of P1 and in the last microcycle of P2.
PowerTap P1 power meters (PowerTap, Madison, WI, USA) were used, the reliability and
validity of which were determined by Wright et al. [32]. The data analysis was carried
out via the flow.polar.com Internet platform, which is used to generate files with a record
of heart rate [33,34]. This platform automatically calculated the average values of the
parameters for the selected part of the training. The obtained data served to calculate the
P.v/HR,y ratio.

2.4. Statistical Calculations and Analyses

Statistica 13.1 software (StatSoft Inc. Tulsa, OK, USA) was used for statistical calcula-
tions. The arithmetic mean and standard deviation values of all analysed HRV parameters,
L-MIT effort duration, and HIT effort duration were established for P1 and P2 individually
for each cyclist. Student’s t-test served to individually analyse the probability of difference
between P1 and P2 for the mean values of HRV parameters, L-MIT effort duration, and
HIT effort duration. A level of probability below 0.05 was considered statistically signif-
icant. Based on the arithmetic mean and standard deviations values, Cohen’s D values
were calculated.
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Average values of all analysed HRV parameters for the previous week at the beginning
of the study (HF,, LF,, RMSSDy,, SDNN},, RRNNj},) and average values of all analysed
HRV parameters for each implemented training microcycle during experiment (HFy, LF,y,
RMSSD,y, SDNN,y, RRNN,y) were calculated individually for each cyclist. Moreover, the
average daily L-MIT effort duration (L-MIT,y) and the average daily HIT effort duration
(HIT,y) in each training microcycle were determined individually for each cyclist.

The Pearson correlation coefficient between the average values of each analysed HRV
parameters in the microcycles (HF,y, LFay, RMSSDa,y, SDNN,y, RRNN,y) and average training
loads in the microcycles (L-MIT,y, HIT,y) was indicated individually for each participant.

For the whole study group, Pearson correlation coefficient was calculated between the
average values of each HRV parameter in the week preceding the experiment commence-
ment (HFy, LF,, RMSSDy,, SDNNy,, RRNNy) and the strength of the individual Pearson
correlations between the average values of HRV parameters in the microcycles (HF,y, LF,y,
RMSSD,y, SDNN,y, RRNN,y) and the average training loads in the microcycles (L-MIT,y,
HIT,y). For each of the Pearson analyses, a probability level below 0.05 was considered
statistically significant.

To assess changes in P,y and HR,y and P,y /HR,y ratio, a one-way analysis of variance
with repeated measures and a post-hoc Scheffe test were performed. The probability level
below 0.05 was considered statistically significant.

3. Results

HF differed between P1 and P2 only in the S1, 52, S3, and S7 cyclists. In the 51, S2, and
S3 participants, HF was higher in P2, whereas in S7, HF was higher in P1. Moreover, in the
S1 and 52 participants, RMSSD was higher in P2 than in P1. The S7 participant presented
RMSSD and SDNN values higher in P1 than in P2. In individual cases, differences in LF,
SDNN, and RRNN between P1 and P2 were also observed. In the 54 and S5 cyclists, no
difference was noted in any HRV parameter between P1 and P2 (Table 3).

Table 3. Changes in the parameters of sinus heart rate variability and daily training loads in the first (P1) and second (P2)

training period. Results presented as individual cases for S1-S7 participants and as the arithmetic mean value for the entire

group of cyclists.

Participants HF LF RMSSD SDNN RRNN HIT L-MIT
[ms?] [ms?] [ms] [ms] [ms] [min] [min]
S1
P1 367.7 64.1 31.9 225 978.8 0.3 94.2
(n=31) +217.8 +57.1 +9.8 +6.7 +53.0 +0.9 +77.7
P2 644.1 119.3 42.3 29.8 991.1 8.0 82.0
(n =30) +401.0 ** +71.4** +13.9 ** +8.9 ** +44.7 +13.3 ** +58.7
t —3.36 —3.34 —3.37 —3.62 —0.98 —3.24 0.69
D 0.89 0.86 0.88 0.94 0.25 1.08 0.18
S2
P1 927.7 743.5 64.9 44.7 1315.6 0.1 81.7
(n =35) +439.1 +687.2 +15.8 +11.6 +81.1 +0.3 +71.2
P2 1184.6 795.4 76.7 514 1457.6 6.0 79.2
(n=43) +566.5 * +544.9 +17.6 ** +15.6* +108.8 ** +9.1 ** +68.0
t —-2.20 —-0.37 —3.09 —-2.11 —6.62 —3.81 —-0.52
D 0.51 0.08 0.71 0.49 1.50 1.26 0.04
S3
P1 1023.8 1928.3 76.6 60.4 1588.5 0.1 95.2
(n=43) +524.3 +1048.5 +16.3 +13.1 +75.0 +0.3 +82.0
P2 1522.1 2177.8 81.0 64.9 1511.4 6.1 84.8
(n = 40) +816.5 ** +1723.2 +13.4 +14.1 +89.1 ** +10.1 ** +67.2
t —3.33 —0.80 —1.33 —-1.52 4.27 -3.97 0.63
D 0.74 0.18 0.30 0.33 0.94 1.15 0.14
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Table 3. Cont.

Participants HF LF RMSSD SDNN RRNN HIT L-MIT
[ms?] [ms?] [ms] [ms] [ms] [min] [min]
S4
P1 41014 22729 106.7 81.8 1043.6 0.6 53.9
(n=36) +1733.2 +1146.8 +25.8 +16.2 +83.1 +1.7 +56.3
P2 4476.8 2398.5 109.3 85.7 1027.2 3.3 46.5
(n=39) +2349.7 +1111.0 +25.1 +15.4 +72.8 +4.8 ** +50.0
t —0.78 —0.48 —0.45 —1.05 0.91 —-3.21 0.61
D 0.18 0.11 0.10 0.25 0.21 0.83 0.14
S5
P1 4330.1 1719.9 122.4 85.1 1347.8 0.7 95.4
(n =42) +1140.4 +789.5 +14.6 +9.6 +108.7 +2.1 +82.9
P2 4699.2 1997.4 127.3 88.1 1339.7 8.51 71.1
(n=35) +1593.9 +1204.3 +17.6 +13.3 +85.5 +12.9 ** +60.3
t —-1.17 —1.20 —-1.33 —-1.11 0.35 —3.85 1.44
D 0.27 0.28 0.30 0.26 0.08 1.04 0.34
S6
P1 7568.7 4012.3 148.1 118.4 1277.0 0.1 84.7
(n=34) +4036.0 +3715.5 +40.3 +32.7 +106.1 +0.3 +78.9
P2 6529.8 2747 .4 130.3 101.3 1295.8 3.3 78.6
(n =42) +4667.4 +2800.9 +46.9 +35.5* +74.2 +6.7 ** +67.4
t 1.01 1.67 1.73 2.13 —0.90 —2.88 0.36
D 0.24 0.39 0.41 0.50 0.21 0.91 0.08
S7
P1 23,603.9 6291.4 317.2 193.1 1483.3 0.6 103.1
(n =43) +5928.9 +2258.2 +41.6 +19.4 +91.6 +1.7 +92.0
P2 15,732.1 4639.7 264.2 161.6 1434.6 8.7 96.7
(n=35) +4225.4 ** +2137.8 ** +40.1 ** +21.4** +95.2 * +16.3 ** +77.8
t 6.60 3.29 5.69 6.82 2.29 —3.26 0.33
D 1.55 0.75 1.30 1.54 0.52 0.90 0.08
Mean
P1 6403.9 2542.7 129.5 89.7 1310.9 04 87.5
+8471.5 +2637.1 +93.6 +55.8 +219.7 +1.3 +79.1
P 47739 2092.2 116.9 82.2 1312.2 5.9 74.9
+5352.5 +2062.3 +68.8 +42.3 +207.2 +10.7 +65.3

HF—high-frequency spectral power; LF—low-frequency spectral power; RMSSD—square root of the mean squared difference between
successive normal-to-normal RR intervals; SDNN—standard deviation of normal-to-normal RR intervals; RRNN—mean normal-to-normal
RR intervals; HIT—daily duration of high-intensity training; L-MIT—daily duration of low- and moderate-intensity training; S1, S2,
etc.—subsequent participants; P1—first training period; P2—second training period; n—number of heart rate variability records performed;
t—Student’s t-test value; data is presented as mean + standard deviation; D—the value of D-Cohen’s statistic; Mean—the value of the
arithmetic mean + standard deviation for the entire group of cyclists; * p < 0.05, significant difference between the P1 and P2 value;
** p < 0.01, significant difference between the P1 and P2 value.

The P,y /HR,y ratio increased in the last L-MIT training as compared to the first L-MIT
training during P1 by more than 0.10 W-BPM! in the S1, S3, S5, and S6 cyclists. The
P.y/HR4y ratio increased in the last L-MIT training of P2 as compared to the last L-MIT
training of P1 by more than 0.10 W-BPM ! in the S1, S2, S3, and S7 cyclists. The analysis of
variance showed statistically significant main effects for the repeated measures P,y (7.73;
p =0.007; 12 = 0.56) and P,y /HR,y (F =10.03; p = 0.002; n2 = 0.63) (Table 4).

Table 4. Power and heart rate during the investigated low- and moderate-intensity trainings.

Participants Variables First L-MIT in P1 Last L-MIT in P1 Last L-MIT in P2
Pav [W] 212 232 275
S1 HR,y [BPM] 142 141 143
P.v/HRyy [W-BPM 1] 1.49 1.65 1.92
< Pay [W] 152 155 175

HR,y [BPM] 149 146 150
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Table 4. Cont.

Participants Variables First L-MIT in P1 Last L-MIT in P1 Last L-MIT in P2

P.v/HR,, [W-BPM 1] 1.02 1.06 1.17
Pay [W] 252 265 284
S3 HR., [BPM] 151 142 142
P.v/HR,y [W-BPM 1] 1.67 1.87 2.00
Py [W] 153 141 160
S4 HR., [BPM] 145 141 152
P.v/HRgy [W-BPM 1] 1.05 1.00 1.05
Pay [W] 208 227 234
S5 HR., [BPM] 157 155 155
Pay/HR,y [W-BPM 1] 1.32 1.46 1.51
Pay [W] 237 271 251
S6 HR.y [BPM] 157 160 152
P.v/HR,, [W-BPM 1] 1.51 1.69 1.65
Pay [W] 160 164 176
S7 HR,y [BPM] 142 146 141
P.v/HRay [W-BPM 1] 1.13 1.12 1.25

Mean Py [W] 196.3 + 41.4 207.9 +53.8 2221 +£51.3*

HR., [BPM] 149.0 + 6.4 1473+ 7.4 1479 + 5.7

Pay/HR,y [W-BPM 1] 1.31+£0.25 1.41+£0.35 1.51+£0.37*

L-MIT—low- and moderate-intensity training; P1—first training period; P2—second training period; S1, 52, etc.—subsequent participants;
P,y—average power during 60 min of cycling in the indicated training; HR,,—average heart rate during 60 min of cycling in the indicated
training; Mean—the value of the arithmetic mean + standard deviation for the entire group of cyclists; *—p < 0.05 vs. first L-MIT in P1.

A statistically significant correlation between HIT,, and HF,, was observed. The
correlation was positive in the S1, S2, and S3 cyclists and negative in the S7 cyclist. Corre-
lations of the required level of probability were detected between HIT,,, RMSSD,y, and
SDNN,y. These correlations were positive in the S1 and S2 cyclists and negative in the S7
cyclist. In the case of S5, a positive correlation of the required level of statistical probability
was identified between HIT,, and LF,y only. The 54 and S6 cyclists did not present corre-
lations of the required level of statistical probability for HIT,y. No athlete demonstrated
statistically significant correlations for L-MIT,y (Table 5 and Figure 2).

Table 5. Strength of the Pearson correlation between average training loads and average parameters of sinus heart rate
variability recorded in the subsequent training microcycles throughout the experiment (totals for the first and second period).

Participants HF,y LF,y RMSSD,, SDNN,v RRNN,v
Training load [ms?] [ms?] [ms] [ms] [ms]
S1(n=16)

HIT,y [min] 0.73 * 0.63 * 0.69 * 0.68 * 0.26
L-MIT,y [min] 0.04 0.23 0.00 0.04 -0.45
S2 (n =20)

HIT,y [min] 0.49 * 0.05 0.49* 0.38 0.59 *
L-MIT,y [min] -0.11 0.11 -0.21 0.03 -0.39
S3 (n=21)

HIT,y [min] 0.50 * 0.33 0.31 0.33 -0.42
L-MIT,y [min] -0.11 0.18 0.06 0.24 -0.23
S4 (n =23)

HIT,y [min] -0.14 -0.07 -0.07 -0.10 -0.18
L-MIT,y [min] 0.18 -0.15 0.10 0.14 0.01
S5 (n = 20)

HIT,y [min] 0.39 0.49 * 0.33 0.40 -0.30
L-MIT,y [min] 0.09 -0.18 0.13 0.08 0.21
S6 (n=19)

HIT,y [min] -0.13 —0.44 -0.27 -0.36 0.14

L-MIT,y [min] 0.19 -0.11 0.28 0.23 -0.38
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Table 5. Cont.

Participants HF,y LF,y RMSSD,, SDNN,v RRNN,v
Training load [ms?] [ms?] [ms] [ms] [ms]
S7 (n =21)
HIT,y [min] -0.48* -0.39 -0.47 * -0.53 * -0.27
L-MIT,y [min] 0.04 -0.14 0.14 0.07 0.38

HF—high-frequency spectral power; LF—low-frequency spectral power; RMSSD—square root of the mean squared difference between
successive normal-to-normal RR intervals; SDNN—standard deviation of normal-to-normal RR intervals; RRNN—mean normal-to-normal
RR intervals; S1, 52, etc.—subsequent participants; n—number of training microcycles performed; HIT,,—daily duration of high-intensity
training, averaged values for training microcycles; L-MIT,,—daily duration of low- and moderate-intensity training, averaged values for

training microcycles; * p < 0.05.
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Figure 2. Graphical representation of the statistically significant Pearson’s correlations (indicated in Table 5) between daily

duration of high-intensity training—averaged values for training microcycles (HIT,y) and average parameters of sinus heart
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rate variability recorded in the subsequent training microcycles throughout the experiment (totals for the first and second
period). 51, S2, etc.—subsequent participants; r—correlation coefficient; p—the adopted level of statistical significance;
n—number of training microcycles performed. ParA—shows the correlation between HIT,y and average value of high-
frequency spectral power, recorded in the subsequent training microcycles throughout the experiment (totals for the first and
second period) (HFay)—for participant S1; Part B—shows the correlation between HIT,y and average value of low-frequency
spectral power, recorded in the subsequent training microcycles throughout the experiment (LF,,)—for participant S1;
Part C—shows the correlation between HIT,y, and average value of square root of the mean squared difference between
successive normal-to-normal RR intervals, recorded in the subsequent training microcycles throughout the experiment
(RMSSD,y )—for participant S1; Part D—shows the correlation between HIT,, and average value of standard deviation of
normal-to-normal RR intervals, recorded in the subsequent training microcycles throughout the experiment (SDNN,y)—for
participant S1; Part E—shows the correlation between HIT,, and HF,,—for participant S2; Part F—shows the correlation
between HIT,y and RMSSD,y—for participant S2; Part G—shows the correlation between HIT,y and average value of mean
normal-to-normal RR intervals, recorded in the subsequent training microcycles throughout the experiment (RRNN,y )—for
participant 52; Part H—shows the correlation between HIT,y and HF,y—for participant S3; Part [—shows the correlation
between HIT,y and LF,y—for participant S5; Part J—shows the correlation between HIT,y and HF,y—for participant S7;
Part K—shows the correlation between HIT,, and RMSSD,,— for participant S7; Part L—shows the correlation between
HIT,y and SDNN,,—for participant S7.

It was found that the levels of HF,,, LF,,, RMSSDy,, and SDNN}, measured in the week
preceding the experiment were statistically significantly correlated with the strength of
the relationship between HIT,, and HF,y, HITay and RMSSD,, and HIT,, and SDNN,y
(Table 6 and Figure 3).

Table 6. Strength of the Pearson correlation between parameters of sinus heart rate variability
recorded in the week preceding the experiment and the strength of the relationship between the train-
ing loads and parameters of sinus heart rate variability calculated for the whole experiment period.

. HF,,- LFay- RMSSD,,- SDNN,y- RRNN,,-
Variables HIT,y HIT,y HIT,y HIT,, HIT,y
HE,, [ms?] ~0.83 * ~0.69 —0.82* —0.82* ~0.31
LF, [ms?] ~0.87* ~0.64 —0.87* —0.83 * ~0.67

RMSSD,, [ms] ~0.89 * ~0.72 ~0.89 * —0.87* ~0.42
SDNNj, [ms] 0.92* ~0.78* ~0.95* —0.93* ~0.44
RRNN,, [ms] ~0.15 ~0.14 025 021 ~0.57

HEF,y-HIT,y—Pearson correlation between the average value of high-frequency spectral power and average
high-intensity load in the training microcycles; LF,,-HIT,,—Pearson correlation between the average value of
low-frequency spectral power and average high-intensity load in the training microcycles; RMSSD,,-HITay—
Pearson correlation between the average value of the square root of the mean squared difference between
successive normal-to-normal RR intervals and average high-intensity load in the training microcycles; SDNN,y -
HIT,y—Pearson correlation between the average value of the standard deviation of normal-to-normal RR intervals
and average high-intensity load in the training microcycles; RRNN,,-HIT,,—Pearson correlation between the
average value of the normal-to-normal RR intervals and average high-intensity load in the training microcycles;
HF,—high-frequency spectral power; LF,—low-frequency spectral power; RMSSD,—square root of the mean
squared difference between successive normal-to-normal RR intervals; SDNNp—standard deviation of normal-to-
normal RR intervals; RRNNp—mean normal-to-normal RR intervals; ,—each HRV parameter was expressed as
the average of measurements performed in the week preceding the experiment; * p < 0.05.
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Figure 3. Graphical representation of the statistically significant Pearson’s correlations (indicated in Table 6) between the
strength of the relationship between the daily duration of high-intensity training—averaged values for training microcycles
(HITay) and parameters of sinus heart rate variability calculated for the whole experiment period and parameters of sinus
heart rate variability recorded in the week preceding the experiment. r—correlation coefficient; p—the adopted level of
statistical significance; n—number of participants. Part A—shows the correlation between the strength of the relationship
between the average value of high-frequency spectral power, recorded in the subsequent training microcycles throughout
the experiment (totals for the first and second period) (HF,v) and HIT4y, as well as high-frequency spectral power expressed
as the average of measurements performed in the week preceding the experiment (HF,); Part B—shows the correlation
between the strength of the relationship between the average value of the square root of the mean squared difference between
successive normal-to-normal RR intervals, recorded in the subsequent training microcycles throughout the experiment
(RMSSDay) and HIT,y, as well as HF,,; Part C—shows the correlation between the strength of the relationship between
the average value of the standard deviation of normal-to-normal RR intervals (SDNN,y) and HIT,y, as well as HF,,; Part
D—shows the correlation between the strength of the relationship between HF,, and HIT,y, as well as low-frequency
spectral power expressed as the average of measurements performed in the week preceding the experiment (LF); Part E—
shows the correlation between the strength of the relationship between RMSSD,y and HIT,y, as well as LFy,; Part F—shows
the correlation between the strength of the relationship between SDNN,y and HIT,y, as well as LF,; Part G—shows the
correlation between the strength of the relationship between HF,y and HIT,y, as well as the square root of the mean squared
difference between successive normal-to-normal RR intervals expressed as the average of measurements performed in the
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week preceding the experiment (RMSSDy,); Part H—shows the correlation between the strength of the relationship between
RMSSD,y and HITyy, as well as RMSSD),; Part I—shows the correlation between the strength of the relationship between
SDNN,y and HIT,y, as well as RMSSDj,; Part J—shows the correlation between the strength of the relationship between
HF,y and HIT,y, as well as standard deviation of normal-to-normal RR intervals expressed as the average of measurements
performed in the week preceding the experiment (SDNNy,); Part K—shows the correlation between the strength of the
relationship between the average value of low-frequency spectral power, recorded in the subsequent training microcycles
throughout the experiment (LF,y) and HIT,y, as well as SDNNj,; Part L—shows the correlation between the strength of the
relationship between RMSSD,y and HIT,y, as well as SDNN},; Part M—shows the correlation between the strength of the
relationship between SDNN,y, and HIT,y, as well as SDNNj,.

4. Discussion

In this study, it was shown that, in three cyclists, HF was higher in period P2 than in
P1, whilst in the case of one cyclist, HF was higher in period P1 than in P2. In the remaining
three cyclists, there were no significant changes in HF. Interestingly, in all four cyclists who
had changes in HF between P1 and P2, the Pav/HRav ratio from the last L-MIT training
of period P2 was higher than the last L-MIT training of P1. An analysis of the available
literature shows that resting heart rate and HRV values are related to aerobic capacity and
cardiorespiratory fitness among non-training individuals [13,35]. According to Bellenger
et al. [36], an increase in exercise capacity during the training process is associated with an
improvement in HRV parameters, such as RMSSD or HF. Sandercock et al. [37] proved in
their meta-analysis that a long-term training process based on aerobic effort leads to an
increase in resting HF values; Macor et al. [38] reported that competitive cyclists present
higher resting HF values than non-training individuals. However, publications describing
the impact that intensifying training has on HRV parameters provide inconsistent results.
Pichot et al. [39] demonstrated that, over a period of three weeks, when intensive training
accounted for 30% of the total load, the value of HF decreased, although the subject of the
study was training that provoked fatigue accumulation. Schneider et al. [40] implied that
among well-trained athletes, the natural logarithm of RMSSD did not change after several
HIT trainings. Similarly, Danilowicz-Szymanowicz et al. [41] did not observe changes in
HF, RMSSD, or SDNN as a result of a two-month training intensification among trained
runners. Raczak et al. [42] compared two training periods of four months each in trained
runners. The first period was characterised by a predominance of moderate-intensity
training. In the second period, the proportion of high-intensity trainings increased. The
RMSSD, SDNN, and LF parameters turned out to be significantly higher in the second
period than in the preceding period. The results of the present study indicate that changes
in HRV parameters due to intensifying the training process can be individualised among
well-trained cyclists.

Lamberts et al. [43] demonstrated that the power output level at submaximal heart
rate was a good measure of exercise capacity in cycling. In our study, the above-mentioned
HRV parameters improved in P2 among the cyclists S1, S2, and S3. In the same period, the
Pay/HR4y ratio improved in these cyclists. However, an improvement in the P,, /HR,y
ratio was also observed in cyclist S7, who presented decreased HF, SDNN, and RMSSD
in P2. It therefore seems that controlling the training so as to achieve the highest possible
parameters reflecting vagus nerve activity is not the sole condition for improving power
output at submaximal heart rate.

It would be reasonable to indicate the variables that could serve to predict the effects
of training intensification on HRV parameters in a situation where P2 was associated with
an increase in vagus nerve activity in three cyclists and no relationship, or an opposite
one, was observed in the remaining cases. The potential to make such predictions seems
valuable for coaches and athletes in the context of studies that found a relationship between
HRYV parameters that identify vagus nerve activity and the ability of athletes to perform
intense physical effort [20,35]. An attempt to predict the impact of training on HRV was
made by Chalencon et al. [44], but their model was based on the observation of a training
process implemented earlier. Our intention, in turn, was to try to determine whether it was
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possible to assess the efficacy of training intensification in terms of its impact on HRV on the
basis of initial HRV measurements (taken before the training process). Intensifying training
is an element of periodisation and constitutes a common practice among endurance athletes
during the several weeks preceding important competitions [2,24,45]. In our research, we
applied a training intensification similar to the classic model. This concept assumes that
a period of predominantly L-MIT trainings is followed by a period with a decreasing
proportion of L-MIT and a simultaneous increasing proportion of HIT [2]. Our findings
(Table 5) imply that baseline HRV (HF, LF, RMSSD, and SDNN) can be a factor that
determines the strength and direction of the relationship between HIT,y, and HRV variables
(HFav, RMSSD,y, and SDNN,y). This information supplements our previous research in
which we proved that the effects of periods of training intensification through the use of
HIT and sprint interval training could be predicted by an analysis of the training volume
in a previous training process [28,29], as well as peak pulmonary minute ventilation in
incremental tests and the restitution RMSSD value after a moderate-intensity warm-up [28].

5. Conclusions

The presented study results indicate that changes in resting HRV parameters between
a period of L-MIT training predominance and a period of increased HIT training proportion
can be individualised. Daily records of resting HRV and training loads can allow one to
determine whether an increase in high-intensity loads affects changes in HRV parameters
in individual cases. In the investigated group, it was possible to predict how HRV would
change as a result of training intensification on the basis of the baseline values of HRV
parameters, such as HF, LF, RMSSD, and SDNN. Their increase was observed in cyclists
with low baseline values of these parameters, and their decrease was found in the cyclist
with high baseline values. It also seems that training intensification can also lead to power
output improvement at a submaximal heart rate in individuals other than those with an
increase in parameters reflecting parasympathetic nervous system activation.
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Abstract

Hebisz, R, Hebisz, P, Danek, N, Michalik, K, and Zaton, M. Predicting changes in maximal oxygen uptake in response to polarized
training (sprint interval training, high-intensity interval training, and endurance training) in mountain bike cyclists. J Strength Cond
Res XX(X): 000-000, 2020—The aim of this study was to determine the predictors of change in maximal oxygen uptake (AVo,max)
in response to a polarized training program. Twenty well-trained mountain bike cyclists completed an 8-week intervention of sprint
interval training (SIT) (8-16 30-second maximal sprints), high-intensity interval training (4—6 bouts at 85-95% maximal aerobic
power), and endurance training (2—3 hours cycling at 70-80% power at the ventilatory threshold). An incremental exercise test was
performed to determine preintervention and postintervention maximal oxygen uptake (Vo,max) and maximal pulmonary ventilation
(VEmax) normalized to lean body mass (LBM). The frequency and time domain of heart rate variability (HRV) was also determined
during recovery after moderate warm-up in the first and last SIT. Training status was quantified as the total distance cycled in the
previous year. Vo,max, VEmax, and the root mean square of the successive differences of normal-to-normal time interval between
heartbeats (RMSSD), which is the time domain of HRV all increased significantly. Multiple significant correlations were observed
between AVo,max and training status and baseline measures of VEmax:LBM ™", RMSSD, and Vo,max:LBM ™' and a regression
equation was developed (r = 0.87, r* = 0.76; p = 0.0001). The change in Vo,max in response to polarized training can be predicted

Copyright © 2020 National Strength and Conditioning Association. Unauthorized reproduction of this article is prohibited.

with high accuracy based on several measurable variables.
Key Words: prediction of Vo,max

Introduction

Peak performance in endurance sports requires a high level of
maximal oxygen uptake (Vo,max), a common measure of car-
diorespiratory fitness (28,29). An effective training strategy among
elite endurance athletes to improve Vo,max and maximal aerobic
power (Pmax) is polarized training, which involves the integration
of several different exercise protocols of varied intensity and vol-
ume (19,40). Besides explicit endurance training (ET), an impor-
tant component of polarized training is interval training because
this training framework is known to induce numerous beneficial
cardiovascular and performance adaptations (3). The most popu-
lar variants of interval training are sprint interval training (SIT) and
high-intensity interval training (HIIT), which are differentiated by
minor yet critical variations in the duration and intensity of the
exercise and recovery periods. Interval training is known to induce
significant fatigue due to the increased reliance on oxygen-
independent (anaerobic) metabolic pathways and perturbation to
the acid-base balance (41). The systemic and peripheral adapta-
tions to interval training improve work output and aerobic ca-
pacity, including the enhanced removal of excess carbon dioxide
through pulmonary ventilation (13). The latter factor impacts the
acid-base balance, hence it can be surmised that the measurement
of pulmonary ventilation during exercise with a large anaerobic

Address correspondence to Natalia Danek, natalia_danek@interia.pl.
Journal of Strength and Conditioning Research 00(00)/1-56
© 2020 National Strength and Condlitioning Association

component can serve as predictor of the change in Vo,max when
training with HIIT and SIT.

It can be presumed that the effects of HIIT and SIT on Vo,max
in endurance athletes are dependent on training status and
background. In a review of various HIIT protocols, Laursen et al.
(27) reported a 5-8% increase among well-trained cyclists (pre-
intervention Vo,max 64.5 mlkg 'min~'). Another study
reported an increase of 6-9% in Vo,max after an HIIT in-
tervention in moderately trained runners (preintervention
Vo,max 51.6 ml-kg™min~") (14). This can be compared with
increases of 12-19% after HIIT or SIT in untrained populations
(15,44). Although this finding may suggest that athletes with
lower Vo,max and less training experience should show an en-
hanced response to interval training, a previous study observed
greater improvements among athletes with high-volume training
experience after a polarized training intervention (SIT, HIIT, and
ET) than athletes with less training experience (22). It was found
that the athletes with more training showed reduced muscle
damage, suggesting the important role of previous training ex-
perience (particularly high-volume aerobic training) in the mod-
ulation of Vo,max if more intensive and demanding training
strategies are to be used (22).

Another important consideration is that Vo,max is known to
be associated with the activity of the autonomic nervous system
(26). Improvements in cardiorespiratory fitness and capacity were
found to increase parasympathetic activity at rest (8). Individuals
with high cardiorespiratory fitness show greater values of
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high-frequency (HF) and low-frequency spectral power (LF) of
heart rate variability (HRV) during postexercise recovery after
moderate-intensity exercise (35). Recent studies demonstrated the
use of HRV as a measure of cardiac autonomic activity, in
monitoring the response to exercise, and determining optimal
training load (34,38). With previous research suggesting that
baseline measures of cardiovascular fitness can determine the
change in Vo,max as a result of training (16,24), it is possible that
HRYV kinetics during recovery could serve as a predictor of per-
formance after a strenuous polarized training strategy that com-
bines SIT, HIIT, and ET.

The aim of this study was to therefore investigate whether the
change in Vo,max after polarized training could be quantitatively
predicted in well-trained cyclists using measurable variables. It was
hypothesized that cyclists with high maximal pulmonary ventilation,
greater magnitude of HRV indices reflecting parasympathetic activ-
ity, and better training status would show an enhanced improvement
in Vo,max after polarized training with SIT, HIIT, and ET.

Methods

Experimental Approach to the Problem

A polarized training intervention of 8 weeks was used to assess the
predictive capacity of various physiological markers in determining
the change in Vo,max. These variables were selected based on
a review of the literature as well as coaching and professional ex-
perience. Cyclists’ training status and background was collected and
quantitatively assessed as the total distance cycled in the year before
study outset. An incremental exercise test was administered before
and after the intervention to measure maximal oxygen uptake and
maximal pulmonary ventilation normalized to lean body mass
(LBM) because this relative measure is considered to have a higher
prognostic value. Time and frequency domain indices of HRV were
calculated during the first and last SIT session. A mathematical
model was then used to calculate the predictive accuracy of the
selected variables in determining the change in Vo,max.

Subjects

Twenty well-trained male mountain bike cyclists volunteered to
participate in the study (Table 1). All had been training for
a minimum of 2 years and had on average participated in 14
sanctioned cross-country Olympic or cross-country marathon
races. Training workload was at least 7 hours per week for 10
months per year at an intensity above 50% maximal aerobic
power (Pmax). Before study outset, none of the participants had
any experience with periodic interval training that involved re-
peated 30-second to 5-minute cycling bouts performed at an in-
tensity greater than 90% Pmax.

The study design was approved by the local ethics committee,
and all procedures were performed in accordance with the Dec-
laration of Helsinki. Written informed consent was obtained
from the participants and their guardians after the study details,
procedures, and benefits and risks were explained.

