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I Wskazanie osiagni¢cia wynikajacego z art. 187, pkt 3 Ustawy z dnia 20 lipca 2018 r.

— Prawo o szkolnictwie wyzszym i nauce (Dz.U. 2018 poz. 1668).

Osiagnigcie naukowe stanowi cykl publikacji sktadajacy si¢ z 3 oryginalnych

artykutéw o tacznej punktacji 320 punktow MNiSW (wg wykazu z 2020 roku) oraz

sumarycznym wskazniku Impact Factor (IF) wynoszacym 8.884.

I 1. Tytul osiagniecia naukowego/artystycznego:

Wptyw interaktywnych gier wideo na aktywno$¢ i wydolno$¢ fizyczng dzieci

leczonych z powodu biataczki

I 2. Autor/autorzy, tytul/tytuly publikacji, rok wydania, nazwa wydawnictwa:

1.

Kowaluk A, Wozniewski M, Malicka 1. Physical Activity and Quality of Life of
Healthy Children and Patients with Hematological Cancers. Int ] Environ Res Public
Health. 2019, 16(15), 2776. doi: 10.3390/ijerph16152776.

Punktacja MNiSW — 140 pkt, warto$¢ wskaznika IF —2.849

Kowaluk A, Wozniewski M. Peak Oxygen Uptake and Exercise Capacity of
Children Undergoing Leukemia Treatment. Int J Environ Res Public Health. 2020,
17(23), 8732. doi: 10.3390/ijerph17238732.

Punktacja MNiSW — 140 pkt, wartos¢ wskaznika IF — 3.390

Kowaluk A, Wozniewski M. Interactive Video Games as a Method to Increase
Physical Activity Levels in Children Treated for Leukemia. Healthcare 2022, 10(4),
692. https://doi.org/10.3390/healthcare10040692.

Punktacja MNiSW — 40 pkt, warto$¢ wskaznika IF — 2.645



Inne publikacje autora rozprawy doktorskiej:

1. Kowaluk A, Wozniewski M. Physical activity and quality of life in children treated
for leukaemia. Physiother Quart. 2018, 26(2), 9—18. doi: 10.5114/pq.2018.75994

2. Kowaluk A, Wozniewski M. Interactive video games to promote physical activity
among healthy children and youths. Pediatr Pol 2019, 94 (3): 198-204.
doi: https://doi.org/10.5114/polp.2019.86443
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IT 1. Czestos¢ wystepowania choroby nowotworowej wieku dzieci¢cego

W dzisiejszych czasach obserwuje si¢ staly wzrost zachorowalno$ci na nowotwory
ztosliwe. Coraz wigcej danych wskazuje na wzrost liczby zachorowan réwniez w grupie
dzieci i mtodziezy (Smith i wsp., 2010; Hubbard i wsp., 2019). Wynika to migdzy innymi
ze zwigkszonej ekspozycji na czynniki karcinogenne, dziatajace niekorzystnie juz w zyciu
ptodowym, a takze z braku przestrzegania podstawowych zalecen dotyczacych zdrowego
stylu zycia (Carpenter i wsp., 2013; Karalexi i wsp., 2022; Wu i wsp., 2018). Podejmowane
sg liczne inicjatywy, ktore maja na celu zwigkszenie czujno$ci onkologicznej spoleczenstwa
oraz wdrozenie dziatan prewencyjnych, ktorych waznym elementem jest regularna
aktywnos¢ fizyczna (Lugo i wsp., 2019; Rock i wsp., 2022).

Statystyki dotyczace nowotworéw wieku dziecigcego wskazuja, ze schorzenia te
stanowig zaledwie 1% wszystkich zachorowan u dzieci. Oznacza to, ze choroby
nowotworowe wieku dziecigcego wystepuja znacznie rzadziej niz w grupie osob dorostych.
Dane dotyczace krajow europejskich wykazuja, ze kazdego roku w Europie u okoto 15 tys.
dzieci w wieku 0—14 lat diagnozuje si¢ nowotwor ztos§liwy. W grupie mlodziezy 1 mtodych
dorostych (15-24 lat) odnotowuje si¢ dodatkowo 20 tys. nowych zachorowan. W Polsce
faczna liczba dzieci w grupie wiekowej od 0 do ukonczonych 17 lat to okoto 7 mln,
a kazdego roku diagnozuje si¢ od 1100—1200 nowych zachorowafn na nowotwor (Schiiz
i wsp., 2022; Kowalczyk i wsp., 2021).

Rozwd) metod diagnostyczno-terapeutycznych przyczynia si¢ do statego wzrostu
odsetka wyleczonych dzieci. Zdecydowana wigkszo$¢ dzieci zostaje trwale wyleczonych
iuzyskuje catkowita remisje choroby. Dlatego coraz wigkszego znaczenia nabiera
sprawnos$¢ 1 aktywnos$¢ fizyczna os6b z chorobg nowotworowa w wywiadzie, zarowno
w zyciu codziennym jak 1 zawodowym. Wazne sg dziatania prewencyjne oraz promowanie

aktywnosci fizycznej juz w okresie trwania choroby nowotworowe;.



IT 2. Nowotwory ukladu krwiotwérczego

Najczestszym nowotworem wieku dziecigcego sg biataczki. Jest to grupa
nowotworow uktadu krwiotwodrczego, ktéra stanowi 28% wszystkich zachorowan na
nowotwory w grupie dzieci. Ogoélny wskaznik zachorowalnosci na biataczke wieku
dziecigcego wynosi 40—50 nowych zachorowan rocznie na 1 min dzieci. Dane, ktore dotycza
Polski szacujg wskaznik zachorowalno$ci na poziomie 43.1 na 1 min dzieci (Kowalczyk
i wsp., 2021; Wojciechowska i wsp., 2018).

Wickszo$¢ dzieci z rozpoznaniem bialaczki posiada postaé okreslang jako ostrag
biataczke limfoblastyczng (ALL — acute limfoblastic leukemia). Zachorowania na ten rodzaj
nowotworu stanowia 75-85% wszystkich zachorowan na biataczk¢ w grupie dzieci. Drugim
rodzajem biataczek sg ostre biataczki szpikowe (AML — acute myeloid leukemia). Ta grupa
nowotworow stanowi 10-20% wszystkich zachorowan na biataczki. Nieduza grupe
stanowig bialaczki, ktorych komoérki pochodza z niezidentyfikowanych linii (ALAL — acute
leukemia of ambiguous lineage); <0.5% (Kowalczyk i wsp., 2021).

Roézne grupy nowotworéw wieku dziecigcego charakteryzujg si¢ rdzng czgstoscia
wystepowania w poszczegolnych grupach wiekowych, a takze odrebng etiologig. Szczyt
zachorowalno$ci na ostrg bialaczke limfoblastyczng przypada na wczesne lata zycia dziecka
tzn. miedzy 2-4 rokiem zycia (Kowalczyk i wsp., 2021). ALL jest schorzeniem
charakteryzujacym si¢ obecnoscia komoérek biataczkowych wywodzacych si¢ z linii
limfocytow T lub B. Nieprawidtowosci w réznicowaniu si¢ komorek linii limfoidalnej moga
wystgpi¢ na kazdym jej etapie. Zmienione patologicznie komdrki namnazajg si¢ bardzo
szybko, w sposob klonalny, co doprowadza do wyparcia prawidtowych komorek szpiku
przez komorki biataczkowe. Powoduje to przenikanie i gromadzenia si¢ limfoblastow
w weztach chlonnych, §ledzionie watrobie lub innych narzadach (Derwich 1 wsp., 2012).

Ostre bialaczki szpikowe natomiast wystepuja stosunkowo rzadziej. W Polsce
w ciggu jednego roku diagnozuje si¢ okoto 50 nowych zachorowan na AML w grupie dzieci.
Wspotezynnik zachorowalno$ci na ostra bialaczke szpikowa zalezy od wieku dziecka
1 wynosi w grupie niemowlat 1.5/100 tys. dzieci rocznie. Nastepnie wspotczynnik ten obniza
si¢ 1 osigga wartos¢ 0.9/100 tys. dzieci w wieku 1—4 lat oraz 0.4/100 tys. dzieci w wieku 5—
9 lat (Kowalczyk i wsp., 2021). Nieprawidlowos$ci zwigzane z rozwojem ostrej biataczki

szpikowej moga dotyczy¢ wszystkich linii réznicowania si¢ komoérek w szpiku. Klonalnie



namnazajace si¢ komorki biataczkowe doprowadzaja do zahamowania prawidtowej
czynnosci szpiku oraz wyparcia komoérek niezmienionych chorobowo (Szydtowski i wsp.,

2013).
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IIT CEL PRACY

III 1. Cel glowny

Celem rozprawy doktorskiej stanowigcej spoOjny tematycznie zbior trzech
oryginalnych artykutow jest ocena wplywu interaktywnych gier wideo na aktywnos$¢
i wydolno$¢ fizyczng dzieci bedacych w trakcie leczenia z powodu nowotworow

ztosliwych.

III 2. Cele szczegotowe

e Publikacja pt.: Physical Activity and Quality of Life of Healthy Children and Patients

with Hematological Cancers.

Celem przeprowadzonych badan byta ocena poziomu aktywnosci fizycznej 1 jakosci
zycia dzieci bedacych w trakcie i po zakonczonym leczeniu z powodu choroby

NOWOtWOrowe;j.

e Publikacja pt.: Peak Oxygen Uptake and Exercise Capacity of Children Undergoing

Leukemia Treatment.

Celem przeprowadzonych badan byla ocena poziomu wydolnosci krazeniowo-
oddechowej dzieci bedacych w trakcie leczenia z powodu biataczki oraz poréwnanie

uzyskanych wynikow z wynikami dzieci zdrowych.

e Publikacja pt.: Interactive Video Games as a Method to Increase Physical Activity

Levels in Children Treated for Leukemia.

Celem pracy byta ocena skuteczno$ci oraz bezpieczenstwa i mozliwosci realizacji
opracowanego modelu rehabilitacji z zastosowaniem interaktywnych gier wideo (Interactive
Video Games - IVG) u dzieci bedacych w trakcie pierwszego etapu leczenia z powodu

biataczki.
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IV OMOWIENIE CYKLU PUBLIKACJI

IV 1. Poziom aktywnoS$ci fizycznej dzieci leczonych z powodu bialaczki

Terapia przeciwnowotworowa jest bardzo agresywna i skierowana na jak najszybsze
zniszczenie duzej liczby komorek nowotworowych. Intensywne leczenie w potaczeniu
z czesto wystepujacymi powiklaniami oraz dzialaniem immunosupresyjnym niektérych
lekéw powoduja koniecznos$¢ izolacji dziecka. Przebywanie jedynie w $rodowisku oséb
dorostych 1 przewaga siedzacego trybu zycia niekorzystnie wptywaja na poziom ogdlnej
aktywnosci leczonych dzieci.

Badania Braam i wsp. potwierdzaja, ze dzieci z chorobg nowotworowa przejawiaja
niewystarczajacy poziom aktywnosci fizycznej (PA) i nie podejmujg samodzielnie zadnej
formy wysitku, ktéry méogtby wplyna¢ na poprawe ich wydolnos$ci. Wykazano, ze 80%
catego czasu w ciagu dnia dzieci te spedzajg w pozycji siedzacej, a ich wysitek fizyczny jest
zwigzany jedynie z wykonywaniem czynnosci codziennych (Braam i wsp., 2016). Dzieci
bedace w trakcie leczenia choroby nowotworowej nie podejmuja aktywnosci fizycznej
trwajacej tacznie co najmniej 60 minut dziennie 1 tym samym nie spetniaja zalecef
dotyczacych wskaznika MVPA (umiarkowana i/lub intensywna aktywnos$¢ fizyczna;
Moderate to Vigorous Physical Activity) (Tan i wsp., 2013). Warto$¢ wskaznika MVPA
zalecana przez Swiatowa Organizacje Zdrowia to wysilek aerobowy trwajacy co najmniej
60 minut dziennie przez 7 dni w tygodniu o intensywnosci umiarkowanej lub duzej (Bull
1 wsp., 2020).

Takze badania Anzar i wsp. potwierdzajg obnizony wskaznika MVPA w grupie dzieci
z biataczka bedacych w trakcie leczenia podtrzymujacego. W grupie badanej zadne z dzieci
nie spetniato przyjetego kryterium minimalnego poziomu aktywnosci fizycznej (co najmnie;j
60 minut dziennie, co najmniej 5 dni w tygodniu) (Anzar i wsp., 2006).

Badania Winter 1 wsp. donosza o znacznie obnizonym poziomie aktywnosci
fizycznej w grupie dzieci bedacych w trakcie leczenia z powodu choroby nowotworowej
mierzonym obiektywnie za pomoca monitora aktywnosci fizycznej StepWatch. Leczone
dzieci wykonywaly okoto 2 800 krokéw dziennie natomiast ich zdrowi rowiesnicy okoto
8 100 krokow. Leczone dzieci byly bardziej aktywne podczas pobytu w domu w porownaniu
do okresow hospitalizacji (okoto 3 200 vs 1 850 krokow dziennie). Dzieci leczone z powodu

bialaczki byly bardziej aktywne, zaré6wno podczas pobytu w domu jak i szpitalu,
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w porownaniu do dzieci z nowotworami zlokalizowanymi w obregbie ukladu kostno-
stawowego (Winter i wsp., 2009).

Wyniki badan Gotte i wsp. dowodza, ze poziom aktywnoS$ci fizycznej dzieci
leczonych z powodu choroby nowotworowej ulega istotnemu obnizeniu w okresie leczenia
w poréownaniu do czasu przed zachorowaniem. Zaobserwowali oni, ze w okresach
przedtuzajacych si¢ hospitalizacji az 50% badanych dzieci pozostawato w t6zku w sposob
ciagly przez ponad 23 godziny (Gétte i wsp., 2014).

W badaniach Rehorst-Kleinlugtenbelt 1 wsp. zmierzono dzienny poziom aktywnosci
fizycznej za pomoca akcelerometru. Wyniki wykazaly, ze dzieci z chorobg nowotworowa
wigkszos$¢ czasu w ciggu dnia spedzaty w pozycji siedzacej (mediana czasu 1325 min/24
godz.). Dzieci przeznaczaly okolo 111 min/24 godz. na wysitki lekkie oraz zaledwie
4 min/24 godz. na wysitki umiarkowane do intensywnych (MVPA). W warunkach
szpitalnych dzieci osiggaty znacznie nizsze poziomy aktywnosci fizycznej w pordwnaniu do
warunkow domowych (Rehorst-Kleinlugtenbelt i wsp., 2019).

Wyniki badan Gaser i wsp. przeprowadzonych w grupie dzieci w wieku 4—18 lat
bedacych w poczatkowym etapie leczenia (Srednio 19.2 + 12.6 dni od rozpoznania choroby)
dowodza, ze dzieci 1 mtodziez w trakcie leczenia onkologicznego przejawiajg ograniczone
mozliwo$ci wykonywania czynno$ci dnia codziennego w warunkach hospitalizacji oraz
podczas leczenia ambulatoryjnego juz niedlugo po postawionej diagnozie choroby
nowotworowej. Skutki uboczne zwigzane z chorobg i leczeniem w pierwszych tygodniach
intensywnego leczenia nie tylko wptywaja na realizacj¢ podstawowych czynno$ci dnia
codziennego, ale mogg rowniez prowadzi¢ do zmniejszonej sprawnos$ci motorycznej
i ograniczonego poziomu aktywnos$ci fizycznej. Autorzy ci wykazali znacznie obniZzony
poziom aktywnosci fizycznej leczonych dzieci. Srednia ilo$é krokow wykonywanych przez
dzieci to 3 126 = 1 834, natomiast §redni czas wysitkdw na poziomie MVPA to 17.0 £ 19.0
minut w ciggu jednego dnia (Gaser i wsp., 2022).

Wyniki badan wlasnych, ktore zostaly przedstawione w pierwszej publikacji
naukowej o tytule: ,, Physical Activity and Quality of Life of Healthy Children and Patients
with Hematological Cancers”, stanowigcej element cyklu rozprawy doktorskiej
(Zatacznik nr 1), potwierdzaja, ze choroba nowotworowa oraz proces jej leczenia istotnie

wplywaty na zmniejszenie poziomu aktywnosci fizycznej badanych dzieci (n=88). Celem
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przeprowadzonych badan byta ocena poziomu aktywnosci fizycznej i jako$ci zycia dzieci
bedacych w trakcie i po zakonczonym leczeniu z powodu choroby nowotworowe;j.
Wykorzystano migdzynarodowy kwestionariusz dotyczacy zachowan zdrowotnych
1 samopoczucia dzieci w wieku szkolnym (kwestionariusz HBSC - Health Behaviour in
School-aged Children). Pytania dotyczyly zachowan zwigzanych z aktywnoscia fizyczna
w ostatnich siedmiu dniach. Dokonano oceny poziomu aktywnosci fizycznej w trzech
grupach dzieci: dzieci w trakcie leczenia choroby nowotworowej vs. dzieci, ktore
zakonczyly leczenie vs. dzieci zdrowe. Wyniki wykazaly, ze dzieci bedace w trakcie
leczenia choroby nowotworowej nie wykonywaly w tygodniu zadnych wysitkow fizycznych
trwajacych tacznie co najmniej 60 minut dziennie i tym samym nie spetnialy zalecen
dotyczacych odpowiedniego poziomu codziennej aktywnosci fizycznej (wskaznik MVPA).
Dzieci po zakonczonym leczeniu choroby nowotworowej deklarowaly, ze co najmniej jeden
raz w tygodniu podejmowaly wysitki fizyczne trwajace co najmniej 60 minut dziennie.
Dzieci zdrowe w 40% podejmowaty takg aktywnos¢ fizyczng co najmniej 5 dni w tygodniu.

W badaniach wtasnych ocenie poddano réwniez czestotliwos¢ podejmowania wysitkow
fizycznych o duzej intensywnosci. Dzieci bedace w trakcie leczenia choroby nowotworowe;
w wiekszosci (80% dzieci) wcale nie podejmowaly wysitkéw fizycznych o duzej
intensywnos$ci, ktore prowadzilyby do ogdlnego zmeczenia. Dzieci po zakonczonym
leczeniu choroby nowotworowej w 86% przeznaczaly co najmniej 30 minut w tygodniu na
wysitki fizyczne o znacznym poziomie. Dzieci zdrowe podejmowatly przez co najmniej 2
godziny w tygodniu wysitek fizyczny o duzej intensywnosci. Dzieci zdrowe w 36%
podejmowaty aktywnos$¢ fizyczng o duzym natezeniu nawet 4—6 razy w tygodniu.

Dzieci leczone z powodu choroby nowotworowej doswiadczaly nie tylko pogorszenia
zdrowia fizycznego, ale rowniez zdrowia psychicznego. Fakt zakonczenia leczenia choroby
nowotworowej wplywal na wzrost poziomu aktywnos$ci fizycznej dzieci, jednak nadal

warto$ci badanych parametrow byty nizsze w poréwnaniu do grupy dzieci zdrowych.

IV 2. Poziom wydolnosci krazeniowo-oddechowej dzieci z choroba nowotworowa

Brak aktywnosci fizycznej 1 przewaga czasu spedzonego w pozycji siedzacej dzieci
chorych na nowotwory dodatkowo, w postaci ,,btednego kota” poteguja stale obnizajacy si¢

poziom wydolnosci krazeniowo-oddechowej (cardio respiratory fitness- CRF).
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Intensywna terapia przeciwnowotworowa ma niekorzystny wptyw na wydolnos$¢
fizyczng dzieci 1 doprowadza do istotnego spadku parametrow wydolnosciowych.
Potwierdzaja to m.in. badania Braam i wsp., w ktérych warto$¢ szczytowa poboru tlenu
(VO2peak) dzieci leczonych z powodu choroby nowotworowej wynosita $rednio
31.7 ml-kg-1-min-1, podczas gdy s$rednia warto$¢ przewidywana dla tej grupy wiekowej
powinna wynies¢ 45.1 ml-kg-1-min-1. Braam i wsp., wykazali, ze ponad 50% dzieci
osiagneto VOopeak ponizej wartosci naleznej. CRF jest istotnie zwigzane z poziomem
aktywnos$ci fizycznej oraz nawykami sedenteryjnymi: kazda dodatkowa aktywno$¢ na
minut¢ powoduje wzrost CRF o 0.05 ml-kg-1-min-1 VOapeak, a kazda dodatkowa minuta
siedzenia zmniejsza VOzpeak 0 0.06 ml-kg-1-min-1 (Braam 1 wsp., 2016).

Obnizong wydolno$¢ fizyczng dzieci oraz istotny spadek parametrow
wydolno$ciowych potwierdzaja tez badania San Juana 1 wsp. Badane warto§ci VOzpeak
w grupie dzieci z ostrag biataczkg limfoblastyczng, bedacych w fazie leczenia
podtrzymujacego byty istotnie nizsze w porownaniu do grupy zdrowych rowiesnikow
253+ 6.5 ml-kg-1-min-1 vs. 31.9 + 6.8 ml-kg-1-min-1) (San Juan i wsp., 2007).
Udowodniono tez, ze poprawa parametrow wydolnosciowych zwieksza wskaznik
przezywalnosci leczonych dzieci, natomiast obnizona warto$¢ szczytowego poboru tlenu
zaledwie o 3.5 ml-kg-1-min-1 przyczynia si¢ do obnizenia prawdopodobienstwa przezycia
0 12% (Myers 1 wsp., 2003).

Rowniez inne badania San Juana i wsp. wykazaly obnizony wskaznik parametrow
szczytowego poboru tlenu w grupie dzieci bedacych po przeszczepie szpiku kostnego (czas
od odbytej transplantacji <12 miesigcy). Wartos¢ wyjsciowa parametru VOopeak W badaniu
przeprowadzonym przed rozpoczg¢ciem interwencji treningowej wynosita w grupie dzieci po
odbytym leczeniu z powodu biataczki 25.9 + 8.9 ml-kg-1-min-1 (San Juan i wsp., 2008).

Podobne wyniki uzyskali Anzar i wsp., oceniajac szczytowy pobor tlenu w tescie na
biezni ruchomej. Dzieci leczone z powodu biataczki przejawiaty nizszy poziom wydolno$ci
krazeniowo-oddechowej oceniony na podstawie parametru VOazpeak W porownaniu do dzieci
zdrowych (25.2 £ 5.9 ml-kg-1-min-1 vs. 31.2 + 4.0 ml-kg-1-min-1) (Anzar i wsp. 2006).

Wyniki wielu badan potwierdzaja obnizone warto$ci szczytowego poboru tlenu
w wysitkowych probach ergospirometrycznych, ktore utrzymujg si¢ nawet wiele lat po

zakonczonym leczeniu choroby nowotworowej wieku dziecigcego. Obnizone parametry
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wydolno$ciowe utrzymuja si¢ w zyciu dorostym i stanowig ograniczenie do podjecia
wysitku fizycznego w pelnym zakresie (Yildiz Kabak i wsp., 2019).

Wyniki badan wlasnych zawarte w drugiej publikacji naukowej: ,, Peak Oxygen
Uptake and Exercise Capacity of Children Undergoing Leukemia Treatment”, potwierdzity
obnizony poziom wydolnos$ci krazeniowo-oddechowej dzieci leczonych z powodu biataczki
(Zaltacznik nr 2). Celem przeprowadzonych badan byla ocena poziomu wydolnosci
krazeniowo-oddechowej dzieci bedacych w trakcie leczenia z powodu biataczki (n=21) oraz
porownanie uzyskanych wynikow z wynikami dzieci zdrowych. Oceny poziomu wydolnos$ci
dzieci dokonano w tescie ergospirometrycznym wedlug progresywnego protokotu
Godfrey’a o stopniowo narastajacym obcigzeniu, podczas ktérego przeprowadzono analizg
gazow oddechowych. Ponadto oceniono wptyw zastosowanych metod leczenia na poziom
wydolnosci fizycznej dzieci oraz nasilenie zachowan sedenteryjnych.

Zmierzona warto$¢ parametru VOozpeak W badanej grupie dzieci wyniosta $rednio
22.16 ml-kg-1-min-1 (SD 2.5). W grupie badanych chtopcéw parametr ten wyniost 22.67
ml-kg-1-min-1 (SD 2.7) natomiast w grupie badanych dziewczat 21.49 ml-kg-1-min-1 (SD
2.1). Srednie wartosci parametru VOapeak przewidywane dla tej grupy wiekowej to 45.48
ml-kg-1-min-1 (SD 3.8). Przewidywana wartos¢ parametru VOazpeax W grupie zdrowych
chtopcow to 46.3 ml-kg-1-min-1 (SD 4.2) natomiast w grupie zdrowych dziewczat 44.7
ml-kg-1-min-1 (SD 3.4). Roéznica bezwzgledna wartosci zmierzonej i przewidywanej
VO2zpeak pomigdzy grupami to 23.32 ml-kg-1-min-1. W grupie chtopcéw oraz w grupie
dziewczat r6znica ta wyniosta odpowiednio 23.63 ml-kg-1-min-11 23.21 ml-kg-1-min-1.

Badania wykazaty, ze dzieci bedace w trakcie leczenia z powodu biataczki
charakteryzuja si¢ obnizonym poziomem wydolnosci krazeniowo-oddechowej. Poziom ich
wydolnosci jest zdecydowanie nizszy w pordwnaniu do wartosci osigganych przez dzieci
zdrowe bedace w tym samym wieku. Niskie warto$ci parametrow wydolnosciowych
spowodowane sg prawdopodobnie wynikiem zastosowanych metod leczenia, ich skutkow
ubocznych oraz radykalnej zmiany stylu zycia z istotnym ograniczeniem aktywnosci
fizycznej, a wzrostem zachowan sedenteryjnych. Choroba nowotworowa oraz agresywny
proces jej leczenia skutkujg obnizeniem poziomu parametréw morfotycznych krwi.
W konsekwencji doprowadza to do niedotlenienia tkanek i narzgdéw oraz znacznego spadku

parametréw wydolnosciowych. Brak aktywno$ci fizycznej oraz niespelnione normy
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dotyczace minimalnego poziomu tygodniowej aktywnosci fizycznej (wskaznik MVPA)
dodatkowo potegujg ubytek poziomu wydolnosci leczonych dzieci. Do braku aktywnosci
fizycznej przyczyniaja si¢ tez czynniki psychospoteczne takie jak brak kontaktu
z rowiesnikami, poczucie wyizolowania oraz $wiadomo$¢ choroby zagrazajacej zyciu,

a takze nadmierna troska ze strony rodzicdw i opiekundéw leczonych dzieci.

IV 3. Interaktywne gry wideo jako atrakcyjna metoda zwi¢kszajaca poziom

aktywnosci fizycznej dzieci z chorobga nowotworowa

Aktywno$¢ fizyczna jest bardzo waznym 1 wcigz jeszcze zbyt malo docenianym
elementem prewencji pierwotnej i wtornej choréb nowotworowych. Cwiczenia fizyczne
majg korzystny wptyw zaré6wno na chorych w trakcie leczenia, jak i po przebytej chorobie
nowotworowej (Dimeo i wsp., 2008). Istnieje stereotypowe przekonanie o szkodliwym
wplywie wysitku fizycznego na proces leczenia choroby nowotworowej. Obecnie zmienia
si¢ to podejscie 1 coraz czesciej dostrzega si¢ korzystny wplyw wysitku fizycznego na
organizm leczonych dzieci. Aktywno$¢ fizyczna ma wyrazny udzial w rozwoju
somatycznym 1motorycznym, ma duze znaczenie dla zdrowia 1 dobrostanu dzieci
1 mlodziezy oraz daje wyrazne korzysci fizyczne, psychiczne i spoteczne (Morales i wsp.,
2008). Aktywnos$¢ fizyczna dziecka bedacego w trakcie leczenia choroby nowotworowej
zapobiega wielu deficytom czynno$ciowym oraz skraca czas rekonwalescencji (Daniel
i wsp., 2015).

Istotne znaczenie w zwigkszeniu poziomu aktywnosci fizycznej dzieci chorych na
nowotwory moga mie¢ interaktywne gry wideo stanowigce atrakcyjng forme ¢wiczen w tej
grupie wiekowej pacjentow. Do tej pory IVG uzywane w celu zwickszenia poziomu
aktywnosci fizycznej znalazly szerokie zastosowanie w grupie dzieci zdrowych i mtodych
dorostych, dzieci z nadwagg 1 otyto$cig oraz w grupie osob dorostych (Liang i wsp., 2014;
Biddiss 1 wsp., 2010; Guy i wsp., 2011; Lu i wsp., 2013; Oliveira i wsp., 2020; Vazquez i
wsp., 2018). IVG znalazty tez zastosowanie w grupie dzieci z zaburzeniami rozwojowymi
i nieprawidlowosciami wzorcoOw motorycznych. Interaktywne gry korzystnie wplyngty na
poprawe badanych parametréw: motoryke matg i duza, rownowage, koordynacje¢, naturalne
formy ruchu i lokomocji (bieganie, chodzenie, skakanie) (Page i wsp., 2017). IVG uzywane

byty rowniez jako element programu rehabilitacji dzieci z porazeniem moézgowym oraz po
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amputacjach (Howcroft 1 wsp., 2012; Andrysek i wsp., 2012). Interaktywne gry
wykorzystywano roéwniez w usprawnianiu dzieci z mukowiscydozg (Carbonera i wsp.,
2016).

Nowe technologie, takie jak wirtualna rzeczywistos$¢ (virtual reality- VR), sa rowniez
czesto wykorzystywang technika, zaréwno w grupie dzieci zdrowych jak i chorych. Liczne
badania wykazaly, ze VR moze skutecznie zmniejszy¢ lgk, niepokoj, bol zwigzany
z oparzeniem, bol okotooperacyjny, bol zwigzany z jednorazowym lub czestym nakluciem
zyl. W grupie dzieci z chorobg nowotworowg wirtualna rzeczywisto$¢ znalazta réwniez
zastosowanie iuzyskuje pozytywne efekty (Sajeev i wsp., 2021). VR to metoda czgsto
stosowana w grupie dzieci z choroba nowotworowg jako element terapii dlugotrwatego bolu,
lgku oraz objawdw depresyjnych (Ahmad i wsp., 2020; Lopez-Rodriguez i wsp., 2020).

Natomiast interaktywne gry wideo nie znalazly jak dotad powszechnego
zastosowania w grupie dzieci leczonych z powodu nowotwordéw zltosliwych (Kauhanen
i wsp., 2014).

IVG to gry elektroniczne, ktore umozliwiaja fizyczng interakcje ciata osoby grajace;j
z obrazem wys$wietlanym na ekranie w réznych dzialaniach, takich jak sport, ¢wiczenia
fizyczne, taniec, zabawy zrecznosciowe. IVG nowej generacji skutecznie zwigkszaja
wydatek energetyczny oraz poziom aktywnosci fizycznej dzieci zdrowych (LeBlanc i wsp.,
2013; Allsop i wsp., 2016). Ponadto zmieniaja nieprawidlowe nawyki ograniczajac
zachowania sedenteryjne.

Coraz wigksza liczba dzieci 1mtodziezy nie spetnia podstawowych zalecen
dotyczacych odpowiedniego poziomu aktywnosci fizycznej. Badania Maloney 1 wsp.
potwierdzaja korzystny wptyw IVG na poziom aktywnosci fizycznej w grupie zdrowych
dzieci. Zaobserwowano zmniejszenie czg¢stotliwosci podejmowania wysitkéw lekkich na
rzecz wysitkow fizycznych o znacznym poziomie. Wykazano réwniez istotne skrocenie
ilosci czasu spedzonego w pozycji siedzacej przed ekranem telewizora (sedentary screen
time-SST) w grupie badanych dzieci (Maloney i wsp., 2008). Badania dowodza, Ze
stosunkowo krétka, 20 minutowa sesja interaktywnych gier wideo skutecznie zwigksza
wydatek energetyczny zdrowych dzieci. Wydatek energetyczny podczas IVG byt znaczaco
wyzszy w poréwnaniu do wydatku podczas nieaktywnych gier wideo w pozycji siedzace;.