J(t)hiimal of Strength and Conditioning Research”

Procedures

Participant training history was analyzed, and the total distance cy-
cled 1 year before study outset was recorded (distance). The training
intervention was based on a four-day microcycle, with SIT, HIIT, and
ET performed each day in succession and the fourth day treated as
a day of recovery in which the participants cycled for 60 minutes at
40-50% Pmax. Each training session was preceded by a 20-minute
warm-up of moderate-intensity cycling, with the first 5 minutes per-
formed at an intensity of 50% of Pmax and the remaining 15 minutes
performed at 60% Pmax. The SIT, HIIT, and ET protocols of the 8-
week polarized training intervention are outlined below.

Sprint Interval Training. Participants rested for 5 minutes after the
warm-up, sitting on the ergometer with arms resting on the handle-
bars. Sprint interval training involved 8-16 maximal cycling sprints.
The sprints were performed in sets, with each set consisting of four 30-
second all-out bouts interspersed with 90 seconds of rest. The sets
were separated by 25-40 minutes of moderate-intensity cycling
(70-75% maximal heart rate) as a form of active recovery. Upon
concluding the active recovery component, another set was per-
formed following the same protocol and repeated until the amount of
work done in a set decreased by 5% compared with the highest
obtained value in the session. Participants completed on average be-
tween 2 to 4 sets per training session in the 8-week intervention.

High-Intensity Interval Training. Participants alternated between
4-minute high-intensity cycling (at 85-95% Pmax) and 12-
minute moderate-intensity cycling (60-70% maximal heart rate).
This cycle was repeated until the participant was unable to
maintain the required intensity. The participants completed on
average four to 6 cycles per training session.

Endurance Training. Participants cycled for 2-3 hours at 70-80%
power at the ventilatory threshold. Training was terminated if the
participant could not maintain the specified intensity.

In the first and last SIT session, the time interval between
heartbeats (RR) was recorded with a V800 cardiofrequencimeter
(Polar, Oy, Finland) during the last 2 minutes of the 5-minute rest
period after the warm-up. Kubios HRV Standard (KubiosOy,
Kuopio, Finland) software was used to analyze HRV by time and
frequency domains. Time domain measures included the SD of
normal-to-normal RR intervals and the square-root of the mean
squared difference between successive normal-to-normal RR
intervals (RMSSD). For the frequency domain, spectral analysis
was performed using fast Fourier transformation to obtain HF
spectral power and LF spectral power.

Incremental Exercise Test. An incremental exercise test was ad-
ministered before and after the intervention. Participants
refrained from any high-intensity exercise (exceeding 50%
Vo,max) 48 hours before testing. Immediately before the in-
cremental exercise test, body composition was measured by ul-
trasound at 9 measurement sites (biceps, triceps, chest, scapula,
lower back, waist, hip, thigh, and calf) using a BodyMetrix

Selected physiological, physical, and anthropometrical variables of the mountain-bike cyclists (n = 20).*

Age (y) Body height (cm) Body mass (kg)

LBM (kg) BMI (kg-m™°) Distance (km-yr~")

199+ 54 178.4 = 5.6 699 9

609 £7.6 219+19 6,925.0 £ 4,212.3

*LBM = lean body mass; BMI = body mass index; Distance = total distance covered by cyclists in previous year preceding the training intervention; data are presented as mean *+ SD.
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analyzer (Intelametrix, Brentwood, CA). Lean body mass was
then determined using the formula LBM = BM — (BM X %BF),
where LBM-lean body mass (kg), BM-body mass (kg), and %
BF-body fat (%).

An incremental exercise test was performed in laboratory
conditions (temperature- and humidity-controlled) on a Cyclus 2
cycle ergometer (RBM elektronik-automation, Leipzig, Ger-
many). Starting workload was 50 W and increased every 3
minutes by 50 W until volitional exhaustion was reached. In-
stantaneous power output and time were continually recorded. If
the participant was unable to complete a 3-minute S0W stretch,
then 0.28 W was subtracted for each missing second from the
current level of power to determine Pmax. Respiratory function
was measured with a Quark analyzer (Cosmed, Milan, Italy) that
was calibrated before each trial with a reference gas mixture of

il L. -
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coefficients of each variable. The regression model with the highest
coefficient of determination (R?) is presented in the results at a sig-
nificance level of p < 0.05. It was assumed that the regression model
would contain at least one independent variable that serves as
a measure of cardiovascular fitness because it can determine the
change in Vo,max (16,24). It was also assumed that such a model
would include at most one variable indicative of postexercise HRV
recovery. For this reason, models that may not have statistically sig-
nificant partial correlations between variables that quantify cardio-
vascular fitness and AVo,max could be included in the analysis.

Results

Postintervention Vo,max-LBM ! and VEmaxLBM ! increased
significantly, as did RMSSD measured in the last SIT session

carbon dioxide (5%), oxygen (16 %), and nitrogen (79%). Tidal ~ (Table 2). The partial correlation coefficients for all variables (age, [T2]
air was analyzed on a breath-by-breath basis to determine oxygen  distance, Vo,max-LBM ', VEmax-LBM ', HF, LF, and RMSSD)
uptake (V0,), maximal oxygen uptake (Vo,max), carbon dioxide  predicting AVo,max are presented in Table 3. The strongest multiple ~ [T3]

excretion (Vco,), and minute pulmonary ventilation (VE). These
measures were averaged over 30-second intervals. Absolute and
relative Vo,max (per kg of body mass) was calculated based on
the composition of expired air and minute ventilation. Maximal
pulmonary ventilation (VEmax) and Vo,max relative to LBM
were also determined (VEmax-LBM ! and Vo,max'LBM !, re-
spectively). The ventilatory threshold was determined by V-slope
analysis of Vo, and Vco, as explained by Beaver et al. (2). This
method assumes an increase of Vco, in relation to Vo, during
incremental exercise. Heart rate (HR) was continually recorded
with a Polar V800 monitor (Polar Electro Oy, Kempele, Finland).

Statistical Analyses

Statistical analyses were performed with the Statistica 13.1 software
package (Statsoft). Means, SD, and confidence intervals were calcu-
lated for all variables. The absolute change in Vo,max (AVo,max
[L'min 1)) was calculated for each participant. Student’s # test was
used to compare preintervention and postintervention measures. Ef-
fect sizes (ES) were calculated by dividing the mean preintervention
and postintervention difference by the SD of the preintervention
measure. Multiple regression analysis was performed between the
independent (age, distance, Vo,max'’LBM ', VEmax-LBM ', HF,
LF, and RMSSD) and dependent (AVo,max) variables with the
equation Y = Bg + B1X; + B2Xy + ... + B,X,, where Y is the
dependent variable, X;, X, ... X,, are the independent variables, By is
the mean value at baseline, and By, B> ... B, correspond to the

correlations coefficients (r = 0.868, p = 0.0000, F = 16.311) were
found between AVo,max and distance, VEmax'LBM ', and
RMSSD. Partial correlations for this model were r = 0.68 (p =
0.002), r = 0.47 (p = 0.048), r = 0.42 (p = 0.08), respectively. The
regression model (R, = 0.754, standard error of estimate [SEE] =
138.86 ml'min ") that best predicted AVo,max was:

AVO;max = —0.790215 + (0.000032+Distance)
+ (0.300521*VEmax-LBM71) +(0.003256+RMSSD).
Strong multiple correlations (r = 0.837, p = 0.0000, F =

19.824) were also found between AVo,max and distance and
VEmax-LBM ', Partial correlations for this model were » = 0.65

(p = 0.002) and r = 0.54 (p = 0.017), respectively. This second

model was presented because in the first model, the partial cor-
relation of RMSSD was not statistically significant. The re-
gression model (R* = 0.7, SEE = 148.67 ml'-min_ ') for this
correlation that predicted AVo,max was:

AVO,max = —0.953219 + (0.000034*Distance)
+(0.379657+VEmax-LBM ™ ).

Discussion

This study verified that the change in Vo,max in response to
polarized training involving SIT, HIIT, and ET could be predicted
by a regression equation based on training status as the distance

Preintervention and postintervention physiological and heart-rate variability measures.*

Preintervention Postintervention
95% Cl 95% CI
Mean = SD Lower Upper Mean = SD Lower Upper Effect size

Vogmax (L-min’w) 411 = 0.41 3.92 4.30 4.44 = 0.49t 4.21 4.67 0.73
\'lozmax-LBM’1 (ml-kg”-min’w) 679 = 6.3 64.9 70.8 73.4 = 7.6t 69.8 77.0 0.78
VEmax-LBM ™" (L-kg’1-min’1) 2.62 = 0.25 2.50 2.74 277 =027t 2.64 2.90 0.58
HF (msz) 127.2 = 268 1.7 252.6 300.9 = 556.4 40.5 561.3 0.40
LF (msz) 592.6 = 952.4 145.9 1,037.4 829.6 = 1,282.3 229.4 1,429.7 0.21
RMSSD (ms) 199 +19.8 10.6 29.2 28.8 + 28.4t 15.5 421 0.36
AVogmax (L-min’w) 0.33 = 0.26 0.21 0.45

*Jo,max = maximal oxygen uptake in the incremental test; Vo,max-LBM™' = lean body mass-normalized maximal oxygen uptake in the incremental test; VEmax-LBM ™' = lean body mass-normalized

maximal pulmonary ventilation in the incremental test; HF = high-frequency power spectrum; LF = low-frequency power spectrum; RMSSD = square-root of the mean squared difference between successive
normal-to-normal RR intervals; AVo,max = postintervention change in maximal oxygen uptake.
tp < 0.05 = significant difference between preintervention and postintervention values.
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Partial correlations between the change in Vo,max and all
independent variables included in the data analysis.*

AVo,max (L'min~")

r p t
Age () 0.145 0.620 0.509
Distance (km-y ) 0.623 0.017¢ 2.761
Vomax-LBM ™" (ml-kg™"min ") —0.234 0.420 —0.835
VEmax-LBM ™" (L-kg ™ "min ") 0.535 0.048t 2.191
RMSSD (ms) 0.309 0.282 1.126
HF (msz) —0.010 0.972 —0.036
LF (msz) —-0.122 0.679 —0.424
*Distance = total distance covered by cyclists in previous year preceding the training intervention;
Vo,max-LBM ™" = lean body mass-normalized maximal oxygen uptake in the incremental test;
VEmax-LBM ™" = lean body mass-normalized maximal pulmonary ventilation in the incremental test;

RMSSD = square-root of the mean squared difference between successive normal-to-normal RR
intervals; HF = high-frequency power spectrum; LF = low-frequency power spectrum; AVo,max =
postintervention change in maximal oxygen uptake; r = correlation coefficient; p = probability value;
t = tstatistic.

tSignificant predictor of AVo,max at p < 0.05.

covered in the past year (distance), baseline measure of maximal
pulmonary ventilation normalized to LBM (VEmax-'LBM ™ 1),
and HRV (the square-root of the mean squared difference be-
tween successive normal-to-normal RR intervals—RMSSD).

Several methods have been developed to indirectly predict
Vo,max using a wide range of variables including various indices
of HRV, population-specific anthropometric characteristics, and
measures quantifying the cardiovascular response to submaximal
exercise (r = 0.66-0.88; SEE = 3.0-5.64 ml-kg”'-min")
(1,17,23,31,37). The regression equation presented herein is
therefore comparable with these equations but is the first model,
to the best of our knowledge, designed to predict the change in
Vo,max in response to a demanding training strategy involving
several training protocols in well-trained cyclists.

Our results show that training status, quantified as the distance
cycled in the previous year, was the strongest predicator of
AVo,max (partial correlation was # = 0.68 and 7 = 0.65 in the first
model and second model, respectively). This is also in agreement
with previous research, in which the effects (measured by Vo,max
and Pmax) of a similar training intervention involving SIT, HIIT,
and ET were maximized if this intervention was preceded by
a greater volume of training (22). It was surmised that greater
training volume before such a strenuous training protocol minimized
muscle damage (as evidenced by a smaller increase in creatine kinase
and myoglobin concentrations compared with athletes with lower
training volume) and therefore allowed those high-volume athletes
to maintain a greater exercise intensity (7,42). It can be inferred that
the ability to exercise at a higher intensity for greater duration im-
proved aerobic capacity and is in agreement with present recom-
mendations that exercise be performed above 90% Vo,max if the
training goal is to increase oxygen uptake (5).

The other significant predictor of AVo,max in the regression
equation was baseline VEmax-LBM ! (partial correlation was r =
0.47 and r = 0.54 in the first model and second model, re-
spectively). The normalization of VEmax to LBM seems to be
justified because the literature has accredited oxygen uptake during
exercise to have greater diagnostic value when expressed in relation
to LBM (11,12). This approach to analyzing oxygen uptake
emphasizes the role of muscle tissue as the main recipient of oxygen
(11) and excludes adipose tissue, which consumes almost no oxy-
gen and is subject to minimal perfusion (12). These findings
strengthen the validity of VEmax:'LBM ' as a variable that best
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exemplifies the metabolic importance of pulmonary ventilation in
regard to metabolically active tissue. It can be surmised that a high
baseline VEmax-LBM ! would be indicative of high ventilation
during intensive exercise (particularly with a large anaerobic de-
mand) and is indirectly responsible for reducing fatigue and en-
abling more work to be done due to better excretion of CO, (33).
This enhanced reduction in the arterial partial pressure of CO,
(30,36) and prevents the onset of metabolic acidosis (4,25,33) by
maintaining pH balance (32). This ventilatory mechanism may be
one of the many that explains our previous findings, in which
athletes with several years of SIT experience could maintain power
output during repeated sprint exercise with minimal change in
blood pH compared with athletes with little to no SIT experience
(20). It can be summarized that the role of pulmonary ventilation
during intensive exercise is twofold: it enhances the rate of lactic
acid removal, and also mitigates buildup by delivering adequate
oxygen and preventing the incidence of oxygen deficit (21). Both
processes are also interrelated because the excretion of CO,
increases the oxygen affinity of hemoglobin (43).

Heart rate variability has previously been used in the sports
domain as a marker of fatigue and for monitoring training status
(6). Heart rate variability—associated indices reflective of para-
sympathetic activity have also been used as an indirect measure of
Vo,max in both untrained individuals and athletes (31). Previous
research has also demonstrated that day-to-day changes in HF
can be used to predict exercise performance (9). In this study, we
used an indicator of parasympathetic recovery (RMSSD) to pre-
dict training-induced change in Vo,max in the first regression
model. The inclusion of this independent variable resulted in
a model with the highest coefficient of determination. It has been
suggested that individuals with greater aerobic fitness show ac-
celerated parasympathetic reactivation after exercise (39). This
suggests a relationship between postexercise parasympathetic
reactivation and the time required for recovery (dependent on
fitness/training status) between training sessions or between ex-
ercise repetitions. As a result, HRV-associated indices of para-
sympathetic activity can be used to predict the future response to
training and subsequent change in Vo,max and fitness status
(10,18). It needs to be stressed that the partial correlation between
AVo,max and RMSSD (r = 0.42) was not statistically significant
and that this model did not include Vo,max-LBM ™ !. As a result,
the association between cardiovascular fitness and the training-
induced change in Vo,max (16,24) seems to be weak in well-
trained cyclists.

Practical Applications

A polarized training intervention of SIT, HIIT, and ET sig-
nificantly improves Vo,max. The change in Vo,max can be
accurately predicted by a regression equation based on
training status quantified as the distance cycled in the previous
year, maximal pulmonary ventilation normalized to LBM,
and the root mean square of the successive differences of
normal-to-normal RR intervals measured during postexercise
recovery. The inclusion of RMSSD should be used with cau-
tion in predicting AVo,max because this variable was not
significantly correlated with the outcome. An alternative
model, excluding HRV measures, shows a similar coefficient
of determination. Athletes and coaches can benefit from pre-
dicting the change in Vo,max by tailoring exercise protocols
to best meet training goals.

Copyright © 2020 National Strength and Conditioning Association. Unauthorized reproduction of this article is prohibited.
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Abstract: This study compared the effectiveness of a block training program and a polarized training
program in developing aerobic capacity in twenty trained mountain bike cyclists. The cyclists were
divided into two groups: the block training program group (BT) and the polarized training program
group (PT). The experiment lasted 8 weeks. During the experiment, the BT group alternated between
17-day blocks consisting of dominant low-intensity training (LIT) and 11-day blocks consisting
of sprint interval training (SIT), and high-intensity interval training (HIIT), while the PT group
performed SIT, HIIT, and LIT simultaneously. Before and after the experiment, the cyclists performed
incremental tests during which maximal oxygen uptake (VO,;max), maximal aerobic power (Pmax),
power achieved at the first ventilatory threshold (Pyt;), and at the second ventilatory threshold
(PyT2) were measured. VO,max increased in BT group (from 3.75 & 0.67 to 4.00 & 0.75 L-min~1) and
PT group (from 3.66 & 0.73 to 4.20 £ 0.89 L-min~1). In addition, Pmax, Pyt;, and Py, increased in
both groups to a similar extent. In conclusion, the polarized training program was more effective in
developing the VO,max compared to the block program. In terms of developing other parameters
characterizing the cyclists” aerobic capacity, the block and polarized program induced similar results.

Keywords: block periodization; polarized training; maximal oxygen uptake

1. Introduction

Competing in mountain bike cycling requires high aerobic capacity [1]. There are
several types of training used to develop the aerobic capacity: (1) constant and moderate to
low intensity training (LIT) [2-5]; (2) threshold training (TT), in which efforts are at power
levels close to lactate or ventilatory threshold [2,3,6]; (3) high-intensity interval training
(HIIT), in which a high-intensity effort is repeated with power close to maximal aerobic
power [7,8] or higher than maximal aerobic power [9]; and (4) sprint interval training (SIT),
which is performed at maximal intensity (all-out efforts) [10] or close to maximal [11].

Numerous publications have described the effects of using isolated types of train-
ing [12-14]. Nevertheless, many different types of training influence an athlete’s develop-
ment in the process of sports training. Matveyev’s periodization model, which describes
the distribution of different types of training over an annual training cycle [15], is a pop-
ular concept for sports training planning. According to this concept, the initial phase
of an endurance athlete’s preparation for the competitive season is dominated by LIT-
type training. As the race season approaches, the number and/or volume of LIT-type
training decreases, while the volume and number of HIIT-type training increases [16,17].
The effects of simultaneous use of different training types (LIT and HIIT) among endurance
athletes were studied by Stoggl and Sperlich [18], calling their concept polarized training.
The results of their study demonstrated that a polarized training program allowed for
greater development of maximal oxygen uptake (VO,;max), maximal aerobic power (Pmax),
and power at lactate concentrations of 4 mmol-L~! after a period of 9 weeks, compared to
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performing one type of training selected from HIIT, TT, or LIT. In the group performing po-
larized training, VO,max increased by 11.7% [18]. In several articles [19-21], we described
the effects of modifying a polarized training program among cyclists. Our modification
consisted of simultaneous training, such as SIT (a dozen or so maximal sprints lasting
30 s each, with rest periods lasting 90 s), HIIT (several efforts lasting 3—4 min with power
close to maximal aerobic power), and LIT (training at an intensity of about 80% power mea-
sured at the second ventilatory threshold—VT2, taking 2-3 h). Using this training concept
yielded even better results than the concept used in the study by Stoggl and Sperlich [18],
as VOp,max increased by 14% after 8 weeks of training [19] and remained at this level for
another 4 months of the continuous polarized training program [22].

Issurin [23] criticized the concepts of combining multiple training types in a single
training cycle, claiming that this approach prevents the achievement of several peaks of
performance over the course of a competition season and promotes the development of
excessive stress in the body. In the same publication, Issurin [23] presented the theoret-
ical foundations of the block training concept, which were further developed by him in
the next years [24,25]. The concept of block training assumes that in a training cycle of
2-4 weeks, the types of training are focused on shaping a minimum number of properties
related to the athlete’s qualities for sports competitions; subsequent qualities are shaped in
consecutive 2—4-week blocks. However, these publications did not demonstrate the results
of research work among endurance athletes [23-25]. A detailed block training program
was presented by Solli et al. [16] and Rennestad et al. [26-28]. These studies involved
alternating blocks of about two weeks of LIT training and blocks of several days or about
two weeks of high-intensity training (HIIT and/or SIT). Solli et al. [16] found that the block
program was as effective in preparing female cross-country skiing athletes for achieving high
sports performance at an elite level as Matveyev’s classical concept. Rennestad et al. [27] demon-
strated an 8.8% increase in VO,max after 3 months of performing a block training program.
In addition, in one case, VO,max was observed to increase from 73.8 mL-min ! ~l<g’l to
87 mL-min ! ~l<g_1 after 58 weeks of such training [28].

Having considered the foregoing, the purpose of the presented study was to com-
pare the effectiveness of a block training program and a polarized training program in
the development of aerobic capacity in cyclists. We hypothesized that a block training
program would contribute more to the development of maximal oxygen uptake, power
output at ventilatory thresholds, and maximal aerobic power compared to a polarized
training program.

2. Materials and Methods
2.1. Participants

Twenty national-level mountain bike cyclists participated in the study. The partic-
ipants were randomly divided into two groups: a group of cyclists performing a block
training program (BT group) and a group of cyclists performing a polarized training pro-
gram (PT group). Each group consisted of 10 cyclists (including 3 women and 7 men, each).
The characteristics of the groups are shown in Table 1.

Table 1. Characteristics of experiment participants.

Grou Body Fat Body Mass Body Height Age VO,;max Pmax
P (%) (kg) (m) (Years) (mL-min—1.kg~1) W)
BT 121 £53 62.3 + 85 1.73 £ 0.08 184+ 1.6 60.0 + 4.8 325.5 £56.3
PT 109 +4.9 63.7 £ 8.6 1.74 + 0.07 185+19 572 £5.38 3332 £78.5

VO, max—maximal oxygen uptake; Pmax—maximal aerobic power; BT—block training group of cyclists; PT—polarized training group of
cyclists; data are presented as mean + standard deviation.

Each participant declared that during the three years prior to entering the experiment,
they trained at least 10 h per week (excluding rest periods) and participated in a minimum
of 15 cycling races per year.
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The study design was approved by the Ethics Committee of the University School of
Physical Education and carried out in accordance with the Declaration of Helsinki. Written
informed consent was obtained from the participants or their guardians after the study
details, procedures, and benefits, and risks were explained.

2.2. Course of the Experiment

Prior to the experiment, each participant limited their weekly training volume to
4 sessions (taking approximately 60 min each) for 6 weeks. During this period, experi-
ment participants did not exercise at an intensity exceeding 70% of their maximal heart
rate (HRmax). The experiment was conducted over the course of 8 weeks. During the
experiment, athletes performed the following types of training:

- Sprint interval training (SIT), consisting of 8-12 repetitions at maximal intensity (all-
out effort) lasting 30 s. The training was divided into sets (2-3 sets), with 4 maximal
repetitions performed in each set. An active rest of 90 s was used between repetitions,
during which the participants exercised at a power not exceeding 50 W. Between the
sets, an active rest of 15 min was used, during which the exercise was performed
at the power reached at the first ventilatory threshold (Pyt1) (measured during the
incremental test-described below). During the first part of the experiment (1st—4th
week), all cyclists performed 8 repetitions during SIT. In the following weeks of the
experiment (5th-8th week), the cyclists performed 12 repetitions during SIT.

- High-intensity interval training (HIIT), consisting of 3-5 efforts lasting 4 min and
performed at an intensity of 90% of maximal aerobic power (Pmax) (as measured
during the incremental test). An active rest of 6 min was used between these efforts,
during which an effort was performed at Pyt intensity. During the first part of
the experiment (1st—4th week), all cyclists performed 3 efforts during HIIT. In the
following weeks of the experiment (5th-8th week), the cyclists performed 5 efforts
during HIIT.

- Low-intensity training (LIT) of 2-3 h, performed at Pyt; intensity. During the first part
of the experiment (1st—4th week), all cyclists performed 2 h of LIT. In the following
weeks of the experiment (5th-8th week), the cyclists performed 3 h of LIT.

- Passive rest (PR) days were used between the training sessions.

The training program for the BT group was divided into two types of blocks: low-
intensity blocks (Byrj), lasting 17 days, in which LIT-type training predominated,
and high-intensity blocks (Byy), lasting 11 days, in which only SIT and HIIT training
were performed. During the experiment, the foregoing blocks were used alternately, as
shown in Figure 1.

The training program for the PT group consisted of 4 training cycles that lasted
14 days each (Figure 2).

During the experiment, cyclists in each group completed 40 training sessions each,
with 16 days devoted to passive rest. The BT group completed 11 SIT training sessions,
11 HIIT training sessions, and 18 LIT training sessions, while the PT group completed
12 SIT training sessions, 12 HIIT training sessions, and 16 LIT training sessions.

2.3. Laboratory Tests

The participants completed an incremental test before the experiment and 2 days
after the experiment. On the following day, after the incremental test, each participant
performed a verification test. The tests were performed in controlled laboratory conditions
(temperature and humidity controlled) at an Exercise Laboratory of the University School
of Physical Education (PN-EN ISO 9001:2001 certified).
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Figure 2. Scheme of the polarized training program (SIT-sprint interval training; HIIT-high-intensity interval training;

LIT-low-intensity training; PR—passive rest).

2.3.1. Incremental Test

The test was performed on a Lode Excalibur Sport cycle-ergometer (Lode BV, Gronin-
gen, The Netherlands). During the test, exercise started at a load of 40 W in women and
50 W in men, and every 3 min, the load was increased by 40 or 50 W (for women and men,
respectively) until the participant refused to continue. The cycle-ergometer was controlled
by a computer, which recorded instantaneous power and exercise time. If the participant
failed to perform the exercise for 3 min during the last test load, then 0.22 or 0.28 W (for
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women and men, respectively) was subtracted from the current power value for each
missing second. Thus, the value of maximal aerobic power (Pmax) was obtained.

Respiratory parameters were recorded during the test. The studied cyclists wore a
mask connected to a Quark gas analyzer (Cosmed, Milan, Italy), which was calibrated
before the test using a reference gas mixture containing 5% carbon dioxide, 16% oxygen,
and 79% nitrogen. Respiratory parameters were measured in each recorded breath (breath-
by-breath) and then averaged over 30-s intervals. Oxygen uptake (VO;), carbon dioxide
excretion (VCO,), minute pulmonary ventilation (VE), end-tidal partial pressure for oxy-
gen (PETO,), and end-tidal partial pressure for carbon dioxide (PETCO,) were measured.
The highest VO,, VCO,, and VE recorded during the incremental test or during the veri-
fication test (described below) was considered to be maximal oxygen uptake (VO,;max),
maximal carbon dioxide excretion (VCO;max), and maximal minute pulmonary ventilation
(VEmax), respectively. The first ventilatory threshold (VT1), at a point before the increase
in VE-VO, ! and PETO, without a concomitant increase in VE-VCO, ! were determined
from the respiratory data recording. The second ventilatory threshold (VT2) was deter-
mined at the point before the increase in PETCO5, VE~VCOZ’1, VE-VOz’l, according to the
methodology described by Pallares et al. [29]. During testing, heart rate (HR) was recorded
using a V800 cardiofrequencimeter (Polar, Oy, Finland). Heart rate (HRyt and HRyty),
oxygen uptake (VO,.y1; and VOy.y12), and power (Pyt1 and Pyo) values were indicated
when the threshold of VT1 and VT2 occurred. The same procedure as in determining Pmax
was used when indicating Pyt and Pyt;.

2.3.2. Verification Test

A verification test was performed the next day (after the incremental test), also using
a Lode Excalibur Sport cycle-ergometer (Lode BV, Groningen, The Netherlands). The test
was preceded by a 15-min warm-up, during which the first 5 min was performed at the
power achieved at VT1, followed by 10 min of exercise at the power measured midway
between the VT1 and VT2 thresholds. After the warm-up, each participant continued to
pedal with a 20 W load for 5 min. Verification exercise was then performed at an intensity
of 110% Pmayx, lasting until refusal.

During the test, respiratory parameters were measured using the same Quark gas
analyzer (Cosmed, Milan, Italy). Measurement of VO,, VCO,, and VE was used to verify
the maximal values of these indices.

During the test, heart rate was also recorded using a V800 cardiofrequencimeter (Polar,
Oy, Kempele, Finland). HR measurement was used to verify maximal heart rate.

2.4. Statistical Analysis

Before the experiment, the minimum size of the research sample was estimated using
the G*Power 3.1.9.4 software. It was assumed that the expected effect size level would be
above 0.30, and the expected power of the analysis would be at least 80%. On this basis,
the minimum total sample size is 18 people was established.

Statistica 13.1 was used to process the data statistically. The Shapiro-Wilk test was
performed in order to assess the normality of the distribution of the examined parameters.
Arithmetic mean, standard deviation, and confidence interval were calculated. Analysis of
variance with repeated measurements and the Scheffe post-hoc test were used to determine
whether there were statistically significant differences in the evaluated parameters between
groups and tests.

It was assumed that in each of the performed analyses, a probability level of p < 0.05
is required for the result to be statistically significant.

3. Results

Analysis of variance demonstrated a statistically significant main effect of repeated
measurements for VO,max measured in L-min~! (p = 0.000; F = 81.03; n? = 0.82), VO,max
measured in mL-min~'-kg~! (p = 0.000; F = 78.31; n? = 0.81), VCO,max (p = 0.000;
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F = 21.88; n? = 0.55), VEmax (p = 0.003; F = 11.73; n? = 0.39) and Pmax (p = 0.000;
F =41.29; n? = 0.70). A statistically significant interaction effect of group and repeated
measurements was demonstrated for VO,max measured in L-min~! (p = 0.003; F = 11.93;
n? = 0.40) and measured in mL-min_l-kg_1 (p = 0.003; F = 11.79; n? = 0.40), as well
as VCO,max (p = 0.021; F = 6.37; n? = 0.26). Based on post-hoc tests, it was shown
that VO,max and Pmax increased statistically significantly in both BT and PT groups.
In addition, VCO;max and VEmax increased significantly in the PT group (Table 2).

Table 2. Maximal values of respiratory parameters, heart rate, and aerobic power before and after the experiment in the

block training group and the polarized training group.

Pre-Experiment Post-Experiment

Mean + SD 95% CI Mean =+ SD 95% CI
Lower Upper Lower Upper
Block training group of cyclists
VO,max [L-min~1] 3.75 + 0.67 3.29 422 4.00 £ 0.75 * 3.49 450
VO,max [mL-min~!-kg~!] 60.0 + 4.8 56.6 63.4 63.6 +4.3* 60.5 66.6
VCO,max [L-min~1] 425+ 0.84 3.64 4.85 441 +0.89 3.77 5.04
VEmax [L-min—1] 141.8 +£19.3 128.0 155.7 148.7 + 28.7 128.2 169.2
HRmax [bpm] 195.3 +12.2 186.5 204.1 194.5 + 8.9 188.1 200.9
Pmax [W] 325.5 + 56.3 285.2 365.8 347.9 4+ 61.7 * 303.8 392.0
Polarized training group of cyclists
VO,;max [L-min~!] 3.66 +0.73 3.14 418 4.20 4 0.89 ** 3.56 4.84
VO,max [mL-min~!-kg~1] 572458 53.1 61.3 65.3 4+ 7.8** 59.7 70.8
VCO;max [L-min~!] 425+ 0.81 3.67 4.83 479 +1.01 * 4.07 5.51
VEmax [L-min~1] 144.6 + 26.4 125.7 163.5 161.2 +31.9* 138.3 184.0
HRmax [bpm] 190.5 + 5.6 186.5 194.5 190.4 + 5.5 186.4 194.4
Pmax [W] 3332+ 785 277.0 389.4 353.6 & 75.4 * 299.7 407.5

VO,max—maximal oxygen uptake; VCO,max—maximal carbon dioxide excretion; VEmax—maximal minute pulmonary ventilation;
HRmax—maximal heart rate; Pmax—maximal aerobic power; * p < 0.05—significant difference between pre- and post-experiment value;
** p < 0.01—significant difference between pre- and post-experiment value; SD—standard deviation; CI—confidence intervals.