Stosunkowo krotkie okresy aktywnos$ci podczas interaktywnych gier wideo maja podobng
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intensywnos$¢ do takich aktywnosci jak chodzenie, skoki czy bieganie (Maddison i wsp.,
2007). IVG sprawiajg, ze dzieci stajg si¢ bardziej aktywne, a poziom tej aktywnosci
odpowiada co najmniej marszowi o niskiej intensywnosci (Lanningham-Foster i wsp., 2009;
Mitre i wsp., 2011), natomiast badania Mellecker i wsp. donosza nawet o 4 - krotnym
wzro$cie wydatku na energie podczas gry (Mellecker i wsp., 2008).

Chociaz interaktywne gry nie zawsze sa skutecznym rozwigzaniem zwigkszajacym
poziom aktywno$ci fizycznej dzieci zdrowych (Graves i wsp., 2010) to w grupie dzieci
chorych wykazuja wyzsza skuteczno$¢ (Kauhanen i wsp., 2014; Fazelniya i wsp., 2017).
Potrzeba izolacji oraz wysokie ryzyko infekcji powoduja, ze hospitalizowane dzieci maja
ograniczone mozliwosci korzystania z ogélnie dostgpnych form aktywnosci fizycznej
(Winter i wsp., 2010). Interaktywne gry moga by¢ sposobem na przerwanie siedzacego trybu
zycia, sa bezpieczne i moga by¢ stosowane w salach chorych bez kontaktu z innymi
osobami. Dzieci podczas hospitalizacji chetnie biorg w nich udziat poniewaz sg one cickawa
rozrywka 1pozwalaja na chwilowe odwrdcenie uwagi od bolesnych i nieprzyjemnych
procedur medycznych (Ghazisaeidi 1 wsp., 2017).

Dotychczasowe badania dowodza, ze dzieci podczas interaktywnej gry osiagaja
aktywno$¢ fizyczng na poziomie lekkim lub umiarkowanym (Biddiss 1 wsp., 2010; Barnett
i wsp., 2011), czyli takim jaki zaleca si¢ dzieciom podczas leczenia choroby nowotworowej
(White i wsp., 2005). Dodatkowo badania dowodza, ze interwencje kontrolowane
i monitorowane w czasie rzeczywistym daja znacznie korzystniejsze wyniki w poréwnaniu
do gry spontanicznej, pozwalajacej dziecku na dowolno$¢ (Baranowski i wsp., 2012).
Dlatego stusznym wydaje si¢ zastosowanie indywidualnie dobranego treningu
z wykorzystaniem interaktywnych gier wideo w grupie dzieci begdacych w trakcie
hospitalizacji 1 leczenia z powodu choroby nowotworowe;.

Wyniki badan wtasnych zawarte w trzeciej publikacji naukowej: ,, Interactive Video
Games as a Method to Increase Physical Activity Levels in Children Treated for Leukemia”,
potwierdzily, Ze interaktywne gry wideo moga stanowi¢ skuteczng metod¢ zwigkszajaca
poziom aktywnosci fizycznej leczonych dzieci (Zatacznik nr 3). Celem pracy byla ocena
skuteczno$ci oraz bezpieczenstwa 1 mozliwosci realizacji opracowanego modelu
rehabilitacji z zastosowaniem IVG u dzieci bedacych w trakcie pierwszego etapu leczenia

z powodu biataczki. Ponadto oceniono poziom wydolnosci krazeniowo-oddechowe;j



19

(badanie ergospirometryczne na cykloergometrze — protokot progresywny Godfrey’a),
aktywno$¢ fizyczng i siedzacy tryb zycia (kwestionariusz HBSC) dzieci podczas
hospitalizacji oraz w badaniach kontrolnych (14 miesi¢cy od zakonczenia interwencji IVG).
Podczas gry poziom wysitku (intensywnos¢) kontrolowano za pomocg monitora aktywnosci
fizycznej (Polar M 430). Bylo to dodatkowe narzg¢dzie, ktére umozliwiato monitorowanie
HR w czasie rzeczywistym 1 ocen¢ intensywno$ci wysitku dzieci podczas interwencji
treningowej IVG.

Podziat dzieci (n=21) na grup¢ badang i kontrolng pozwolit oceni¢ wptyw programu
IVG na poziom wydolnosci fizycznej i zmian¢ nawykow zwigzanych zregularng
aktywnoscig fizyczng. Dodatkowo pozwolil oceni¢ czy nabyte nawyki zdrowotne byly
trwate i czy znaczaco poprawily parametry wydolno$ciowe. Dzieci z grupy kontrolnej nie
byly objete Zadnym programem rehabilitacyjnym.

Ocena uzyskanych warto$ci czestosci akcji serca (HR) w poszczegolnych fazach
treningu wykazala, ze w badanej grupie dzieci osiggaly zakladane wartosci HR
treningowego, co byto szczegdlnie widoczne w koncowych etapach kolejnych faz treningu
IVG. Wymagane wartosci czgstosci akcji serca dla kazdej fazy treningowej (70% HRpea,
75% HRpeak 1 80% HRpeak) zostaly osiagniete, a w niektorych przypadkach nawet
przekroczone i dzieci osiggnely wyzsze wartosci HR niz przewidywano. W koncowej fazie
programu rehabilitacji z wykorzystaniem IVG wszystkie badane osoby osiagnety zalozone
warto$ci HR, co oznaczato, ze trening IVG byt bezpieczny i mozliwy do przeprowadzenia
w grupie dzieci z biataczka.

We wczesnym etapie leczenia choroby nowotworowej dzieci z grupy interwencyjnej
podejmowaty aktywnos¢ fizyczng podczas treningdw IVG i tym samym spelniaty zalecenia
dotyczace odpowiedniego poziomu MVPA. Wyniki badaf kontrolnych przeprowadzonych
14 miesiecy od zakonczenia programu IVG wykazaty, ze dzieci te kontynuowaty regularng
aktywno$¢ fizyczna, a ich poziom PA byt nawet porownywalny do tego podczas interwencji
treningowej IVG (brak statystycznie istotnej roznicy w PA pomigdzy badaniem
bezposrednio po interwencji a badaniem kontrolnym). Po 14 miesigcach od interwencji IVG
dzieci nie odbywaty juz tak intensywnego leczenia jak w pierwszym etapie, a ich parametry
wydolnosciowe byly lepsze, co wykazaly wyniki ponownego testu CPET (czas trwania testu

byt wydluzony, a szczytowa warto$¢ czgstosci akcji serca byla wyzsza). W badaniu
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kontrolnym 14 miesigcy po interwencji IVG zaobserwowano istotny statystycznie wzrost
poziomu wydolnosci kragzeniowo-oddechowej w grupie interwencyjnej w porownaniu do
warto$ci osigganych przez dzieci przed interwencja treningowa. Natomiast w grupie
kontrolnej nie zaobserwowano istotnej statystycznie réznicy w poziomie wydolnosci
krazeniowo-oddechowej pomigdzy badaniem wyjsciowym a badaniem kontrolnym (14
miesi¢cy pozniej).

Dzieci z grupy kontrolnej w badaniu poréwnawczym (na poczatku badania i po 1
miesigcu w badaniu ponownym) nie zwigkszyly poziomu aktywnosci fizycznej w okresie
hospitalizacji. Po zakonczonym okresie hospitalizacji zwigkszyty one codzienng aktywnos¢
fizyczna, na co wskazuja wyniki badania po 14 miesigcach.

Zaobserwowano istotny statystycznie wzrost poziomu PA w grupie interwencyjnej
i kontrolnej 14 miesigcy po interwencji IVG w stosunku do okresu przed interwencja.
W badaniu przeprowadzonym 14 miesi¢cy po zakonczeniu interwencji IVG nie stwierdzono
istotnych réznic poziomu aktywnosci fizycznej i wydolnoséci krazeniowo-oddechowe;j
migdzy grupa badang i kontrolng.

Trening IVG zintensywno$cig okre§long na podstawie wyjSciowego testu
wydolnosci krazeniowo-oddechowej jest bezpieczny 1 moze sta¢ si¢ cze$cig programu
rehabilitacji dzieci leczonych z powodu biataczki. Badani z grupy interwencyjnej ukonczyli
wszystkie etapy progresywnego programu treningowego. Dowiodto to, Ze mozliwe jest
podejmowanie takiego wysitku fizycznego przez dzieci podczas leczenia choroby
nowotworowej, a nawet w okresie hospitalizacji. Co wigcej, subiektywna ocena zadanego
dzieciom wysitku fizycznego podczas sesji ¢wiczen wykazata, ze trening IVG wymagat
lekkiego lub umiarkowanego wysitku, pomimo osigganych przez dzieci wysokich warto$ci
wydatku energetycznego. Dzieci po zakonczeniu intensywnego etapu leczenia biataczki sg
poddane leczeniu podtrzymujacemu. W tym okresie dzieci sg zdolne do podjecia wysitku
fizycznego na poziomie umiarkowanym lub znacznym. Moze to wskazywac¢ na konieczno$¢
prowadzenia programow rehabilitacyjnych dla dzieci przez calty okres leczenia

onkologicznego.
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IV 4. Indywidualny dob6r parametréow treningowych na podstawie wynikow

wyjsciowej proby wysiltkowej

Nieprawidlowe nawyki nabyte w czasie leczenia czgsto utrwalajg si¢ 1 pozostajg
obnizone nawet po zakonczeniu leczenia. Obnizona warto$¢ szczytowego poboru tlenu jest
waznym predyktorem przedwczesnej umieralno$ci. Dlatego tak wazne jest, aby na kazdym
etapie leczenia choroby nowotworowej dzieci podejmowaty aktywnos¢ fizyczng
i utrzymywaty wysokie wartosci VOopeak (Stolley i wsp., 2010; Blair i wsp., 1989; Myers
1 wsp., 2002).

Sposrod metod oceny tolerancji wysitkowej obrazujacej poziom wydolnosci uktadu
krazeniowo-oddechowego najbardziej wiarygodnym i najczesciej stosowanym jest pomiar
szczytowego poboru tlenu za pomoca analizy gazéw oddechowych wykonywany podczas
testu o stopniowo narastajagcym obcigzeniu (Cardio-Pulmonary Exercise Test - CPET)
(American Thoracic Society, 2003).

Test CPET zostal wykorzystany w badaniach wtasnych jako metoda diagnostyczna,
a wyniki zostaty przedstawione w publikacji z 2020 roku: Peak Oxygen Uptake and Exercise
Capacity of Children Undergoing Leukemia Treatment” (Zatacznik nr 2). Metoda analizy
gazé6w oddechowych zostata wykorzystana w badaniach wtasnych réwniez jako metoda
pozwalajaca na indywidualny dobor parametréw programu rehabilitacji z wykorzystaniem
IVG. Wyniki przedstawione zostaty w publikacji z 2022 roku: ,, Interactive Video Games as
a Method to Increase Physical Activity Levels in Children Treated for Leukemia”
(Zalacznik nr 3). Pomiary dokonywane w tescie CPET s3 uwazane przez Swiatowa
Organizacje Zdrowia za ztoty standard oceny zdolnosci do ¢wiczen aerobowych (Shephard
i wsp., 1968). Warto$¢ szczytowa poboru tlenu jest uwazana za najbardziej obiektywny
i miarodajny parametr oceniajacy poziom wydolnosci wysitkowej. Wyniki testu CPET
dostarczaja informacji przydatnych klinicznie 1 s3 pomocne w obrazowaniu reakcji
fizjologicznych organizmu na zadany wysitek fizyczny (Braam i wsp., 2016; American
Thoracic Society, 2003). Pomiar ten wykonywany u dzieci leczonych z powodu biataczki
rowniez jest przydatnym badaniem dodatkowym oceniajagcym stopien nasilenia zaburzen

uktadu krazeniowo-oddechowego (Thorsteinsson i wsp., 2017).
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W trakcie leczenia przeciwnowotworowego dzieci poddawane sa rehabilitacji, ktora
jest glownie skierowana na fagodzenie objawow leczenia. Dzieci nie sg obj¢te catosciowym
programem, a stosowana rehabilitacja czesto jest jedynie metoda dorazng. Wazne jest, aby
u dzieci od samego poczatku leczenia stosowa¢ programy ¢wiczen aecrobowych, ktore bede
zapobiegaly nadmiernemu spadkowi wydolnosci wysitkowej (Huang i wsp., 2011).

Jest wiele badan, ktore potwierdzajg korzystny wplyw programow c¢wiczen
aerobowych na organizm leczonych dzieci. Moga one zapobiegaé powstawaniu odleglych
deficytow sprawnosci fizycznej, jesli zostang wiaczone juz w trakcie leczenia choroby
nowotworowej (Liu i wsp., 2009).

Pomiar wyj$ciowego poziomu parametru VOopeax Wykonany na poczatku leczenia
pozwala oceni¢ sprawnos¢ uktadu sercowo-oddechowego oraz indywidualnie dobraé
program C¢wiczen aerobowych. Okresowa kontrola 1 monitorowanie parametrow
krazeniowo-oddechowych w tescie CPET umozliwiaja modyfikacje indywidualnego
programu rehabilitacji i dostosowanie go do aktualnego stanu dziecka (San Juan i wsp.,
2008). Wazne jest, aby porownywaé wyniki poziomu wydolnosci dzieci objetych procesem
leczenia z poziomem wydolnosci dzieci zdrowych. Wykaze to w jakim stopniu choroba
nowotworowa wptyneta na obnizenie wydolno$ci organizmu leczonych dzieci. Test CPET
jest cennym badaniem, ale stosunkowo rzadko wykonywanym w klinikach onkologicznych
ze wzgledu na koszty, konieczno$¢ zastosowania specjalnego sprzetu do analizy gazow

oddechowych oraz wyszkolonego personelu (Dencker 1 wsp., 2008).
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V PODSUMOWANIE

Brak aktywnosci fizycznej 1 przewaga czasu spedzonego w pozycji siedzacej dzieci
chorych na nowotwory znaczaco obnizaja wydolno$é krazeniowo-oddechowa. Swiadcza
o tym niskie warto$ci szczytowego poboru tlenu uzyskane w tescie wydolnos$ci krazeniowo-
oddechowej porownywane do wartosci przewidywanych norm. CRF jest istotnie zwigzane
z poziomem aktywnoSci fizycznej oraz nawykami sedenteryjnymi. Czeste hospitalizacje,
ograniczony kontakt z réwie$nikami i przebywanie jedynie w §rodowisku osob dorostych
wplywaja negatywnie na proces socjalizacji dziecka, ktory w ten sposdb zostaje zaburzony.
Doswiadczenie izolacji spotecznej oraz brak przynaleznosci do wspoOlnoty wzmagaja
niejednokrotnie poczucie odrgbno$ci i wyobcowania dziecka.

Ocena poziomu aktywnos$ci fizycznej ma istotne znaczenie dla opracowania
indywidualnych programéw rehabilitacji dzieci leczonych z powodu nowotwordéw, a wyniki
testow wydolno$ciowych stanowig podstawe efektywnosci zaplanowanego programu
rehabilitacji. Okresowa kontrola badanych parametrow oraz state monitorowanie czestosci
skurczow serca w czasie trwania ¢wiczen (np. za pomocg prostych urzadzen takich jak sport
tester) zapewni bezpieczny przebieg catego procesu rehabilitacji. Przeciwdziatanie
siedzagcemu trybowi Zycia i utrzymanie jak najbardziej normalnego poziomu aktywnosci
fizycznej zblizonego do zdrowych rowiesnikow korzystnie wptywa na prawidtowy rozwdj
dziecka chorego na nowotwor oraz jego samodzielno$¢ i niezalezno$¢, przyczyniajac si¢ do
zwigkszenia skutecznos$ci leczenia choroby nowotworowej oraz zmniejszenia ryzyka jego
skutkow ubocznych. Zwigkszony poziom PA wptywa na zwigkszenie poziomu szczytowego
poboru tlenu, ktérego niska warto$¢ jest predyktorem przedwczesnej umieralnosci. Osoby,
ktére chorowaly na nowotwér w dziecinstwie charakteryzujg si¢ zwigkszonym ryzykiem
wystgpienia chordb sercowo-naczyniowych, otylosci, osteoporozy oraz przedwczesnej
smierci. Obecnie rekomenduje si¢ aktywnos$¢ fizyczng na kazdym etapie leczenia choroby
nowotworowej, chociaz pozostaje ona nadal mato docenianym komponentem profilaktyki
i terapii choroby nowotworowej. Trening z zastosowaniem IVG moze sta¢ si¢ integralng
czg$cig procesu rehabilitacji wewnatrzszpitalne;.

Aktywnos¢ fizyczna z wykorzystaniem IVG, dostarczona dziecku w formie zabawy
moze przyczyni¢ si¢ do zwigkszenia poziomu wydatku energetycznego oraz poprawy

parametréw wydolno$ciowych. Ponadto taka forma aktywno$ci fizycznej moze dacd
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wytchnienie w chorobie iodwroci¢ uwage dziecka od nieprzyjemnych procedur
medycznych. Dzieci z chorobg nowotworows, ktore podejmuja wysitek fizyczny podczas
procesu leczenia beda mogly w przysztosci aktywniej uczestniczy¢ w zyciu spolecznym

1 zawodowym.
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VI WNIOSKI

Wyniki przeprowadzonych badan poziomu aktywnosci i wydolnosci fizycznej dzieci
leczonych z powodu biataczki oraz wplywu interaktywnych gier wideo na badane parametry

pozwolity na sformutowanie nastgpujacych wnioskow:

1. Poziom aktywnosci fizycznej dzieci bedacych w trakcie i po zakonczonym leczeniu
z powodu choroby nowotworowej byt znacznie nizszy w poréwnaniu do poziomu

PA dzieci zdrowych.

2. W czasie odbywania intensywnego leczenia i hospitalizacji dzieci leczone z powodu
choroby nowotworowej nie spetniaty zalecen dotyczacych odpowiedniego poziomu

wskaznika MVPA.

3. Poziom wydolnosci krazeniowo-oddechowej dzieci bgdacych w trakcie leczenia
z powodu biataczki byt istotnie nizszy w porownaniu do wartosci przewidywanych

dla grupy dzieci zdrowych.

4. Trening IVG zintensywno$cia okreSlong na podstawie wyjSciowego testu
wydolnos$ci krazeniowo-oddechowej byt bezpieczny i wykonalny oraz mozliwy do
realizacji w warunkach szpitalnych podczas intensywnego procesu leczenia

z powodu biataczki.

5. Trening IVG zastosowany podczas hospitalizacji wplynal na zwigkszenie poziomu

aktywnosci fizycznej dzieci oraz poprawg wskaznika MVPA.

6. Wyniki badan kontrolnych przeprowadzonych 14 miesiecy od zakonczenia
programu IVG wykazatly, ze dzieci kontynuowaty aktywno$¢ fizyczna, a poziom jej

byt porownywalny do osigganego podczas interwencji treningowej IVG.

7. W badaniu kontrolnym 14 miesiecy po interwencji IVG zaobserwowano istotny

statystycznie wzrost poziomu wydolnosci krazeniowo-oddechowej w grupie
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interwencyjnej w pordwnaniu do wartosci osigganych przez dzieci przed interwencja

treningowa.

W grupie kontrolnej nie zaobserwowano istotnej statystycznie réznicy w poziomie
wydolnos$ci krazeniowo-oddechowej pomiedzy badaniem wyj$ciowym a badaniem

kontrolnym (14 miesiecy pozniej).

Poziom aktywnosci fizycznej w badaniu przeprowadzonym 14 miesiecy po

interwencji [IVG nie rdznit si¢ istotnie statystycznie miedzy grupa badang i kontrolng.

W badaniu przeprowadzonym 14 miesigcy po interwencji IVG poziom wydolnos$ci
krazeniowo-oddechowej dzieci z grupy badanej i kontrolnej nie réznit si¢ istotnie

statystycznie.
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VIII STRESZCZENIA PRACY
VIII 1. Streszczenie w jezyku polskim

WPLYW  INTERAKTYWNYCH GIER WIDEO NA AKTYWNOSC
I WYDOLNOSC FIZYCZNA DZIECI LECZONYCH Z POWODU BIALACZKI

Slowa Kkluczowe: bialaczka, dzieci z chorobg nowotworowsa, aktywnos$¢ fizyczna,

wydolno$¢ krazeniowo-oddechowa, interaktywne gry wideo.

WSTEP: W dzisiejszych czasach obserwuje si¢ staly wzrost zachorowalno$ci na
nowotwory zto§liwe. Coraz wigcej danych wskazuje na wzrost liczby zachorowan réwniez
w grupie dzieci i mtodziezy.

Rozwoj metod diagnostyczno-terapeutycznych przyczynia si¢ do statego wzrostu odsetka
wyleczonych dzieci. Dlatego coraz wigkszego znaczenia nabiera sprawnos¢ i aktywnosé
fizyczna os6b z chorobg nowotworowa w wywiadzie, zarowno w zyciu codziennym jak
i zawodowym. Wazne s3 dzialania prewencyjne oraz promowanie aktywnosci fizycznej juz
w okresie trwania choroby nowotworowej. Dzieci z chorobg nowotworowa przejawiaja
niewystarczajacy poziom aktywnosci fizycznej (PA) 1 nie podejmujg samodzielnie zadne;j
formy wysitku, ktéry moglby wptynaé¢ na poprawe ich parametrow wydolnosciowych.
CEL PRACY: Celem rozprawy doktorskiej stanowiacej spdjny tematycznie zbidr trzech
oryginalnych artykutow jest ocena wplywu interaktywnych gier wideo na aktywnos$¢
i wydolnos¢ fizyczng dzieci bedacych w trakcie leczenia zpowodu nowotworow
ztosliwych.

METODY BADAWCZE: W celu oceny poziomu aktywnosci fizycznej dzieci i nasilenia
zachowan sedenteryjnych wykorzystano miedzynarodowy kwestionariusz dotyczacy
zachowan zdrowotnych i1 samopoczucia dzieci w wieku szkolnym (kwestionariusz HBSC -
Health Behaviour in School-aged Children). Pytania dotyczyly zachowan zwigzanych
z aktywnoscig fizyczng w ciggu ostatnich siedmiu dni. Oceny poziomu wydolno$ci
krazeniowo-oddechowej dzieci dokonano w teScie ergospirometrycznym wedlug
progresywnego protokotu Godfrey’a o stopniowo narastajgcym obcigzeniu, podczas ktorego
przeprowadzono analiz¢ gazéw oddechowych. Podczas interwencji treningowej poziom
wysitku (intensywnos$¢) kontrolowano za pomocg monitora aktywnosci fizycznej

(Polar M 430).
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WYNIKI: Wyniki wykazaly, ze dzieci bedace w trakcie leczenia choroby nowotworowe;j
nie wykonywaty w tygodniu zadnych wysitkow fizycznych trwajacych tacznie co najmnie;j
60 minut dziennie i tym samym nie spelnialy zalecen dotyczacych odpowiedniego poziomu
codziennej aktywnosci fizycznej (wskaznik MVPA). Badania wykazaty, ze dzieci bedace
w trakcie leczenia z powodu biataczki charakteryzuja si¢ obnizonym poziomem wydolnosci
krazeniowo-oddechowej 1 jest to szczegodlnie widoczne w badaniach poréwnawczych
(porownanie do wynikéw osigganych w grupie dzieci zdrowych). Ocena uzyskanych
warto$ci czestosci akcji serca (HR) w poszczegdlnych fazach treningu z wykorzystaniem
IVG wykazata, ze w badanej grupie dzieci osiggaly zaktadane wartosci HR treningowego,
co bylo szczegoélnie widoczne w koncowych etapach kolejnych faz treningu IVG.
Wymagane wartosci czgstosci akcji serca dla kazdej fazy treningowej (70% HRpeak, 75%
HRpeak 1 80% HRpeax) zostaly osiagnigte, a w niektorych przypadkach nawet przekroczone
i dzieci osiagnety wyzsze warto$ci HR niz przewidywano. W koncowej fazie programu
rehabilitacji z wykorzystaniem IVG wszystkie badane osoby osiagnely zatozone wartosci
HR, co oznaczato, Ze trening IVG byt bezpieczny i mozliwy do przeprowadzenia w grupie
dzieci z bialaczka. W badaniu kontrolnym 14 miesigcy po interwencji IVG zaobserwowano
istotny statystycznie wzrost poziomu wydolnosci krazeniowo-oddechowej w grupie
interwencyjnej w poréwnaniu do wartosci osigganych przez dzieci przed interwencja
treningowa. Natomiast w grupie kontrolnej nie zaobserwowano istotnej statystycznie
réznicy w poziomie wydolnosci kragzeniowo-oddechowej pomigdzy badaniem wyjsciowym
a badaniem kontrolnym (14 miesigcy pdzniej).

WNIOSKI: Wyniki przeprowadzonych badan poziomu aktywnos$ci 1 wydolnosci fizycznej
oraz wplywu interaktywnych gier wideo na oceniane parametry pozwolily sformutowac

nastgpujace wnioski:

1. Poziom aktywnosci fizycznej dzieci bedacych w trakcie 1 po zakonczonym leczeniu
z powodu choroby nowotworowej byt znacznie nizszy w poréwnaniu do poziomu

PA dzieci zdrowych.

2. W czasie odbywania intensywnego leczenia i hospitalizacji dzieci leczone z powodu
choroby nowotworowej nie spetniaty zalecen dotyczacych odpowiedniego poziomu

wskaznika MVPA.
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Poziom wydolnosci krazeniowo-oddechowej dzieci bedacych w trakcie leczenia
z powodu biataczki byt istotnie nizszy w poréwnaniu do wartosci przewidywanych

dla grupy dzieci zdrowych.

Trening IVG zintensywno$cig okreslong na podstawie wyjsciowego testu
wydolnosci krazeniowo-oddechowej byt bezpieczny i wykonalny oraz mozliwy do
realizacji w warunkach szpitalnych podczas intensywnego procesu leczenia

z powodu biataczki.

Trening IVG zastosowany podczas hospitalizacji wptynal na zwigkszenie poziomu

aktywnosci fizycznej dzieci oraz poprawe wskaznika MVPA.

Wyniki badan kontrolnych przeprowadzonych 14 miesiecy od zakonczenia
programu IVG wykazatly, ze dzieci kontynuowaty aktywno$¢ fizyczna, a poziom jej

byt porownywalny do osigganego podczas interwencji treningowej IVG.

W badaniu kontrolnym 14 miesigcy po interwencji [IVG zaobserwowano istotny
statystycznie wzrost poziomu wydolnosci krazeniowo-oddechowej w grupie
interwencyjnej w poréwnaniu do wartosci osiaganych przez dzieci przed interwencja

treningowa.

W grupie kontrolnej nie zaobserwowano istotnej statystycznie roznicy w poziomie
wydolnosci krazeniowo-oddechowej pomiedzy badaniem wyjsciowym a badaniem

kontrolnym (14 miesiecy pozniej).

Poziom aktywnos$ci fizycznej w badaniu przeprowadzonym 14 miesigecy po

interwencji [IVG nie roznit sig¢ istotnie statystycznie miedzy grupg badang i kontrolna.

W badaniu przeprowadzonym 14 miesig¢cy po interwencji IVG poziom wydolnosci
krazeniowo-oddechowej dzieci z grupy badanej i1 kontrolnej nie roznit si¢ istotnie

statystycznie.
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VIII 2. Streszczenie w jezyku angielskim
ABSTRACT

THE INFLUENCE OF INTERACTIVE VIDEO GAMES TRAINING ON
PHYSICAL ACTIVITY LEVEL AND CARDIORESPIRATORY FITNESS OF
CHILDREN TREATED FOR LEUKEMIA

Keywords: leukemia, children with cancer, physical activity, cardiorespiratory fitness,

interactive video games.

INTRODUCTION: Nowadays, we can observe a steady increase in the incidence of
malignant neoplasms. Many data indicate an increase in the number of cases also in the
group of children and adolescents.

The development of diagnostic and therapeutic methods contributes to a steady increase in
the percentage of cured children. Therefore, the fitness and physical activity of people with
a history of cancer, are becoming more important both in everyday and professional life. The
prevention and promotion of regular physical activity during cancer disease are essential.
Children with cancer have an insufficient level of physical activity (PA) and do not
undertake any form of exercise which could improve their cardiorespiratory parameters.
THE AIM OF THE STUDY: The aim of the doctoral dissertation, which is a thematically
coherent collection of three original articles, was to assess the impact of interactive video
games on the physical activity level and cardiorespiratory fitness of children undergoing
treatment for malignant tumors.

METHODS: The international questionnaire of health behavior in school-aged children
(HBSC) was used to assess the level of physical activity and sedentary behavior. The
questions concerned the last seven days. The level of cardiorespiratory fitness was assessed
in the ergospirometric test according to the progressive Godfrey protocol with gradually
increasing load, during which the respiratory gas analysis was carried out. During the
training intervention, the exercise intensity was monitored with a physical activity monitor
(Polar M 430).

RESULTS: The results showed that children undergoing cancer treatment did not perform
any physical activity for a total of at least 60 minutes a day and they did not meet the

recommendations for an appropriate level of daily physical activity (MVPA index). The
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study showed that children undergoing leukemia treatment had a reduced level of
cardiorespiratory fitness. It was especially evident in comparative studies (comparison study
with the results obtained in the group of healthy children). The evaluation of the obtained
values of heart rate (HR) in particular phases of training with the use of IVG showed that in
the examined group children achieved the assumed values of training HR. It was particularly
visible in the final stages of the subsequent phases of IVG training. The required HR values
in each training phase (70% HRpeak, 75% HRpeak, and 80% HRpeax) were achieved and in
some cases even exceeded. Sometimes children even achieved higher HR values than
predicted. In the final phase of the rehabilitation program with the use of IVG, all children
from the intervention group achieved the assumed HR values. It confirmed that IVG training
was safe and possible to be carried out in the group of children with leukemia. In the follow-
up study 14 months after the IVG intervention, a statistically significant increase was
observed in the level of cardiorespiratory fitness in the intervention group compared to the
values achieved by children before the intervention. However, in the control group, there
was no statistically significant difference in the level of cardiorespiratory fitness between
the baseline and the examination conducted 14 months later.

CONCLUSIONS: The results of conducted studies allowed for the following conclusions:

1. The level of physical activity of children during and after cancer treatment was

significantly lower compared to the PA level of healthy children.

2. During intensive treatment and hospitalization, children treated for cancer disease did not

meet the recommendations regarding the appropriate level of the MVPA index.

3. The level of cardiorespiratory fitness of children undergoing treatment for leukemia was

significantly lower than the values predicted for the group of healthy children.

4. IVG training with the intensity determined during the baseline cardiorespiratory fitness
test was safe, feasible, and possible to be carried out in hospital settings during the intensive

leukemia treatment.

5. IVG training applied during hospitalization increased the level of physical activity in

children and improved their MVPA index.
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6. The results of the follow-up study carried out 14 months after the end of the IVG training
showed that the children continued their physical activity, and the level of PA was

comparable to the level of PA achieved during the IVG training intervention.

7. In the study group there was a statistically significant increase in the level of

cardiorespiratory fitness between the baseline and the follow-up study (14 months later).

8. In the control group there was no statistically significant difference in the level of

cardiorespiratory fitness between the baseline and the follow-up study (14 months later).

9. The level of physical activity in the study carried out 14 months after IVG intervention

was not statistically significant between the study and control groups.

10. In the study carried out 14 months after IVG intervention, the level of cardiorespiratory

fitness of children from the study and control groups did not differ statistically significantly.
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Abstract: The aim was to assess the level of physical activity and the quality of life of children
undergoing cancer treatment, during and after the completion of the treatment. Eighty-eight children
aged 11-15 were enrolled. Three groups of children were assessed, i.e., children undergoing cancer
treatment (1 = 30), children after cancer treatment (1 = 28), and healthy children (1 = 30). The level of
physical activity in children was assessed using the questions from the Health Behavior in School-Aged
Children (HBSC) questionnaire. The assessment of children’s quality of life was conducted using
the KIDSCREEN-10 Index. The chi-square test was used to assess the statistical significance of the
differences in the results between the study groups in the case of both HBSC and KIDSCREEN-10
questionnaires. Children undergoing cancer treatment did not perform any physical activity of at
least 60 min (in total) per day, during the week. Therefore, they did not meet the recommendations
related to the appropriate level of daily physical activity (Moderate-to-Vigorous Physical Activity;
MVPA). Children after cancer treatment and healthy children significantly more frequently undertook
physical activity. The quality of life of children with cancer is significantly lower and different from
the quality of life of healthy children.