Analysis of variance demonstrated a statistically significant main effect of repeated
measurements for Pyt (p = 0.000; F = 24.48; n? = 0.58), VO,.y1; measured in L-min~!
(p = 0.000; F = 24.25; 1% = 0.57), PyT2 (p = 0.000; F = 52.07; n? = 0.74), VO,_yT2 measured
in L-min~! (p = 0.000; F = 66.49; 1 = 0.79). A statistically significant interaction effect of
group and repeated measurements was demonstrated for VO,.yT2 measured in %VO;max
(p=0.036; F =5.13; n? = 0.22). Post-hoc tests showed that Pyt;, Pyt2 and VOs,_yr; increased
statistically significantly in both BT and PT groups. In addition, VO,.yt; significantly
increased in the PT group (Table 3).

Table 3. Power, oxygen uptake, and heart rate achieved at ventilatory thresholds before and after the experiment in the

block training group and the polarized training group.

Pre-Experiment Post-Experiment

Mean + SD 95% C1 Mean + SD 95% CI
Lower Upper Lower Upper
Block training group of cyclists
Pyt1 [W] 152.9 £32.9 129.4 176.4 178.8 £39.7 % 150.4 207.2
VOy.y11 [L-min~1] 2.45 4+ 0.38 2.18 2.72 2.64 +0.49 2.29 2.98
VO,.y11 [%VO;max] 65.7 4.7 62.3 69.0 674+7.0 62.3 724
HRyT1 [bpm] 158.2 £12.5 149.3 167.1 158.7 £11.9 150.2 167.2
Py1o [W] 228.0 £ 38.7 200.3 255.7 2572+ 37.6** 230.3 284.1
VO,.yT2 [L-min~1] 3.07 £ 0.47 2.74 3.41 3.38 £ 0.45 ** 3.06 3.71
VO,.y12 [%VO;max] 81.2+3.6 78.6 83.8 85.4+59 81.1 89.6
HRyr, [bpm] 179.6 £11.2 171.6 187.6 1794 +£12.8 170.2 188.6
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Table 3. Cont.

Py1 [W]
VOZ—VTl [L-min_l]
VOZ-VTl [%VOzmax]
HRyt1 [bpm]
Pyrz [W]
VOy.yz [L-min™]
VO,.y12 [%VO,;max]
HRyt, [bpm]

Pre-Experiment Post-Experiment
95% CI 95% CI
Mean =+ SD Lower Upper Mean & SD Lower Upper
Polarized training group of cyclists

162.0 +=47.9 127.7 196.3 188.5 £ 53.1 * 150.6 226.4
2.53 £ 0.46 2.20 2.86 2.83 +0.56 ** 2.43 3.22

69.7 £75 64.3 75.0 679 £438 64.5 714
149.8 = 15.7 138.6 161.0 150.9 +13.2 1414 160.4
234.1 £59.9 191.2 277.0 261.7 + 58.8 ** 219.7 303.7
3.08 £ 0.58 2.66 3.50 3.49 £ 0.65 ** 3.02 3.95

844+73 79.1 89.6 83.9+5.5 79.9 87.8
172.3 +10.4 164.9 179.7 1721+ 7.6 166.6 177.6

Pyr1—power achieved at the first ventilatory threshold; VO,.y11—o0xygen uptake achieved at the first ventilatory threshold; HRyt;—heart
rate achieved at the first ventilatory threshold; Pyr,—power achieved at the second ventilatory threshold; VO,.yt;—oxygen uptake achieved
at the second ventilatory threshold; HRyr,—heart rate achieved at the second ventilatory threshold; * p < 0.05—significant difference
between pre- and post-experiment value; ** p < 0.01—significant difference between pre- and post-experiment value; SD—standard
deviation; CI—confidence intervals.

The main effects analysis showed no statistically significant differences in any of the
analyzed parameters between the groups.

4. Discussion

The presented study demonstrated that both block training and polarized training are
effective strategies for developing aerobic capacity among trained cyclists. Both training
programs allowed for increases in VO;max, Pmax, and power achieved at ventilatory
thresholds. However, analysis of variance for VO,max showed a statistically significant
interaction effect of group and repeated measures, as the increase in this parameter was
greater following the polarized training program compared to the block training program.
In an earlier study [19], we showed that VO,max increased by as much as 14% as a result
of 8 weeks polarized training program performed by a group of competitive mountain
bike cyclists. We have also shown that a polarized training program leads to an increase in
VEmax, the estimated heart stroke volume [19], and endothelial growth factor levels [30].
Based on the papers cited above, it can be concluded that a polarized training program
is a stimulus that comprehensively develops the determinants of VO;max. The studies
presented in this paper confirmed that a polarized training program leads to significant
changes in VO,max, which increased by 540 mL or 14.8% among cyclists with a baseline
VO,max of 57.2 mL-min~!-kg~!. Among other authors, Stoggl and Sperlich [18] obtained
results similar to those presented in this paper. They showed that after 9 weeks of per-
forming a polarized training program, consisting of LIT and HIIT training (4 X 4 min
at an intensity of 90-95% HRmax), VO,max increased by 11.7% in a group of athletes
with a baseline VO;max of 62.6 mL-min~!-kg~!. In a study by Stoggl and Sperlich [18],
HIIT training was performed two times per week. However, these studies did not include
the use of SIT-type training, which may have resulted in a slightly smaller increase in
VOymax compared to our study, in which such training was performed. This suggestion
comes from data published by Parmar et al. [31]. They demonstrated that among athletes
(characterized by a VO,max of approximately 60 mL-min~!-kg 1), the size of the increase
in VO,max in response to a training program is correlated with the weekly total training
duration at intensities exceeding power at VT2 [31]. In the present study, more interval
efforts were scheduled to be performed. Therefore, the participants trained longer at
intensities exceeding the power achieved at VI2, compared to the study by Stoggl and
Sperlich [18]. In contrast to the results presented in this paper, Treff et al. [32] showed
no change in VO,max among rowers resulting from using a polarized training program
consisting of LIT and HIIT training. Nevertheless, the results reported by the foregoing
authors may differ from the presented study because of two reasons. The first is the lack
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of SIT training in the protocol by Treff et al. [32]. The second is the difference in baseline
performance level. Treff et al. [32] studied highly trained rowers with a baseline VO,max
of 68 mL-min~!-kg~!, while our study involved trained cyclists with a baseline VO,max
of 57-60 mL-min~!-kg 1.

Other authors’ studies on polarized training strategies, including LIT and HIIT, have
shown improvements in other parameters characterizing aerobic capacity in trained ath-
letes. Stoggl and Sperlich [18] showed that Pmax increased by 5.1%, whereas power at
the lactate threshold increased by 8.1%. Similarly, in a study by Neal et al. [33], Pmax and
power at lactate threshold increased by 8% and 9%, respectively, among cyclists after a
6 week training period. Furthermore, Mufioz et al. [34] found that using the 10 weeks
polarized training program resulted in improved time (by 5%) in a 10-km running compe-
tition. In addition, the study presented here showed a significant improvement in Pmax
(by 20.4 W or 6.1%) and power at VT1 (by 26.5 W or 16.4%) and VT2 threshold (by 27.6 W
or 11.8%), proving the effectiveness of using a training program consisting of LIT, HIIT,
and SIT.

In the present study, the increase in VO,;max resulting from the block training pro-
gram was smaller compared to the increase achieved as a result of the polarized training
program and amounted to 6.7%. The results achieved by other authors who studied
the effectiveness of block training programs in the development of VO,max are mixed
[26,27,35,36]. Breil et al. [35] reported changes in this parameter at 6% in alpine skiers after
11 days of training, involving completing three training blocks consisting of HIIT training
(4 x 4 min at an intensity of 90-95% HRmax). Rennestad et al. [26] achieved a 4.6% increase
in VO;max in a group of cyclists (with a baseline VO;max of 62 mL-min~!-kg~!) after
completing a one-week block containing five HIIT-type training and a 3-week block consist-
ing of dominant LIT-type training (over that time, HIIT training was performed once per
week). Ronnestad et al. [27] also described the effects of repeating the foregoing training
program three times over a 3-month period. They achieved a better effect by doing so,
as their VO,max increased by 8.8%. On the other hand, VO,max did not increase among
young cross-country skiers (characterized by a baseline VO,max of 60 mL-min~!-kg~1)
as a result of a block training program [36]. This program was performed for 6 weeks.
During that time, participants alternated between two blocks of HIIT training (with nine
training sessions performed in a single block) and two blocks of dominant LIT training.
Regardless of differences in the design of block training programs, even the most effective
block training program, described by Rennestad et al. [27], was less effective in developing
VO;max than the polarized program described in the present study. The polarized training
program proposed by us is effective in the development of maximal oxygen uptake because
SIT, HIIT, and LIT training can simultaneously stimulate several adaptive mechanisms [19].
These mechanisms include the development of cardiac output by increasing the blood
volume, increasing the minute pulmonary ventilation, developing capillaries in the muscles,
and intensifying erythropoiesis through efforts to provoke oxygen deficiency [19].
We believe that the above factors may have a cumulative effect in the form of signifi-
cant changes in VOpmax. In the block training program, the mechanism described above
may have been weaker because the high-intensity training sessions were performed in
separate blocks than the low-intensity (and high-volume) training sessions. Perhaps that
is why there was no accumulation of the above-mentioned adaptation factors as a result
of BT.

One of the limitations of the presented study was the small number of participants
(20 cyclists). However, when conducting research among athletes, it is difficult to find
a large group of participants representing the same sports discipline, being of similar
age, and representing a similar level of performance and aerobic capacity. In addition,
some athletes do not consent to participate in scientific research. Another limitation of the
presented study was the lack of a group of untrained people. Therefore, it is not known
what changes can be expected as a result of the use of polarized or block training programs
among untrained people. Simultaneously, it is an indication for future research, checking
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the effectiveness of the proposed training programs among people with a lower level of
aerobic capacity. The training program described in the presented manuscript included
low-intensity training and two types of interval training: SIT and HIIT, which resulted
in a high exercise load among the studied cyclists. It is not known if such a combination
of training would not be too exhausting among untrained people. Moreover, apart from
the maximal oxygen uptake, changes in other parameters were similar in the BT and PT
groups. As such, further research into the effects of block and polarized training programs
may be needed. Coordination of the response of several human body systems to the effort
has recently been described as a measure of aerobic capacity [37,38]. Some authors believe
that cardiovascular and respiratory systems coordination is a sensitive measure of training
effects [39]. Therefore, future research should evaluate changes in cardiovascular and
respiratory systems coordination as a result of PT and BT programs.

The presented results can certainly be used to plan training programs by coaches and
endurance athletes whose competition is characterized by variable intensity, repeatedly
reaching the maximal intensity.

5. Conclusions

When applied to a group of trained mountain bike cyclists, the polarized training
program proved to be a more effective method to develop VO,max than the block training
program. In terms of the development of maximal aerobic power and power achieved at
ventilatory thresholds, the block and polarized training program induced similar results.
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wchodzacych w sktad cyklu siedmiu oryginalnych prac

naukowych powigzanych tematycznie



Wroctaw, 27.06.2023.

dr Paulina Hebisz
Akademia Wychowania Fizycznego

im. Polskich Olimpijczykéw we Wroclawiu
Zak}ad Fizjologii i Biochemit
ul. L.J. Paderewskiego 35, 51-612 Wroctaw

OSWIADCZENIE

O$wiadczam, ze mdj wklad w powstanie pracy: Hebisz Paulina, Hebisz Rafal, Zatof
Marek, Ochmann Bartosz, Mielnik Natalia. Concomitant application of sprint and high-
intensity interval training on maximal oxygen uptake and work output in well-trained cyclists.
European Journal of Applied Physiology, 2016; 116(8): 1495-1502. (IF = 2,130; MEIN = 35
pkt.), jest nastepujacy: udzial w tworzeniu koncepcji pracy, udziat w przeprowadzeniu badan,
graficzne przedstawienie wynikéw badaii, udziat w przygotowaniu tekstu artykutu, udziat w
wykonaniu korekty artykuli po otrzymaniu recenzji, prowadzenie korespondencji z

czasopismem.




Wroclaw, 27.06.2023.

dr Rafat Hebisz
Akademia Wychowania Fizycznego

im. Polskich Olimpijczykdéw we Wroclawiu
Zaktad Fizjologii i Biochemii
ul. LT. Paderewskiego 35, 51-612 Wroctaw

OSWIADCZENIE

Oséwiadczam, ze méj wkiad w powstanie pracy: Hebisz Paulina, Hebisz Rafal, Zaton
Marek, Ochmann Bartosz, Mielnik Natalia. Concomitant application of sprint and high-
intensity interval training on maximal oxygen uptake and work output in well-trained cyclists.
European Journal of Applied Physiology, 2016; 116(8): 1495-1502. (IF = 2,130; MEIN = 35
pkt.), jest nastepujgcy: postawienie hipotczy badawczej, udzial w przetwarzaniu danych,
wykonanie analizy statystycznej, interpretowanie wynikéw 1 wyciaganie wnioskéw z badan,

udzial w wykonaniu korekty artykutu po otrzymaniu recenzji z czasopisma.




Wroclaw, 27.06.2023.

Prof. dr hab. Marek Zaton

Akademia Wychowania Fizycznego

im. Polskich Olimpijczykow we Wroctawiu
Zaktad Fizjologii i Biochemil

ul. IJ. Paderewskiego 35, 51-612 Wroclaw

OSWIADCZENIE

Oswiadczam, ze w pracy: Hcbisz Paulina, Hebisz Rafal, Zatod Marek, Ochmann
Bartosz, Mielnik Natalia. Concomitant application of sprint and high-intensity interval
training on maximal oxygen uptake and work output in well-trained cyclists. European
Journal of Applied Physiology, 2016; 116(8): 1495-1502. (IF = 2,130; MEiN = 35 pkt.), moj

udzial polegat na konsultacji i opiece merytorycznej oraz zdobywaniu srodkow finansowych.




Wroclaw, 27.06.2023.

dr Bartosz Ochmann
Akademia Wychowania Fizycznego

im. Polskich Olimpijczykdéw we Wroclawiu
Zaktad Fizjologii i Biochemii
ul. L.J. Paderewskiego 35, 51-612 Wroclaw

OSWIADCZENIE

Oéwiadczam, ze mdj wklad w powstanie pracy: Hebisz Paulina, Hebisz Rafal, Zaton
Marek, Ochmann Bartosz, Mielnik Natalia. Concomitant application of sprint and high-
intensity interval training on maximal oxygen uptake and work output in well-trained cyclists.
European Journal of Applied Physiology, 2016; 116(8): 1495-1502. (IF = 2,130; MEIN = 35
pkt.), jest nastgpujgcy: udzial w wykonaniu korekty tekstu artykuiu przed przestaniem do
czasopisma, wykonanie dodatkowych analiz po otrzymaniu recenzji artykuhu, udzial w

wykonaniu korekty artykutu po otrzymaniu recenzji.




Wroclaw, 27.06.2023.
Natalia Tryler (Mielnik)
LKS ATOM Dzierzowniow

OSWIADCZENIE

Oswiadczam, ze mdj wkiad w powstanie tej pracy: Hebisz Paulina, Hebisz Rafat,
Zaton Marek, Ochmann Bartosz, Mielnik Natalia. Concomitant application of sprint and
high-intensity interval training on maximal oxygen uptake and work output in well-trained
cyclists. European Journal of Applied Physiology, 2016; 116(8): 1495-1502. (IF = 2,130;
MEIN = 35 pkt), jest nastepujacy: udzial w zbieraniu pismiennictwa, udzial w

przeprowadzeniu badan, udzial w zbieraniu danych.

/»ééfq@*/w

Podpis



Wroctaw, 27.06.2023.

dr Paulina Hebisz

Akademia Wychowania Fizycznego

im. Polskich Olimpijezykdéw we Wroctawiu
Zaklad Fizjologii 1 Biochemii

ul. LJ, Paderewskiego 335, 51-612 Wroclaw

OSWIADCZENIE

Odwiadczam, ze mdj wkiad w powstanie pracy: Hebisz Paulina, Hebisz Rafal,
Murawska-Cialowicz Eugenia, Zatofi Marek. Changes in exercise capacity and serum BDNF
following long-term sprint interval iraining in well-trained cyclists. Applied Physiology
Nutrition and Metabolism, 2019; 44(5): 499-506. (}F = 2,522; MEIN = 70 pkt.), jest
nastepujgcy: udzial w prowadzeniu badan, udzial w zbieraniu danych, udzial w zbieraniu
piémicnnictwa, udzial w przygotowaniu tekstu artykuhu, udziat w wykonaniu korekty artykutu

po otrzymaniu recenzji, prowadzenie korespondencji z ¢zasopismem.




Wroctaw, 27.06.2023.
dr Rafat Hebisz
Akademia Wychowania Fizycznego

im. Polskich Olimpijczykow we Wroclawiu
Zaktad Fizjologii i Biochemii
ul. I.]. Paderewskiego 35, 51-612 Wroctaw

OSWIADCZENIE

O$wiadczam, ze mo6j wkiad w powstanie pracy: Hebisz Paulina, Hebisz Rafal,
Murawska-Cialowicz Eugenia, Zaton Marek. Changes in exercise capacity and serum BDNF
following long-term sprint interval training in well-trained cyclists. Applied Physiology
Nutrition and Metabolismm, 2019; 44(5): 499-506. (17 = 2,522; MEIN = 70 pkt.), jest
nastepujacy: udzial w zbieraniu i przetwarzaniu danych, wykonanie analizy statystycznej,
ndzial w interpretowaniu wynikéw i wycigganiu wnioskoéw z badan, wykonanie korekty
artykubu przed wystaniem do czasopisma, udziat w wykonaniu korekty artykulu po

otrzymaniu recenzji.

....................................




Wroclaw, 27.06.2023.
Prof. dr hab. Fugenia Murawska-Ciatowicz
Akademia Wychowania Fizycznego
im. Polskich Olimpijezykdw we Wroclawin
Zaktad Fizjologii 1 Biochemil
ul. 1.J. Paderewskiego 35, 51-612 Wrocltaw

OSWIADCZENIE

O$wiadczam, ze mdj wklad w powstanie pracy: Hebisz Paulina, Hebisz Rafal,
Murawska-Cialowicz Eugenia, Zaton Marck. Changes in exercise capacity and serum
BDNT following long-term sprint interval training in well-trained cyelists. Applied
Physiology Nutrition and Metabolism, 2019; 44(5): 499-506. (TF = 2,522; MEIN = 70 pkt.},
jest nastgpujacy: udzial w tworzeniu koncepcji pracy i postawieniu hipotezy badawczej,
udziat w zaplanowaniu badan i wyborze metodyki badan, udzial w wykonaniu korekty tekstn
artykulu przed wyslaniem do czasopisma, udzial w wykonaniu korekty artykulu po

ofrzymaniu recenzji.

Podpis




Wroctaw, 27.06.2023,
Prof. dr hab. Marek Zaton
Akademia Wychowania Fizycznego
im. Polskich Olimpijezykdw we Wroclawiu
Zaklad Fizjologii 1 Biochemii
ul. LY. Paderewskiego 35, 51-612 Wroctaw

QOSWIADCZENIE

Oéwiadczam, ze w pracy: Ilebisz Paulina, Hebisz Rafal, Murawska-Ciatowicz
Eugenia, Zato Marek. Changes in exercise capacity and serum BDNF following long-term
sprint interval training in well-trained cyclists. Applied Physiology Nutrition and Metabolism,
2019; 44(5) 499-506. {TF = 2,522; MEIN = 70 pkt.), moj udziat polegal ra zaplanowaniu
badat i wyborze metodyki badaf, konsultacji i opiece merytorycznej, zdobywaniu srodkéw

finansowych.

------------------------------------------




Wroctaw, 27.06.2023.

dr Rafat Hebisz

Akademia Wychowania Fizycznego

im. Polskich Olimpijezykdw we Wroctawiu
Zaktad Fizjologii i Biochemii

ul. 1), Paderewskiego 33, 51-612 Wroclaw

OSWIADCZENIE

Oswiadczam, ze mé] wklad w powstanie pracy: Hebisz Rafal, Hebisz Paulina,
Borkowski Jacek, Zaton Marek. Effects of concomitant high-intensity interval training and
sprint interval training on cxercise capacity and response lo exercise- induced muscle damage
in mountain bike cyclists with different training backgrounds. Isokinetics and Excrcise
Science, 2019; 27(1): 21-29. (IF = 0,474, MEIN = 40 pkt.), jest nastgpujacy: udziat w
tworzeniu koncepeji pracy i postawieniu hipotezy badawczej, przetwarzanie danych,
wykonanie analizy statystycznej, udziat w przygotowaniu tekstu artykutu, udzial w

wykonanin korekty artykutu po otrzymaniu recenzji 7 czasopisma,



Wroctaw, 27.06.2023.

dr Paulina Hebisz
Akademia Wychowania Fizycznego

im, Polskich Olimpijczykow we Wroctawiu
Zaktad Fizjologii i Biochemii
ul. LJ. Paderewskiego 335, 51-612 Wroclaw

OSWIADCZENIE

Odwiadczam, Zze modj wklad w powslanie pracy: Ilebisz Rafal, Hebisz Paulina,
Borkowski Jacek, Zaton Marek. Effects of concomitani high-intensity interval training and
sprint intetval training on exercise capacity and response to exercise- induced muscle damage
in mountain bike cyclists with diffcrent training backgrounds. Isokinetics and Lxercise
Science, 2019; 27(1): 21-29. (IF = 0,474, MEIN = 40 pkt.), jest nastgpujacy: udzial w
zaplanowaniu 1 wyborze metodyki badaf, udzial w intcrpretowanin wynikow 1 wycigganiu
wnioskow z badan, graficzne przedstawienie wynikéw badan, zbieranie pismiennictwa, udziat
w przygotowaniu teksiu artykuhi, udzial w wykonaniu korekty artykutlu po otrzymaniu

recenzji, prowadzenie korespondencji 2z czasopismem.




Wroclaw, 27.06.2023.

dr Jacek Borkowski
Akademia Wychowania Fizycznego

im. Polskich Olimpijczykow we Wroclawiu
Zaklad Fizjologii 1 Biochemii
ul. I.J. Paderewskiego 35, 51-612 Wroclaw

QOSWIADCZENIE

Oswiadczam, ze mdj wkiad w powstanic pracy: Hebisz Rafai, Hebisz Paulina,
Borkowski Jacek, Zaton Marek. Effects of concomitant high-intensity interval training and
sprint interval training on exercise capacity and response to exercise- induced musclc damage
in mountain bike cyclists with different training backgrounds. Tsokinetics and Exercise
Science, 2019; 27{(1) 21-29. {IF = 0,474; MEIN = 40 pkt.), jest nastgpujacy: udziat w
tworzeniu koncepeji pracy, udziat w przeprowadzeniu badan, udzial w zbieraniu danych,

udzial w wykonaniu korekty tekstu artykutu.

.........................................



Wroctaw, 27.06.2023.
Prof. dr hab. Marek Zatoh
Akademia Wychowania Fizycznego
im. Polskich Olimpijezykéw we Wroctawiu
Zaktad Fizjologii 1 Biochemii
ul. 1.J. Paderewskiego 35, 51-612 Wroclaw

OSWIADCZENIE

O¢wiadczam, ze w pracy: Hebisz Rafai, Hebisz Paulina, Borkowski Jacek, Zaton
Marek. Effcets of concomitant high-intensity interval training and sprint interval training on
exercise capacity and response to exercise- induced muscle damage in mountain bike cyclists
with different training backgrounds. Isokinetics and Fxercise Science, 2019; 27(1): 21-29. (I¥
= (,474; MEIN = 40 pkt.). méj udzal polegal na konsultacji i opiece merytorycznej oraz

zdobywaniu $rodkéw finansowych.

.........................................



Wroelaw, 27.06.2023.

dr Paulina Hebisz

Akademia Wychowania Fizycznego

im, Polskich Olimpijezykow we Wroctawiu
Zaktad Fizjologii i Biochemii

ul. L.J. Paderewskiego 35, 51-612 Wroclaw

OSWIADCZENIE

Oswiadczam, ze mdj wkiad w powstanie pracy: Hebisz Paulina, Hebisz Rafal. The
effect of polarized training (SI71, HIIT, and ET) on muscle thickness and anaerobic power in
trained cyclists. International Journal of Environmental Research and Public Health, 2021;
18(12): 6547. (IF = 4,614; MEIN = 140 pkt.), jest nastgpujgcy: udzial (worzeniu koncepcji
pracy i postawieniu hipotezy badawczej, udzial w zaplanowaniu badan i wyborze metodyki
badan, udzial w prowadzenin badan, udzial w zbieramiu i przetwarzaniu danych,
interpretowanie wynikdow 1 wycigganie wnioskow 7 badan, udziat w przygotowaniu tekstu
artykuty, zbieranie pismiennictwa, udzial w wykonaniu korckiy po recenzji artykulu,

prowadzenie korespondencji z czasopismem.




Wroctaw, 27.06.2023.

dr Rafat Hebisz
Akademia Wychowania Fizycznego

im. Polskich Olimpijezykow we Wroclawiu
Zaklad Fizjologii i Biochemii
ul. LJ. Paderewskiego 35, 51-612 Wroclaw

OSWIADCZENIE

Odwiadczam, ze mdj wktad w powstanie pracy: Hebisz Paulina, Hebisz Rafal. The
effect of polarized training (SIT, HIIT, and E1) on muscle thickness and anaerobic power in
trained cyclists. International Jownal of Environmental Rescarch and Public Health, 2021;
18(12): 6547. (IF = 4,614; MEIN = 140 pkt.), jest nastepujacy: udzial w tworzeniu koncepeji
pracy, udzial w zaplanowaniu badan i wyborze metodyki badan, udziat w prowadzeniu badat,
wykonanie analizy statystycznej, udzial w przygotowaniu tekstu artykulu, udzial w

wykonaniu korekty po recenzji artykutu, zdobywanic srodkéw finansowych.



Wroctaw, 03.07.2023.

dr Paulina Hebisz

Akademia Wychowania Fizycznego

im. Polskich Olimpijczykow we Wroctawiu
Zaktad Fizjologii 1 Biochemii

ul. L.J. Paderewskiego 35, 51-612 Wroclaw

OSWIADCZENIE

Oswiadczam, ze moj wklad w powstanie pracy: Hebisz Paulina, Hebisz Rafal,
Jastrzebska Agnieszka. An attempt to predict changes in heart rate variability in the training
intensification process among cyclists. International Journal of Environmental Research and
Public Health, 2021; 18(14): 7636. (IF = 4,614; MEIN = 140 pkt.), jest nastepujacy: udziat w
tworzeniu koncepcji pracy i postawieniu hipotezy badawczej, udzial w zaplanowaniu badan i
wyborze metodyki badan, udzial w przeprowadzeniu bada, udzial w przygotowaniu tekstu
artykulu, zbieranie pi$miennictwa, udzial w wykonaniu korekty po recenzji artykuhi,

prowadzenie korespondencji z czasopismem.




Wroctaw, 03.07.2023,

dr Rafat Hebisz

Akademia Wychowania Fizycznego

im. Polskich Olimpijczykéow we Wroclawiu
Zaklad Fizjologii i Biochemii

ul. I.J. Paderewskiego 35, 51-612 Wroctaw

OSWIADCZENIE

Oswiadczam, ze mdj wklad w powstanie pracy: Hebisz Paulina, Hebisz Rafal,
Jastrzebska Agnieszka. An attempt to predict changes in heart rate variability in the training
intensification process among cyclists. International Journal of Environmental Research and
Public Health, 2021; 18(14): 7636. (IF = 4,614; MEIN = 140 pkt.), jest nastgpujacy: udzial w
tworzeniu koncepcji pracy, udzial w przeprowadzeniu badaf, udzial w zbieraniu i
przetwarzaniu danych, wykonanie analizy statystycznej, udziat w wykonaniu korekty po

recenzji artykutu, zdobywanie $rodkéw finansowych.

Rodel Mt

Podpis




Wroctaw, 03.07.2023.
dr Agnieszka Jastrzebska
Akademia Wychowania Fizycznego

im. Polskich Olimpijczykéw we Wroctawiu
Zaktad Fizjologii i Biochemii
ul. L.J. Paderewskiego 35, 51-612 Wroctaw

OSWIADCZENIE

Oswiadczam, ze moj wklad w powstanie pracy: Hebisz Paulina, Hebisz Rafal,
Jastrzebska Agnieszka. An attempt to predict changes in heart rate variability in the training
intensification process among cyclists. International Journal of Environmental Research and
Public Health, 2021; 18(14): 7636. (IF = 4,614; MEIN = 140 pkt.), jest nast¢pujacy: udziat w
przeprowadzeniu badan, udzial w zbieraniu danych, udzial w przygotowaniu tekstu artykutu,

udzial w zbieraniu pi$miennictwa, udzial w zdobywaniu §rodkéw finansowych.




Wroclaw, 03.07.2023,

dr Rafat Hebisz
Akademia Wychowania Fizycznego

im. Polskich Olimpijczykéw we Wroclawiu
Zaktad Fizjologii i Biochemii
ul. LJ. Paderewskiego 35. 51-612 Wroctaw

OSWIADCZENIE

Odwiadczam, ze mdj wkiad w powstanie pracy: Hebisz Rafal, Hebisz Paulina, Danek
Natalia, Michalik Kamil, Zaton Marek., Predicting changes in maximal oxygen uptake in
response to polarized fraining (sprint interval training, high-intensity interval training, and
endurance training) in mountain bike cyclists. Journal of Strength and Conditioning Research,
2022; 36(6): 1726-1730. (IF = 4,415; MEIN = 100 pkt.), jest nastgpujacy: udzial w tworzeniu
koncepeji pracy i postawieniu hipotezy badawczej, udzial w zaplanowaniu i wyborze
metodyki badan, udzial w przeprowadzeniu badan, udzial w zbieraniu danych, wykonanie
analizy statystycznej, udzial w wykonanin korekty tekstu artykulu przed wystaniem do

czasopisima.



Wroctaw, 03.07.2023.

dr Paulina Ilebisz

Akademia Wychowania Fizycznego

im. Polskich Olimpijczykéw we Wroctawiu
Zaktad Fizjologii 1 Biochemii

ul. LT, Paderewskiego 35, 51-612 Wroclaw

QSWIADCZENIE

Oswiadczam, ze moj wkiad w powstanie pracy: Hebisz Rafal, Hebisz Paulina, Danek
Natalia, Michalik Kamil, Zaton Marek. Predicling changes in maximal oxygen uptake in
response to polarized training (sprint interval training, high-intensity interval training, and
endurance training) in mountain bike cyclists. Journal of Strength and Conditioning Research,
2022; 36(6): 1726-1730. (IF = 4,415; MEIN = 100 pkl.), jest nastepwjgcy: udzial w {worzeniu
koncepeji pracy, ndzial w planowaniu i wyborze metodyki badan, udzial w przeprowadzeniu
badan, zbieranie danych, udzial w interpretowaniu wynikéw 1 wyciaganiu wnioskow,
graficzne przedstawienie wynikéw badan, udziat w wykonaniu korekty tekstu artykutu przed

wystaniem do czasopisma.



Wroctaw, 03.0:7.2023,

dr Natalia Danek

Akademia Wychowania Fizycznego

im. Polskich Olimpijczvkow we Wroctawiu
Zaktad Fizjologii i Biochemii

ul. L], Paderewskiego 335, 51-612 Wroclaw

OSWIADCZENIE

Oswiadczam, ze mdj wklad w powstanie pracy: Hebisz Rafal, Ilebisz Paulina, Danek
Natalia, Michalik Kamil, Zatefi Marek. Predicting changes in maximal oxygen uplake in
response to polarized training {sprint interval training, high-intensity interval training, and
endurance training) in mountain bike cyclists. Journal of Strength and Conditioning Research,
2022, 36(6): 1726-1730. (IF = 4,415, MEIN = 100 pkt). jest nastgpujgcy: udzial w
przeprowadzenin badan, udzial w zbieraniu danych, udziat w przygotowaniu tekstu artykutu,
zbieranie pifmiennictwa, udzial w wykonaniu korekty po recenzji artykutu, prowadzenie

korespondencji z czasopismem,




Wroolaw, 03.07.2023,

dr Kamil Michalik

Akademia Wychowania Fizycznego

im, Polskich Olimpijczykdw we Wroclawiu
Zaktad Motorycznoéci Czlowieka

ul. L]. Padcrewskiego 33, 51-612 Wroctaw

OSWIADCZENIE

Odwiadezam, ze méj wklad w powstanie pracy: Hebisz Rafal, Hebisz Paulina, Danek
Natalia, Michalik Kamil, Zaton Marek. Predicting changes in maximal oxygen uptake in
response to polarized training (sprint interval training, high-intensity interval training, and
endurancc training) in mountain bike cyclists. Journal of Strength and Conditioning Research,
2022; 36(6) 1726-1730. (TIF = 4,415; MEIN = 100 pkt.), jest nastepujgcy: udzial w
interpretowaniu wynikéw i wycigganiu wnioskéw z badan, udzial w przygotowaniu tekstu
artykuhi, udzial w zbicranin piémiennictwa, udzial w wykonaniu korekty artykulu po

otrzymaniu recenzjl.

............................




Wroctaw, 03,07,2023.

Prof. dr hab. Marck Zaton

Akademia Wychowania Fizycznego

im. Polskich Olimpijczykow we Wroctawiu
Zaklad Fizjologii i Biochemii

ul. LJ. Paderewskiego 35, 51-612 Wroclaw

OSWIADCYZENIE

Qgwiadczam, #¢ w pracy: Hebisz Rafal, Hebisz Paulina, Danck Natalia, Michalik
Kamil, Zatoi Marek. Predicting changes in maximal oxygen uptake in response to polarized
training (sprint interval training, high-intensity interval fraining, and endurance training) in
mountain bike cyclists. Journal of Strength and Conditioning Research, 2022; 36(6): 1726-
1730. (IF = 4,415; MEIN = 100 pkt.), mdj udzial polegat na konsuitacji i opiece
merytoryeznej oraz zdobywaniu Srodkdw finansowych.

..........................................




Wroclaw, 03.07.2023.

dr Paulina Hebisz

Akademia Wychowania Fizycznego

im. Polskich Olimpijezykéw we Wroclawiu
Zaklad Fizjologii i Biochemii

ul. I.]. Paderewskiego 35, 51-612 Wroclaw

OSWIADCZENIE

Oéwiadczam, ze méj wklad w powstanic pracy: Hebisz Paulina, Hebisz Rafal, Drelak
Maja. Comparison of aerobic capacity changes as a result of a polarized or block training
program among trained mountain bike cyelists. International Journal of Envirommental
Research and Public Health, 2021; 18(16): 8865. (IF = 4,614, MEIN = 140 pkt.), jest
nastepujacy: udzial w tworzeniu koncepcji pracy i postawieniu hipotezy badawczej, udziat w
zaplanowaniu badad i wyborze metodyki badafi, udzial w prowadzeniu badan, udziat w
przygotowaniu tekstu artykutu, udziat w wykonaniu korekty artykulu po otrzymaniu recenzji,

prowadzenie korespondencji z czasopismem.

.............................



Wroctaw, 03.07.2023.

dr Rafal Hebisz
Akademia Wychowania Fizycznego

im. Polskich Olimpijczykéw we Wroctawiu
Zaklad Fizjologii i Biochemii
ul. I.J. Paderewskiego 35, 51-612 Wroclaw

OSWIADCZENIE

Oéwiadczam, ze méj wktad w powstanie pracy: Hebisz Paulina, Hebisz Rafal, Drelak
Maja. Comparison of aerobic capacity changes as a result of a polarized or block training
program among trained mountain bike cyclists. International Journal of Environmental
Research and Public Health, 2021; 18(16): 8865. (IF = 4,614; MEIN = 140 pkt.), jest
nastepujacy: udziat w tworzeniu koncepeji pracy i postawieniu hipotezy badawczej, udzial w
prowadzeniu badafi, udzial w zbieraniu i przetwarzanin danych, wykonanie analizy
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Abstract: This study evaluated the acute effects of sprint interval training and chronic effects of
polarized training on choice reaction time in cyclists. Twenty-six mountain bike cyclists participated
in the study and were divided into experimental (E) and control (C) groups. The cyclists trained for
9-weeks and performed five training sessions each week. Types of training sessions: (1) sprint inter-
val training (SIT) which consisted of 8-16, 30 s repetitions at maximal intensity, (2) high-intensity
interval training (HIIT) included 5 to 7, 5-min efforts at an intensity of 85-95% maximal aerobic
power (Pmax), and (3) endurance training (ET) performed at an intensity of 55-60% Pmax, lasting
120—180 min. In each week the cyclists performed: in group E a polarized training program, which
included 2 x SIT, 1 x HIIT and 2 x ET, while in group C 2 x HIIT and 3 x ET. Before (acute effects)
and after the 9-week training period (chronic effects) participants performed laboratory sprint in-
terval testing protocol (SITP), which consisted of 12 maximal repetitions lasting 30 s. During SITP
maximal and mean anaerobic power, as well as lactate ion concentration and blood pH were meas-
ured. Choice reaction time (RT) was measured 4-times: before and immediately after the SITP test—
before and after the 9-week training period. Evaluated the average choice RT, minimal choice RT
(shortest reaction), maximal choice RT (longest reaction), and the number of incorrect reactions.
Before the training period as acute effects of SITP, it was observed: a shorter average choice RT (F =
13.61; p =0.001; 2 = 0.362) and maximal choice RT (F =4.71; p = 0.040; n?> = 0.164), and a decrease the
number of incorrect reactions (F = 53.72; p = 0.000; n)2 = 0.691), for E and C groups. After the 9-week
training period, chronic effects showed that choice RT did not change in any of the cyclists' groups.
Only in the E group after the polarized training period, the number of incorrect reactions decreased
(F =49.03; p = 0.000; n? = 0.671), average anaerobic power increased (F = 8.70; p = 0.007; n?> = 0.274)
and blood pH decreased (F =27.20; p = 0.000; )2 = 0.531), compared to the value before the training
period. In conclusion, a shorter choice RT and a decrease in the number of incorrect reactions as
acute effects of SITP, and a decrease in the number of incorrect reactions and higher average power
as chronic effects of the polarized training program are beneficial for mountain bike cyclists.

Keywords: choice reaction time; sprint interval training; cycling

1. Introduction

Reaction time (RT) can be defined as the time that elapses from the appearance of the
stimulus to the response and is considered a good measure for assessing the cognitive
system’s ability to process information [1-3]. Physiologically, RT is a complex phenome-
non that depends on the speed of the sensorimotor cycle, which consists of the detection
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of the initial stimulus, the transmission of information through the afferent nerves, the
generation of a response from the central nervous system, and the final response [4,5]. A
distinction is made between simple reaction time, complex reaction time, and choice reac-
tion time [6]. Simple reaction time requires the participant to respond to the presence of a
single stimulus. Complex reaction times require the participant to respond to one specific
stimulus and to withhold a response when other types of stimuli are presented. Choice
reaction times require separate responses for each stimulus type [6]. As athletes need to
make decisions quickly and accurately during intense exercise, RT, among other indica-
tors, has been evaluated in different sports [7-10].

One sport that requires a high-intensity effort during competition is undoubtedly
mountain bike racing. During a race, it difficult is not to fall, damage the bike, or collide
with another cyclist, which often derails the chances of getting a good result. This is due
to the characteristics of the discipline, in which competition takes place on narrow forest
paths with uneven ground, sharp turns, and obstacles in the form of stones and roots. In
addition, races take place in shifting weather conditions and in direct contact with other
cyclists whose behavior cannot be predicted [9,11-13]. Therefore, competing in mountain
bike racing, in addition to a high level of aerobic and anaerobic capacity [14,15], requires
specific technical abilities related to bike control, balance skills [16], good concentration,
and short RT [14].

During mountain bike races, high-intensity activity is repeatedly performed, with
power output exceeding maximal aerobic power [17]. It has been shown that power out-
put and oxygen uptake measured in sprint interval tests (involving repeated sprints, such
as the Wingate test) correlate with race performance [15,18-21]. The effort exerted in such
tests causes a large acid-base imbalance [19,21] highlighting the development of fatigue
[22]. Whereas fatigue can cause longer RT among athletes of different sports [7,23]. Nu-
merous studies have assessed the reaction time after a single training session as an acute
effect [7,8,24]. For example, Pavelka et al. [24] observed that simple RT deteriorated
among MMA fighters after just a single bout of high-intensity exercise such as the Wingate
test. On the other hand, Delignieres et al. [7] reported that choice RT improved during an
intense 4-min effort among fencers. Kashihara and Nakahara [8] also observed an im-
provement in choice RT during intense exercise performed at constant power among
healthy male students. The above studies cover different exercise protocols and different
groups of athletes or non-training participants [7,8,24]. The maximal 30-s effort performed
in the study of Pavelka et al. [24] caused RT deterioration, while in the studies of Delig-
niéres et al. [7] and Kashihara and Nakahara [8], RT improved, but the maximal intensity
was not used there, only a 4-min exercise at an intensity of 80% maximal aerobic power
[7] and a 10-min exercise at lactate threshold [8]. Based on the available literature, it is
difficult to clearly determine the acute effects of sprint interval training (consisting of re-
peated maximal efforts) on the choice RT in a group of mountain bike cyclists who regu-
larly perform high-intensity exercise.

In endurance sports, including mountain bike cycling, training is increasingly inten-
sified through the use of a polarized training strategy, which consists of sustained low-
intensity training as well as high-intensity interval training [25-27]. The volume of low-
intensity training sessions is approximately 80% of the total training volume, while high-
intensity training is approximately 20% of the total training volume [28]. In polarized
training programs, moderate-intensity training at the level of the second ventilatory
threshold (VT2) is not used [25,29,30], or these training sessions account for a small part
of the training load (up to 5% of the total training volume) [31]. In the studies by Hebisz
et al. [29,30], a polarized training program was defined as training including sprint inter-
val training (SIT), high-intensity interval training (HIIT), and low-intensity endurance
training (LIT), with the exclusion of training at an intensity of VT2. These studies [29,30]
have shown that the 8-9 weeks of a polarized training program is effective in improving
aerobic capacity assessed by maximal oxygen uptake (VO:max) and maximal aerobic
power, among mountain bike cyclists. The available literature lacks information on the
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effect of a polarized training program (including sprint interval training, high-intensity
interval training, and endurance training) on choice reaction time. Interesting is not only
the acute effects of single highly intense training sessions but also the long-term effects
described as chronic effects because athletes perform training systematically and over a
long period of time. It has been shown that moderate-intensity training or high-intensity
interval training performed for several weeks improves reaction time, among untrained
participants [32,33]. Sherwood and Selder [34] observed that endurance athletes have a
shorter reaction time compared to the untrained population. According to Reigal et al.
[35], the level of physical activity and physical capacity of the participants correlated with
reaction time. It is believed that high levels of physical activity improve cognitive func-
tion. Since systematic exercise affects molecular mechanisms, including an increase in the
concentrations of brain-derived neurotrophic factor (BDNF) and insulin-like growth fac-
tor-1 (IGF-1) in the brain and blood, which are involved in the process of neuro-creations
[36]. In previous studies [29], it was shown that a polarized training program in cyclists
reduces the serum BDNF concentrations during and after the sprint interval test, as acute
effects. Similar observations were reported by Nofuji et al. [37], that participants with high
physical activity may be able to utilize BDNF rapidly as an acute effect of high-intensity
exercise. If polarized training among athletes causes changes in BDNF concentration, it
can be assumed that the use of polarized training affects the process of neurons and syn-
apse formation or differentiation, as described by Bos et al. [38]. The above-mentioned
changes in the nervous system may contribute to the improvement of cognitive function
[39]. One of the measures of cognitive function is reaction time [40]. Therefore, it can be
assumed that polarized training may induce changes in RT. Regardless of the above re-
ports, it has been shown that the polarized training program significantly improves car-
diac output [21]. High cardiac output determines blood flow, and cerebral blood flow is
negatively correlated with reaction time [41]. Moreover, the literature suggests a signifi-
cant influence of lactate concentration on cognitive function [42]. The increase in lactate
concentration is characteristic of the SIT [21] and HIIT training [42], which are part of a
polarized program. Lactate ions can cross the blood-brain barrier and affect the expression
and release of BDNF [43]. The above reports support the assumption that a polarized
training program may positively affect cognitive function, including reaction time.

Therefore, the aim of this study was to determine the acute effects of sprint interval
training and chronic effects of 9-week polarized training (which included sprint interval
training, high-intensity interval training, and endurance training) on choice RT in moun-
tain bike cyclists.

It was assumed that the acute effect of a single SIT training session including maximal
effort would be longer choice RT, while the chronic effect of a 9-week polarized training
program would be shorter choice RT, in group E.

2. Materials and Methods
2.1. Participants

Twenty-six mountain bike cyclists participated in the study. Each participant was
characterized by at least three years of training experience in cycling. The participants
were randomly divided into two groups: experimental (E, n = 14, including ten men and
four women) and control (C, n = 12, including nine men and three women). The charac-
teristics of the groups are shown in Table 1. Additionally, the characteristics of men and
women included in each of the studied groups are presented (Table 1).

The study design was approved by the Ethics Committee of the Wroclaw University
of Health and Sport Sciences and carried out in accordance with the Declaration of Hel-
sinki. Written informed consent was obtained from the participants and their guardians
after the study details, procedures, and benefits and risks were explained.
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Table 1. Characteristics of the groups of cyclists studied.

Grou Body Height Body Weight Age Pmax VO:2max
P [cm] [kg] [Years] [W] [ml-kg'-min~]

E 175.6 + 7.1 66.2+10.7 187 +4.7 3313+ 674 57.1+6.1
MeninE  178.8+5.0 70.5+9.4 19.5+5.3 3683 +33.3 59.7 +4.8
W(’H];en M 167.7+45 55.6+52 172415 210.0 +21.3 50.3+2.0
C 1747 + 6.9 665+ 9.6 19.6 + 4.1 338.1+60.3 57.6+7.6
MeninC  1763+5.7 69.4 + 8.6 19.9 + 4.4 360.0 + 49.1 58.6+ 8.4
Wo“éen M 1697493 578+7.6 19.0+43 2723 +412 54.7+38

Pmax—maximal aerobic power measured during the incremental test; VO2max—maximal oxygen
uptake measured during the incremental test; E—experimental group; Men in E—men (1 = 10) in-
cluded in the experimental group; Women in E—women (n = 4) included in the experimental group;
C—control group; Men in C—men (n =9) included in the control group; Women in C—women (1 =
3) included in the control group; data are presented as mean + standard deviation.

2.2. Test Procedures

Prior to the experiment, participants completed an incremental test (IT) to character-
ize the study groups. Laboratory tests were performed immediately before and after the
experiment, which included performing a sprint interval testing protocol (SITP) and
measuring choice reaction time. During the 24 h that preceded the exercise tests, the par-
ticipants did not do any training. There was a break of 48 h between IT and SITP. All the
tests were carried out under controlled laboratory conditions (temperature and air hu-
midity) in the Exercise Laboratory of the Wroclaw University of Health and Sport Sciences
(certificate PN-EN ISO 9001:2001). The same two researchers performed the measurement
both before and after the experiment in all participants, and the researchers were blind to
the research question.

2.2.1. Incremental Test (IT)

The test was conducted on a Lode Excalibur Sport cycle-ergometer (Lode BV, Gro-
ningen, the Netherlands), calibrated before the study. The effort started with a load of 40
(women) or 50 W (men), every 3 min the load was increased by 40 (women) or 50 W (men)
until the participant refused to continue. If a participant was unable to complete an entire
3 min stage 0.22 (women) or 0.28 W (men) per second missed was subtracted from the
work rate at that stage [20,30]. The highest power output determined in the incremental
test was taken to be the measure of maximal aerobic power (Pmax), as described by Peyré-
Tartaruga and Coertjens [44]. The Pmax value was used to individually determine the
intensity during the training performed in the experiment.

Respiratory function was measured during the test. The cyclist wore a mask con-
nected with a Quark gas analyzer (Cosmed, Rome, Italy). The gas analyzer was calibrated
before use with a reference gas mixture of carbon dioxide—5%, oxygen—16%, and nitro-
gen—79%. Respiratory parameters were measured in each recorded breath (breath-by-
breath) and then averaged over 30-s intervals. Based on the recorded data, the maximal
oxygen uptake (VO2max) was determined, as the highest 30-s average. As a confirmation
of the maximal value, the plateau phase of VO:max was determined according to the
method proposed by Edvardsen et al. [45], which was modified for the incremental test
consisting of 3-min steps. Oxygen uptake (VO:) values were compared between all 30 s
intervals of the last step and the one 30 s interval of the penultimate step with the highest
VOz. A plateau phase of VO:max was considered to occur when VO: did not differ by
more than 1.5 mL-kg'-min- [46,47] between the indicated 30 s intervals. Participants who
did not reach the plateau phase of VO2max were not included in the data analysis. There-
fore, in the presented study, 26 cyclists out of 30 who started the study were included in
the data analysis and description of the results.
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2.2.2. Sprint Interval Testing Protocol (SITP)

The test was also conducted on a Lode Excalibur Sport cycle-ergometer. The test was
preceded by a 20-min warm-up at an intensity of 40% Pmax for 5 min and then at an
intensity of 60% Pmax for 15 min. The warm-up was followed by a low-intensity active
rest of 10 min. Then, the participant performed 12 maximal repetitions lasting 30 s, during
which the participant was to obtain the highest possible power in the shortest possible
time and maintain it for as long as possible. Repetitions were divided into 3 sets and 4
repetitions were performed in each set. Between repetitions, a low-intensity (with power
below 50 W) active rest of 90 s was used. A 25-min active rest was used between sets,
during which the first 2 min were performed at an intensity of 20% Pmax, the next 20 min
at an intensity of approx. 50% Pmax, and the last 3 min at an intensity of 20% Pmax. The
duration and intensity of the active rest between sets were selected based on previous
research [19]. The course of the sprint interval testing protocol was similar to the sprint
interval training that the cyclists performed during the experiment.

Power was measured during each repetition. In the data analysis, peak power
(Ppeak) and average power (Pav) measured during all repetitions performed was used.
During the test, heart rate (HR) was recorded using a V800 heart rate monitor (Polar, Oy,
Finland).

Immediately before the test and in the third minute after the end of each set arterial-
ized capillary blood was drawn, to determine pH and lactate ion (La’) concentrations us-
ing the RAPIDLab 348 (Siemens Healthcare, Germany) and Lactate Scout (SensLab, Leip-
zig, Germany) analyzers, respectively.

2.2.3. Choice Reaction Time Measurement

The choice RT was measured using an MCZR/ATB 1.0 m (ATB INFO-ELEKTRO, Za-
brze, Poland), validated by Zapata et al. [48]. Measurements were taken immediately be-
fore and immediately after the sprint interval testing protocol (after the third/last sets).
The reaction time meter consisted of a central control panel connected to a beacon for
visual and auditory stimuli together with a stimulus reception panel. The stimulus beacon
emits visual stimuli in three colors: red, orange, green, and auditory stimuli in two sounds:
high (treble) and low (bass). The stimulus reception panel consisted of two hand-held but-
tons (one right and one left) placed on cables terminated with a JACK-type plug. During
the measurement, the participant sat on the cycle-ergometer with hands on the handlebars
and simultaneously held push-button plugs in their hands. The participant was posi-
tioned facing the stimulus beacon at a distance of 3 m. Figure 1 shows the position that
the cyclists took during the reaction time measurement. The participants were asked to
react as quickly as possible by pressing a button with their right hand after a red light
appeared and with their left hand after a green light appeared. Intentionally, the button
in the right hand was red, while the one in the left hand was green. The participants did
not have to react to the remaining stimuli: orange light and sounds. Each cyclist had a test
measurement for familiarization, which lasted 40 s and consisted of 10 stimuli, and was
performed only once (on the day the cyclists performed an incremental test). In contrast,
the main measurement lasted 120 s and included 20 stimuli arranged in a specific order
and occurring at a specific time. The choice RT measurement was applied to all partici-
pants, before and immediately after the sprint interval testing protocol and before and
after the experiment. The measurement evaluated the average choice RT (time calculated
from all reactions), the minimal choice RT (shortest reaction), the maximal choice RT
(longest reaction), and the number of incorrect reactions (no reaction when supposed to
react, reaction when not supposed to react, reaction with the wrong button, reaction be-
tween stimuli).
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Figure 1. Cyclist’s position during the choice reaction time measurement.

2.3. Experiment schedule

Prior to the experiment, for six weeks, each participant limited the volume of training

to three sessions per week, in which the intensity did not exceed 70% of HRmax. The ex-
periment lasted nine weeks and was conducted during the preparatory season. The types
of training sessions performed during the experiment are shown in Table 2. During the
experiment, group E athletes performed:

sprint interval training (SIT), twice a week. The training was preceded by a 20-min
warm-up at an intensity of 40% Pmax for 5 min and then at an intensity of 60% Pmax
for 15 min. The warm-up was followed by a low-intensity active rest of 10 min. SIT
training consisted of 8-16 repetitions at maximal intensity, lasting 30 s. (During the
1st-3rd week of the experiment the cyclists performed eight repetitions, during the
4th-6th week—12 repetitions, in the 7th-9th week —16 repetitions). Efforts were di-
vided into sets and four repetitions were performed in each set. Between repetitions,
a low-intensity (with power below 50 W) active rest of 90 s was applied. A 25-min
active rest was applied between sets, during which the first 2 min were performed at
an intensity of 20% Pmax, followed by 20 min at an intensity of approx. 50% Pmax,
and for the last 3 min an intensity of 20% Pmax. The course of the SIT was planned
analogously to the SITP.

high-intensity interval training (HIIT), once a week. The training was preceded by a
20-min warm-up at an intensity of 40% Pmax for 5 min and then at an intensity of
60% Pmax for 15 min. The warm-up was followed by a low-intensity active rest of 10
min. HIIT training included 5 to 7, 5-min efforts at an intensity of 85-95% Pmax, in-
terspersed with a 12-min workout at an intensity of 50% Pmax. During the 1st-3rd
week of the experiment, the cyclists performed five efforts during HIIT training, in
the 4th—-6th week —six efforts, and in the 7th-9th week —seven efforts.

endurance training (ET), twice a week. The training was preceded by a 15-min warm-
up at an intensity of 40% Pmax for 5 min and then at an intensity of 55-60% Pmax for
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10 min. The warm-up was followed by a low-intensity active rest of 5 min. ET train-
ing was performed at an intensity of 55-60% Pmax, lasting 120-180 min. During the
1st-3rd week of the experiment the training lasted 120 min, in the 4th—6th week—150
min, in the 7th-9th week —180 min.

During the experiment, group C athletes performed:

- -HIIT training twice a week. The training was preceded by a 20-min warm-up at an
intensity of 40% Pmax for 5 min and then at an intensity of 60% Pmax for 15 min. The
warm-up was followed by a low-intensity active rest of 10 min. HIIT training in-
cluded 5 to 7, 5-min efforts at an intensity of 85—-95% Pmax, interspersed with a 12-
min workout at an intensity of 50% Pmax. During the 1st-3rd week of the experiment,
the cyclists performed five efforts during HIIT training, in the 4th-6th week —six ef-
forts in the 7th-9th week —seven efforts.

- -ET training three times a week. The training was preceded by a 15-min warm-up at
an intensity of 40% Pmax for 5 min and then at an intensity of 55-60% Pmax for 10
min. The warm-up was followed by a low-intensity active rest of 5 min. ET training
was performed at an intensity of 55-60% Pmax, lasting 120-180 min. During the 1st-
3rd week of the experiment the training lasted 120 min, in the 4th-6th week—150
min, in the 7th-9th week —180 min.

In each group, two days a week were designated for active or passive rest. The total
weekly training volume was 10-13 h for each participant in the experiment and did not
differ significantly between groups. In the fifth week of the experiment, a recovery cycle
was applied which was characterized by a 50% lower total training volume in both groups
(5-6.5 h), with no change in training methods or intensity.

During training, power output was monitored using the PowerTap G3 ANT+ and GS
ANT+ system (PowerTap, Madison, WI, USA) and heart rate was monitored using the
Garmin Edge 520 and Edge 810 system (Garmin Ltd., Olathe, KS, USA).

Table 2. Types of training sessions performed in groups E and C. It is a load during the 1st-3rd week
of the experiment, in the following weeks (4th-6th week and 7th-9th week) the training sessions
were extended.

Sprint Interval Training (SIT)
— 20 min warm-up — 10 min active rest

—30s O¢O max — 90 srest - 30 s O{-O max — 90 s rest — 30 s O{-O max — 90 srest - 30s
O{-O max — 90 s rest — 25 min active rest
—30s O‘tO max — 90 srest - 30s O‘tO max — 90 srest — 30 s O‘tO max — 90 srest - 30s

O‘tO max — 90 s rest
— 15 min cooldown

High-intensity interval training (HIIT)
— 20 min warm-up — 10 min active rest

— 5 min O‘LO at 85-95% Pmax — 12 min O{-O at 50% Pmax — 5 min O{-O at 85-95% Pmax —
12 min Of_O at 50% Pmax — 5 min O‘LO at 85-95% Pmax — 12 min O‘LO at 50% Pmax — 5 min
O{-O at 85-95% Pmax — 12 min Of-O at 50% Pmax — 5 min Of-O at 85-95% Pmax — 12 min

O{-O at 50% Pmax
— 15 min cooldown

Endurance training (ET)
— 15 min warm-up — 5 min active rest

— 120 min O‘LO at 55-60% Pmax
— 10 min cooldown

max—the maximal cycling intensity; Pmax—maximal aerobic power measured during the incre-
mental test.
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2.4. Statistical Analysis

Statistica 13.1 software (StatSoft Inc., Tulsa, OK, USA) was used for statistical calcu-
lations. The arithmetic mean and standard deviation were calculated for all variables. The
Kolmogorov-Smirnov test was used to check whether the values of the analyzed parame-
ters were statistically significantly different from the normal distribution. Analysis of var-
iance with repeated measurements and the Scheffe post-hoc test were used to identify
statistically significant differences in reaction time parameters measured before (baseline
measurements) and after (exercise measurements) the sprint interval testing protocol, and
statistically significant differences in the parameters assessed between groups E and C
and between tests performed before and after the experiment. The effect sizes were deter-
mined using the eta squared (n?). A level of p <0.05 was considered statistically significant
for all analyses.

Prior to the experiment, using the G-Power 3.1.9.4 software (StatSoft Inc., Tulsa, OK,
USA), we estimated that the minimum total sample size for ANOVA with repeated meas-
urements is 16 people, assuming that we expect a strong effect size, i.e., a partial 2 > 0.14
atp <0.05 [49].

3. Results

The presented study originally included 30 cyclists, but four cyclists did not reach
the plateau phase of VO:max, which was the criterion for inclusion in the data analysis.
So the results presented in this section include 26 cyclists. All tested parameters were char-
acterized by no significant differences compared to the normal distribution.

3.1. Acute Effects

Prior to the experiment, the acute effects of a single dose of sprint interval testing
protocol were assessed using ANOVA with repeated measures test. It demonstrated the
statistically significant main effect of repeated measurements for average choice RT (F =
13.61; p = 0.001; 1?2 = 0.362), maximal choice RT (F = 4.71; p = 0.040; 12 = 0.164), and the
number of incorrect reactions (F = 53.72; p = 0.000; n)2 = 0.691) (Table 3). Based on post-hoc
tests, it was shown that after the sprint interval testing protocol, there were statistically
significant shorter average choice RT in groups E and C, shorter maximal choice RT in
group C, reduction in the number of incorrect reactions in groups E and C, compared to
the baseline value measured before the sprint interval testing protocol (Table 3).

Table 3. Changes in choice reaction time and a number of incorrect reactions measured before and
after SITP, as well as before and after the experiment, in groups E and C.

Experimental Group Control Group
Mean * SD 95% CI Mean * SD 95% CI
Lower Upper Lower Upper
Pre-experiment
RTav.b [s] 0.36 +0.04 0.33 0.38 0.35+0.04 0.33 0.38
RTav e [s] 0.34 +0.05 *** 0.31 0.37 0.32 +0.04 *** 0.30 0.34
RTmin s [s] 0.25+0.03 0.23 0.27 0.24 +0.04 0.21 0.26
RTmin_e [s] 0.24 +0.04 0.22 0.26 0.23+0.04 0.20 0.26
RTmax [s] 0.53£0.12 0.47 0.60 0.52 +0.06 0.48 0.56
RTmax e [s] 0.49+0.13 0.42 0.57 0.45 £ 0.06 *** 0.41 0.48
NIR b 3.71+1.33 2.95 4.48 3.83+0.94 3.24 4.43
NIR e 2.14 £ 1.03 *** 1.55 2.74 2.75 £ 0.75 *** 2.27 3.23
Post-experiment
RTav.b [s] 0.38 £ 0.06 0.34 0.42 0.33+0.03 0.31 0.35
RTav e [s] 0.34 £ 0.04 0.32 0.37 0.32+0.03 0.30 0.33
RTmin_s [s] 0.27 +0.05 0.24 0.30 0.24 +0.03 0.22 0.25
RTmin e [s] 0.25+0.03 0.23 0.27 0.23+0.03 0.22 0.25

RTmaxb [s] 0.57+0.15 0.48 0.65 0.48 +0.08 0.43 0.52
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RTmax_e [s] 0.50+0.09 0.45 0.55 0.46 +0.07 0.41 0.51
NIR » 221+097* 1.65 2.78 325+1.21 2.48 4.02
NIR e 0.36 £ 0.50 * 0.07 0.64 3.42 +1.00 ** 2.78 4.05

_b-baseline measurements taken immediately before a sprint interval testing protocol; .—exercise
measurements taken immediately after a sprint interval testing protocol; RTav—average choice re-
action time; RTmin—minimal/shortest choice reaction time; RTmax—maximal/longest choice reac-
tion time; NIR —number of incorrect reactions; SD —standard deviation; CI—confidence intervals;
*—p < 0.05—significant difference between pre- and post-experiment values; **—p < 0.05—signifi-
cant difference between experimental and control group; ***—p < 0.05—significant difference be-
tween baseline_» measurements and exercise_. measurements.

3.2. Chronic Effects

Using analysis of variance, for baseline measurements taken before a sprint interval
testing protocol, a statistically significant main effects group x repeated measures were
observed for average choice RT (F = 5.34; p = 0.030; n? = 0.182), for the number of incorrect
reactions (F =10.49; p = 0.003; )2 = 0.304), and the main effect of repeated measures on the
number of incorrect reactions (F = 54.21; p = 0.000; n)2 = 0.693). Based on post-hoc tests, it
was shown that there was a statistically significant reduction in the number of incorrect
reactions in the experimental group after the applied experiment (Table 3).

Using analysis of variance, for exercise measurements taken immediately after a
sprint interval testing protocol, a statistically significant main effect of the group for the
number of incorrect reactions was observed (F = 42.41; p = 0.000; 2= 0.639), the main effect
of repeated measurements on the number of incorrect reactions (F = 10.21; p = 0.004; 2 =
0.298), main effects group x repeated measures on the number of incorrect reactions (F =
49.03; p=0.000; n?=0.671). Based on post-hoc tests, it was shown that after the experiment,
there was a statistically significant reduction in the number of incorrect reactions in the
experimental group, compared to the control group and compared to the value before the
experiment (Table 3).