Keywords: physical activity level; quality of life; child health; cancer

1. Introduction

The increasing effectiveness of treatment in pediatric oncology results in the fact that more children
are successfully cured or achieve a long-term remission [1]. In light of the above information, future
health and the quality of life of these children become more significant. Treatment of childhood cancer
is long-lasting and aggressive. Frequent hospitalizations, invasive examinations, lack of contact with
peers, and subordination of life to the disease [2,3] lead to a decreased quality of life [4] and a significant
reduction in the level of physical activity [5]. The prolonged periods of inactivity contribute to the
reduced capacity of the cardiovascular system, reduced bone mineral density and muscle strength,
and deterioration of physical fitness [6-8]. Decreased ability to perform daily activities [9] adversely
affects the well-being and significantly reduces the quality of life of children undergoing treatment [4].
As a result, the dynamic development of the child’s psychological and social spheres during the
treatment and at the time of recovery is disturbed [10,11].

Physical activity in children was previously an underrated part of the cancer treatment process.
Currently, this approach has changed and physical activity is promoted at every stage of the
treatment [12-14]. Studies revealed that physical activity in a child undergoing cancer treatment
prevents many functional deficits and shortens the convalescence time [15]. Additionally, it has a
beneficial effect on the specific immune response in children, after a bone marrow transplantation [16].

Due to their health conditions, children undergoing cancer are reluctant to undertake physical
activity, which is an essential part of the child’s balanced development [17]. There are many guidelines
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on the forms of physical activity for adult cancer patients, which are clearly defined [18]. In the group
of children with cancer, no uniform recommendations have been developed yet. Studies showed a
positive effect of physical exercise on the physical and psychosocial spheres in children. Adverse
effects related to such activities have not been observed. Children undergoing cancer treatment should
also undertake physical activity and should not be deprived of it [12-16].

It was revealed that the physical activity of children after cancer is still reduced and it is not
only due to treatment-related adverse effects but also due to bad habits acquired during cancer and
the overly cautious attitude of parents and educators [19]. An adequate level of physical activity in
childhood determines the fitness and health of adults. Itis also a preventive factor for the diseases
of affluence.

Promotion of physical activity in children during and after cancer treatment is of great importance.
The physical activity in such patients is not contraindicated. Quite the contrary, it should be promoted.

Adjusting the type and intensity of exercise to individual abilities of each child and to the stage of
cancer treatment is also of crucial significance [12,20,21]. Carefully selected exercise programs can help
alleviate the adverse effects of cancer treatment, minimize functional deficits, and significantly reduce
the convalescence time [15].

The present recommendations on the level of physical activity are mainly related to healthy
children. The recommended intensity of physical activity that is necessary for the proper development
of a child should be at least at the moderate level, minimum 5 days per week, each lasting at least
1 h [22,23]. Studies confirm a beneficial effect of moderate to vigorous physical activity (MVPA)
on health indicators in children and adolescents [22,24]. However, they are usually related to
meeting the recommendations on the appropriate level of MVPA in the group of healthy children [25].
The importance of MVPA should not be overestimated. Some reports indicate that physical activity
of light intensity has a positive effect on children’s health indicators [26]. Activity in any form is
important to children.

The aim of the study was to assess the level of physical activity and the quality of life of children
during and after cancer treatment. This assessment might help to develop rehabilitation programs and
to determine an individual’s level of physical activity.

2. Materials and Methods

2.1. Study Group

Eighty-eight children aged 11-15 were enrolled in the study (Table 1). Three groups of children
were examined, i.e., children undergoing cancer treatment, children after cancer treatment, and healthy
children. The groups were selected in such a manner as to show to what extent cancer and its treatment
influenced the daily activity and the quality of life of children. The selection of such groups also
allowed to determine to what extent these parameters were different from the results of healthy
children. Additionally, it allowed us to assess whether past cancer treatment affected the physical and
psychosocial spheres in children. The inclusion and exclusion criteria were defined (Table 2).

Table 1. Characteristics of the study groups.

P et Group I Group I1 Group 111
Aarameter Children Undergoing Treatment Children after Treatment Healthy Children

Age [years] 13£15 13+£19 13 + 047

Weight [kg] 47 13 51+11 50 10

Height [em] 156 £ 13 159 £12 163 £ B.7
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Table 2. Inclusion and exclusion criteria in the study groups.

Group 1 Group 11 Group 111

Inclusion Criteria

- past history of cancer

diagnosed cancer disease - completed cancer treatment > 1 year - no history of cancer disease
hospital treatment - past chemotherapy - no medical contraindications
duration of hospital stay > 7 days - no contraindications to physical to participate in physical
chemotherapy activity confirmed by the education classes in school

medical certificate

Exclusion Criteria

lack of informed consent

lack of informed consent from parents from parents o the child

lack of informed consent from

or the child
parents or the child 2 T . - intellectual disability of
intellectual disability of the child ‘":’c':‘,'“" d‘“"‘t'i‘:i" of ‘h*r;h"d the child

PROCISME COmpeuave I - practicing competitive sports

Group I consisted of the patients of the Department of Pediatric Bone Marrow Transplantation,
Oncology and Hematology, University Teaching Hospital, Wroctaw, Poland. Group Il was comprised
of children who were the participants of the Lower Silesian Onco-Olympic Games of Children and
Adolescents (sports competition aimed at promoting physical activity among children treated for
cancer). Group III consisted of junior high school students with a negative history of cancer.

The groups were comparable in terms of the number of subjects, age, gender, weight, and height
(Table 1). Group I consisted of 30 children, i.e., 13 girls and 17 boys who were hospitalized due to
acute lymphoblastic leukemia (n = 24) and acute myeloid leukemia (1 = 6). Chemotherapy was the
form of treatment in Group I (mean treatment duration 2.2 years). Group II consisted of 28 children
after cancer treatment (girls n = 17, boys n = 11). These subjects had been previously diagnosed with
acute lymphoblastic leukemia (17 = 16), acute myeloid leukemia (1 = 4), Ewing’s sarcoma (n = 3),
and Hodgkin’s lymphoma (n = 5). Chemotherapy was the basic form of treatment in Group II. The time
from treatment completion in children from Group Il was > 1 year. Group III (7 = 30) included healthy
children with no history of cancer or other chronic diseases (girls n = 14, boys n = 16).

2.2. Research Methods

The level of physical activity of the subjects was assessed using the questions from the Health
Behavior in School-Aged Children (HBSC) questionnaire from the section related to health behavior.
The questions were connected with physical activity within the last seven days. We assessed the
number of days in a week during which children exercised for at least 60 min—MVPA. The task of the
subjects was to estimate the total daily amount of time they spent on physical activity. The frequency
and duration of significant physical effort were also assessed. The effort was defined as any activity
that resulted in an increased heart rate, temporary shortness of breath, and increased sweating.
The questionnaire also included three questions related to sedentary behavior and the time spent in a
sitting position in front of a TV or a computer screen.

The assessment of the quality of life of the subjects was conducted using the KIDSCREEN-10
(the short health-related quality of life questionnaire). The short version of the questionnaire assesses
the health-related quality of life of children and adolescents. The answers are given based on the last
seven days. Subjective feelings of the children related to the condition of their physical and mental
health were assessed on the basis of the first four questions of the questionnaire. The relationships
with parents and peers, the child’s autonomy, and feelings related to the school environment were
also assessed.

In each study group, an anonymous questionnaire survey was conducted in the traditional
paper form.
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2.3. Ethics

The study was approved by the Local Bioethics Committee at the University of Physical Education
in Wroclaw, Poland (consent no 22/2018).

2.4. Statistical Analysis

Statistical analysis was performed in GraphPad Prism 7 (Institute of Inmunology and Experimental
Therapy, Wroclaw, Poland). The normality of the data distribution was assessed using the Shapiro-Wilk
test. Parameters defining the characteristics of the study groups were presented by providing the
descriptive statistics, such as arithmetic mean, median, and lower and upper quartile. The chi-square
test was used to assess the statistical significance of the differences in the results between the study
groups in the case of HBSC and the KIDSCREEN-10 questionnaires. The level of significance was set at
p < 0.05.

3. Results

3.1. Physical Activity Level

Children undergoing treatment did not perform any physical activity during a week that lasted
at least 60 min in total daily and, therefore, they did not meet the recommendations related to the
appropriate level of daily physical activity (MVPA). After completing cancer treatment, the subjects
declared that they were physically active at least once a week for a minimum period of 60 min per day,
compared to children undergoing treatment. Healthy children (40%) undertook such physical activity
at least 5 days per week (Table 3).

Table 3. Physical activity level in children. The percentage of the respondents providing a given
answer [%].

Question/Variable Answer Group I Group II Group 111
0 days 100.00 17.9 -
The number of days per 21 :ay. B ;g; )
week in which the child A 5 : %
X 3days - 214 20.0
performed the physical A 100
activity of at least 60 min : dazz B : 20,0
( A-=HBSC1 6 days - 71 6.7
7 days - 179 13.3
4 * <0.0001 ** <0.0001 *** <0.0001 *** <0.0001
daily - 143 167
4-6 times/week - 71 36.7
Frequency of undertaking 2-3 times/week - 286 333
vigorous physical once a week - 179 10.0
activity—HBSC 2 once a month - 107 -
< once a week 233 7.1 33
never 76.7 143 -
P * <0.0001 ** <0.0001 *** <0.0001 4 0.026
none 80.0 143 -
about 30 min 20.0 213 =
about 1 h - 179 -
The number of hours per about2 h - 179 10.0
week devoted to vigorous about3h - 107 233
physical activity—HBSC 3 about4 h - 36 36.7
about5 h - 3.6 16.7
about 6 h - - 33
about 7 h or more - 10.7 10.0
P * <0.0001 ** <0.0001 *** <0.0001 = 0.0003

Chi square test: * all groups, ** Group I versus Group 111, *** Group I versus Group II, **** Group Il versus Group IIL
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In the majority of cases, children undergoing cancer treatment did not undertake significant
physical activity that led to general fatigue. After completing the cancer treatment, the subjects spent
at least 30 min per week doing vigorous physical activity. Eighty percent of children undergoing
cancer treatment did not undertake vigorous physical activity. Thirty six percent of children undertook
vigorous physical activity even 4-6 times per week, which lasted at least 2 h per week (Table 3).

Almost 90% of children undergoing cancer treatment spent at least two hours per day in front of
a TV screen. Children after treatment completion and healthy subjects spent significantly less time
during the day in front of a TV screen. A comparable number of the subjects spent more than 2 h per
day watching TV (67.8% of children from Group Il and 60.0% from Group III; Table 4).

Table 4. Time spent in front of a computer/TV screen per week. The percentage of respondents
providing a given answer [%].

Question/Variable Answer Group I Group II Group 1T
none - 17.9 167
about 30 min/day - 14.3 6.7
about 1 h/day 133 - 16.7
The number of hours in about 2 h/day 40.0 25.0 36.5
front of a TV screen per about 3 h/day 334 214 -
week—HBSC 4.1 about 4 h/day 133 10.7 6.7
about 5 h/day - 7.1 6.7
about 6 h/day - - 6.7
about 7 h or
noneidie = 36 33
P *0.0101 **0.0101 **+0.0102 % 0.0652
none 333 322 334
about 30 min/day 10.0 10.7 33
about 1 h/day 40.0 71 133
The number of hours spent about 2 h/day 16.7 10.7 133
playing games per about 3 h/day - 14.3 234
week—HBSC 5.1 about 4 h/day - 71 10.0
about 5 h/day - 36 -
about 6 h/day - 36 -
about 7 h or
Sodekliley - 10.7 33
p *0.0324 **0.0132 ***0.0169 40,6676
none - 179 6.7
about 30 min/day 433 - 6.7
about 1 h/day 56.7 32.1 13.3
Temmbedbon P ouindy - ve o om
i weekiHBSC about 3 h/day < 143 10.0
a about 4 h/day - 36 20.0
. about 5 h/day - 36 10.0
about 6 h/day - - 6.7
about 7 h or
mooydiy - 10.6 33
P * <0.0001 ** <0.0001 *** <0.0001 **#+0.1050

Chi square test: * all groups, ** Group I versus Group 11, *** Group I versus Group II, **** Group Il versus Group IIL

The whole group of children undergoing cancer treatment used a computer for 30-60 min per
day. Almost 70% of children from Group I reported that they also played games in addition to
performing other activities that required the use of a computer. The subjects from Groups IT and III
spent significantly more time in front of a computer screen. The vast majority of children from Groups
Il and III spent at least one hour per day in front of a computer screen (82.1% and 86.6%, respectively;
Table 4).
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On off-days, children from Group I spent more time in front of a TV screen (at least 2 h per day)
compared to other days of the week. Almost 68% of the subjects from Group II and 73% of the subjects
from Group III spent at least 2 h per day in front of a television screen on off-days. The amount of time
devoted to playing games on off-days increased in each group compared to other days of the week.
The percentage of the children who played games at least 30 min per day was as follows—86.7% from
Group I, 78.5% from Group 11, and 83.3% from Group I1I (Table 5).

Table 5. Time spent in front of a computer/TV screen on off-days. The percentage of respondents
providing a given answer [%].

Question/Variable Answer Group I Group I1 Group 111
none - 143 16.7
about 30 min/day - 10.7 33
about 1 h/day - 7.1 6.7
The number of hours in about 2 h/day 20.00 143 6.7
front of a TV screen at the about 3 h/day 50.00 17.9 332
weekend—HBSC 4.2 about 4 h/day 30.00 25.0 167
about 5 h/day - 36 6.7
about 6 h/day - - 33
about 7 h or
more/day - 7.1 6.7
p *0.0876 - n/a e n/a enun n/a
none 133 215 16.7
about 30 min/day 30.0 71 33
about 1 h/day 16.7 - 6.7
The number of hours spent about 2 h/day 26.7 179 10.0
playing games at the about 3 h/day 133 7.1 20.0
weekend—HBSC 5.2 about 4 h/day - 14.3 10.0
about 5 h/day - 10.7 10.0
about 6 h/day 4 71 100
about 7 h or ’ 143 133
more/day
r *0.0077 **0.0028 ***0.0021 **** 0.7355

none - 10.7 -
about 30 min/day - 7.1 33
about 1 h/day 433 36 33
The number of hours spent about 2 h/day 56.7 25.0 233

in front of a computer

Scrien ab the about 3 h/day - 179 16.7
e about 4 h/day - 179 10.0
esland—HINC A2 about 5 h/day : 71 167
about 6 h/day - - 6.7
about 7 h or
more/day - 10.7 20.0
p * <0.0001 ** <0.0001 *** <0.0001 et 04277

Chi square test: * all groups, ** Group I versus Group II1, *** Group I versus Group II, **** Group Il versus Group IIL.

3.2. Quality of Life

All of the subjects who were undergoing treatment for cancer did not feel fit or well. The children
who completed cancer treatment assessed their well-being and physical fitness significantly better.
Almost 36% of the subjects from Group II reported at least very good well-being and physical fitness,
whereas 83.3% of the children from Group III assessed their health as at least very good. All children
undergoing cancer treatment reported the lack of energy and fatigue and 86% of the subjects from
Group II reported at least a frequent feeling of energy and willingness to undertake the physical
activity. Seventy percent of the healthy children reported an increased energy level and willingness to
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undertake physical activity. All subjects undergoing cancer treatment experienced sadness within the
last 7 days. The subjects who completed the treatment and the healthy subjects reported the absence
of low mood within the last 7 days (35.7% and 30%, respectively). The distribution of the answers
of the subjects from Groups Il and III to the question related to the mood and the feeling of sadness
within the last seven days was similar. A comparable number of the subjects from each group rarely
felt lonely (Table 6).

Table 6. Self-assessment of physical and mental health (KIDSCREEN). The percentage of respondents
providing a given answer [%].