Using analysis of variance, there was a statistically significant main effect of repeated
measurements (F = 8.70; p = 0.007; n2 = 0.274) for Pavs and main effects group x repeated
measures for Pavi (F = 11.45; p = 0.002; 12 = 0.323), for Pav2 (F = 5.30; p = 0.030; )2 = 0.181)
and for Pavs (F = 5.54; p = 0.028; 2 = 0.194). Based on post-hoc tests, it was shown that
Pavi and Pavs increased statistically significantly in the experimental group after the ap-
plied experiment compared to the value obtained before the experiment (Table 4).

Table 4. Changes in peak and average anaerobic power achieved during SITP as a result of training
programs implemented in groups E and C. Changes were described as chronic effects.

Experimental Group Control Group
Mean = SD 95% CI Mean = SD 95% C1
Lower Upper Lower Upper
Pre-experiment
Ppeaki [W] 1185.6 +£301.0 1011.8 1359.4 12449 £ 298.7 1055.1 1434.7
Ppeak: [W] 1044.3 +284.2 880.2 1208.4 1102.6 +220.2 962.6 1242.5
Ppeaks [W] 1010.5 £ 261.8 859.4 1161.7 1096.0 +218.0 957.4 1234.5
Pavi [W] 573.7 +111.6 509.3 638.2 584.6 +117.1 510.2 658.9
Pav2[W] 575.0 +108.9 512.1 637.9 600.8 +119.3 525.0 676.6
Pavs[W] 564.3 +108.3 501.7 626.8 588.4 +118.2 513.3 663.5
Post-experiment
Ppeak: [W] 1143.2 £262.7 991.5 1294.9 1199.1 £ 298.0 1009.8 1388.5
Ppeakz [W] 1096.0 +240.4 957.2 1234.8 1098.8 +242.7 944.6 1253.0
Ppeaks [W] 1086.4 +249.7 935.5 1237.3 1094.2 + 266.1 925.2 1263.3
Pavi[W] 595.0 £ 111.2* 530.8 659.2 600.6 +112.0 529.5 671.8
Pav2[W] 594.5 +109.2 531.4 657.5 604.4 +120.3 528.0 680.8

Pavs [W] 592.2+109.4 526.1 658.3 591.4+119.7 515.3 667.4
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Ppeaki—peak power achieved during the first sets (repetitions 1-4) of the sprint interval testing
protocol; Ppeak:—peak power achieved during the second sets (repetitions 5-8) of the sprint inter-
val testing protocol; Ppeaks—peak power achieved during the third sets (repetitions 9-12) of the
sprint interval testing protocol; Pavi—average power calculated from four repetitions of the first
sets of the sprint interval testing protocol; Pava—average power calculated from four repetitions of
the second sets of the sprint interval testing protocol; Pavs—average power calculated from four
repetitions of the third sets of the sprint interval testing protocol; SD—standard deviation; CI—
confidence intervals; *—p < 0.05—significant difference between pre- and post-experiment value.

A statistically significant main effect of repeated measurements emerged for pHi (F
=13.90; p = 0.001; 2= 0.367) and main effects group x repeated measures for pH: (F =7.70;
p = 0.010; 12 = 0.244) and pHs (F = 27.20; p = 0.000; n)2 = 0.531). Based on post-hoc tests, it
was shown that pHi increased statistically significantly in the control group after the ex-
periment compared to the value before the experiment. Furthermore, post-hoc analysis
showed that after the applied experiment, pHs statistically significantly decreased in the

experimental group, while it increased in the control group, compared to the value before
the experiment (Table 5).

Table 5. Biochemical and physiological changes during SITP as a result of training programs imple-
mented in groups E and C. Changes were described as chronic effects.

Experimental Group Control Group
Mean £ SD 95% CI Mean £ SD 95% CI
Lower Upper Lower Upper
Pre-experiment

La1 [mmol/L] 17.19 +2.47 15.77 18.61 18.25+2.57 16.62 19.88
Laz [mmol/L] 17.74 £2.22 16.46 19.03 18.14 £2.42 16.60 19.68
Las [mmol/L] 16.23 +2.68 14.68 17.77 18.08 £2.23 16.67 19.50

pH: 7.07 +0.05 7.04 7.11 7.04 +0.05 7.01 7.08

pH: 7.10+0.04 7.08 7.13 7.06 +0.05 7.02 7.09

pHs 7.13+0.05 7.10 7.16 7.06 +0.07 7.02 7.11
HRi [b/min] 181.07 £5.93 177.65 184.50 179.42 + 4.36 176.65 182.19
HRa [b/min] 179.21 £5.16 176.23 182.20 178.58 +4.81 175.53 181.64
HRs[b/min] 17829 +5.57  175.07 181.50 177.08 + 5.68 173.47 180.69

Post-experiment

La1 [mmol/L] 16.57 £2.17 15.32 17.82 18.15+2.72 16.42 19.88
Laz [mmol/L] 16.57 £ 1.65 15.62 17.52 17.63 £2.84 15.82 19.43
Las [mmol/L] 16.34 +2.67 14.80 17.88 17.66 £ 3.47 15.45 19.86

pH: 7.09 +0.06 7.06 7.12 7.08 +0.06 * 7.04 7.12

pH: 7.09 +0.04 7.07 7.12 7.08 +0.07 7.04 7.13

pHs 710+0.04 * 7.07 712 7.09 +0.08 * 7.05 7.14
HRi [b/min] 181.64 £5.73 178.33 185.0 179.42 + 4.38 176.63 182.20
HRa [b/min] 180.21 £ 5.41 177.09 183.34 177.92 £3.99 175.38 180.45
HRs [b/min] 177.14+497  174.27 180.02 176.17 + 4.39 173.38 178.95

1—measurement taken after the first sets (repetitions 1-4) of the sprint interval testing protocol; 2—
measurement taken after the second sets (repetitions 5-8) of the sprint interval testing protocol; 3 —
measurement taken after the third sets (repetitions 9-12) of the sprint interval testing protocol; La—
blood lactate concentration; pH—blood pH value; HR —peak heart rate value; SD —standard devi-

ation; CI—confidence intervals; *—p < 0.05—significant difference between pre- and post-experi-
ment value.

4. Discussion

In the presented study it was determined acute effects of sprint interval training and
chronic effects of polarized training (sprint interval training, high-intensity interval train-
ing, and endurance training) on choice RT in mountain bike cyclists. Assessment of acute
effects began in the first seconds after the last repetition during the SITP. Chronic effects
were assessed after nine weeks of simultaneous use: sprint interval training, high-
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intensity interval training, and endurance training, which formed the polarized training
program. In the presented study, as acute effects, it was observed that after a single dose
of sprint interval test, the average choice RT and maximal choice RT were statistically
significantly shortened and the number of incorrect reactions reduced, compared to base-
line values measured immediately before the exercise test. Similarly, Buchholtz and Bur-
gess [50], Deligniéres et al. [7], and Kashihara and Nakahara [8] observed improvements
in choice RT after intense exercise. Buchholtz and Burgess [50] showed that in a group of
cyclists, choice RT was significantly shorter after high-intensity cycling exercise compared
to low-intensity exercise. Deligniéres et al. [7] indicate that choice RT improves with in-
creasing exercise intensity among fencers, but among athletes with no experience in deci-
sional sports choice reaction time deteriorated with increasing exercise intensity. They
compared 4-min exercise bouts with an intensity of 20, 40, 60, and 80% maximal aerobic
power [7]. Similar conclusions were reached by Durand et al. [51] who evaluated choice
RT among athletes of different sports disciplines after cycling at intensities of 35, 60, and
90% VO2max. Athletes who trained in team sports improved their choice of RT when ex-
ercising at high intensities. However, the improvement in reaction times mirrored an in-
crease in errors. In contrast, in a group of gymnasts and athletes, exercise had no effect on
either choice reaction time or the number of errors [51]. The literature shows that as exer-
cise intensity increases, athletes in decisional sports are able to improve their performance
in reaction time tasks. Mountain bike cycling can also be considered a decisional sport
because, during a race, cyclists often have to make quick decisions and react to changing
conditions and situations on the competition course. Moreover, this takes place during
intense physical activity [52]. In the present study, in addition to the improvement in RT,
the number of incorrect reactions decreased, which distinguishes our results from those
of Durand et al. [51] and Deligniéres et al. [7], who showed an increase in errors. The
differences in results regarding the effect of exercise on incorrect reactions are difficult to
explain. Perhaps this is related to the use of different exercise protocols or this is the result
of different sports specializations—thus different types of exercise adaptation.

Pavelka et al. [24] and Gierczuk et al. [10] also studied reaction time among athletes
of decisional sports, but they obtained contradictory results, as they showed that reaction
time deteriorated after performing intense exercise. Pavelka et al. [24] used a single Win-
gate test among MMA fighters. In contrast, Gierczuk et al. [10] applied a variable intensity
effort—three rounds of wrestling bouts. After each round, a reaction time measurement
was performed. It is possible that the results of the presented study and the results ob-
tained by Pavelka et al. [24] and Gierczuk et al. [10] differ also due to the test protocols
used. These study protocols vary in the duration of the reaction time measurements and
the time between the end of the exercise and the start of the reaction time measurements.
It is worth emphasizing that the deleterious effects are often reduced further out from
exercise so the appropriate measuring time is important [6,7]. On the other hand, it is pos-
sible that the differences between the effects in the studies in question are influenced by
the level of aerobic capacity. In the study by Gierczuk et al. [10], the research group was
divided into subgroups according to the ranks occupied in sports competitions. In the
higher-classified (presumably with higher aerobic capacity) subgroup, the deterioration
in reaction time was less than in the lower-classified group. This resulted in a significant
difference in average reaction time between the subgroups in question during measure-
ments taken after the second and third rounds of the fight (in the baseline measurement—
and in the measurement taken after the first round of the fight the subgroups did not differ
significantly statistically). The present study involved a group of well-trained mountain
bike cyclists (men and women) with an initial VO:max level of approximately 57
mL-min-kg. This level, according to Tomaszewski et al. [53] characterizes elite athletes.
The high aerobic capacity of the cyclists, in the study presented here, may have favored
rapid restitution between sprints and sprint sets in the sprint interval testing protocol
used, slowing down fatigue processes. Perhaps because of this, choice RT in the presented
study did not worsen after the sprint interval test. On the contrary, the average reaction
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time we measured after the sprint interval test improved. Such a reaction may be benefi-
cial in terms of preparing cyclists to react quickly when overcoming obstacles in mountain
bike racing competitions. Therefore, in the future, it would be interesting to investigate
how reaction times would change if several sprints, such as 30 s maximal efforts, were
performed as part of the warm-up for training or competition.

In the presented study, as a chronic effect, it was not observed any changes in choice
RT, measured at rest (pre-test) and immediately after the SITP test, in any of the study
groups as a result of the 9-week experiment. However, we observed that after the applied
experiment, only in the experimental group did the number of incorrect reactions signifi-
cantly decrease, both in measurements taken before and immediately after the SITP test.
Furthermore, after the applied experiment, the number of incorrect reactions in the exper-
imental group was significantly reduced compared to the control group, in measurements
taken immediately after the SITP test. Findings from other authors indicate that regular
training improves reaction time, not just error rates [32,54-57], however, these studies
compared trained to untrained subjects and trained subjects showed faster reaction times
than untrained subjects. Van de Water et al. [58] compared badminton-specific reaction
time in two groups of badminton players that were differentiated by time spent training
and ranking. However, their assumption that athletes who do more training and have a
higher ranking should achieve better reaction times was not borne out. They showed that
there were no statistically significant differences in badminton-specific reaction time be-
tween the two groups of badminton players [58]. Therefore, referring to the information
contained in the literature and data presented in this manuscript, it can be supposed that
training previously untrained people may improve their reaction time. However, among
athletes who train regularly, a higher number or volume of training performed does not
affect reaction time, as shown by van de Water et al. [58]. The findings of the presented
study indicate that intensification of the training process among trained cyclists, through
the use of a polarized training program, also has no effect on reaction time. Despite the
lack of significant changes in reaction time, the group performing the polarized training
program decreased the number of incorrect reactions during the measurement. The avail-
able literature lacks information on the impact of training on incorrect reactions in the test
measurements performed. However, it has been shown that the incorrect reaction is fol-
lowed by the adaptation of neurons, which is observed as an increase in the activity of
brain areas related to the performed task [59]. There are also suggestions that among ath-
letes, patterns of behavior are better developed, which allows them to react faster after a
mistake, compared to untrained participants [60]. This is particularly evident in the case
of athletes specializing in competitions requiring open skills [60,61]. It is possible that the
intensive training performed by the experimental group in the presented study allowed
to improve the effectiveness of behavior patterns after a mistake. If so, it would be signif-
icant for mountain bike cyclists as competing also requires open skills.

Van de Water et al. [58] suggest that the elite group of athletes performs better in
sports as a result of higher tactical skills and higher physical capacity, and not, as they
assumed, also due to an advantage in cognitive performance. Therefore, the presented
study also includes information about physical capacity. As a measure of physical capac-
ity was adopted the average power achieved in the first, second, and third sets of sprint
interval training. Because the average power in SIT training was considered by some au-
thors as a parameter correlating with sports performance in mountain bike cycling [15,18].
In the present study, the systematic use of sprint interval training significantly increased
the average power output achieved in 30 s repetitions during a sprint interval test, which
was accompanied by a decrease in blood pH. During mountain bike cycling races, anaer-
obic glycolytic metabolism plays an important role, because, during the race, cyclists re-
peatedly climb uphill [62]. On these climbs, the power often exceeds the value of the max-
imal aerobic power [17], which results in an increase in the intensity of glycolytic metab-
olism, consequently an increase in La, and a decrease in blood pH [63]. Therefore,
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improving the ability to perform an intense exercise with longer (up to the third set of SIT)
tolerance of acid-base imbalance may be important for the results of MTB cycling compe-
titions.

5. Conclusions

As acute effects of the sprint interval test, the choice reaction time was shortened, and
the number of incorrect reactions was reduced. The chronic effects of the polarized train-
ing program including sprint interval training, high-intensity interval training, and en-
durance training showed no change in choice reaction time but reduce the number of in-
correct reactions in post-exercise measurements was observed, which was accompanied
by an increase in average power output and a decrease in blood pH during the sprint
interval test. Such changes are beneficial for achieving good sporting results in mountain
bike racing, which is characterized by variable and high intensity, and requires fast correct
decision-making.
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Abstract

The study assessed effects of four different training programs: 1) polarized training program (POL)
(consisting of sprint interval training (SIT), high-intensity interval training (HIIT) and low-intensity
training (LIT)), 2) training program consisting only of SIT training, 3) training program consisting
only of HIIT training, and 4) training program consisting only of LIT, on maximal oxygen uptake
(VO,max), lectin-like oxidized low-density lipoprotein receptor-1 (LOX-1) and oxidized low-density
lipoprotein (ox-LDL) serum concentration. The study involved 40 active people divided into 4
groups of 10 participants each: group POL performed a POL training program, group SIT performed
a SIT training program, group HIIT performed a HIIT training program, and group LIT performed a
LIT training program. Throughout the 5-week experiment, in each week the participants performed 3
training sessions. Before and after the experiment, an incremental test and VO,max verification test
were carried out. Serum concentrations of LOX-1 and ox-LDL were determined before an
incremental test. After the experiment, statistically significant mixed effects were shown for VO,max
(14.2% and 9.5% increase in POL and HIIT groups, respectively) and LOX-1 (51.5% and 61.1%
decrease in POL and HIIT groups, respectively). It was concluded, that POL and HIIT training
program were effective in improve VO,max and reduce serum LOX-1 levels among active peoples.

1 Introduction

Cardiorespiratory fitness has a significant impact on human life expectancy, and strongly determines
the ability to perform aerobic exercise (Kodama et al., 2009). The gold standard for exercise
assessment of cardiorespiratory fitness is maximal oxygen uptake (VO,max) (Jones et al., 2017). A
well-known stimulus that develops VO,max is prolonged low-intensity training (LIT) (Meyer et al.,
2007; Després and Lamarche, 1994) and moderate intensity training (MIT), close to the lactate
threshold level (Meyer et al., 2007; Helgerud et al., 2007). Furthermore, interval training has been
repeatedly shown to be equally effective in developing VO,max in non-trained individuals compared
to LIT training (Gist et al., 2014; Litleskare et al., 2020) or is more effective than LIT and MIT
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trainings (Helgerud et al., 2007). Two types of interval training are described in the literature. The
first type is sprint interval training (SIT), which consists of efforts that usually last approx. 15-30
seconds and are performed at maximal intensity (Gist et al., 2014; Burgomaster et al., 2006). The
second type is high intensity interval training (HIIT), which often involves efforts lasting 1-4 minutes
and performed at 90-120% maximal aerobic power determined in incremental test (McKay et al.,
2009). The results show that the effectiveness of both types of interval training described above is
similar in developing VO,max (de Oliveira-Nunes et al., 2021; Rosenblat et al., 2020).

The studies cited above examined the effects of using one type of training, separately.
However, in studies among athletes, it is common to use training programs consisting of several
types of training. One example is polarized training programmes (POL). They are defined as a
training cycle that is characterised by a polarization of training intensities, i.e. it is made up of low-
intensity and high-intensity training, while MIT-type training are not used or they account for only 5-
10% of the total training volume (Rosenblat et al., 2019; Stoggl and Sperlich, 2014). Some authors
found that a POL training program allows for greater development of physical performance
compared to other programs (Stoggl and Sperlich, 2014; Neal et al., 2013). Neal et al. (2013)
observed a greater increase in maximal power in the incremental test, power at lactate threshold and
working time until exhaustion as a result of the POL training program compared to a program
consisting of LIT and MIT training. Similarly, Stoggl and Sperlich (2014) showed that a POL
training program induced greater increases in VO,max, power at lactate threshold and maximal
power in the incremental test compared to programs involving a single type of training: LIT, HIIT or
MIT. Studies Hebisz et al. (2016; 2021) also reported the effects of a POL training program that
included SIT, HIIT and LIT training among cyclists. They showed that after two months of
performing the polarized programme, maximal oxygen uptake increased by 14%, which was a
significantly better effect compared to the control group who performed LIT and MIT training
(Hebisz et al., 2016). It is difficult to find information in the available literature on the use of a POL
training program, consisting of SIT, HIIT and LIT training, among non-athletes. It is worth
investigating POL training program effectiveness in developing VO,max in physically active non-
athletes. Because such a program used among athletes was effective in developing VO,max, which
indicates cardiovascular fitness.

However, cardiovascular fitness can be compromise for example by arteriosclerosis (Poznyak
et al., 2021). Arteriosclerosis causes narrowing of the lumen of blood vessels, leading to reduced
blood flow resulting in tissue hypoxia (Poznyak et al., 2021; Leopold and Loscalzo, 2008). The
development of arteriosclerosis is associated, among other things, with the oxidation of low-density
lipoproteins (LDL) under oxidative stress, leading to the formation of the oxidized form of LDL (ox-
LDL) (Leopold and Loscalzo, 2008). Then, ox-LDL can be attached, for example, to the lectin-like
oxidized low-density lipoprotein receptor-1 (LOX-1) within macrophages and vascular smooth
muscle cells, contributing to the formation of foam cells (Poznyak et al., 2021; Mentrup et al., 2021).
LOX-1 expression can be increased by proatherogenic factors (Poznyak et al., 2021). It is believed
that, among other things, regular physical exercise reduces the risk of arteriosclerosis (Poznyak et al.,
2021). In studies in animals subjected to a high-fat diet, regular exercise has been shown to inhibit
LOX-1 expression in the carotid artery (Li et al., 2020) and in the coronary circulation (Riahi et al.,
2015). In human studies, regular physical exercise has been shown to affect ox-LDL concentrations,
but this effect occurs at high enough training volumes (Tiainen et al., 2018). On the other hand,
excessive hard training may be a factor that increases the risk of coronary arteriosclerosis of the
carotid and peripheral arteries in older people (Yang et al., 2017). However, there is a lack of
information in the available literature on the effect of POL training program on ox-LDL
concentrations and on the effect of any training on blood LOX-1 concentrations in humans.

Therefore, the aim of this study was to assess the effectiveness of four training programs: 1)
POL training program (consisting of SIT, HIIT and LIT), 2) program consisting only of SIT training,

. . . 2
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3) program consisting only of HIIT training, and 4) program consisting only of LIT training, in the
development of VO,max and to determine the effect of the above-mentioned programs on serum
LOX-1 and ox-LDL concentrations in physically active participants. We assumed that POL training
program would produce better results in these aspects than programs consisting of one-type training
sessions.

2 Materials and methods

2.1 Participants

Forty physically active people took part in the study. Each of the participants undertook recreational
physical activity at least twice a week, for a total time of at least 2-3 hours each week. None of the
participants trained as an athlete or participated in any sports competition. All participants were non-
smokers and did not use drugs. Participants were randomly divided into four groups: group POL
(n=10, including 8 men and 2 women), group SIT (n=10, including 7 men and 3 women), group HIIT
(n=10, including 7 men and 3 women), group LIT (n=10, including 7 men and 3 women). During the
experiment, each group performed a different training program: group POL — POL training, group
SIT — SIT training only, group HIIT- HIIT training only, group LIT — LIT training only. A detailed
description of the training programs can be found in the “Course of the Experiment” section.

Table 1 shows anthropometric and physiological parameters characterising the participants’,
measured immediately before the experiment. There were no significant differences between the
groups for any of the parameters studied.

The study design was approved by the institutional review board and conducted in accordance
with the ethical standards established by the Declaration of Helsinki. Written informed consent was
obtained from all participants after the study details, procedures, and benefits and risks were
explained.

2.2 Test procedures

Each participant underwent laboratory tests before and after the experiment, which included a resting
venous blood sample and incremental test — done on one day, and a test verifying the level of
maximal oxygen uptake (VO,max verification test) — done on a subsequent day. During the 48 hours
preceding the incremental test, participants did not perform any exercise or training. Each of the
performance tests were performed in controlled laboratory conditions (temperature and humidity
controlled).

2.2.1 Collection and labelling of blood samples

In each participant, a 5 ml blood sample was drawn from a vein on the elbow bend. Blood was taken
30 minutes before the incremental test, at least 150 minutes after eating. Blood samples were
collected in Sarstedt tubes with serous granules (Stamar, Poland) and then allowed to clot at room
temperature for 30 min. The samples were then centrifuged for 10 min at 3000 rpm (Eppendorf
Centrifuge 5810, Hamburg, Germany). Serum was extracted and then stored in Eppendorf tubes at
—80°C. Following all blood collections, analyses of serum oxidized low-density lipoprotein (ox-
LDL), lectin-like oxidized low-density lipoprotein receptor-1 (LOX-1) concentrations were
performed. After thawing, samples were analysed by ELISA. Marking was performed using
immunoenzymatic assay kits for ox-LDL (Wuhan Fine Biotech Co. Ltd., Wuhan, China) and LOX-1
(Wuhan Fine Biotech Co. Ltd., Wuhan, China).
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2.2.2 Incremental Test

Test was performed on a Lode Excalibur Sport cycle ergometer (Lode BV, Groningen, The
Netherlands). Starting workload was 50 W (men) and 40 W (women) and increased every 3 min by
50 W (men) and 40 W (women) until volitional exhaustion was reached (Hebisz et al., 2016; Hebisz
et al., 2021). Time and instantaneous power output were continually recorded. If the participant was
unable to complete a 3-min 50 W stretch, then 0.28 W (men) and 0.22 W (women) was subtracted for
each missing second from current level of power. In this way was maximal aerobic power (Pmax)
obtained (Hebisz et al., 2016; Hebisz et al., 2021). Respiratory function was measured using a Quark
CPET analyzer (Cosmed, Rome, Italy) which was calibrated before each test with a reference gas
mixture of: carbon dioxide (5%), oxygen (16%), and nitrogen (79%). Tidal air was analyzed on a
breath-by-breath basis to determine oxygen uptake (VO,), carbon dioxide excretion (VCO;) and
minute pulmonary ventilation (VE). Absolute and relative (per kg of body mass) VO,peak was
calculated based on the composition of expired air and minute ventilation. The measures were
averaged over 30-s intervals. Based on the respiratory data records from the incremental test, the first
ventilatory threshold (VT1) was determined at the point preceding the first non-linear increase in
VE-VO, ! without a concomitant increase in VE-VCO, equivalent; the second ventilatory threshold
(VT2) was at the point preceding the second non-linear increase in VE-VO, ™ accompanied by an
increase of VE-VCO, ' equivalent, according to the methodology described by Davis et al. (1980)
and Beaver et al. (1986). Heart rate (HR) was recorded using a chest strap supplied by a Quark CPET
analyzer manufacturer.

2.2.3 VO,max verification test

The following day, after the incremental test, each participant performed a test to verify the level of
VO,peak measured in the incremental test, following a previously described procedure (Hebisz et al.,
2021a). The verification test was preceded by a warm-up consisting of 5 min exercise at an intensity
corresponding to the power achieved at VT1, then 10 min at a power corresponding to half the
distance between the VT1 and the VT2. The warm-up was followed by a 10-min passive break. A
load of 110% Pmax was applied during the verification test. The verification test used the same
procedures for measuring respiratory parameters as the incremental test. The higher VO;peak value
(of those measured in the incremental test and the verification test) was defined as maximal oxygen
uptake (VO,max). Using the same principle, maximal values for pulmonary minute ventilation
(VEmax) and heart rate (HRmax) were indicated. Maximal exercise respiratory rate (RERmax) was
determined based on data collected in an incremental test.

2.3 Course of the Experiment

During the 5-week experiment, participants in each study group performed 3 training sessions per
week, each training session lasting approx. 45-50 minutes (1st-—2nd week) and approx. 60-65 minutes
(3rd—5th week). The course of the experiment is shown in Figure 1. Group POL performed polarized
training program consisting of sprint interval training (SIT), high intensity interval training (HIIT)
and low intensity training (LIT). Group SIT performed program consisting of SIT training only;
group HIIT performed program consisting of HIIT training only; and group LIT performed program
consisting of LIT training only. The trainings were performed as described below:

a) Sprint interval training (SIT), consisting of 6—10 repetitions at maximal intensity (all-out
effort at torque factor of 0.7 N-m per kg of body mass) lasting 30 s. The training was divided
into 2 sets, with 3-5 maximal repetitions performed in each set. An active rest of 90 s was
used between repetitions, during which the participants exercised at a power not exceeding 25
W. Between the sets, an active rest of 15 min was used, during which the exercise was
performed at the power reached at VT1 (measured during the incremental test). During the
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first part of the experiment (1st-2nd week), all participants performed 6 repetitions during
SIT. In the following weeks of the experiment (3rd—5th week), the participants performed 10
repetitions during SIT.

b) High-intensity interval training (HIIT), consisting of 4-5 efforts lasting 3 min and performed
at an intensity of 90% Pmax (measured during the incremental test). An active rest of 6 min
was used between these efforts, during which an effort was performed with intensity
corresponding to the power achieved at VT1. During the first part of the experiment (1st-—2nd
week), all participants performed 4 efforts during HIIT. In the following weeks of the
experiment (3rd—5th week), the participants performed 5 efforts during HIIT.

¢) Low-intensity training (LIT) of 45 — 60 minutes, performed with intensity corresponding to
the power achieved at VT1. During the first part of the experiment (1st-2nd week), all
participants performed 45 minutes of LIT. In the following weeks of the experiment (3rd—5th
week), the participants performed 60 minutes of LIT.

2.4 Statistical analysis

For statistical analysis of the data, Statistica 13 software was used. Mean, standard deviation, and
confidence intervals for the mean value were calculated. In order to assess the normality distribution
of the studied variables, the Shapiro-Wilk test was used. Analysis of variance with repeated measures
was used to identify statistically significant main effects when the variables were not significantly
different compared to a normal distribution. The Scheffe test was used as a post-hoc test. Where
variables differed from a normal distribution, Friedman analysis of variance was used to compare
differences between repeated measurements.

Prior to the experiment, the minimum study group size was estimated using G-Power software,
assuming a minimum very large 1> of 0.35 at p<0.05 in the analysis of variance. In this way, it was
determined that the entire study group should be at least 40 people.

3 Results

Using analysis of variance, the main effect of repeated measurements and the mixed effect of
repeated measurements and group were demonstrated for VO,max expressed in ml-min'lkg'1
(F=26.02, p=0,000, 1°=0.426 and F=9.316, p=0.000, n*=0.444, respectively), VO,max expressed in
I'min™ (F=27.025, p=0.000, 1’=0.429 and F=7.263, p=0.000, n°=0.377, respectively) and Pmax
(F=48.133, p=0.000, n°=0.572 and F=8.615, p=0.000, n°=0.418, respectively). The effect of repeated
measurements was also demonstrated for VEmax (F=14.567, p=0.001, n°=0.288). Post-hoc tests
showed that VO,max (ml'min-kg"') and Pmax increased after the experiment in group POL and
HIIT, while VO,max (I'min’") increased after the experiment only in group POL (Table 2).

Using the Shapiro-Wilk test, it was shown that the distribution of LOX-1 in the after-
experiment study was statistically significantly different compared with the normal distribution in
groups POL, SIT and HIIT. In addition, the distribution of ox-LDL was different compared with the
normal distribution in each study group at before- and after-experiment measurements. Using
Friedman analysis of variance, statistically significant differences in repeated measurements for
LOX-1 were demonstrated in the entire study group (**=5.158, p=0.023), in group POL (¥*=9.000,
p=0.003) and in group HIIT (*=4.500, p=0.034) (Table 3). There were no statistically significant
differences in repeated measurements for ox-LDL in any of the study groups (Table 3).

4 Discussion

In the presented study, it was shown that among young people who are physically active but not
athletes, Pmax and VO,max (expressed in ml'min"*kg") increased in group POL (by 11.1% and
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14.2%, respectively) and in group HIIT (by 10.2% and 9.5%, respectively). Besides, only in group
POL VO,max expressed in I'min”" increased (by 12.9%). The results obtained in this study confirm
the effects of previous studies performed among cyclists (Hebisz et al., 2016). Previous studies
demonstrated that an eight-week program consisting of SIT, HIIT and LIT training was effective in
developing VO,max and caused its increase from 57.9 ml'min™" kg™ to 66.6 ml'min™ kg™ (Hebisz et
al., 2016). The protocol used in the cyclist study (Hebisz et al., 2016) was similar to the polarized
training program used for physically active participants in group POL in the presented study. The
only difference between the protocols was the number of training sessions: the cyclists performed 5
training sessions per week for 8 weeks (Hebisz et al., 2016), whereas participants in group POL
performed 3 training sessions per week for 5 weeks. However, the results indicate that fewer training
sessions done by group POL proved to be similarly effective in developing VO,max as the program
completed by the cyclists (Hebisz et al., 2016).

The applied POL training program in the presented studies showed high effectiveness
compared to the studies described in the available literature, in which participants (physically active)
also performed at least 3 training sessions per week. For example, Helgerud et al. (2007) found that
VO;max increased by 5.5% and 7.2% after 8 weeks of HIIT training performed by individuals with a
baseline VO,max of approx. 55 ml'min™-kg™'. Astorino et al. (2018) obtained an increase in VO,max
of 6% and 5.5% after 3 weeks of HIIT training performed by a group of men and women. Esfarjani
and Laursen (2007) showed that VO,max improved by 9.1% after 10 weeks of performing 2 HIIT
and 2 LIT trainings per week in a group of individuals with a baseline VO,max of 51.3 ml'min” kg™,
The effects of HIIT training described above are similar to the effects that we observed in group
HIIT, which also performed HIIT training. There is no consistent information in the literature about
the effects of SIT and LIT training on the aerobic fitness of physically active individuals.
Macpherson et al. (2011) showed that after 6 weeks of running training, VO,max increased by 11.5%
in group performing SIT training and by 12.5% in group performing LIT training. However, these
changes were calculated on the basis of VO,max expressed in ml'min™"-kg™, and there was a decrease
in body fat among the participants over the course of the experiment, which must have affected the
magnitude of the changes observed. VO,max changes of approx. 12% were also found by S6kmen et
al. (2018) after 9-10 weeks of SIT training. Slightly smaller changes in VO,max (4-8%) were shown
by Bailey et al. (2009) and Zelt et al. (2014) after 2-4 weeks of SIT training. Significant changes in
VO,max after six sessions of SIT were not found by Lloyd Jones et al. (2017), nor were they found
by Bailey et al. (2009) after six sessions of LIT training. VO,max changes of 7.4% were found by
Sokmen et al. (2018) after 10 weeks of LIT training; similarly, Zelt et al. (2014) showed a 13%
improvement in VO,max after 4 weeks of LIT training. Vollart et al. (2017) in meta-analysis showed
consistent evidence that SIT increases VO,max. In the presented study, in the SIT group, VO,max
changed (increased) by 4.4%, but this change did not reach the level of statistical significance.
Similarly, in the presented study, no statistically significant changes were observed in the LIT group,
although there was a trend of decreasing VO,max.

The duration of SIT or LIT training program may affect on the development of aerobic
fitness, as no significant changes in VO,max were observed when the experiment lasted only two
weeks (Bailey et al., 2009; Lloyd Jones et al., 2017). Baseline aerobic capacity of the participants
may also be related to the effects obtained. Although in all the articles cited above the study
participants are described as physically active, there are small differences in baseline VO,max levels.
In the studies Sokmen et al. (2018), in which the greatest changes in aerobic capacity were obtained,
the groups performing SIT and LIT training programme had a baseline VO,max of approx. 40-42
ml'min” kg™ In a study by Zelt et al. (2014), in which smaller changes in acrobic capacity were
achieved, baseline VO;max in the two groups performing the two SIT training protocols was at 47
ml'min-kg” and 49 ml'min"kg". In the presented study, the baseline VO,max levels in group SIT
and LIT were 47.68 ml'min™"-kg" and 50.59 ml'min" kg™, respectively. Hoydal (2017) suggest that
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effect of training program on VO,max can be determined by the baseline level of aerobic capacity.
Therefore, it seems conceivable that the replacement of previous physical activity with SIT or LIT
training, with a total volume of approx. 3h per week, was insufficient to significantly develop the
aerobic capacity of the participants in the presented study.

In the presented study, no effect of the training programs used on the changes of serum ox-
LDL was observed. Data in the available literature indicate that physical activity decreases ox-LDL
levels in obese individuals (Park et al., 2015). Comparative data also indicate that levels of serum ox-
LDL are lower in the athlete population (footballers) compared to physically inactive individuals
(Yol et al., 2020). However, according to Tiainen et al. (2018), the effects of training in reducing ox-
LDL concentrations are dependent on the volume of training performed. Therefore, it is possible that
the training volume used in our study (3 hours per week) appeared to be too low to reduce serum ox-
LDL concentrations in previously physically active participants. Simultaneously, the results of the
presented study showed that POL training program and HIIT training program were effective in
reducing serum LOX-1 concentrations. Whereas, no such effect was obtained after performing SIT or
LIT training program. In the Introduction section, we described that training affected the reduction of
LOX-1 expression in the cardiovascular system (Li et al., 2020; Riahi et al., 2015). In the study
presented here, the expression of LOX-1 was not determined, only the concentration of its fragments
dissolved in serum. Such measurement is standard in human studies (Barreto et al., 2021). Among
other things, it can be used to predict the risk of dangerous circulatory events, i.e. myocardial
infarction or haemorrhagic stroke (Zhao et al., 2019). Li et al. (2020) suggested that strong shear
stress associated with laminar flow occurs during exercise, which contributes to reduced LOX-1
expression. Shear stress is also thought to increase the release of platelet-derived microvesicles,
which can stimulate angiogenesis (Wilhelm et al., 2016). The magnitude of the shear rate depends on
the intensity of exercises (Thijssen et al., 2009). In the presented study, the POL training program
and HIIT training program were characterized by a higher total time of efforts performed at high
intensity compared to the SIT and LIT training program. Therefore, the shear stress stimulus may
have exerted a stronger effect during the training performed by groups POL and HIIT compared to
the training performed by groups SIT and LIT. Perhaps, this allowed the groups POL and HIIT to
experience changes in LOX-1 expression and thus a decrease in serum LOX-1 concentration.

In addition to the above-described mechanism of decreased LOX-1 concentration, an
alternative or concurrent mechanism can also be identified. Performing HIIT training affects the
increases sirtuin 1 (SIRT1) activity and SIRT1 concentrations in human skeletal muscle (Gurd et al.,
2010; Little et al., 2010). It is believed that SIRT1 influences adaptation in skeletal muscle aerobic
potential (Gerhart-Hines et al., 2007) and may affect the regulation of LOX-1 activity (Hung et al.,
2015). Chan et al. (2018) showed that an increase in SIRT1 activity in training can inhibit LOX-1
expression among homocysteine-treated mice. Therefore, it is possible that the training programs
used in groups POL and HIIT, which included HIIT training, may have been effective in reducing
serum LOX-1 concentrations and in developing VO,max and Pmax by affecting SIRT1 activity. In
addition to changes in SIRT1 activity and concentrations, training programs containing HIIT efforts
can decrease the activity of C-reactive protein and interleukins (Rhibi et al., 2022). C-reactive protein
(Zhao et al., 2011) and interleukin-18 (Mitsuoka et al., 2009) affect the increased release of LOX-1
from macrophages into the blood (Zhao et al., 2011). Therefore, the POL training program and HIIT
training program may have influenced the reduction of serum LOX-1 concentrations through possible
effects on lower pro-inflammatory protein activity.

Limitations

Baseline VO,max value is considered as factor that may influence the development of VO,max as a
result of the applied training program (Astorino et al., 2012). In the presented study, baseline
VO,max was not statistically significantly different between the groups. However, the mean VO,max
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in the POL group was approximately 5 ml'min™-kg" lower than the mean VO,max in the LIT group.
This could have influenced the differences in the adaptive response of the participants to the applied
training programs. However, in the presented study it was difficult to achieve the same baseline
VO,max level in the study groups. This is due to the fact that people who acquired Covid-19
antibodies were excluded during the experiment.

5 Conclusions

A POL training program and HIIT training program were effective in developing aerobic fitness in
physically active people, simultaneously affecting the decrease in serum LOX-1 concentrations.
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Table 1. Anthropometric and physiological characteristics of groups.

Age Body Height Body Mass VO:z2max Pmax
[years] [cm] [kg] [ml'min”kg] [W]
Group POL 22.7+2,1 1742 +72 73.1+12.8 45777 282.4+61.9
Group SIT 228 +2.8 177.7+8.9 782+157  47.7+9.2 296.0 £49.8
Group HIIT 23.0+2.6 176.4 £7.1 68.7+10.0 48.7+10.7 274.1 £70.8
Group LIT 21.0+2.1 178.0£9.8 72.5+13.5 50.6+7.9 279.4 + 445

VO2max — maximal oxygen uptake, Pmax — maximal power output during the incremental test, POL
— polarized training group, SIT — sprint interval training group, HIIT — high intensity interval training
group, LIT — low intensity training group, data are presented as mean =+ standard deviation.
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Table 2. Physiological parameters measured before and after the experiment.

Before After Before After
Experiment Experiment Experiment Experiment
95%CI 95%ClI 95%ClI 95%ClI
mean Lower mean Lower mean Lower mean  Lower
+SD Upper =£SD Upper £SD Upper <£SD Upper
Group POL Group SIT
VO,max 45.65 40.12 52.13 4723 | 47.68 41.13  49.79  43.66
[ml'minkg'] +£7.74 5120 +6.84* 57.02 |49.16 5423 +8.58  55.93
VO,max 3.33 2.80 3.76 3.18 3.65 3.21 3.86 3.45
[I'min™'] +0.75  3.87 +0.81* 4.33 +0.61  4.09 +0.57 4.27
Pmax 2824 2381 3138 2703 |296.0 2603 3029 268.7
[W] +61.9 326.7 +60.8* 3573 |+49.8 331.7 +47.8 337.1
VEmax 131.8 1073  151.7 127.3 | 1452 127.1 1515 1313
[I'min™"] +34.2 1563 £34.1 176.1 | +£253 1633 +28.2 171.8
RERmax 1.14 1.09 1.09 1.08 1.13 1.10 1.10 1.08
+0.07  1.19 +0.02 1.11 +0.04 1.16 +0.04 1.13
HRmax 183.1 172.1  186.8 178.7 | 1863 1782 1872 179.8
[bpm] +154 1941 £11.3 1949 | £11.3 1944 £104 194.6
Group HIIT Group LIT
VO,max 48.72 41.10 53.34 4598 |50.59 4498 49.00 44.01
[ml'minkg'] £10.66 56.35 +10.29* 60.69 |+7.85 5621 +6.97 53.99
VO,max 3.35 2.75 3.68 3.11 3.62 3.23 3.53 3.15
[I'min™"] +0.84  3.96 +0.79 4.24 +0.56  4.02 +0.53 3091
Pmax 274.1 2234  302.0 251.8 |279.4 247.6 282.0 248.6
[W] +70.8 324.8 £70.1* 3522 |+445 3112 +46.7 3154
VEmax 129.0 100.7 1383 1152 | 131.1 1104 1375 1214
[I'min™'] +39.6 1573 £323 1614 | +289 151.8 +224 1535
RERmax 1.12 1.10 1.11 1.08 1.11 1.06 1.12 1.07
+0.03  1.15 +0.03 1.13 +0.07 1.16 +0.07 1.16
HRmax 188.7 1822 1922 186.8 |192.6 1859 1913 1848
[bpm] +9.1 1952 £7.6 197.6 | £9.3 199.3  49.1 197.8

POL — polarized training group, SIT — sprint interval training group, HIIT — high intensity
interval training group, LIT — low intensity training group, VO;max — maximal oxygen
uptake, Pmax — maximal aerobic power during the incremental test; VEmax — maximal
pulmonary ventilation; RERmax — maximal exercise respiratory rate value; HRmax —
maximal heart rate; mean — arithmetic mean value; SD — standard deviation value; CI —
lower and upper confidence intervals; * - p<0.05 - significant difference between before
and after experiment values.

This is a provisional file, not the final typeset article

14



507

508

Table 3. LOX-1 and ox-LDL serum concentration before and after the experiment.

Before After Before After
Experiment Experiment Experiment Experiment
95%ClI 95%ClI 95%CI 95%CI
mean Lower mean Lower mean Lower mean Lower
+SD Upper +£SD Upper +SD Upper +£SD Upper
Group POL Group SIT
LOX-1 85.22 4223 41.32 17.96 |94.47 50.11  107.77  26.79

[pgml'] 5592 12821 +30.39* 64.69 |+62.01 138.83 =113.20 188.75
ox-LDL 2328  -8.17 1431  -651 |13923 -48.65 14043 -43.09
[ngml'] 4091 54.73 +27.08 35.13 |+262.64 327.11 +256.54 323.95

Group HIIT Group LIT
LOX-1 119.76 ~ 35.54 46.61 11.42 | 89.51 56.33 10476  56.95
[pgml™] +109.56 203.97 +45.78* 81.80 |=+46.39 122.69 +66.83 152.57
ox-LDL 88.29 -58.71 11453 -31.14 | 16.60 -1.21 15.13 -0.34

[ngml™] +191.24 23529 +£189.51 260.21 | +24.89 3441 +21.63 30.60
g

POL — polarized training group, SIT — sprint interval training group, HIIT — high intensity
interval training group, LIT — low intensity training group, LOX-1 — serum concentration of
lectin-like oxidized low-density lipoprotein receptor-1; ox-LDL — serum concentration
oxidized low-density lipoprotein; mean — arithmetic mean value; SD — standard deviation
value; CI — lower and upper confidence intervals; * - p<0.05 - significant difference
between before and after experiment values.
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Figure captions:
Figure 1. The course of the experiment (VO,max — maximal oxygen uptake).
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Potwierdzenie udziatu w grancie naukowym
finansowanym przez Ministra Nauki 1 Szkolnictwa

Wyzszego



MINISTER
NAUKI I SZKOLNICTWAWYZSZEGO

Warszawa, 2 0 LUT, 2015

DECYZJA 0002/RS3/2015/53

Na podstawie art. 26 ust. 1 1 art. 13 ust. 1 ustawy z dnia 30 kwietnia 2010 r. o zasadach
finansowania nauki (Dz. U. z 2014 r., poz. 1620), Komunikatu Ministra Nauki i Szkolnictwa
Wyzszego z dnia 29 wrzesnia 2011 r. o ustanowieniu programu pod nazwa ,,Rozwdj Sportu
Akademickiego” (M.P. Nr 90, poz. 944), art. 56 ust. 1 pkt 4 i ust. 2 ustawy z dnia 30 sierpnia
1996 r. o komercjalizacji i prywatyzacji (Dz. U. z 2013 r., poz. 216, z pdézn. zm.) oraz art. 104
ustawy z dnia 14 czerwca 1960 r. — Kodeks postgpowania administracyjnego (Dz. U. z 2013 r.,
poz. 267, z p6zn. zm.) po rozpatrzeniu wniosku nr rej. N RSA3 00253

przyznaje

wnioskodawcy:
Akademia Wychowania Fizycznego we Wroclawiu
Wydzial Wychowania Fizycznego

dotacje celowa w wysokosci 200 000 zt (stownie: dwiescie tysiecy zlotych) ogétem,
w tym w 2015 r. kwote 145 000 zk (stownie: sto czterdziesci pie¢ tysigcy ztotych)

na realizacj¢ projektu

pt. "Préba identyfikacji skutkéw glikolitycznego treningu interwalowego za pomocgy
parametrow fizycznych, fizjologicznych i biochemicznych"

w ramach programu Ministra Nauki i Szkolnictwa Wyzszego pn. "Rozwéj Sportu
Akademickiego".

Srodki finansowe przekazane beda pod warunkiem zlozenia w terminie 30 dni od dnia
otrzymania decyzji podpisanego projektu umowy, okreslajace] szczegétowe warunki realizacji,
finansowania i rozliczenia projektu. Nieztozenie projektu umowy w wymaganym terminie uwaza
si¢ za rezygnacje z przyznanego finansowania.

Uzasadnienie:

W wyniku oceny projektu dokonanej przez Zespdt specjalistyczny do spraw projektow
zgloszonych do programu pn. ,,Rozwdj Sportu Akademickiego™ stwierdzono, ze proponowane
naklady ogélem na realizacje zaplanowanych prac sg nieadekwatne do zakresu zadan
badawczych przedstawionych w harmonogramie realizacji projektu oraz przyjetej metodyki
badan.

Zgodnie z opinig Zespotu specjalistycznego prace objete projektem moga zosta¢ wykonane przy

ul. Wspdélna 1/3, 00-529 Warszawa )
tel. centr.: (22) 529 27 18, faks: (22) 628 09 22, www.nauka.gov.pl



‘dot. decyzji Ministra Nauki i Szkolnictwa Wyzszego Nr 0002/RS3/2015/53

Szanowni Panstwo,
Ponizej zamieszczam informacje, mogace utatwi¢ prawidlowe wypelnienie umowy:

Numer umowy jest taki sam, jak numer decyzji.

e W kosztorysie umowy nalezy uwzgledni¢ kwoty okre$lone w decyzji.
Zalgeznikiem nr 1 do umowy jest opis projektu bedacy czescia wniosku, ztozonego juz w Ministerstwie -
opisu projektu nie dotacza si¢ juz ponownie do umowy.

e Na zalgcznikach nalezy wpisa¢ numer umowy.
Wraz z umowa nalezy przesta¢ do Ministerstwa harmonogram platnosci zgodnie z § 2 ust. 4 umowy, ktory
nie jest zalgcznikiem do umowy. Harmonogram nalezy sporzadzi¢ na rok 2015, podaé¢ miesiac wyplaty
transzy i kwotg do wyplaty oraz opatrzyé:
- pieczecia jednostki,
- pieczgceia i podpisem kwestora lub gl. ksiegowego jednostki realizujacej projekt,
- podpisem kierownika projektu.

e Uprzejmie zwracam uwagg na réznicg w zapisie czasu trwania zadania w harmonogramie wykonania
projektu we wniosku i umowie.
Kolumna nr 4 w harmonogramie wykonania projektu we wniosku (planowany czas trwania -miesigce) ma
zapis jednoliczbowy (np. 4, 12 lub 24 itp.).
W harmonogramie wykonania projektu w umowie, kolumna nr 3 (termin rozpoczecia i termin zakonczenia
realizacji zadania - liczba miesigcy od dnia podpisania umowy), nalezy wpisaé termin rozpoczecia i termin
zakonczenia realizacji zadania (w liczbie miesigey od dnia podpisania umowy). Przyktadowo, jezeli
zadanie pierwsze jest zaplanowane na 6 mies., nalezy wpisaé: 1 —6. W przypadku zadania ostatniego,
jezeli jest planowane réwniez na 6 mies., nalezy wpisaé: 30 — 36.
Co najmniej jedno z zadan w harmonogramie (niekoniecznie pierwsze) musi rozpoczyna¢ si¢ w pierwszym
miesigcu umowy, co najmniej jedno — konezy¢ w ostatnim miesigcu trwania umowy.

¢ Harmonogram projektu obejmuije tylko zadania badawcze, dlatego uprzeimie prosze o usuniecie zadania
zakup aparatury — przewidziana kwota powinna by¢ uwzgledniona w ramach zadan badawczych (np.
pierwszego)

e Tres¢ zadan badawczych w harmonogramie wniosku i umowy nie moze si¢ rozni¢, kwoty moga ulec
modyfikacji.

Trzy egzemplarze umowy powinny by¢ dostarczone do Ministerstwa w terminie 30 dni od daty otrzymania decyzji.

W razie watpliwosci proszg o kontakt na podany nizej numer telefonu,

Z powazaniem

Piotr Potkowski

Glowny specjalista

Samodzielne Stanowisko ds. Programéw Ministra
Departament Nauki

Ministerstwo Nauki i Szkolnictwa Wyzszego

ul. Hoza 20

00-529 Warszawa

tel. 2250 17 107

e-mail: Piotr.Potkowski@nauka.gov.pl

Warszawa, 17.02.2015 r.



Whiosek o finansowanie projektu w ramach programu '""Rozwdj Sportu

Akademickiego"

A. JEDNOSTKA
NAUKOWA

Nazwa jednostki
naukowej (poziom 1)

Akademia Wychowania Fizycznego we Wroctawiu

naukowej (poziom 2)

Adres al. I. Paderewskiego 35, 51-612 Wroctaw, dolnoslaskie

Telefon (71) 347-32-00 (centrala); (71) 347-31-01 (Sekretariat Rektora)
Faks (71) 348-25-27(Sekretariat Rektora)

E-mail kanclerz@awf.wroc.pl; kwestor@awf.wroc.pl; rektor@awf.wroc.pl
WwWw www.awf.wroc.pl

NIP 8960007519

REGON 000327860

Nazwa jednostki

Wydziat Wychowania Fizycznego

Adres al. IJ. Paderewskiego 35, 51-612 Wroctaw, dolnoslaskie
Telefon (71) 347-34-80, (71) 347-34-71

Faks "

E-mail dziekanat.wf@awf.wroc.pl

WWWwW "

NIP 8960007519

REGON 000327860

Kierownik jednostki (uprawniony do podpisywania wnioskow i umow)

Imi¢, nazwisko oraz

prof. dr hab. Juliusz Migasiewicz, rektor

stanowisko
Telefon 71348 25 27
E-mail rektor@awf.wroc.pl
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B. INFORMACJE OGOLNE

Kierownik projektu prof. dr hab. Marek Marek Zaton

Proba identyfikacji skutkow glikolitycznego treningu interwalowego za pomoca

Tytul projektu parametroéw fizycznych, fizjologicznych i biochemicznych

Planowany okres

realizacji projektu (w 36
miesigcach)

Liczba wykonawcow 4
projektu

w tym pracownikow 4
naukowych i doktorantow

Stowa kluczowe (max.5) trening interwatowy, metabolizm glikolityczny, rownowaga kwasowo-zasadowa
Planowafle naklady w 263 920
zl:  ogolem

w tym na pierwszy rok 0

realizacji projektu (2014)

Streszczenie projektu.

Proba identyfikacji skutkow glikolitycznego treningu interwatowego za pomoca parametréw fizycznych,
fizjologicznych i biochemicznych.

W dostepnym pismiennictwie dostgpne jest wiele informacji dotyczacych zmian wydolnosci w efekcie stosowania
interwatowych treningéw glikolitycznych. Nie ma jednak danych dotyczacych kontroli obciazenia treningowego,
szczegblnie zwigzanej z identyfikacja zmian zmeczeniowych. Celem tego projektu jest poszukiwanie parametrow
fizjologicznych, fizycznych i biochemicznych oraz kierunkéw zmian, ktére wskazywatyby na rozwdj procesow
zmeczenia podczas jednostki treningowej. W badaniach wezmie udziat 28-mio osobowa grupa kolarzy gérskich,
podzielona na 3 podgrupy: poczatkujacy (PP) o przecigtnej wydolnosci (n=12), poczatkujacy (PW) o wysokiej
wydolno$ci (n=8) i zaawansowani (Z) (n=8).Grupg¢ PP beda tworzyli studenci Akademii Wychowania Fizycznego i
cztonkowie akademickiej sekcji kolarstwa gorskiego, PW cztonkowie kadry narodowej kolarzy gorskich, Z zawodnicy
majacy przynajmniej roczne doswiadczenie w wykonywaniu treningdw glikolitycznych. Wykonawcy projektu
spodziewaja sig, ze zmgczenie w wysitkach maksymalnych bedzie sig¢ objawiato spowolnieniem metabolizmu
glikolitycznego, czego przejawem moze by¢ mniejsze zaburzenie rownowagi kwasowo-zasadowej, spadek mocy
migsniowej, redukcja emisji termicznej, wentylacji ptuc, wydalania dwutlenku wegla i poboru tlenu. Ponadto
zamierzajq ustali¢ r6znice co do kierunku i dynamiki zmian pomigdzy zawodnikami na r6znym poziomie sportowym i
zaawansowania w wykonywaniu interwalowego treningu glikolitycznego.

ID: 263849 - stan z 2014-07-16 11:49:07
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C. ANKIETA DOROBKU NAUKOWEGO KIEROWNIKA PROJEKTU /GEOWNYCH WYKONAWCOW

Imie i nazwisko prof. dr hab. Marek Wojciech Zaton

Planowany charakter

udzialu w realizacji Kierownik projektu

projektu

Dane kontaktowe Telefon: 0048 71 347 33 59 E_mail: katedra.tb@awf.wroc.pl

Adres do korespondencji:

Ulica Paderewskiego 35
Kod pocztowy 51-612
Miejscowos¢ Wroclaw

Poczta "

Miejsca zatrudnienia i zajmowane stanowiska

Akademia Wychowania Fizycznego - kierownik Katedry Fizjologii i Biochemii

Przebieg pracy naukowej: nazwa uczelni, instytutu lub innej jednostki organizacyjnej, specjalnos¢, data
uzyskania tytulu zawodowego, stopnia naukowego lub tytulu naukowego:

a) magistra,

b) doktora,

¢) doktora habilitowanego,

d) profesora.

Akademia Wychowania Fizycznego we Wroctawiu, Wydziat Wychowania Fizycznego, Katedra Fizjologii i Biochemii
Data uzyskania tytutu zawodowego magistra - 1969r

Data uzyskania stopnia naukowego doktora - 1976r

Data uzyskania stopnia naukowego doktora habilitowanego - 1990r

Data uzyskania tytutu profesora - 2001r

Informacje o pracach opublikowanych w okresie ostatnich 4 lat przed zgloszeniem wniosku
(maksimum 10 pozycji, poda¢ miejsce i date publikacji, opracowane nowe technologie, najwazniejsze osiagniecia
poznawcze i zastosowania praktyczne)
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1. Lukasz Smotka, Jacek Borkowski, Marek Zaton. The effect of additional dead space on respiratory exchange ratio
and carbon dioxide production due to training. Journal of Sports Science and Medicine: 2014; vol.13; nr 1; 5.36-43.

2. Paulina Hebisz, Rafal Hebisz, Marek Zaton. Changes in breathing pattern and cycling efficiency as a result of
training with added respiratory dead space volume. Human Movement: 2013; vol.14; nr 3; 5.247-253.

3. Marek Zaton, Dariusz Dabrowski. Differences in the direction of effort adaptation between mountain bikers and road
cyclists. Human Movement: 2013; vol.14; nr 2; s.154-160

4. Marek Zaton, Adam Stgpien. An assessment on the aerobic and anaerobic capacities of a tennis player. Human
Movement: 2011; vol.12; nr 2; s.139-146

5. Marek Zaton, L.ukasz Smotka. Circulatory and respiratory response to exercise with added respiratory dead

space. Human Movement: 2011; vol. 12; nr 1; s.88-94

6. Pawel Chmura, Marek Zaton. Zmiany maksymalnej mocy fosfagenowej i wybranych cech fizjologicznych podczas
powtarzanych wysitkow u mtodych pitkarzy noznych. Antropomotoryka: 2011; nr 54; s.51-57;

7.Testy fizjologiczne w ocenie wydolnosci fizycznej / red. nauk. Marek Zaton, Agnieszka Jastrzebska

Adres wydawniczy: Warszawa : Wydawnictwo Naukowe PWN, 2010

8. Marek Zaton, Rafat Hebisz, Paulina Hebisz. The effect of training with additional respiratory dead space on
haematological elements of blood. Isokinetics and Exercise Science: 2010; vol.18; nr 3; s.137-143

9. Marek Zaton, Zbigniew Ziebura. The significance of training with additional respiratory dead space in development
of physical capacity in swimmimg. Science in swimming. Wydawnictwo Akademii Wychowania Fizycznego we
Wroctawiu, 2012 s.125-148

Wykonane w okresie ostatnich 4 lat przed zgloszeniem wniosku i aktualnie realizowane projekty badawcze, w
tym finansowane ze Srodkow finansowych na nauke - numery projektow, miejsce realizacji oraz charakter
udzialu przy realizacji projektu

brak

Doswiadczenia naukowe zdobyte w Polsce i za granica
(panstwo, instytucja, rodzaj pobytu, okres pobytu, jednostka delegujaca)

1. Polska, Instytut Sportu (1984) - 6miesigcy, opiekun prof. dr hab. Irena Wojcieszak

2. Kanada, MacMaster University w Hamilton (1987) - 6miesigcy, opiekun - prof. Bar-Or

3. Republika Czeska, Universytet Karola w Pradze (1989) - 2miesiace, opiekun prof. Seliger
4. Ukraina, Wyzsza Szkota Sportu w Kijowie (1992), opiekun prof. Wotkow

Najwazniejsze migdzynarodowe i polskie wyrédznienia wynikajace z prowadzenia badan naukowych lub prac
rozwojowych
(rodzaj wyroznienia, miejsce i data)

Nagrody Ministra za wyrozniajace prace w sporcie w latach 1970-1990. Wspotpraca z Kadrami Narodowymi kolarzy,
kajakarzy, bokserow.
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Oswiadczenie kierownika projektu / gtdwnych wykonawcow

Zapoznatem/am sig¢ z opisem projektu badawczego pt.:

Préba identyfikacji skutkéw glikolitycznego treningu interwalowego za pomocg parametréow fizycznych,

fizjologicznych i biochemicznych

W przypadku zakwalifikowania projektu do realizacji zgadzam si¢ uczestniczy¢ w wykonaniu projektu na warunkach
okreslonych przez jednostke naukowa. O$wiadczam, ze zadania badawcze, ktére planuj¢ wykonac, objete niniejszym
wnioskiem, nie sa finansowane i nie planuje si¢ ich finansowania z innego zrodta oraz, wedtug mojej wiedzy, zadania
badawcze nie naruszaja praw osob trzecich. Wyrazam zgode¢ na zamieszczenie moich danych osobowych zawartych we
wniosku w zbiorze danych Ministerstwa Nauki i Szkolnictwa Wyzszego oraz na przetwarzanie tych danych zgodnie z
przepisami ustawy z dnia 29 sierpnia 1997 r. o ochronie danych osobowych (Dz. U. z 2002 r. Nr 101, poz. 926, z p6zn.

zm.).

(miejscowos¢ i data) (podpis osoby, ktdrej dotyczy ankieta)

ID: 263849 - stan z 2014-07-16 11:49:07
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C. ANKIETA DOROBKU NAUKOWEGO KIEROWNIKA PROJEKTU /GEOWNYCH WYKONAWCOW

Imig i nazwisko dr Rafal Grzegorz Hebisz

Planowany charakter
udzialu w realizacji Glowny wykonawca
projektu

Dane kontaktowe Tetefon QEENEID ©_i QR

Adres do korespondencji:

Ulica —
Kod pocztowy -
Miejscowosé )

Poczta

Miejsca zatrudnienia i zajmowane stanowiska

Akademia Wychowania Fizycznego we Wroclawiu, adiunkt w Katedrze Fizjologii i Biochemii

Polski Zwiazek Kolarski, trener Kadry Narodowej kolarzy gorskich

Przebieg pracy naukowej: nazwa uczelni, instytutu lub innej jednostki organizacyjnej, specjalnosé¢, data
uzyskania tytulu zawodowego, stopnia naukowego lub tytulu naukowego:

a) magistra,

b) doktora,

¢) doktora habilitowanego,

d) profesora.

Akademia Wychowania Fizycznego, Wydzial Wychowania Fizycznego, Katedra Fizjologii i Biochemii. Zatrudniony
od 201 1r.

Data uzyskania tytulu zawodowego magistra: 2006rok

Data uzyskania stopnia naukowego doktora: 2011rok

Informacje o pracach opublikowanych w okresie ostatnich 4 lat przed zgloszeniem wniosku
(maksimum 10 pozycji, poda¢ miejsce i dat¢ publikacji, opracowane nowe technologie, najwazniejsze osiagnigcia
poznawcze i zastosowania praktyczne)

1. Paulina Hebisz, Rafal Hebisz, Marek Zaton. Changes in breathing pattern and cycling efficiency as a result of
training with added respiratory dead space volume. Human Movement: 2013; vol.14; nr 3; s.247-253.

2. Marek Zaton, Rafal Hebisz, Paulina Hebisz. Fizjologiczne podstawy treningu w kolarstwie gorskim. Wrocltaw :
Wydawnictwo Akademii Wychowania Fizycznego we Wroctawiu, 2011.

3. Marek Zaton, Paulina Hebisz, Rafal Hebisz. Zmiany fizjologiczne u kolarzy szosowych 1 gorskich pod wplywem
wieloletniego treningu. Sport Wyczynowy: 2011; R.49; nr 3; 5.69-80.

4. Marek Zaton, Rafal Hebisz, Paulina Hebisz. The effect of training with additional respiratory dead space on
haematological elements of blood. Isokinetics and Exercise Science: 2010; vol.18; nr 3; s.137-143.

Wykonane w okresie ostatnich 4 lat przed zgloszeniem wniosku i aktualnie realizowane projekty badawcze, w
tym finansowane ze Srodkow finansowych na nauke - numery projektéw, miejsce realizacji oraz charakter
udzialu przy realizacji projektu

Identyfikacja zmgczenia, w glikolitycznym treningu interwalowym, za pomoca parametrow fizjologicznych i
biochemicznych. Projekt aktualnie realizowany w ramach programu Badania Naukowe dla Mlodych Naukowcow w
Akademii Wychowania Fizycznego we Wroclawiu. Glowny wykonawca projektu w latach 2012-2014.