Question/Variable Answer Group | Group I1 Group 111
not atall 40.00 36 -
slightly 60.00 71 6.7
Feeling fit and well—KID 1 moderately - 53.6 10.0
very - 143 533
extremely - 214 30.0
P * <0.0001 ** <0.0001 *** <0.0001 ***0.0022
never 233 - -
Feeling of strength and s.eldom 76.7 143 6.7
energy—KID 2 quite often - 46.4 233
very often - 14.3 26.7
always - 25.0 43.3
r * <0.0001 ** <0.0001 *** <0.0001 “***0.1364
never - 357 30.0
seldom - 46.4 56.7
Feeling of sadness—KID 3 quite often 40.00 17.9 133
very often 60.00 - -
always - - -
r * <0.0001 ** <0.0001 *** <0.0001 = 0.7302
never 26.7 - 534
seldom 50.0 50.0 40.0
Feeling of loneliness—KID 4 quite often 233 393 33
very often - 10.7 -
always - - 33
P * <0.0001 **0.0367 ***0.0078 e <0.0001

Chi square test: * all groups, ** Group I vs. Group II1, *** Group I vs. Group I, **** Group Il vs. Group III.

The level of autonomy of the subjects undergoing cancer treatment was significantly lower
compared to the subjects from Groups I and III. As many as 43% of the subjects undergoing cancer
treatment reported that they had an insufficient amount of time for themselves. The vast majority of
the subjects from Groups II (64.3%) and III (66.7%) reported that they had time for themselves at least
very often (Table 7).
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Table 7. The ability to set standards for yourself (the autonomy of the child). The percentage of
respondents providing a given answer [%].

Question/Variable Answer Group 1 Group I1 Group 111
never - - 33
: % seldom 433 71 6.7
Hav'gﬁ;‘l’ﬂq‘l‘;‘; b quite often 534 28.6 233
y very often 33 393 367
always - 25.0 30.0
p * <0.0001 ** <0.0001 “** <0.0001 ***+ 0.8699
never 33 36 33
. . seldom 30.0 7.1 33
Pef;‘:’w" a‘"n'tgt?fio“‘_'"goﬂf' quite often 634 179 267
y very often 33 50.0 40.0
always - 214 26.7
* <0.0001 ** <0.0001 *** <0.0001 4 (.8446

P

Chi square test: * all groups, ** Group I versus Group [11, *** Group 1 versus Group II, **** Group Il versus Group L.

The subjects from Groups I, 11, and 11l reported very good relations with their parents. The subjects
undergoing cancer treatment mostly reported an insufficient contact with their peers (Table 8).

Table 8. Relationships with parents and peers. The percentage of respondents providing a given

answer [%].
Question/Variable Answer Group 1 Group I1 Group 111
never - - -
Being treated fairly by seldom - - -
parents/Good relations quite often - 7.1 20.00
with parents—KID 7 very often 10.00 429 13.3
always 90.00 50.00 66.7
P *0.0008 **0.0008 ***0.0032 % 0.0302
never 40.00 36 6.7
Good relations with peers, sgtldofl:\en St 174'13 13 533
% KID 8 quite of - ’ .
very often - 53.6 40.0
always - 214 36.7
p * <0.0001 ** <0.0001 *** <0.0001 ***0.6618

Chi square test: * all groups, ** Group I versus Group 111, *** Group I versus Group II, **** Group Il versus Group III.

As many as 90% of the subjects undergoing cancer treatment reported the lack of satisfactory
results at school. Children after the completion of cancer treatment and healthy subjects reported
significantly greater satisfaction with their school results. All subjects from Group I reported decreased
concentration and attention-related problems. The subjects from Groups II and III reported good
concentration (89.3% and 90%, respectively) (Table 9).
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Table 9. School-related environment, concentration, and attention. The percentage of the respondents
providing a given answer [%)].

Question/Variable Answer Group 1 Group I1 Group 111
not atall 26.7 - -
Positive feelings related to slightly 63.3 36 33
the school moderately 10.0 429 30.0
environment—KID 9 very - 39.2 40.0
extremely - 143 26.7
p * <0.0001 ** <0.0001 *** <0.0001 e 0.6284
never 233 36 -
seldom 76.7 7.1 10.0
Ability to 4
at (engon—Pl?;D 10 quite often - 46.5 234
very often - 214 33.3
always - 214 333
p * <0.0001 ** <0.0001 *** <0.0001 (.2938

Chi square test: * all groups, ** Group I versus Group [11, *** Group 1 versus Group II, **** Group Il versus Group III.

4. Discussion

Cancer treatment process is long-lasting and debilitating. It adversely affects the level of physical
activity and the quality of life of pediatric patients and survivors.

Aggressive protocols for anticancer therapy lead to many adverse effects that are observed during
treatment and many years after its completion. Sarcopenia is one of the most common problems
resulting from the catabolic action of several chemotherapeutic agents. The occurrence of muscular
atrophy results in reduced muscle strength and a significant decline in physical performance [27,28].
Limited exercise capacity enhances protective lifestyle and the cessation of daily physical activity [29].

Treatment duration of childhood cancer significantly reduces the frequency of performing even
light physical activity and recreational sports, such as everyday walks and playing with peers in the
open air. The level of physical activity of children with cancer also decreases significantly compared to
the time before the disease. Reduced level of physical activity is observed in children suffering from
cancer, during their stay at home and during hospitalization, which was found to be reduced by 74%
to 91%, respectively [30].

During the cancer treatment, none of the subjects met the recommendations related to the
appropriate level of physical activity per week. These criteria were met by 25% of the subjects after the
completion of treatment, while they were met by 40% of the healthy children. Similar results were
presented by Tan et al. Their subjects undergoing cancer treatment did not undertake the physical
activity lasting a total of at least 60 min daily (MVPA) [5]. Additionally, Anzar et al. confirmed the
decreased MVPA. In their study group, none of the children performed a 60-min physical effort for a
minimum of five days per week [19].

The subjects, regardless of the group, preferred a sedentary lifestyle; all subjects also reported that
they used a computer every day. In this case, however, both the subjects after cancer treatment and the
healthy subjects spent significantly more time on this activity. It probably resulted from more activities
related to learning and communication with peers. The amount of time in front of a computer/TV
screen increased in each group during the days free of classes.

Lack of physical activity and the majority of time being spent in the sitting position in children with
cancer, significantly reduced CRE. It is manifested by a lower peak oxygen uptake (VO2peak) in relation
to the normal range (31.7 versus 45.1 mL/kg/min). Braam et al. showed that over 50% of children
undergoing cancer treatment had a VO2peak below the normal value. Cardiorespiratory fitness is
significantly associated with the level of physical activity and sedentary habits—any additional activity
per minute results in an increase in VO2peak by 0.05 mL/kg/min, whereas each additional minute of
sitting reduces VO2peak by 0.06 mL/kg/min [21].
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A complete lack of physical activity among cancer children is a decisive factor that negatively
affects the quality of life of these children and forms the belief about lack of independence [4]. Our study
results showed that the children undergoing cancer treatment presented with a lack of well-being and
decreased physical fitness. Children after cancer treatment had significantly better well-being and
physical fitness.

Significant deterioration of physical and mental health, especially in the group of children who
underwent chemotherapy and radiotherapy, was also confirmed by Bhat et al. Children manifested
disorders related to emotional and social functioning [31].

In our studies, as many as 90% of the subjects undergoing cancer treatment reported learning
difficulties and all of these subjects reported attention- and concentration-related problems. Both,
the subjects after cancer treatment and the healthy children reported significantly greater satisfaction
with their results at school, which is in line with observations of Bhat et al. Lack of contact with
peers and the social environment might be the reason for social isolation and future communication
problems [31].

All subjects undergoing cancer treatment were also characterized by excessive fatigue and a
frequent lack of energy. Davies et al. reported that cancer treatment-related fatigue additionally
enhances a protective lifestyle and the cessation of physical activity. Children manage their dwindling
energy and minimized further loss of energy through preserving strategies, which include reduced
physical activity and a sedentary lifestyle [32].

Physical activity is a factor that significantly determines the quality of life of children undergoing
cancer treatment, which is confirmed by Speyer et al. and San Juan et al. Children who are physically
active during hospitalization are characterized by a higher quality of life, and their self-esteem and
activity-related satisfaction are improved [13,33].

Sadness is predominant in the subjects undergoing cancer treatment, compared to the other study
groups. Moody et al. showed that a lack of contact with peers, health-related, and future-related
anxiety and excessive concern of parents and of the medical personnel adversely affect satisfaction and
the well-being of hospitalized children [34].

The effectiveness of treatment in pediatric oncology is increasing, and hence there is a higher
number of survivors. Consequently, issues related to future health and the quality of life of these
individuals become more significant. Individuals who were diagnosed in childhood with cancer
are characterized by an increased risk of cardiovascular diseases [35], obesity [36], osteoporosis [37],
and premature death [38]. Currently, physical activity is recommended at every stage of cancer
treatment despite the fact that it remains an underappreciated component of cancer prevention and
therapy [12,39]. Children with cancer who undertake physical activity during the treatment process
are able to participate more actively in social and professional life, in future.

5. Limitations

Certain study limitations should be considered. Further studies are warranted to confirm the
results of the present study. Such studies should be conducted on larger samples with longer follow-up
periods. The results of other studies assessing the level of physical activity of children undergoing
treatment for cancer are in line with the results of our study [19,30]. The questionnaire methods are
easily accessible and are quick diagnostic tools. However, the use of objective methods to assess the
level of physical activity, such as an accelerometer, would practically allow the assessment of the
activity and sedentary behavior in children. Another limitation is also related to the fact that the
subjects presented with different diagnoses, particularly in the group of children after the completion
of cancer treatment.

6. Future Research Directions

Further studies should focus on developing and verifying the effectiveness of the training program
in children undergoing cancer treatment. Such a program should be directed primarily at increasing
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the level of daily physical activity and counteracting the sedentary lifestyle in this group of patients.
The different forms of physical activity should be personalized, diverse, and attractive and should
meet the expectations of pediatric patients. Any form of physical activity is important, including
low-intensity activity, such as games or plays.

Educational programs for children, parents, and health professionals should be created. An overly
cautious approach of caregivers of cancer children might lead to a situation when the daily life of these
patients is subordinated to the disease. As a result, these children lose their natural need for physical
activity. Promotion of physical activity should occur at every stage during and after cancer treatment.

7. Conclusions

Cancer and its treatment significantly reduce the level of physical activity in children. The subjects
undergoing treatment for cancer had a significantly lower level of physical activity compared to
children who have already undergone cancer treatment and healthy children. The quality of life
of children with cancer is significantly lower and is definitely different from the quality of life of
healthy children. Our subjects with cancer experienced deterioration in both physical and mental
health. The completion of cancer treatment resulted in increased physical activity and the quality of
life. However, the values of these parameters were lower compared to the group of healthy children.
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Abstract: The aim of the study was to assess the exercise capacity (VO;peak) of children undergoing
leukemia treatment and to compare the results with healthy children. Furthermore, we assessed
the influence of treatment methods on the level of exercise capacity and the increase in sedentary
behaviors. The study comprised 21 children (12 boys and 9 girls) undergoing treatment for acute
lymphoblastic leukemia (ALL) (1 = 13) and acute myeloid leukemia (AML) (n = 8). The subjects
were aged 7-13 years (mean age 10.7, SD 2.0 years). Cardiorespiratory fitness was assessed by
using the ergospirometry test. Progressive Godfrey protocol was performed. The level of physical
activity was assessed by using the questions from the Health Behavior in School-Aged Children
(HBSC 2018) questionnaire. The study results showed that children undergoing leukemia treatment
were characterized by a reduced level of exercise capacity. The measured value of VOppey in the
group of treated children was, on average, 22.16 mL-kg™!-min~!. The mean values of VOzpeak
predicted for this age group were 45.48 mL-kg™"-min! (SD, 3.8). The measured value of VO2pcak
in the study group with the division into age groups was, on average, 21.21 mL-kg™"-min~! in the
group of children aged 7-10 years. In the group of children aged 11-13 years, this parameter was
22,64 mL-kg~'min~". Lack of physical activity and failure to meet the standards for the minimum
level of weekly physical activity (MVPA index—moderate-to-vigorous physical activity) probably
contribute to the deterioration in exercise capacity level of cancer-treated children.

Keywords: cardiorespiratory fitness; children; leukemia; physical activity; morphotic parameters; blood

1. Introduction

Leukemia is one of the most common childhood cancers, and the effectiveness of its treatment is
steadily increasing. However, cancer therapy is aggressive, and it leads to many side effects that occur
during treatment [1,2] and many years after its completion [3]. One of the most common complications
of cancer treatment is a large decrease in morphotic parameters of blood. Low blood counts, especially
the decrease in hemoglobin concentration, are the reason of insufficient oxygen transport to the working
muscles and other tissues [4,5]. Anemia and reduced blood perfusion in skeletal muscles are the causes
of insufficient oxygen supply during physical effort, which leads to a reduction in cardiorespiratory
fitness that manifests by decreased exercise tolerance [6]. As a result, children who undergo cancer
treatment reduce their daily physical activity and prefer a sedentary lifestyle [7]. Such habits and a
reduced level of exercise capacity can persist in adult childhood-cancer survivors [8].

Intensive anticancer therapy leads to a significant decrease in exercise capacity parameters in
children, which was confirmed by San Juan et al. Peak oxygen uptake values (VOypeak) in the group of
children with acute lymphoblastic leukemia (ALL) undergoing the maintenance phase of the treatment

were significantly lower when compared to the group of healthy peers (25.3 + 6.5 mL-kg™!-min~! vs.

31.9 + 6.8 mL-kg~"-min~") [9]. These results confirm the essence of the treatment-induced problem with
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cardiorespiratory fitness impairment and the insufficient implementation of rehabilitation methods
to combat the problem of inactivity. It has also been shown that the improvement in exercise
capacity parameters increases the survival rate, while reduced exercise capacity already at the level of
3.5 (mL-kg™'min~!) contributes to the decrease in survival rate by 12% [10].

During anticancer therapy, children often participate in rehabilitation activities. However,
it is primarily aimed at relieving the symptoms of treatment, such as reducing contractures and
muscle atrophy. Children who undergo treatment are not included in a comprehensive program.
The rehabilitation is often aimed only at reducing patients’ temporary problems. Exercise is rarely used
to keep children physically active and ensure at least a moderate level of exercise capacity. It is crucial
to implement aerobic exercise programs at the very beginning of treatment, to prevent an excessive
decrease in VOypeak [11]-

There are many studies that confirm the beneficial effects of aerobic exercise programs in the group
of children undergoing cancer treatment. They can also prevent the development of long-term deficits in
cardiorespiratory fitness and peak oxygen values if they are implemented early [12]. The measurement
of the baseline peak oxygen uptake at the beginning of the treatment allows for the assessment
of the cardiorespiratory fitness and the choice of an individual aerobic exercise program. Periodic
follow-up and monitoring of the cardiorespiratory parameters allow the modification of the individual
rehabilitation program to the current condition of children [13]. It is important to compare the level of
exercise capacity of treated children with the results of healthy children. This will show how the extent
of cancer disease has reduced the capacity level of children undergoing leukemia treatment.

The Cardio-Pulmonary Exercise Test (CPET) is a valuable tool. However, it is relatively rarely used
in oncology clinics due to costs, the need for special equipment for respiratory gas analysis, and trained
personnel [14]. CPET is one of the methods used to assess exercise tolerance, which reflects the level of
cardiorespiratory fitness. This test is the most reliable and commonly used tool to measure the peak
oxygen uptake value using respiratory gas analysis [15]. This measurement is considered by the World
Health Organization to be the gold standard for assessing aerobic fitness [16]. Peak oxygen uptake is
regarded as the most objective and reliable parameter for assessing exercise capacity. CPET results
provide clinically useful information and are helpful in visualizing the body’s physiological responses
to a given physical effort [15,17]. This test performed in children during leukemia treatment is also a
useful additional measurement for assessing the severity of cardiopulmonary disorders [18]. The results
of these clinical trials may be useful in creating new, or improving the already existing, models of
rehabilitation in children during treatment. Such models should prevent the excessive decline in
exercise capacity among children both during and after treatment.

The aim of the study was to assess the peak oxygen uptake in children undergoing leukemia
treatment and to compare the results with the group of healthy children. Furthermore, we assessed the
influence of treatment methods on the level of exercise capacity in children and sedentary behaviors.

2. Materials and Methods

2.1. Study Group

A total of 30 children were recruited in the research. Four children refused to take part in the
cardiorespiratory fitness test. Two children manifested the symptoms of prolonged malaise. Moreover,
on the research day, in three children, the level of platelet count was too low to take physical effort.