ID: 263849 - stan z 2014-07-16 11:49:07
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Doswiadczenia naukowe zdobyte w Polsce i za granica
(panstwo, instytucja, rodzaj pobytu, okres pobytu, jednostka delegujaca)

Wykorzystanie metod naukowych w kontroli treningu podczas kilku lat pracy w klubach kolarskich:
- MTB Silesia Rybnik (2008-2010)

- KTM Racing Team Ztoty Stok (2011-2012)

- Sante BSA Tour (2013)

W tym czasie, jako trener, osiagnal dobre wyniki sportowe w rywalizacji krajowe;:

- brazowy medal Mistrzostw Polski w Maratonie MTB 2010, Jelenia Gora, (zawodniczka Paulina Hebisz)

- srebrny medal Mistrzostw Polski w Maratnonie MTB 2011, Jelenia Gora, (zawodniczka Michalina Ziotkowska)

- brazowy medal Mistrzostw Polski MTB w wyscigu druzynowym 2011, Kielce, (zawodnicy Piotr Kurczab, Michalina
Ziotkowska, Maciej Bartkowski)

- srebrny medal Mistrzostw Polski MTB w wyscigu druzynowym 2012, Kielce (zawodnicy Rafat Alchimowicz, Piotr
Kurczab, Mikotaj Dziewa, Paulina Hebisz)

- brazowy medal Mistrzostw Polski MTB w wyscigu indywidualnym 2012, Kielce (zawodnik Piotr Kurczab)

- ztoty medal Mistrzostw Polski w Maratonie MTB 2012, Dabrowa Goérnicza (zawodnik Piotr Kurczab)

- zloty medal Mistrzostw Polski MTB w wyscigu druzynowym 2013, Zerkéw (zawodnicy Aleksandra Podgoérska, Piotr
Kurczab)

- srebrny medal Mistrzostw Poslki MTB w wy$cigu indywidualnym 2013, Zerkéw (zawodnik Piotr Kurczab)

- srebrny medal Mistrzostw Polski w Maratonie MTB 2013, Obiszow (zawodnik Piotr Kurczab)

0d 2013 roku trener Kadry Narodowej MTB, gdzie wdraza innowacyjne testy oparte o wysitki przerywane. W tym
czasie Reprezentacja Polski wywalczyta 2 indywidualne medale Mistrzostw Europy oraz medal Mistrzostw Swiata.

Holandia; Konferencja naukowa European College of Sport Science; Amsterdam 2-5.07.2014r. Jednostka delegujaca -
Akademia Wychowania Fizycznego we Wroclawiu.

Najwazniejsze migdzynarodowe i polskie wyréznienia wynikajace z prowadzenia badan naukowych lub prac
rozwojowych
(rodzaj wyréznienia, miejsce i data)

Nagroda za najlepsza publikacj¢ w czasopismie Sport Wyczynowy w 2008roku.

ID: 263849 - stan z 2014-07-16 11:49:07
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Oswiadczenie kierownika projektu / gtdwnych wykonawcow

Zapoznatem/am sig¢ z opisem projektu badawczego pt.:

Préba identyfikacji skutkéw glikolitycznego treningu interwalowego za pomocg parametréow fizycznych,

fizjologicznych i biochemicznych

W przypadku zakwalifikowania projektu do realizacji zgadzam si¢ uczestniczy¢ w wykonaniu projektu na warunkach
okreslonych przez jednostke naukowa. O$wiadczam, ze zadania badawcze, ktére planuj¢ wykonac, objete niniejszym
wnioskiem, nie sa finansowane i nie planuje si¢ ich finansowania z innego zrodta oraz, wedtug mojej wiedzy, zadania
badawcze nie naruszaja praw osob trzecich. Wyrazam zgode¢ na zamieszczenie moich danych osobowych zawartych we
wniosku w zbiorze danych Ministerstwa Nauki i Szkolnictwa Wyzszego oraz na przetwarzanie tych danych zgodnie z
przepisami ustawy z dnia 29 sierpnia 1997 r. o ochronie danych osobowych (Dz. U. z 2002 r. Nr 101, poz. 926, z p6zn.

zm.).

(miejscowos¢ i data) (podpis osoby, ktdrej dotyczy ankieta)
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C. ANKIETA DOROBKU NAUKOWEGO KIEROWNIKA PROJEKTU /GEOWNYCH WYKONAWCOW

Imig i nazwisko dr Paulina Hebisz

Planowany charakter
udzialu w realizacji Glowny wykonawca
projektu

Dane kontaktowe Telefon SHIINEEED : - D

Adres do korespondencji:
Ulica ——

Kod pocztowy -
Miejscowos¢ -

Poczta

Miejsca zatrudnienia i zajmowane stanowiska

Akademia Wychowania Fizycznego we Wroclawiu, adiunkt w zakladzie Fizjologii i Biochemii

Przebieg pracy naukowej: nazwa uczelni, instytutu lub innej jednostki organizacyjnej, specjalnos¢, data
uzyskania tytulu zawodowego, stopnia naukowego lub tytulu naukowego:

a) magistra,

b) doktora,

¢) doktora habilitowanego,

d) profesora.

Akademia Wychowania Fizycznego we Wroclawiu, Wydzial Wychowania Fizycznego, Katedra Fizjologii i Biochemii.
Zatrudniona od 201 Ir.

Data uzyskania tytulu zawodowego magistra: 2007rok

Data uzyskania stopnia naukowego doktora: 201 1rok

Informacje o pracach opublikowanych w okresie ostatnich 4 lat przed zgloszeniem wniosku
(maksimum 10 pozycji, podaé¢ miejsce i date publikacji, opracowane nowe technologie, najwazniejsze osiagnigcia
poznawcze i zastosowania praktyczne)

|. Paulina Hebisz, Rafat Hebisz, Marek Zaton. Changes in breathing pattern and cycling efficiency as a result of
training with added respiratory dead space volume. Human Movement: 2013; vol.14; nr 3; s.247-253.

2. Marek Zaton, Rafal Hebisz, Paulina Hebisz. Fizjologiczne podstawy treningu w kolarstwie gorskim. Wroclaw :
Wydawnictwo Akademii Wychowania Fizycznego we Wroctawiu, 2011.

3. Marek Zaton, Paulina Hebisz, Rafal Hebisz. Zmiany fizjologiczne u kolarzy szosowych i gorskich pod wplywem
wieloletniego treningu. Sport Wyczynowy: 2011; R.49; nr 3; 5.69-80.

4, Marek Zaton, Rafal Hebisz, Paulina Hebisz. The effect of training with additional respiratory dead space on
haematological elements of blood. Isokinetics and Exercise Science: 2010; vol.18; nr 3; s.137-143.

Wykonane w okresie ostatnich 4 lat przed zgloszeniem wniosku i aktualnie realizowane projekty badawcze, w
tym finansowane ze $Srodkow finansowych na nauke - numery projektow, miejsce realizacji oraz charakter
udzialu przy realizacji projektu

Rozwd@j i mijanie procesow adaptacyjnych w skutek treningu z powigkszona objg¢toscia oddechowej przestrzeni
martwej. Projekt aktualnie realizowany w ramach programu Badania Naukowe dla Mlodych Naukowcow Akademii
Wychowania Fizycznego we Wroctawiu. Glowny wykonawca projektu w latach 2011-2014.

ID: 263849 - stan z 2014-07-16 11:49:07
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Doswiadczenia naukowe zdobyte w Polsce i za granica
(panstwo, instytucja, rodzaj pobytu, okres pobytu, jednostka delegujaca)

Wykorzystanie metod naukowych w kontroli treningu podczas dwoch lat pracy w klubach kolarskich:
- KTM Racing Team Ztoty Stok (2013)

- Torq Superior MTB Tem (2013-2014)

- SGR Srebrna Gora (2014)

W tym czasie, jako trener, osiagnela dobre wyniki sportowe w rywalizacji krajowej 1 miedzynarodowe;j:

- brazowy medal Mistrzostw Polski w wy$cigu eliminacyjnym 2013, Zerkow, (zawodniczk Marcin Kawalec)

- zloty medal Mistrzostw Polski w wy$cigu eliminacyjnym 2013, Zerkow, (zawodnik Borys Goral)

- 15 miejsce w zawodach Pucharu Swiata MTB w wyscigu eliminacyjnym 2014, Neve Mesto - Republika Czeska
(zawodnik Borys Goral)

- 16 miejsce w zawodach Pucharu Swiata MTB w wyscigu eliminacyjnym 2014, Albstadt - Niemcy (zawodnik Borys
Goral)

- 17 miejsce w zawodach Pucharu Swiata MTB w wyscigu eliminacyjnym 2014, Albstadt - Niemcy (zawodniczka
Iwona Kurczab)

- 17 miejsce w Mistrzostwach Europy MTB w wyScigu eliminacyjnym 2014, St. Wendel - Niemcy (zawodnik Borys
Goral)

Od 2013 roku asystentka trenera Kadry Narodowej MTB.

Holandia; Konferencja naukowa European College of Sport Science; Amsterdam 2-5.07.2014r. Jednostka delegujaca -
Akademia Wychowania Fizycznego we Wroctawiu.

Najwazniejsze migdzynarodowe i polskie wyrdznienia wynikajace z prowadzenia badan naukowych lub prac
rozwojowych
(rodzaj wyréznienia, miejsce i data)

nagroda za najlepsza publikacje w czaspismie Sport Wyczynowy w 2008roku
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Oswiadczenie kierownika projektu / gtdwnych wykonawcow

Zapoznatem/am sig¢ z opisem projektu badawczego pt.:

Préba identyfikacji skutkéw glikolitycznego treningu interwalowego za pomocg parametréow fizycznych,

fizjologicznych i biochemicznych

W przypadku zakwalifikowania projektu do realizacji zgadzam si¢ uczestniczy¢ w wykonaniu projektu na warunkach
okreslonych przez jednostke naukowa. O$wiadczam, ze zadania badawcze, ktére planuj¢ wykonac, objete niniejszym
wnioskiem, nie sa finansowane i nie planuje si¢ ich finansowania z innego zrodta oraz, wedtug mojej wiedzy, zadania
badawcze nie naruszaja praw osob trzecich. Wyrazam zgode¢ na zamieszczenie moich danych osobowych zawartych we
wniosku w zbiorze danych Ministerstwa Nauki i Szkolnictwa Wyzszego oraz na przetwarzanie tych danych zgodnie z
przepisami ustawy z dnia 29 sierpnia 1997 r. o ochronie danych osobowych (Dz. U. z 2002 r. Nr 101, poz. 926, z p6zn.

zm.).

(miejscowos¢ i data) (podpis osoby, ktdrej dotyczy ankieta)
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C. ANKIETA DOROBKU NAUKOWEGO KIEROWNIKA PROJEKTU /GEOWNYCH WYKONAWCOW

Imig i nazwisko dr hab. Eugenia Murawska-Cialowicz

Planowany charakter
udzialu w realizacji Glowny wykonawca
projektu

Dane kontaktowe Telefon 4GP = i G
Adres do korespondencji:
Ulica L]
Kod pocztowy -

Miejscowos¢ -

Poczta

Miejsca zatrudnienia i zajmowane stanowiska

Akademia Wychowania Fizycznego we Wroclawiu, kierownik Zaktadu Biochemii

Przebieg pracy naukowej: nazwa uczelni, instytutu lub innej jednostki organizacyjnej, specjalnos¢, data
uzyskania tytulu zawodowego, stopnia naukowego lub tytulu naukowego:

a) magistra,

b) doktora,

¢) doktora habilitowanego,

d) profesora.

- Katedra Biochemii Farmaceutycznej Akademii Medycznej we Wroctawiu, zatrudnienie w latach 1989 - 1993
- Katedra i Klinika Chordob Zakaznych Wieku Dziecigecego, zatrudnienie w latach 1993 - 1997

- Katedra i Zaklad Higieny Akademii Medycznej we Wroclawiu - zatrudnienie w latach 1998 - 2005

- Akademia Wychowania Fizycznego we Wroclawiu od 1997roku,

data uzyskania stopnia naukowego doktora - 1996 rok

data uzyskania stopnia nukowaego dokrota habilitowanego - 2014 rok

Informacje o pracach opublikowanych w okresie ostatnich 4 lat przed zgloszeniem wniosku
(maksimum 10 pozycji, poda¢ miejsce i dat¢ publikacji, opracowane nowe technologie, najwazniejsze osiagnigcia
poznawcze i zastosowania praktyczne)

1. Jolanta Zuwata-Jagietto, Eugenia Murawska-Ciatowicz, Monika Pazgan-Simon. Circulating advanced oxidation
protein products, Ne(carboxymethyl) lysine and pro-inflammatory cytokines in patients with liver cirrhosis: correlations
with clinical parameters. Oxidative stress and diseases / ed. by Volodymyr Lushchak and Dmytro V. Gospodaryov,
Rijeka : In Tech, 2012

2. Eugenia Murawska-Cialowicz, Wojciech Bal, Lidia Januszewska, Marcin Zawadzki, Joanna Rychel, Jolanta Zuwala-
Jagietto. Oxidative stress level in the testes of mice and rats during nickel intoxication. The Scientific World Journal
2012.

3. Eugenia Murawska-Cialowicz. Wplyw treningu zdrowotnego na stgzenia wybranych hormonow tkanki thuszczowej i
homocysteiny u kobiet z r6zng masa ciata. Wydawnictwo Akademii Wychowania Fizycznego we Wroctawiu, 2012.

4. Eugenia Murawska-Cialowicz, Zbigniew Jethon, Jan Magdalan, Lidia Januszewska, Marzena Podhorska-Okotow,
Marcin Zawadzki, Tomasz Sozanski, Piotr Dziggiel. Effects of melatonin on lipid peroxidation and antioxidative
enzyme activities in the liver, kidneys and brain of rats administered with benzo(a)pyrene. Experimental and
Toxicologic Pathology 2011; 63 (1-2): s.97-103.

5. Eugenia Murawska-Cialowicz. Wysiltek fizyczny a stres oksydacyjny. W:Testy fizjologiczne w ocenie wydolnosci
fizycznej / red. nauk. Marek Zaton, Agnieszka Jastrzgbska. Warszawa : Wydawnictwo Naukowe PWN, 2010.
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Wykonane w okresie ostatnich 4 lat przed zgloszeniem wniosku i aktualnie realizowane projekty badawcze, w
tym finansowane ze Srodkow finansowych na nauke - numery projektow, miejsce realizacji oraz charakter
udzialu przy realizacji projektu

1. Zmiany stgzen biatka BDNF we krwi osob aktywnych fizycznie - badania statutowe Katedra Fizjologii i Biochemii
AWF we Wroctawiu — projekt nr 53/0403/S/2014r, kierownik projektu 2014r.

2. Zmiany stgzen waspiny pod wptywem wysitku fizycznego — badania statutowe Katedra Fizjologii i Biochemii AWF
we Wroctawiu — projekt nr 53/0403/S/2013 — kierownik projektu 2013r.

3. Wplyw treningu zdrowotnego na zmiany stezen wybranych hormonéw tkanki thuszczowej i homocysteiny u otytych
kobiet — grant habilitacyjny KBN - projekt nr NN 404 036738 — kierownik projektu - 2010 — 1012r.

4. Adipokiny a tempo spoczynkowej przemiany materii — badania statutowe Katedra Fizjologii i Biochemii AWF we
Wroctawiu — projekt nr 53/0403/S/2012 - kierownik projektu 2011 — 2012r.

Doswiadczenia naukowe zdobyte w Polsce i za granica
(panstwo, instytucja, rodzaj pobytu, okres pobytu, jednostka delegujaca)

» Wspotpraca naukowo - badawcza z Katedra Histologii i Embriologii Akademii Uniwersytetu Medycznego we
Wroctawiu - od 2002

* Wspolpraca naukowo — badawcza z Katedra Biochemii Farmaceutycznej Uniwersytetu Medycznego we Wroclawiu —
od 1997

» Wspotpraca naukowo — badawcza z Katedra Fizjoterapii Uniwersytetu Medycznego we Wroctawiu — od 2000r.

» Wspolpraca naukowo — badawcza z Katera Fizjologii Uniwersytetu Medycznego we Wroctawiu — od 2012r.

-Finlandia, European College of Sport Science; konferencja naukowa w 2000r (Jyvaskyld); jednostka delegujaca -
Akademia Wychowania Fizycznego we Wroclawiu.

-Niemcy, European College of Sport Science; konferencja naukowa w 2001r (Kolonia); jednostka delegujaca -
Akademia Wychowania Fizycznego we Wroclawiu.

-Grecja, European College of Sport Science; konferencja naukowa w 2002r (Ateny); jednostka delegujaca - Akademia
Wychowania Fizycznego we Wroctawiu.

Najwazniejsze migdzynarodowe i polskie wyrdznienia wynikajace z prowadzenia badan naukowych lub prac
rozwojowych
(rodzaj wyréznienia, miejsce i data)

Nagroda indywidualna I stopnia Rektora Akademii Wychowania Fizycznego we Wroctawiu za wybitne zaangazowanie
oraz osiagnigcia w pracy naukowo — badawczej, Wroctaw 2013

Nagroda Indywidualna II stopnia Rektora Akademii Wychowania Fizycznego we Wroctawiu za catoksztalt dziatalnosci
naukowej, Wroctaw 2012

Nagroda Indywidualna II stopnia Rektora Akademii Wychowania Fizycznego we Wroctawiu za wybitne
zaangazowanie oraz osiagnigcia w pracy naukowo — badawczej, Wroctaw 2010

Nagroda indywidualna I stopnia Rektora Akademii Wychowania Fizycznego we Wroctawiu za wybitne zaangazowanie
oraz osiagnigcia w pracy naukowo — badawczej, Wroctaw 2013

Nagroda Zespotowa III stopnia Rektora Akademii Wychowania Fizycznego we Wroctawiu za szczegolne osiagnigcia w
pracy naukowo — badawczej, Wroctaw 2006

Nagroda Indywidualna III stopnia Rektora Akademii Wychowania Fizycznego we Wroctawiu za dziatalno$¢ naukowa,
Wroctaw 2004r.

Nagroda Indywidualna II stopnia Rektora Akademii Medycznej za wazne 1 tworcze osiagnigcia w pracy naukowo —
badawczej, Wroctaw 1987r.
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Oswiadczenie kierownika projektu / gtdwnych wykonawcow

Zapoznatem/am sig¢ z opisem projektu badawczego pt.:

Préba identyfikacji skutkéw glikolitycznego treningu interwalowego za pomocg parametréow fizycznych,

fizjologicznych i biochemicznych

W przypadku zakwalifikowania projektu do realizacji zgadzam si¢ uczestniczy¢ w wykonaniu projektu na warunkach
okreslonych przez jednostke naukowa. O$wiadczam, ze zadania badawcze, ktére planuj¢ wykonac, objete niniejszym
wnioskiem, nie sa finansowane i nie planuje si¢ ich finansowania z innego zrodta oraz, wedtug mojej wiedzy, zadania
badawcze nie naruszaja praw osob trzecich. Wyrazam zgode¢ na zamieszczenie moich danych osobowych zawartych we
wniosku w zbiorze danych Ministerstwa Nauki i Szkolnictwa Wyzszego oraz na przetwarzanie tych danych zgodnie z
przepisami ustawy z dnia 29 sierpnia 1997 r. o ochronie danych osobowych (Dz. U. z 2002 r. Nr 101, poz. 926, z p6zn.

zm.).

(miejscowos¢ i data) (podpis osoby, ktdrej dotyczy ankieta)
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Cel naukowy projektu opis

Celem projektu jest wskazanie zmian dystrybucji mocy, krazeniowo-oddechowych, réwnowagi kwasowo-zasadowej
krwi, temperatury ciata podczas glikolitycznego treningu interwalowego, pojawiajacych si¢ wraz z rozwojem procesu
zmegczenia u kolarzy trenowanych i nietrenowanych interwatowo.

Opis projektu

* Osoby badane

W badaniach bedzie brata udziat 28-mio osobowa grupa kolarzy gorskich. Kolarze podzieleni zostana na 3podgrupy:
poczatkujaca (PP) o przecigtnej wydolnosci (n=12), poczatkujaca (PW) o wysokiej wydolnosci (n=8) i zaawansowana
(Z) (n=8).

Grupe PP beda tworzy¢ studenci Akademii Wychowania Fizycznego we Wroctawiu, amatorsko uprawiajacy kolarstwo
gorskie, ktorzy wezesniej nie wykonywali glikolitycznych treningéw interwatowych. Grupg PW beda tworzy¢ kolarze
gorscy — cztonkowie Kadry Polski w kolarstwie gorskim (jedna z osob realizujacych projekt jest trenerem Kadry
Narodowej kolarzy gorskich), ktérzy wczesniej nie wykonywali interwatowych treningéw glikolitycznych. Grupg Z
beda tworzy¢ kolarze gorscy regularnie wykonujacy treningi interwatowe - glikolityczne (2 razy w tygodniu),
przynajmniej od roku. Beda to zawodnicy studiujacy na Akademii Wychowania Fizycznego we Wroctawiu oraz
reprezentanci klubu AZS Politechnika Wroctawska.

* Przebieg eksperymentu

Na poczatku eksperymentu wykonane zostana badania wysitkowe (szczegétowo omowione w podpunkcie ,,procedury
badawcze”). Po wykonaniu badan kazdy uczestnik eksperymentu bedzie wykonywat dwukrotnie w tygodniu
glikolityczny, kolarski, trening interwalowy. W ramach tego treningu wykonywane beda serie 30-to sekundowych
powtdrzen, z maksymalna mozliwa do utrzymania w tym czasie intensywnoscia. Pomi¢dzy powtdrzeniami stosowana
bedzie przerwa aktywna, trwajaca 90sekund. Liczba powtorzen w serii bedzie indywidualnie wyznaczona na podstawie
badan wyjsciowych. Liczba serii (objgtos¢ catego treningu) bedzie uzalezniona od fizycznych parametrow pracy,
podlegajacych biezacej kontroli podczas treningu. Sygnatem do zakonczenia treningu bedzie spadek mocy szczytowej
oraz pracy wykonywanej w kolejnych seriach.

Na przestrzeni dwoch lat, w osmiotygodniowych odstgpach, bgda wykonywane badania wysitkowe oraz oznaczenia
biatka BDNF (ang. brain derived neurotrophic factor).

* Procedury badawcze

Badania spoczynkowe beda obejmowaly oznaczenie biatka BDNF w surowicy krwi zylne;.

Na poczatku eksperymentu, a takze w 8-mio tygodniowych odstgpach przeprowadzony bedzie interwatowy test
wysitkowy. Test bedzie wykonany na cykloergometrze Cyclus 2, umozliwiajacym wykonywanie wysitkow na wlasnym
rowerze badanego.

Test zostanie poprzedzony rozgrzewka, trwajaca 20minut. Podczas 3 pierwszych minut rozgrzewki obciazenie wyniesie
2W/kg masy ciata, podczas nastepnych Sminut 3W/kg i w ostatnich 12minutach 4W/kg. Obciazenie bedzie
redukowane, gdy czgstos$¢ skurczow serca przekroczy warto$¢ odpowiednia dla progu przemian beztlenowych. Po
rozgrzewce nastapi 10minut przerwy, w czasie ktorej zawodnicy beda wykonywali swobodny wysitek bez obciazenia.
Podczas testu wykonywane beda serie 30-to sekundowych wysitkow z maksymalna intensywnoscia. Pomigdzy
kolejnymi wysitkami w ramach serii stosowany begdzie wypoczynek aktywny (swobodna jazda bez obciazenia
zewnetrznego) trwajacy 90sekund. Pomigdzy seriami wysitkow glikolitycznych zastosowana zostanie przerwa aktywna
z intensywnoscia zblizona do 50% VO, max. Ostatnie 3 minuty przed kolejna serig zawodnicy bgda wykonywali
wysilek z obciazeniem 1W/kg masy ciata.

Podczas kazdego powtorzenia rejestrowana bgdzie moc aktualna i $rednia. 60sekund po wykonaniu kazdego
powtdrzenia w pierwszej serii pobierana bedzie probka krwi arterializowanej w celu pomiaru stezenia mleczanu.
Pomiaru dokonywany bedzie za pomoca urzadzenia Lactate Scout. Pierwsza seria wysitkow glikolitycznych przerwana
zostanie w momencie, gdy poziom mleczanu we krwi obnizy si¢ przynajmniej o 10% wzgledem wartosci szczytowej w
danej serii. Liczba powtdrzen w kolejnych seriach dobierana bedzie na podstawie danych uzyskanych w pierwszej serii.
Konczacym seri¢ powtorzeniem bgdzie ostatnie, przy ktorym spodziewamy sig, ze badany bgdzie utrzymywat
szczytowe stezenie mleczanu (w celu dodatkowej kontroli oznaczany bedzie poziom mleczanu réwniez po
wczesniejszych powtorzeniach serii).

W trzeciej minucie po kazdej serii zostanie pobrana probka krwi arterializowanej w celu oceny zmian rownowagi
kwasowo-zasadowej: pH, BE, La~, HCO3~, pCO2, pO2, NA*, K*: Ca*™, CI". Pomiar w/w parametrow dokonany bedzie
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za pomoca analizatora RapidPoint 500 firmy Siemens Healthcare.

Podczas calego testu prowadzony begdzie pomiar parametréw oddechowych: wentylacji minutowej (VE), poboru tlenu
(VO,), wydalania dwutlenku wegla (VCO,), objgtosci oddechowej (VT), czgstosci oddecho (Rf), krancowo-
wydechowej zawartosci tlenu (PETO,), krancowo wydechowej zawartosci dwutlenku wegla (PETCO,). Rejestracja
danych bedzie wykonana za pomoca analizatora Cosmed K4B2.

Podczas calego testu prowadzona bedzie kontrola temperatury wybranych czegéci ciala za pomoca kamery
termowizyjnej.

Test zostanie zakonczony gdy wystapi jeden z ponizszych warunkow: Sumaryczna praca podczas serii obnizy si¢ o
przynajmniej 10% wzgledem najlepszego wyniku w tescie; stezenie mleczanu we krwi arterializowanej, mierzone po
serii wysitkow, obnizy si¢ o przynajmniej 10% wzgledem warto$ci szczytowej w tescie; pH krwi arterializowanej,
mierzone po serii wysitkdw, wzrosnie przynajmniej o 0,1 wzglegdem wartosci szczytowej w tescie; obnizy si¢ ilos¢
emitowanego ciepta; badany odmowi wykonywania dalszej pracy.

W odstgpach dwumiesigcznych bedzie wykonywany test progresywny. Test bedzie si¢ zaczynat od obciazenia SOW,
obciazenie bedzie zwigkszane co 3 minuty o 30W. Podczas testu bedzie prowadzona analiza parametréw oddechowych
(VO,, VCO,, VE, VT i Rf). Uzyskane dane bgda shuzyly wyznaczeniu intensywnoS$ci przerw pomigdzy seriami w
tescie interwalowym. Na podstawie parametréw oddechowych ustalona zostanie warto$¢ t¢tna i mocy na progu
przemian beztlenowych. Moment wystapienia progu bedzie ustalany za pomoca metody opisanej przez Beaver,
Wassermann i Whipp [1986]. Na podstawie tych danych bedzie kontrolowana intensywno$¢ wysitku podczas
rozgrzewki w te$cie interwatowym.

Kazdorazowo pierwszy bedzie wykonywany test progresywny i po 72godzinach przerwy - test interwatowy.

Charakterystyka koncowego wyniku

Efektem badan bedzie wskazanie parametréw uzytecznych przy kontroli kolarskiego interwalowego treningu
glikolitycznego oraz kierunku zmian tych parametrow, ktore beda wskazywaty na biezace zmiany zmeczeniowe.
Spodziewamy sig, ze wraz z rozwojem zmian zmgczeniowych obnizaé si¢ bedzie tempo metabolizmu glikolitycznego,
co bedzie si¢ manifestowato tagodniejszym zaburzeniem rownowagi kwasowo-zasadowej, mniejsza dynamika
odpowiedzi oddechowej na wysitek, mniejsza emisja ciepta. Badania wskaza takze roznice pomigdzy rozwojem
procesu zmeczenia u Sporowcow na roznym poziomie (od sportu akademickiego az po zawodnikow Kadry Narodowej)
oraz pomigdzy zawodnikami o r6znym do§wiadczeniu w wykonywaniu interwalowych treningéw glikolitycznych (w
badaniach wezma udziat osoby, ktore nie wykonywaty wczesniej tego typu wysitkdw oraz zawodnicy trenujacy w ten
sposob przynajmniej od roku). Ponadto beda sledzone zmiany adaptacyjne: dystrybucji mocy, krazeniowe, oddechowe,
rownowagi kwasowo-zasadowej, promieniowania termicznego w o$miotygodniowych odstgpach. Spodziewamy sig, ze
po kilku latach treningu zmini si¢ dystrybucja mocy w kolejnych powtorzeniach i seriach powtorzen, na skutek uczenia
si¢. Zmiany te moga by¢ powiazane z rozwojem uktadu nerwowego, czego odzwierciedleniem bedzie wzrost stgzenia
biatka BDNF w surowicy krwi.
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E. HARMONOGRAM WYKONANIA PROJEKTU BADAWCZEGO - PLAN ZADAN

Przewidywane Planowany

Lp. Nazwa zadania badawczego koszty czas

. trwania
zadania (zt) .
(miesiace)
1. | Zakup niezbgdnej aparatury - trenazera Cyclus 2 36 000 1
2. | Wykonanie wstepnych badan wysitkowych oraz oznaczenia biatka BDNF 17 920 1
3. Wykonywanie kontrolnych badan wysitkowych i kolejnych oznaczen biatka 178 200 2
BDNF
4. | Wykonanie koncowych badan wysitkowych oraz oznaczen biatka BDNF 17 800 1
5. | Publikacja prac naukowych 4 000 12
6. | Udziat w konferencjach naukowych 10 000 1
Suma kosztéw zadan: 263 920
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F. KOSZTORYS PROJEKTU BADAWCZEGO
Pozycia Rok Rok Rok Rok Razem
2014 2015 2016 2017
1 2 3 4 5 6
Koszty bezposrednie realizacji projektu, w tym: 0| 133800 97 000 8700 | 239 500
- wynagrodzenia wraz z pochodnymi 0 35000 35000 0| 70000
- inne koszty bezposrednie, w tym: 0 98 800 62 000 8700 | 169 500
i):é);‘itzzz;lkupu lub wykonania aparatury naukowo- 0 36 000 0 ol 36000
Koszty posrednie 0 11 736 11 640 1044 | 24 420
Koszty realizacji projektu ogélem 0| 145536 | 108 640 9744 | 263 920
Kalkulacja poszczegdlnych pozycji kosztorysu:
wynagrodzenia wraz z pochodnymi:
a) liczba oséb przewidzianych do udzialu w realizacji projektu: 4
w tym pracownikow naukowych i doktorantow: 4
b) ogdtem liczba osobomiesigcy: 192
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Opis planowanej do zakupienia lub wytworzenia aparatury naukowo-badawczej (poda¢ nazwe zakupu,
planowany przewidywany koszt, planowany miesiac zakupu lub wytworzenia liczony od rozpoczecia realizacji
projektu oraz merytoryczne uzasadnienie).

a) Cykloergometr Cyclus 2: planowany koszt zakupu 36000PLN, planowany termin zakupu 1-2 miesiac.
Cykloergometr umozliwania wykonanie testow wysitkowych na wlasnym rowerze badanego. W ten sposob warunki
wykonania testu bgda zblizone specyfika do warunkow treningowych.

Uzasadnienie wysokos$ci planowanych innych kosztow realizacji projektu (wymieni¢ rodzaj kosztow, wysokos¢
oraz ich powiazanie z planem zadan projektu,uzasadnienie zlecenia realizacji zadan harmonogramu innym
jednostkom).

Zakup odczynnikdw i czesci wymienialnych do aparatu RapidLab 348:
- zestaw wezykow, probek i odezynnikoéw - 2000PLN (2kpl)

- gazy kalibracyjne Cal/Slope - 4500PLN (4szt)

- zestaw buforéw kalibracyjnych - 4700PLN (4kpl)

- zestaw ptuczacy - 4000PLN (4kpl)

- probki kontrolne - 600PLN (2szt)

- ptyn odbiatczajacy - 400PLN (2szt)

- ptyn kondycjonujacy - SOOPLN (4szt)

- elektrody pO, - 11000 PLN (4szt)

- elektrody pCO, - 11000 PLN (4szt)

- elektrody K* - 11000 PLN (4szt)

- elektrody Na* - 11000PLN (4szt)

- elektrody CI" - 11000PLN (4szt)

- elektrody Ca*™ - 11000PLN (4szt)

Analizator umozliwia obserwacj¢ zmian w parametrach rownowagi kwasowo-zasadowej. Zmiany te moga wyjasniac
w jaki sposob dochodzi do zmgczenia podczas testu i treningu interwatowego. Jezeli zmgczenie w takim treningu jest
zwiazane z mniejsza rekrutacja jednostek motorycznych szybkokurczliwych, obniza¢ powinno si¢ tempo metabolizmu
glikolitycznego i kolejnym wysitkom towarzyszy¢ powinno tagodniejsze zaburzenie rownowagi kwasowo-zasadow;j
krwi.

Zakup paskow testowych do analizatora LactateScout (1200szt) - 11000PLN. Pomiar st¢zenia mleczanu dostarczy
szybkiej informacji o natgzeniu przemian glikolitycznych. Informacja ta bedzie podstawa do kontynuacji lub
przerwania serii wysitkow.

Zakup odczynnikéw Himan BDNF Elisa Kit 96T (umozliwiajacy wykonanie 300 testow) - 23000PLN. Pomiar stgzenia
tego biatka bedzie pomocny przy ocenie rozwoju uktadu nerwowego. Wielokrotne wykonywanie cigzkich wysitkow
wysitkow prowadzi do zmian nat¢zenia pracy w czasie wysiltku (ang. pacing strategy).Obniza si¢ moc na poczatku
trwania wysitku oraz wzratsta w jego koncowej fazie. Spodziewamy si¢ podobnych zmian w wielokrotnie
powtarzanych wysitkach tj. test Wingate. Mozliwe, Ze zmiany nat¢zenia pracy w czasie wysitku sa powiazane z
poprawa sprawnosci przesytu bodzcéw w uktadzie nerwowym.

Zakup kapilaroprobowek (3000szt) - SO0PLN
Zakup rekawiczek lateksowych jednorazowych (2000szt) - 300PLN

Udziat w dwoch konferencjach naukowych (np. European College of Sport Science w Malmo) - 10000PLN. Uzyskane
dane bgda prezentowane podczas konferencji naukowych.

Thumaczenia artykuléw naukowych na jezyk angielski - 2000PLN.

Koszty publikacji artykutéw w czasopismach anglojezycznych - 4000PLN.
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G. OSWIADCZENIA KIEROWNIKA JEDNOSTKI NAUKOWEJ

1. Oswiadczam, ze zapoznatem si¢ z wnioskiem o finansowanie projektu badawczego pt. Proba identyfikacji
skutkow glikolitycznego treningu interwatowego za pomoca parametrow fizycznych, fizjologicznych i
biochemicznych

2. Os$wiadczam, ze w jednostce istnieja warunki zapewniajace nalezyte wykonanie projektu i w przypadku
zakwalifikowania projektu do realizacji zobowiazujg si¢ do:

¢ wlaczenia projektu do planu zadaniowego jednostki

¢ udostgpnienia pomieszczen, aparatury i obstugi administracyjno-finansowe;j

e zatrudnienia os6b niezbgdnych do wykonania projektu na podstawie uzgodnionej z kierownikiem projektu i
wykonawcami formy zatrudnienia

e sprawowania nadzoru nad realizacja projektu i prawidtowoscia wydatkowania §rodkow finansowych

3. Oswiadczam, ze jednostka nie moze zapewni¢ dostgpu do urzadzen wymienionych w wykazie aparatury
planowanej do zakupu w projekcie

4. Oswiadczam, ze zgodnie z moja wiedza, wykonanie zadan objetych wnioskiem nie narusza praw osob trzecich

5. Oswiadczam, ze zadania badawcze objgte niniejszym wnioskiem nie byly ani nie sa obecnie finansowane ze
srodkow budzetowych na nauke

6. Oswiadczam, ze projekt obejmuje badania:

1. naludziach, wymagajace zgody wlasciwej komisji bioetycznej;

2. [ W1 at——wy agaia SOCY OT1isS Cty GSTCOSW

i zobowiazujg sig, w przypadku zakwalifikowania projektu do realizacji, przedstawi¢ wraz z projektem umowy
kopie dokumentoéw potwierdzajacych uzyskanie zgdd wlasciwych komisji lub zgdd wymaganych na podstawie
przepiséw o ochronie przyrody lub organizmach genetycznie modyfikowanych
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H. INFORMACJE O OSOBIE ODPOWIEDZIALNEJ ZA WNIOSEK

Imig i nazwisko Rafal Hebisz

Telefon A
E-mail R

(ie SeoWOSE. At s e o e e s

Pieczec jednostki Kierownik jednostki Glowny ksiegowy/Kwestor Kierownik projektu

Data Podpis i pieczec Podpis i pieczgc Podpis
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ZALACZNIKI

Dane zalacznika

1. | Etykieta zatacznika Opinia podmiotu sportowego zainteresowanego praktycznym wykorzystaniem
wynikow badan.

2. | Nazwa pliku zatacznika Opinia AZS Politechnika Wroctawska oraz AZS AWF Wroctaw.pdf

3. | Wielkos$¢ pliku zatacznika

beiito) 269461
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KLUB SPORTOWY
AKADEMICKIEGO ZWIAZKU SPORTOWEGO
AKADEMII WYCHOWANIA FIZYCZNEGO

AZS WE WROCLAWIU

Sports Students Union
Sports Club ol the University Schaol of Physical Education in Wroclaw

wnomw Al Paderewskiego 35 Tel. (=48) (71) 347-32-23. telifax {148) (71) 348-39-28

51-612 Wroclaw e-maii: azs(@awf, wroc.pl
NIP 896-000-46-27 K-to: BZWBK S.A. ofWroclaw 77 1090 1322 0000 0000 5201 6094
SEKCIE:
Akrobatyka Judo Ju-Jitsu Lekkoatletyka PPitka Reczna Kobiet Plywanie
Szermierka Biathlon Paintball CGiimnastyka Sportowa  Gimnastyka Artystyezna Tackwondo

Wroctaw dn. 15.07.2014

Ministerstwo Nauki i Szkolnictwa Wyiszego
Ul, Wspdlna 1/3

00-529 Warszawa

W imieniu Klubu Sportowego AZS AWF Wroctaw wyrazam pozytywng opinie o projekcie pt.:
Proba identyfikacji skutkow glikolitycznego treningu interwatowego za pomocq parametrow
fizycznych, fizjologicznych i biochemicznych. Jednoczesnie wyrazam zgode na udziat w nim
zawodnikow klubu AZS AWF Wroctaw, Uwazam, ze uzyskane wyniki mMogg przyczynic sie do rozwoju
metod kontroli obcigzenia treningowego w sparcie wyCczynowym.

ROCLAW

o Rokita
profesor nadzwyczainy
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Wroclaw dn. 14.07.2014
Akadamicki ¥iub Sportowy Politechnike Wroctawseka
ul. Chetmonskiego 16
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W imienmiu Akademickiego Klubu Sportowege Foltechnika Wroclawska wyrazam pozvtywna
opinie o projekcie pt. Proba identyfikac skuthow glikciitycznego tremingu interwalowego za pomocg
parametrow fizycznych, fizjologicznych i bicchemicznych Jednoczesnie wyrazam chec zgtoszenia do
proje<tu sportowcow naszego klubu. Jestem takie zainteresowany wykorzvstaniem \:;:ymké\a{ tego

eksperymentu w szkoieniu naszych spertowcow.
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INFORMAC]JA NAUKOMETRYCZNA - POSTEPOWANIE HABILITACYJNE
Informacje dotyczace catego dorobku naukowego

dr Paulina Hebisz

Liczba punktéw za
Liczba punktéw za monografie i rozdzialy
artykuly w naukowe oraz
czasopismach redaktorstwa
naukowych zgodnie z monografii nankowych
wykazami MEIN/MNiSW | zgodnie z wytycznymi
MEiN/MNiSW
do roku od roku do roku od roku
2019 2019 2017 2017
Przed uzyskaniem stepnia doktora 17 - - -
Po uzyskaniu stopnia doktora 202 1310 - -
Suma 219 1310 - -
Wartos¢ wskaznika Impact Factor
Przed uzyskaniem stopnia doktora 0.242
Po uzyskaniu stopnia doktora 43.641
Suma 43.883
Liczba cytowan Author Search Cited Reference Search
ogdtem 100 112
bez autocytowan 59 68
autocytowania 41 44
Indeks Hirscha 6 6

Informacje wykazane w tabeli opracowano na pedstawie bazy Web of Science Core Collection.
Liczba cytowod podana zostata dwoma metodami: Author Search oraz Cited Reference Search.




Zalaczone wykazy:
Przed uzyskaniem stopnia doktora oraz po uzyskaniu stopnia dektora:

1. Wykaz opublikowanych artykutdéw w czasopismach naukowych (z zaznaczeniem cyklu
powigzanych tematycznie artykuldw naukowych, zgodnie z art. 219 ust. 1 pkt. 2b Ustawy).

2. Wykaz opublikowanych rozdzialéw w monografiach naukowych,
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Biblinteka Gtdwna

uloadama Mickiewicza 98, 571-684 Wroctaw

dr Paulina Hebisz
Wykaz publikacji punktowanych po uzyskaniu stopnia doktora

Wykaz powigzanych tematycznie artykuléow naukowych Pun
L.p. | stanowiacych podstawe ubiegania sie o nadanie stopnia MEil\}l /NIITI:IJ;SW IF
doktora habilitowanego

Hebisz Paulina, Hebisz Rafal, Zaton Marek, Ochmann
Bartosz, Mielnik Natalia.

Concomitant application of sprint and high-intensity interval
1 training on maximal oxygen uptake and work output in well- 35 2.130
trained cyclists.

Eurapean journal of Applied Physiology: 2016 : vol. 116, nr 8,
s. 1495-1502.

Hebisz Paulina, Hebisz Rafat, Murawska-Ciatowicz Eugenia,
Zaton Marek.

Changes in exercise capacity and serum BDNF following 20 2592
long-term sprint interval training in well-trained cyclists. ’
Applied Physiology Nutrition and Metabolism: 2019 : vol. 44,
nr 5, s. 469-506.

Hehbisz Rafal, Hebisz Paulina, Borkowski Jacek, Zaton
Marek.

Effects of concomitant high-intensity interval training and
3 sprint interval training on exercise capacity and response to 40 0474
exercise - induced muscle damage in mountain bike cyclists
with different training backgrounds.

Isokinetics and Exercise Science: 2019 : vol. 27, nr 1, 5. 21-29.

Hebisz Paulina, Hebisz Rafal.

The effect of polarized training (SIT, HIIT, and ET) on muscle
4 1 thickness and anaerobic power in trained cyclists. 140 4.614
International Jeurnal of Environmental Research and Public
Health: 2021 : vol. 18, nr 12, art. 6547, 5. 1-10.

Hebisz Paulina, Hebisz Rafat, Jastrzebska Agnieszka.

An attempt to predict changes in heart rate variability in the
5 | training intensification process among cyclists. 140 4.614
International journal of Environmental Research and Public
Health: 2021 : vol. 18, nr 14, art. 7636, 5. 1-16.

Hebisz Rafal, Hebisz Paulina, Danek Natalia, Michalik Kamil,
Zatof Marek.

Predicting changes in maximal oxygen uptake in response to
polarized training (sprint interval training, high-intensity 100 3200
interval training, and endurance training) in mountain bike ’
cyclists.

Journal of Strength and Conditioning Researci: 2022 : vol. 36,
nr 6,s. 1726-1730.

Hebisz Paulina, Hebisz Rafal, Drelak Maja.
Comparison of aerobic capacity changes as a result of a
polarize_d or block training program among trained 140 4614
mountain bike cyclists.

International fournal of Environmental Research and Public
Health: 2021 : vol. 18, nr 16, art. 8865, 5. 1-11.




Wykaz artykuléw w czasopismach naukowych

Jastrzebska Agnieszka, Hebisz Rafat, Hebisz Paulina.
Temporal skin temperature as an indicator of
cardiorespiratory fitness assessed with selected methods.
Biology: 2022 :vol. 11, nr 7, art. 948,s. 1-12.

100

4,200

Hebisz Paulina, Cortis Cristina, Hebisz Rafal.

Acute effects of sprint interval training and chronic effects of
polarized training (sprint interval training, high intensity
interval training, and endurance training) on choice reaction
time in mountain bike cyclists.

International Journal of Environmental Research and Public
Health: 2022 :vol. 19, nr 22, art. 14954, 5. 1-16.

140

10

Hebisz Rafal, Borkowski Jacek, Hebisz Paulina.

Creatine kinase and moglobin plasma levels in mountain
bike and road cyclists 1 h after the race.

International Journal of Environmental Research and Public
Health: 2022 : vol. 19, nr 15, art. 9456, 5. 1-10.

1440

11

Hebisz Rafat, Hebisz Paulina, Zaton Marek.

Heart rate variability after sprint interval training in cyclists
and implications for assessing physical fatigue.

Journal of Strength and Conditioning Research: 2022 : vol. 36,
nr 2, s. 558-564.

100

3.200

12

Hebisz Paulina, Jastrzebska Agnieszka, Hebisz Rafat.

Real assessment of maximum oxygen uptake as a verification
after an incremental test versus without a test.

Frontiers in Physiology: 2021 :vol 12, art. 739745, s. 1-8.

160

4.755

13

Hebisz Rafal, Btacha Ryszard, Hebisz Paulina, Szczepan
Stefan.

The relationship between the gross efficiency and the ability
to repeat the given pressure force in trained cyclists.

Human Movement: 2019 : vol. 20, nr 1, 5. 48-54.

40

4314

Hehisz Rafat, Hebisz Paulina, Zatoh Marek.

Effects of long-term sprint interval training on work
efficiency and acid-base balance in mountain bike cyclists.
Medicina deilo Sport: 2019 :vol. 72, nr 1,s. 12-24.

20

0.406

15

Hebisz Rafal, Hebisz Paulina, Borkowski Jacek, Wierzbicka-
Damska Iwona, Zaton Marek

Relationship between the skin surface temperature changes
during sprint interval testing protocol] and the aerobic
capacity in well-trained cyclists.

Physiological Research: 2019 : vol. 68, nr 6, 981-989.

40

1.655

16

Hebisz Paulina, Hebisz Rafal, Borkowski Jacek, Zaton
Marek.

Time of VO2max plateau and post-exercise oxygen
consumption during incremental exercise testing in young
mountain bike and road cyclists.

Physiological Research: 2018 : vol. 67, nr 5,5. 711-7165.

20

1.701




17

Hebisz Rafal, Hebisz Paulina, Zaton Marek, Michalik Kamil.
Peak oxygen uptake in a sprint interval testing protocol vs.
maximal oxygen uptake in an incremental testing protocol
and their relationship with cross-country mountain biking
performance,

Applied Physiology Nutrition and Metabolism: 2017 : vol. 42,
nr4,s.371-376.

30

2.518

18

Hebisz Rafal, Hebisz Paulina, Zaton Marek.

Work efficiency in repeated sets of sprint interval exercise in
cyclists.

Journal of Sports Medicine and Physical Fitness: 2017 : vol.
57,nr 3, s. 195-201.

20

1.120

19

Michalik Kamil, Zatonn Marek, Hebisz Paulina, Hehisz Rafal.
Heart rate and oxygen uptake recovery and the level of
aerobic capacity in mountain bikers.

Polish Journal of Sport and Tourism: 2017 : vol. 24, nr 4, s.
242-246.

14

20

Hebisz Paulina, Hebisz Rafal, Bakonska-Pacofi Ewa, Zaton
Marek.

Acute hematological response to a single dose of sprint
interval training in competitive cyclists.

Science & Sports: 2017 :vol. 32, nr 6, 5. 369-375.

15

0.763

21

Hebisz Rafat, Hebisz Paulina, Borkowski Jacek, Zatoii
Marek.

Differences in physiological responses to interval training in
cyclists with and without interval training experience.
Journal of Human Kinetics: 2016 : vol. 50, 5. 93-101.

15

0.798

22

Hebisz Rafat, Hebisz Paulina, Zatoh Marek.

Impact of training with additional respiratory dead space on
spirometry and exercise respiratory pattern in cyclists.
Central European fournal of Sport Sciences and Medicine:
2015:vol. 9, nr 1, 5.75-83.

12

23

Hebisz Paulina, Hehisz Rafal, Zatonii Marek, Borkowski
Jacek.

Dynamics of changes in power output, heart rate, and
disorders of acid-base balance during intervai training in
mountain cyclists.

Isokinetics and Exercise Science: 2015 : vol. 23, nr 4, s. 24.5-
252

15

0.357

24

Hebisz Paulina, Hebisz Rafal, Zatoii Marek,

Body balance in a free-standing position in road and off-road
cyclists.

Baltic Journal of Health and Physical Activity: 2014 : vol. 6, nr
4, s. 245-251.

11

25

Hebisz Paulina, Hebisz Rafal, Zaton Marek.

Changes in breathing pattern and cycling efficiency as a
result of training with added respiratory dead space volume.
Human Movement: 2013 : vol. 14, nr 3, 5. 247-253.

14

26

Zaton Marek, Hebisz Paulina, Hebisz Rafat.

Zmiany fizjologiczne u kolarzy szosowych i gorskich pod
wplywem wieloletniego treningu.

Sport Wyczynowy: 2011 : R.49, nr 3, 5.69-80.

Suma

1512

OfrodekT

43.641
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Biblioteka Gitdwna
Ul Adame Mickiewicza 98, B1-684 Wroctaw

Dr Paulina Hebisz

Wykaz publikacji punktowanych przed uzyskaniem stopnia doktora

to.03.8028 gy

. Punkty
L.p. Wykaz artykuldw w czasopismach naunkowych MEIN /MNiSW IF

Zaton Marek, Hehisz Rafal, Hebisz Paulina.
The effect of training with additional respiratory dead

il space on haematological elements of blood. 13 0.242
Isakinetics and Exercise Science: 2010 : vol.18, nr 3,5.137-
143,
Zaton Marek, Hebisz Rafal, Hebisz Paulina, Bakonska-
Pacon Ewa.

5 Whplyw treningu z powiekszong objetoscia oddechowej 2 i
przestrzeni martwej na zmiany parametrow réwnowagi
kwasowo-zasadowej.
Sport Wyczynowy: 2008 : R. 46, nr 7-9, 5. 105-116.
Zaton Marek, Hebisz Paulina, Hebisz Rafal.

3 Zmiany oddechowe pod wplywem treningu z powiekszong 5 )
objetoscia oddechowej przestrzeni martwej.
Sport Wyczynowy: 2008 : R. 46, nr 4-6, 5. 28-38.

Suma 17 0.242
Odrodek Informacii Naukowe]
AWF Wroctkaw
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Zapytanie: HEBISZ PAULINA

Autorzy: Justregbska Agnjeszha, Hebisz Rafal, Hebisz Paulina,

Tytul oryginahu: Temporal skin temperature as an indicator of cardiorespiratory fitness assessed
with selected methods

Crasopismo: Bielogy

Szczegdly: 2022 : vol, 11, nr 7, art. 348, s. 1-12, ryc., tab., biblicgr. 68 poz.

Charakt. formalna: zagraniczny artykul

Impaect Factor: 4.200

Punktacja MEIN: 100.000

Awutorzy: Hebisz Paulina, Cortis Cristina, Hebisz Rafat.

Tytut eryginatu: Acute effects of sprint interval training and chronic effects of polarized training
{(sprint interval training, high intensity interval training, and endurance training) on choice reacticn
time in mountain bike cyclists

Czasopismeo: Inlermational Journal of Environmental Research and Public Health

Szezegoly: 2022 : vol. 19, nr 22, art. 14954, 5. 1-16, ryc,, tab., bibliogr. 63 poz.

Charakt. formazaina: zagraniczny artykul

Punktacja MEiIN: 140.000

Autorzy: Hebisz Rafal, Borkowski Jacek, Hebisz Paulina.

Tytul oryginatu: Creatine kinase and moglobin plasma levels in mountain bike and road cyclists 1
b after the race

Czasopisme: International Journal of Environmental Research and Public Health

Szezegoly: 2022 : vol. 19, nr 15, art. 9456, s. 1-10, tab,, bibliogr. 43 poz.

Charakt. formalna: zagraniczny artykut

Punktacja MEIN: 140.000

Autorzy: Hebisz Rafal, Hebisz Paulina, Zalon Marek,

Tytul oryginatu: Heart rate variability after sprint interval training in ¢yclists and implications for
assessing physical fatigue

Czasopismo: Journal of Strength and Conditioning Research

Szezegoly: 2022 : vol. 36, nr 2, 5. 358-564, ryc., tab., hibliogr. 45 poz.

Charzkt. formalna: zagraniczny artykut

Impact Factor: 3.200

Punktacja MEIN: 1006.000

Autorzy: Hebisz Rafal, Hebisz Paulina, Danek Nataliz, Michalik Kamil, Zatofi Marek.

Tytul oryginatu: Predicting changes in maximal oxygen uptake in response to polarized training
(sprint interval training, high-intensity interval training, and endurance training) in mountain bike
cyclists

Czasopismo: Journal of Strength and Conditioning Research

Szczegoly: 2022 : vol. 36, nr 6, 5. 1726-1730, tab., bibliogr. 44 poz.

Charakt. formalna: zagraniczny artykut

Impact Factor: 3.200

Punktacja MEIN: 100.000

1z6 20.07.2023, 09:34
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Autorzy: Hebisz Paulina, Jastrzebska Apnieszka, Hehisz Rafat.

Tytut oryginatu: Real assessment of maximum oxygen uptake as a verification afier an incremental
test versus without a test

Czasopismo: Frontiers in Physiology

Szezegdly: 2021 : vol, 12, art, 739745, s. 1-8, rye., tab., bibliogr. 40 poz.

Charakt. formalna: zagraniczny artykut

Impact Factor: 4,755

Punktacja MEIN: 100.000

q
Autorzy: Hebisz Paulina, Hehisz Rafat, Jastrzebska Agnieszka,
Tytul oryginalw: An attcmpt to predict changes in heart rate variability in the training
intensification process amoeng cyclists
Czasopismo: International Journal of Environmental Research and Public Health
Szezegoiy: 2021 : vol. I8, nr 14, art. 7636, 5. 1-16, ryc., tab,, bibliogr. 45 poz.
Charakt, formalna: zagraniczny artykut
Impact Factor: 4.614
Punktacja MEIN: 140.000

&
Autyrzy: 1lebisz Pauling, Hebisz Rafal, Drelak Maja.
Tytul oryginatu: Comparison of aerobic capacity changes as a result of a polarized or block
training program among trained mountain bike cyclists
Czasopisme: International Journal of Environmental Research and Public Health
Szezegdly: 2021 - vol. 18, nr 16, art. 8865, 5. 1-11, ryc., tab., hibliogr. 3% poz.
Charakt. formalna: zagraniczny artykut
Impact Factor: 4.614
Punktacja MEiN: 140.000

9
Autorzy: Hebisz Paulina, Hebisz Rafal.
Tytul oryginalu: The effcet of polarized training (SIT, HIIT, and ET) on muscle thickness and
anaerobic power in trained cyclists
Ceasopismeo: [nternational Journal of Environmental Research and Public Healih
Szezegoly: 2021 : vol. 18, or 12, art. 6547, 5. 1-10, ryc. tab. bibliogr. 46 poz.
Charakt. formalna: zagraniczny artykul
Impact Factor: 4.614
Punktacja MEiN: 140.000

51
Autorzy: Hebisz Paulina, Hebisz Rafal, Murawska-Clatowicz Eugenia, Zaton Marek.
Tytut oryginalu: Changes in exercise capacity and serum BDNF following long-term sprint
interval training in well-trained cyclists
Czasopismo: Applied Physiology Nutrition and Metabolism
Szezegdly: 2019 : vol. 44, nr 5, s, 499-5046, ryc., tab., bibliogr. [33] poz.
Charakt. formalna: zagraniczny artykut
Impact Factor: 2,522
Punktacja MEIN: 70.000

11

Awtorzy: Hebisz Rafal, Blacha Ryszard, Hebisz Paulina, Szczepan Stefan.

Tytul oryginalu: The relationship belween the gross efficiency and the ability to repeat the given
pressure force in trained cyvelists

Czasopismo: Human Movement

Szezegoly: 2019 : vol. 20, nr 1, 5. 48-54, rys., tab., bibliogr. 43 poz.

Charaki. formalna: poiski artykut

Punktacja MEiN: 40.000

2z6 20.07.2023, 09:34
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Autorzy: Hebisz Ralat, Hebisz Paulina, Borkowski Jacek, Zaton Marek.

Tytul oryginalu: Effects of concomitant high-intensity interval training and sprint intcrval training
omn exercise capacity and response to exercise- induced muscle damage in mountain bike cyclists
with different training backgrounds

Czasopismo: [sokinetics and Exercise Science

Szezeghly: 2019 : vol. 27, nor 1, 5. 21-29, ryc., tab., bibliogr. 38 poz.

Charakt. formaina: zagraniczny ariykut

Impact Factor: 0.474

Punktacja MEIN: 40.000

Autorzy: Hebisz Rafal, Hebisz Panlina, Zatofi Marck,

Tytul oryginatu: Effects of long-term sprint interval training on work efficiency and ucid-base
balance in mountain bike cyclists

Czasopismo: Medicina delio Sport

Szezeghly: 2019 : vol. 72, or 1, 5. 12-24

Uwagi: Brak dostepu do petnego artykutu.

Charakt, formalna: zagraniczny artykut

Impact Factor: 0.406

Punktacja MEIN: 20.600
14

Autorzy: Hebisz Rafat, Hebisz Paulina, Borkowski Jacek, Wierzbicka-Damska lwona, Zaton
Marek.

Tytul oryginatlu: Relationship between the skin surface temperature changes during sprint interval
testing protocol and the aercbic capacity in well-trained cyclists

Czasopismo: Physiological Research

Szezegdly: 2019 : vol. 68, nr 6, 381-289, ryc., tab., bibliogr, [48] poz.

Charake. formalna: zagraniczny artykut

impact Factor: 1,655

Punktacja MEiIN: 40.000

Autorzy: Hebisz Paulina, Hebisz Rafal, Borkowski Jacek, Zaton Marek,

Tytut eryginatu: Tine of VO2max platean and post-exercise oxygen consumption during
incremental exercise testing in young mountain bike and road cy¢lists

Czasopismao:; Physiological Research

Szezegoly: 2018 : vol. 67, nr 5, s. 711-719, vys., tab., bibliogr, [51] poz.

Charakt. formalna: zagraniczny artyku?

Impact Factor: 1.701

Punktacja MEiN: 20.000
16

Autorzy: Hebisz Rafal, Hebisz Paulina, Zaton Marek, Michalik Kamil.

Tytul oryginatu: Peak oxygen uptakes in a sprint interval testing protocol vs. maximal oxygen
uptake in an incremental testing protocol and their relationship with eross-country mountain biking
performance

Czasopismo: Applied Physiology Nutrition and Metabolism

Szezegdly: 2017 : vol42, nr 4, 5, 371-376, ryc., tab., bibliogr. 2% poz., res.

Charakt. formalna: zagraniczny artykut

Impact Factor: 2.518

Punktacia MEIN: 30.060

Autorzy: Hebisz Rafal, Hebisz Paulina, Zatofi Marek.

Tytul eryginalu: Work efficiency in vepeated sets of sprint intcrval exercise in cyclists
Czasopismo: Journal of Sports Medicine and Physical Fitness

Szezegoly: 2017 : vel. 37, nr 3, 5. 195-201, tab., bibliogr. 31 poz.

Charakt. formalna: zagraniczny artykut

Impact Factor: 1.120

Punktacja MEiN: 20.000

https:/faleph.awf wroc.pl/egi-binfexpertus.cgi
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13
Autoerzy: Michalik Kamil, Zaton Marek, Hebisz Paulina, Hebisz Rafat.
Tytut eryginatu: Heart rate and oxygen uptake recovery and the level of acrobic capacity in
mountain bikers
Czasopismo: Polish Journal of Sport and Tourism
Szezegbly: 2017 : vol. 24, nr 4, s, 242-246, rve., tab., bibliogr. 35 poz., sum.
Charakt. formalna: polski artykul
Punktacja MEiIN: 14,000

19
Autorzy; ehisz Pauling, Hebisz Ratat, Bakonska-Pacorn Ewa, Zaton Marek.
Tytut oryginahu: Acute hematological response to a single dose of sprint interval training in
competitive cyclists
Czasopismo: Science & Sports
Szczegdtly: 2017 ; vol, 32, nr 6, 5. 369-375, rvc,, tab., bibliogr. 36 poz.
Charakt. formalna: zagraniczny artykut
Impact Factor: 0,763
Punktacja MEiIN: 15.000

i1
Autorzy: Hebisz Paulina, Hebisz Rafal, Zaton Marek.
Tytul oryginatu: The long-term effects of sprint interval training on physiological response to
repeted maximal sprint cycling
Tytut calosci: W: 21st Annual Congress of the European College of Sports Science, 6th-9th July
2016, Vienna - Austria : book of abstracts / ed. by Baca A., Wessner B., Diketmuller R. et al.
Opis fizyczay: s. 708
p-1SBN; 978-3-00-053383-0
Charakt. formalna: zagraniczne streszczenie zjazdowe

21

Autorzy: Hebisz Paulina, Hebisz Rafal, Zatori Marek, Ochmann Bartesz, Mielnik Natalia.

Tytul eryginaln: Concomitant application of sprint and high-intensity interval training on maximal
oxygen uptake and work output in well-trained cyclists

Czasopismo: European Journal of Applied Physiology

Szezegity: 2016 : vol. 116, nr 8, 5. 1495-1502, ryc,, tab,, bibliogr. 42 poz. sum.

Charakt. formalna: zagraniczny ariykut

Impact Factor: 2. 130

Punktacja MEiIN: 35.000
22

Autorzy: Hebisz Rafal, Hebisz Paulina, Borkowski Jacek, Zaton Marek.

Tytut eryginatu: Differences in physiological responses to interval training in cyclists with and
without interval training experience

Crasopismo: Journal of Human Kinetics

Szezegdly: 2016 : vol. 50, 5. 93-101, tab., bibliogr. 35 poz.

Charakt. formalna: polski artykut

Impact Factor: 0.798

Punktacja MEIN; 13,000
23

Autorzy: Hebisz Rafal, Hebisz Paulina, Zatorh Marek,

Tytul oryginalu: Impact of training with additional respiratory dead space on spirometry and
exercise respiratory pattern in cyclists

Czasopisme: Central European Journal of Sport Sciences and Medicine

Szezegoty: 2015 < vol. 9, nr 1, 5.75-83, ryc., tab., hibliogr. [31] poz.

Charakt. formalna: polski artykut

Punktacja MEIN: 12.080

hitps://aleph.awf.wroc.pl/cgi-bin/expertus.cgi
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24
Autorzy: Hebisz Paulina, Hebisz Rafal, Zaton Marek, Borkowski Jacek.
Tytul oryvginalu: Dynamics of changes in power output, heart rate, and disorders of acid-base
balance during in{erval training in mountain cyclists
Czasopismo: Tsokinetics and Exercise Science
Szezeghly: 2015 ; vol. 23, nr 4, 5, 245-252, ryc., tab., bibliogr. 39 poz.
Charakt. formalna: zagraniczny artykut
Impact Factor: 0.357
Punktacja MEIN: 15.000
23

Autorzy: tHebisz Pauling, Hebisz Rafal, Zaton Marek, Madg) Wojciech.
Tytnt oryginale: Zmiany wydolnosci fizycznej pod wphrwem treningdw pojemnosci glikolitycznej
1 pajemnoset tlenowej wykonywanych z zastosowaniem powickszonej objgtodei oddechowey
przestrzeni martwej
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