The study was comprised of 21 children (12 boys, 9 girls) undergoing treatment for ALL (n = 13) and
acute myeloid leukemia (AML) (n = 8). The subjects were aged 7-13 years (mean age 10.7, SD 2 years;
mean height 144, SD 16 cm; mean weight 41.28, SD 13.82 kg) (Table 1).
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Table 1. Patient characteristics by sex.

All Participants Boys Girls
Variables n=21 n=12 n=9

Mean SD Mean sD Mean SD

Determinant variables

Age (years) 10.7 2.0 107 21 10.7 20
Heigh{ (cm) 144.0 16.0 147.0 18.0 141.0 13.0
Weight (kg) 4128 1382 12 1499 4032 1291
Treatment duration (months) 6.0 20 6.0 20 6.0 1.0
HGB (gde} » B.34 0.18 8.32 0.18 8.36 0.19
PLT (G/L) * 1573 6615 1358 7159 186 47.69
RBC (T/L) * 349 0.3 346 0.32 355 0.29
WBC (G/L) * 21 0.96 2.29 1.19 1.84 0.49
HR (at rest) * 8567 3812  85.58 448 85.78 295
Qutcome variables

VOopeak (mLkg ™' min~!) * 2216 246 2.67 2,67 21.49 211
HRpeai * 1395 2132 142 2415 136, 17.65
VO3 (mL-min~")* 1628 2277 1244 293.2 2140 3511
VCO, (mL-min~') * 1130 453.4 1284 4612 9249 3723
VE (L'min~") * 28.94 7.65 30.6 6.43 26.72 8.92
VE/VCO,* 27.73 499 26.02 451 30 491
RQ = VCO3 exhated/VO2 uptake * 093 0.24 1.0 0.17 0.82 029
MET * 6.28 0.7 6.4 0.76 6.1 0.6
Test duration (s) 47067 3391 4715 3575 46955 3126

* HGB, hemoglobin level; PLT, blood platelet count; RBC, red blood cell count; WBC, white blood cell count;
HR (at rest), resting heart rate; VOopei peak oxygen uptake; HRpeqy, peak heart rate; VO, volume of O; uptake;
VCO,, volume of exhaled COy; VE, minute ventilation; VE/V ~ventilatory equivalent of carbon dioxide; RQ,
respiratory quotient; MET, metabolic equivalent of task.

The subjects were also divided into two separate groups. The criterion for the division was the
age of children (7-10 years and 11-13 years). Separate descriptive statistics were used in the groups
(Table 2). Children undergoing treatment for cancer disease were examined. The subjects were the
patients of the Department of Pediatric Bone Marrow Transplantation, Oncology and Hematology at
the University Hospital in Wroclaw, Poland. All children underwent cycles of chemotherapy which
were administered in hospital settings. The mean treatment duration was 6.19 (SD, 1.63 months).
No comorbidities were reported in patients such as pulmonary disease, musculoskeletal disease,
osteoarthritis, or psychiatric disease.

Based on many specific tests, including cytological assessment, immunophenotyping, and genetic
and molecular evaluation, children were qualified for treatment with the AIEOP-BFM ALL 2017
protocol or the AML-BFM 2012 protocol. Children treated for ALL (1 = 13) were included in the
AIEOP-BFM ALL 2017 protocol, while those (1 = 8) treated for AML were included in the AML-BFM
2012 protocol. Depending on the type of ALL, the treatment was different according to the B-ALL
(n = 7) or the T-ALL regimen (n = 6). All children after the first stage of treatment, i.e., after induction,
were enrolled in three risk groups based on the following criteria: age, leukocyte count, type of
leukemia, treatment response rate, remission, and cytogenetic results. Six children were enrolled in the
standard risk (SR) group and 3 children in the intermediate risk (IR) group. The largest group included
children who were enrolled in the high risk (HR) group (n = 12). In the study group, 13 subjects were
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given glucocorticoids during treatment, while 8 children were not given such drugs, which was due to
the fact that different treatment protocols were used in these groups, depending on the type of the
disease (ALL or AML).

Table 2. Patient characteristics by age group (7-10 and 11-13 years of age).

7-10 Years 11-13 Years
Variables n=7 n=14

Mean SD Mean SD
Determinant variables
Age (years) 8.0 0.5 12.0 07
Height (cm) 128.0 6.0 152.0 12.0
Weight (kg) 30.13 5.156 46.86 13.46
Treatment duration (months) 6.429 1.512 6.071 1.73
HGB (g/dL) * 8.357 0.1902 8.329 01773
PLT (G/L)* 166 52.05 153 73.63
RBC (T/L) * 3.68 0.2312 3.409 0.2999
WBC (G/L) * 1.811 0.4956 2245 1.118
HR at rest * 87.71 2215 84.64 4.088
Outcome variables
VOspeak (mL-kg™"-min~!) * 2121 2.022 22.64 2.593
HRpeak * 151 6.325 1525 1297
VO, (mL-min~1) * 2667 3893 1108 3316
VCO; (mL'min~1)* 1255 538.2 1068 4123
VE (L'min~!)* 29.81 771 28.5 7.867
VE/NCO, * 25.63 5.56 28.77 4.525
RQ=VCO; exnated/VO2 yprake * 0891 03968 09465  0.1341
MET * 6.0 05715 6414 0.742
Test duration (s) 4584 35.59 476.8 33.95

; MET, metabolic equivalent of task.

2.2. Research Methods

2.2.1. Cardiorespiratory Fitness

* HGB, hemoglobin level; PLT, blood platelet count; RBC, red blood cell count; WBC, white blood cell count;
HR (at rest), resting heart rate; VOapqk, peak oxygen uptake; HRp,x, peak heart rate; VO,-volume of O; uptake;
VCO,, volume of exhaled CO;; VE, minute ventilation; VE/VCO,, ventilatory equivalent of carbon dioxide; RQ,

In the initial stage of the study, anthropometric measurements were performed in each subject

(height and weight). Cardiorespiratory fitness was assessed using the ergospirometry test (CPET).
Progressive Godfrey protocol was performed [19]. The exercise stress test using the ergospirometer was
initiated with a 3 min warm-up at 15 W (height of 120-150 cm) or 20 W (height > 150 cm). Body height
>120 cm resulted in proper selection of the cycloergometer for a child.

After a warm-up period, which prepared the body for greater effort, the test started. During
the main part of the test, the load was increased at 1 min intervals by 15 or 20 W (depending
on the height of the subject). During the exercise stress test, the pedal frequency was constant
(60-80 rotations per minute; RPM). The peak value of exercise was defined as the moment when
one of the three criteria was met and the test was then interrupted;
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— The decrease in pedal frequency < 60 RPM despite the strong verbal encouragement of
the researcher;
HRpeak > 180 beats per minute (bpm);

—  Peak respiratory exchange ratio (REReax) > 1.0.

Table 2 shows the mean peak values of HR and RQ. However, these values were not always the
main criteria for the termination of the test. The level of RPM below 60 was often the criterion for
terminating the test [20].

The VO;Peak value was adopted as the mean value from the last 30 s of the exercise stress test [20)].
Due to safety reasons, the study did not assess the maximum oxygen uptake in children (VOapay),
but only the peak value of this parameter (VOzpeax). The measured VOypea values were compared
with the predicted values for age and sex of the subjects [21].

The measurements of VO, and VCO; allowed the determination of the respiratory quotient
(RQ) of the subjects and enabled the calculation of the physiological cost of physical exercise:
RQ = VCO; exhaled/VO2 uptake-

The enrollment was done by the attending physician. Moreover, each parent/legal guardian
consented to the participation of the child in the study. The inclusion and exclusion criteria were
defined (Table 3). Appropriate selection of the age group (7-13 years) resulted in the elimination of
puberty-related factors, which could influence the examined parameters. During puberty, the exercise
capacity parameters were significantly different between the groups of boys and girls.

Table 3. Inclusion and exclusion criteria in the study group.

Inclusion Criteria Exclusion Criteria
& Diagnosed cancer disease: ALL or AML; - Platelet count < 20 G/L;
- Hospital treatment; - Hemoglobin concentration < 8 g /dL;
- Duration of hospitalization > 7 days; - Infectious disease with fever > 38 °C;
- Chemotherapy; - Intellectual disability.

- No physical disability, unassisted arrival at the examination;

- Written informed consent of the parent/legal guardian for the
participation in the study;

- Age: 7-13 years, height > 120 cm.

The ergospirometry system (K4b2; COSMED) was used to assess the exercise capacity parameters.
This portable system is used for the measurement of pulmonary gas exchange and indirect calorimetry
(VO2, VCOZ, and RQ). Ergospirometer allows the measurement of O; and CO; concentrations during
both inspiratory and expiratory phases.

Cycloergometer ASPEL CRG200 was used during the test. It allowed us to set the appropriate
load at the programmed time intervals. The cycloergometer is designed for use with the CardioTEST
stress test system and the AsTER cardiac rehabilitation system.

2.2.2. Subjective Assessment of the Physical Activity Level

Anonymous questionnaire surveys were conducted in the traditional paper form. Children who
had problems with understanding the text due to age or those who could not assess the time properly
were provided with the assistance of their parents or guardians to complete the survey.

The level of physical activity of the subjects was assessed by using the questions from the Health
Behavior in School-Aged Children (HBSC 2018) questionnaire from the section connected with health
behavior. The questions were related to the last seven days. In the beginning, we assessed what
physical activity was and the characteristics of vigorous physical exercise that are the activities and tasks
during which the subject experienced an increased heart rate, increased respiratory rate, or temporary

breathlessness. Moderate-to-vigorous physical activity (MVPA) was assessed (i.e., the number of days
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a week during which children exercised for at least 60 min). Additionally, the frequency of undertaking
vigorous physical activity was also assessed. The questionnaire included three questions related to
sedentary behaviors, i.e., the time in a sitting position in front of a TV or computer screen, time devoted
to computer/console stationary games except for movement-related games, time devoted to Internet
use to contact the peers and to do homework, etc.

2.3. Ethics

The study was approved by the Local Bioethics Committee at the University of Physical Education
in Wroclaw, Poland (consent no 22/2018).

2.4. Statistical Analysis

Statistical analysis was performed in the GraphPad Prism 7 (Institute of Immunology and
Experimental Therapy, Wroclaw, Poland). Normality of the data distribution was assessed by using
the Shapiro-Wilk test. The parameters determining the characteristics of the study group were
presented by providing the descriptive statistics, including the arithmetic mean and the standard
deviation. The Student’s t-test for independent groups (unpaired t-test) was used to assess the statistical
significance of the differences in the results between the study group and the predicted values for age
and sex.

The assessment of the relationship between exercise capacity and the applied treatment protocol
was checked by using the Student’s t-test for independent variable pairs. A one-way ANOVA analysis
of variance was used to assess the relationship between the level of physical capacity and the treatment
regimen. It was used to compare the three regimens. The Bartlett test was applied to assess the
homoscedasticity of the variables.

The assessment of the relationship between the level of exercise capacity and the risk group
(to which each child included in a different treatment regimen was enrolled) was conducted. For this
purpose, the Spearman’s rank correlation was used. Moreover, the results of the exercise stress test were
divided into subgroups according to the risk group and the Student'’s t-test for independent variable
pairs was performed. Moreover, a non-parametric analysis of variance (ANOVA), i.e., the Kruskal-
Wallis test for all three subvariables was performed.

The results of the HBSC surveys were presented as percentage data indicating the number of
answers to particular questions. The values of the correlation of the survey results that assessed the
level of physical activity and sedentary behaviors with the parameters of blood count and the heart
rate were analyzed by means of the Spearman’s rank correlation due to the lack of normality of the
variable distribution. The significance level at p < 0.05 was used.

3. Results

3.1. Cardiorespiratory Fitness

The measured value of VO; peak in the group of children was, on average, 22.16 mL-kg ! min~!

(SD, 2.5). In the group of boys, this parameter was 22.67 mL-kg™'-min~! (SD, 2.7), whereas, in the
study group of girls, it was 21.49 mL-kg"~min" (SD, 2.1) (Table 1). The mean value of the VOspeak
predicted for this age group was 45.48 mL-kg™":min™" (SD, 3.8). The predicted value of VOpeak in the
group of healthy boys was 46.3 mL-kg™"-min~! (SD, 4.2), whereas in the group of healthy girls it was
44.7 mL-kg™"min~! (SD, 3.4) (Figure 1).
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Figure 1. Measured values of VOzpeax compared to the predicted values for age and sex in boys, girls
and the group in total. Unpaired !-test: * examined boys versus expected values p < 0.0001, ¥ examined
girls versus expected values p < 0.0001, and © general study group versus expected values p < 0.0001.
* Based on age- and sex-predicted values [21].

The absolute difference between the measured and predicted VO,peak between the groups was
23.32 mL-kg™'min~. In the groups of boys and girls, the difference was 23.63 and 23.21 mL-kg~"-min"",
respectively (Figure 1).

The measured value of VOypeak in the study group with the division into age groups was,
on average, 21.21 mL-kg™!min~! (SD, 2.0) in children 7-10 years of age. In the group of children aged
11-13 years, this parameter was 22.64 mL-kg“ -min~! (SD, 2.6) (Table 2). The mean values of VOspeak

predicted for this age group were 45.48 mL-kg™"-min~" (SD, 3.8) (Figure 2).

| Observed values

‘ I ® Expected values *
0 I

7-10 years * 11-13 years® 6-11 years ¢

8 8 § 2 8

VOipeak [misg 1min1]
S

Figure 2. The values of VOypeak in the study group with the division into age groups (children aged 7-10
and 11-13 years) compared to the values predicted in the relevant age group. Unpaired -test: * examined
boys versus expected values p < 0.0001, ® examined girls versus expected values p < 0.0001, and © general
study group versus expected values p < 0.0001. * Based on age- and sex-predicted values [21].

In the study group, 38% of children achieved above-average results. The value of VO,peax below
20 mL-kg~"min~" was obtained by 24% of the examined children (Figure 3).
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Figure 3. Distribution of measurement results of VOzpeax in the group with the division into sex.
The assessment of the relationships between VOypeax levels of the children and the treatment

protocol (ALL-AIEOP-BFM ALL 2017 protocol; AML-AML-BFM-2012 protocol) did not show statistical
significance (Table 4).

Table 4. The relationship between the level of exercise capacity (VOzpeak) and the treatment protocol
(AIEOP-BFM ALL 2017; 1-AML-BFM-2012).

VO3peak Treatment Protocol VO2peak Treatment Protocol

Vaziables (AIEOP-BFM ALL 2017), n = 13 (AML-BFM-2012), n = 8

VOspeak treatment protocol
(AIEOP-BFM ALL 2017)

Vs, - »

VOgpeak treatment protocol
(AML-BFM-2012)

Unpaired f-test

p-value 0.5149
p-value summary Ns
Significantly different (p < 0.05)? No
One-or two-tailed p-value? Two-tailed

The assessment of the relationships between the level of exercise capacity (VOzpeak) and the
treatment regimen (B-ALL, T-ALL, and AML-BFM) showed no statistically significant correlations
(Table 5).
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Table 5. Relationship between the level of exercise capacity (VOzpeax) and the treatment regimen
(B-ALL, T-ALL, and AML-BFM).

Variables Statistical Values
VO;P,ak treatment regimen (B-ALL), n =7

Vs,
VOzP,,k treatment regimen (T-ALL), n = 6

VS.

voZpeak treatment regimen (AML-BFM), n = 8

One-way ANOVA

F 0.1775
p-value 0.8388
p-value summary Ns
Significant difference among means (p < 0.05)? No
R square 0.01934
Bartlett’s test for homoscedasticity

Bartlett’s statistic (corrected) 0.1198
p-value 0.9419
p-value summary Ns
Are SDs significantly different (p < 0.05)? No

The assessment of the relationship between the level of exercise capacity (VOzpeak) and the
risk group, including each child (SR, standard risk; IR, intermediate risk; and HR, high risk) who
underwent a different treatment regimen, did not show statistically significant values (B-ALL, T-ALL,
and AML-BFM) (Table 6).

Table 6. The relationship between the level of exercise capacity (VOzpeak) and the risk group (SR,
standard risk; IR, intermediate risk; and HR, high risk).

Risk Group
Variables Treatment Regimen  SR:n=6, HR:n =3, VOzP,,k
IR:n =12

Spearman Rho Treatment regimen Risk group VOzpeak
Treatment regimen -0.388 -0.268
Risk group -0.388 -0.011
VO2peak -0.268 -0.011
p-values Treatment regimen Risk group VO2peak
Treatment regimen 0.082 0.241
Risk group 0.082 0.962
VOspeak 0.241 0.962

VOypeak _risk group-high risk
Vs,

VO2peakrisk group-standard risk
Unpaired {-test
p-value 0.9881
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Table 6. Cont.
Risk Group
Variables Treatment Regimen ~ SR:n=6,HR:n=3, VOek
IR:n=12

p-value summary Ns

Significantly different (p < 0.05)? No

One-or two-tailed p-value? Two-tailed

t, DF

t=0.01521 DF = 16

Kruskal-Wallis test of VO;eak_risk group
(SR, IR, HR)

p-value 0.6766
Exact or approximate p-value? Exact
p-value summary Ns
Do the medians vary significantly (p < 0.05)? No
Number of groups 3
Kruskal-Wallis statistic 0.8447

The study showed that physical exercise at the end of the exercise stress test was vigorous. This is
evidenced by the high respiratory quotient (RQ) achieved in the last 30 s of the test. The mean RQ in
the study group was 0.93 (SD, 0.24) (Table 1). The study results also showed that children had low
blood counts, including hemoglobin (Hb) level (mean 8.34, SD 0.18) (Table 1). High RQ correlated with

low hemoglobin levels (Table 7).

Table 7. Correlation of the results of the exercise stress test with the parameters of blood count and heart
rate in the study group of children in total. Values of p < 0.05 were considered statistically significant.

Spearman Rho Hb (mg/dL) PLT(G/L) RBC(T/L) WBC(G/L) HRatRest Exercise HR
LOL’:;'_‘ by -022 -015 -0.09 -0.02 022 025
VO, (mL:min~') o1 -0.12 -0.09 0.01 0.16 -0.02
VCO; (mL:min~") -0.01 -0.18 -0.10 -0.03 0.09 -0.09
RER -0.28 -0.01 -0.09 -020 0.23 -027
VE (L'min~") 0.12 -0.03 -0.22 0.14 0.11 0.08
VE/VCO, -0.06 0.25 -0.15 0.24 0.09 011
RQ = VCO; exhated/VO2 uptake -045* -0.12 -0.14 -0.24 0.13 -0.30
MET -021 -0.16 -0.11 -0.03 021 023

* Results showing the correlation.

The analysis of the relationship of the results of the exercise stress test with the division into age
groups showed a positive relationship between the level of the minute ventilation (VE) and the number
of WBC in children aged 11-13 years. An inversely proportional relationship was observed in the
correlation between high RER values and low RBC in the group of children aged 7-10 years. The same
relationship was observed in the correlation between high values of exhaled carbon dioxide (VCO,)
and VE and low WBC in children aged 11-13 years (Table 8).
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Table 8. Correlation between the exercise stress test results and blood count parameters and heart
rate with the division into age groups (7-10 and 11-13 years). Values of p < 0.05 were considered
statistically significant.

S Rho Hb (mg/dL) PLT (G/L) RBC (T/L) WBC (G/L) HR at Rest Exercise HR
g 1 u 1 un 1 1 1 n 1 u 1 un
(‘fncff;ﬁ — -044 -013 -032 -015 -020 001 -025 -005 064 020 -036 039
VO, (mL-min~") 044 -003 036 =-045 -061 015 =061 0.41 015 014 034 -0
VCO, (mL-min~") 0.00 0.01 014 -040 -068 -006 -093* 0.46 0.13 010 007 =012
RER -044 -036 024 =025 -093* 017 =073 018 -018 037 -023 -036
VE (L'min~") 0.16 008 000 -028 -068 -019 -079* 056* 011 011 -002 004
VE/NCO, 016 -014 -014 039 0.47 021 075 -003 020 019 -018 009
RQ = VCO; cuhaled/VO2 uptake 076  —035 014 -026 -058 019 -057 017 -025 036 -045 036
MET -04 -011 -032 -015 -020 -002 -025 -006 064 019 -036 037
* Results showing the correlation. Group I = children aged 7-10; group 11 = children aged 11-13.

3.2. Physical Activity Level

None of the children met the standards for the recommended level of weekly physical activity.
All subjects declared that during the previous week they did not undertake any form of physical
activity longer than 60 min per day (MVPA index). None of the children underwent any moderate
or vigorous physical activity in the previous week, i.e., the one that would influence the values of
exercise capacity parameters. The percentage of children treated for cancer who declared spending at
least 5 h per day in the week in front of a computer or TV screen was 95.24. On days off, all children
spent at least 5 h daily in front of the screen. All the children declared playing stationary games daily
which did not require physical activity (computer, console, smartphone, or tablet games). These games
were only stationary, not active, such as Kinect. On days off, the amount of time spent on games
increased. All children declared that they had used the Internet every day and spent at least 4 h daily
on it (Table 9).

Table 10 shows the relationship between the level of physical activity (HBSC questionnaire) and
morphotic parameters of blood and heart rate. No statistically significant results were observed that
could indicate the effect of insufficient level of morphotic parameters of blood on exercise frequency,
exercise time, or sedentary behaviors (Table 10).

A positive relationship was found between the amount of time spent using a computer and mobile
devices and low WBC in the group of children aged 11-13 years (Table 11).

Table 12 shows the relationship between the level of exercise capacity parameters obtained in the
ergospirometry test and the levels of physical activity and sedentary behaviors. There was no effect of
reduced physical activity or increased sedentary behaviors on the exercise capacity on children treated
for leukemia (Table 12).
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Table 9. Level of physical activity and sed, y beh ¥ age data on the number of people answering questions from the HBSC survey (%).
P arsrarikon ol Frequemcy of TheNumberof  The Number of The Number of The Number of :-:::1'\:-. TheNumber ol Moms
. Child Performed i Hoursin Fromtof  Hours in Frontof  Hours Spent Mlaylng  Hours Spent Playing
Response®  pmysical Activityofat  Vigorous Physical 2 Screen Per a Screen at the at e veradircilit -
lomtimin | Acivty—HBSCT  Week—lBSCAT  Weekend—MBSCAZ  Week—IIBSCS1  Weekend—HBSCS2 oy S ot aroriee
0 1 . »
1
2
3 = : . =
3 W Z 9= 9= H 5
3 - W30 ns W0 1w w10 I
" 10 nx 2% 2% 23 w0 10
7 5 ns ey A : Ve

* Content of the response included in the previous paper [22]. The third question was not considered in the current study since the new HBSC 2018 questionnaire was formed with the
exclusion of question 3.
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Table 10. Correlation between the survey results that assessed the level of physical activity and
sedentary behaviors and blood count parameters and heart rate in the study group of children in
total. Values of p < 0.05 were considered statistically significant. ® The question content of the HBSC
questionnaire is given in Table 7.

Spearman Rho (m:/l:lL) (gliz) (l.{rl;:'; :(V:I;S HR at Rest  Exercise HR
HBSC1*? - - - - - -
HBSC2*? - - - - - -

HBSC4.1°? 0.01 -0.25 031 0.15 0.20 -0.01
HBSC4.2? 0.11 0.07 -0.04 032 027 0.25
HBSC5.17 -0.08 -0.08 010 -0.30 0.21 0.04
HBSC5.2% -0.06 -029 0.13 -0.10 0.01 -0.04
HBSC6.1* -0.18 -0.06  0.09 -0.25 -0.15 -0.03
HBSC6.2? -0.02 0.28 012 -046* 031 -0.08

* Results showing the correlation.

Table 11. Correlation between the survey results that assessed the level of physical activity and
sedentary behaviors and blood count parameters and heart rate with the division into age groups (7-10
and 11-13 years of age). Values of p < 0.05 were considered statistically significant. ® The question
content of the HBSC questionnaire is presented in Table 7.

Hb

PLT

RBC

WBC

Spearman Rho (mg/dL) (G/L) /L) (G/L) HR at Rest Exercise HR
I n 1n 1 TR noo n 1 no

HBSC1° = = 2 3 = = = - Z = =

HBSC2? . = = o . : = = - - . -
HBSC 4.17 =027 -042 0.30 0.02 021 0.02 000 =027 033 0.10 -036 -042
HBSC42° 058 —069* -019 -010 010 000 -019 -042 053 024 -081* -025
HBSC 5.1 024 -0.15 0.39 002 =012 014 023 033 =053 -007 0.78 =021
HBSC5.27 048 -027 0.61 -003 000 -016 -004 055 -024 027 087* -0.13
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HBSC 6.2 0.00 -045 -029 -021 -022 013 -058 -0.21 0.29 015 -0.51 -0.53

* Results showing correlation. Group I = children aged 7-10; group II = children aged 11-13.

The analysis of the relationships between the level of physical activity and the results obtained in
the exercise stress test with the division into age groups (7-10 and 11-13 years of age) did not show
statistically significant observations (Table 13).
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Table 12. Correlation between the survey results that assessed the level of physical activity and sedentary behaviors and the results of the exercise stress test in the
study group of children in total. Values of p < 0.05 were considered statistically significant. * The question content of the HBSC questionnaire is presented in Table 7.
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* Results showing correlation.

Table 13. Correlation between the results of the questionnaire that assessed the level of physical activity and sedentary behaviors and the results of the exercise stress
test with the division into age groups (7-10 and 11-13 years of age). Values of p < 0.05 were dered Ity i * The question content of the HBSC

questionnaire is presented in Table 7,
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* Results showing the correlation. Group 1 = children aged 7-10; group 11 = children aged 11-13.
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4. Discussion

The results of the study showed reduced peak oxygen uptake, which indicates reduced exercise
capacity in children during leukemia treatment. The VOjp,,x parameter was assessed in the study
because, in the group of children, it is particularly difficult to examine the effort at the maximum level.
Moreover, reaching the plateau is often impossible despite the increase in exercise load. In children,
the values of oxygen uptake before reaching the plateau are assumed to be the maximum values.
In addition, cancer itself and its sequelae are contraindications for performing maximum tests [23,24].
The evaluated VOypcqk values were lower, on average, by 23.32 mL-kg ™' -min~!, compared to healthy
children in a similar age group [21].

Children achieved high RQ values during the measurement, which indicates that the level of
physical effort was high. Relatively low HR peak values were also observed when the children
completed the test (139.5 bpm; SD, 21.32) (Table 1). The duration of the test was relatively short
(mean time, 470.67 s; SD, 33.91), and children often interrupted the test prematurely and showed
the signs of heavy exercise load. High RQ values correlated with low hemoglobin levels (Table 7),
which indicates impaired oxygen transport to muscles. These results suggest that children prematurely
felt the symptoms of fatigue, confirming the reduced exercise tolerance of the study subjects.

Unexpectedly, the results of our study also showed that the VO,p.ak values were significantly
lower compared to the results of other researchers who evaluated the level of exercise capacity in
children with cancer. The difference was 9.54 mL-kg~I -min~! (SD, 9.2). One of the possible reasons for
such a difference may be related to a different age group. Braam et al., in their study, assessed the level
of exercise capacity in the group of children aged 8-18 years. A large group included children in the
puberty period [17]. Intensive changes occur at puberty, and the exercise capacity parameters show
significantly different values in boys and girls. Our study results were related to a narrow age group of
children who were mostly before puberty (mean age, 10.7; SD, 2.0). This allowed the elimination of the
influence of puberty-related factors on the VO,peak parameter [25].

Another reason for such a large discrepancy in the results obtained may be related to the different
stage of cancer treatment. The study subjects were at the initial stage of cancer treatment. The mean
treatment time was 6.0 months (SD, 2.0) in the study group. In the early stage of cancer disease,
the therapy is very aggressive and is aimed at the fastest destruction of a large number of cancer
cells. One of the adverse effects of the first stage of cancer treatment is related to the adverse effect on
morphotic parameters of blood. Anemia is a particularly common symptom. A decreased hemoglobin
level is the cause of insufficient oxygen transport to muscles. As a result, it is manifested by a decrease
in exercise capacity in children [26]. Our study included only children treated for leukemia (ALL n = 13;
AML n = 8). This disease of the hematopoietic system also directly adversely affects the morphotic
parameters of blood and determines the exercise capacity [27].

Cancer treatment is also the cause of adverse changes that affect the circulatory system.
Chemotherapy often has a cardiotoxic effect and can cause heart failure. It was also a limiting
factor for children to undertake full-time physical activity. Our exercise stress tests were conducted in
a group of children without circulatory disorders. Symptoms such as dyspnea, coughing, and fainting
may indicate cardiorespiratory abnormalities resulting from the adverse effects of chemotherapy [28].

Cachexia is a common sequela of cancer, which is manifested by weight loss and muscle atrophy.
It has a negative effect on the exercise capacity in children undergoing treatment for cancer [29,30].
This reduces the exercise capacity level, which is still insufficient in the group of childhood cancer
survivors. Low muscle mass and the deficiency of energy substrates are also important factors that
have a direct impact on the reduction in exercise capacity [31].

Low blood counts and insufficient oxygen uptake are also manifested by general malaise and
excessive fatigue in children. This increases the reluctance to undertake physical exercise and sometimes
even the fear of the occurrence of fatigue symptoms, such as fainting, increased sweating, and headaches.
Lack of contact with peers and being surrounded only by adults affect children’s motivation to be
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active and their bad mental state. Most children declared that they had not undertaken any form of
physical activity in the previous week (Table 9).

One of the important factors influencing the final result of the cardiopulmonary exercise test is
the level of motivation of the examined subjects. Children with cancer disease have a low level of
motivation. It is not only due to the disease and the related procedures, which often cause fear and
anxiety. Additionally, psychosocial problems resulting from cancer treatment adversely influence
motivation in children. Parental attitude and excessive care are the reasons for low motivation in
children to undertake physical activity out of their own will. This may result in a worse perception of
the child’s ability to undertake physical activity. As a result, it causes a premature termination of the
stress test despite the absence of fatigue symptoms [32].

None of the children reported any form of physical activity in the previous week; nor did they

meet the MVPA recommendations (Table 9). It is also a possible cause of achieving low VOjpeqk values.

It can be assumed that one of the reasons for the lack of interest in sports and physical activity is
the lack of attractive forms of physical activity dedicated to children during hospitalization.

Children with no functional deficits who do not require special rehabilitation are not offered any
form of physical activity. Promoting attractive forms of physical effort (e.g., exercise using virtual
reality technology or interactive games) as part of cancer therapy may prevent a significant decrease
in exercise capacity. Such forms of exercise would positively influence improving and maintaining
exercise capacity parameters [33].

Habits acquired during treatment often become permanent and remain even after treatment.

Reduced VOype; is an important predictor of premature mortality. Therefore, it is important that children
treated for cancer should undertake physical activity and maintain high values of VOapeax [10,34,35].

In conclusion, it is important to prevent excessive exercise capacity deficits and to maintain
physical activity at a level adapted to the current abilities of the treated children from the onset of cancer
treatment. Lack of physical activity during cancer treatment remains a habit and a factor predisposing
this group of patients to the occurrence of diseases of affluence in adult life. Rehabilitation of children
with cancer is particularly significant at the hospital stage. However, a frequent problem is related
to the selection of appropriate forms of exercise for these children and the selection of appropriate
exercise intensity in particular. The results of the exercise stress test are a very useful tool to help
plan an individual rehabilitation program for a child with cancer. The comparison of the results of
the exercise stress test in the group of affected children with the results of healthy children is a strong
motivator to undertake action to increase the level of physical activity of these children, which in turn
will improve their level of exercise capacity.

5. Strengths and Limitations of This Study

The examined group of children was very homogeneous in terms of age, treatment time, the type of
disease, and treatment procedures. The methods used to measure respiratory parameters, including the
parameter assessing exercise capacity in children (VOapeak), were objective. However, these methods
are rarely used in the group of children during cancer therapy. This is probably due to the difficult
access to a homogeneous study group and frequently aggressive medical procedures applied to
children. Consequently, the duration of the entire research period and the time of data collection are
often very long. A large number of children who could be included in the study group did not agree to

participate in the study, due to the high intensity of chemotherapy and fatigue or malaise symptoms.

Sometimes low PLT is a contraindication for cardiopulmonary stress testing. Taking these factors into
account, we assert that the study group is relatively large. In terms of statistical analysis, the study

group was small (n = 21), which could increase the risk of statistical error and undermine the inference.

In some cases, CPET could have lasted longer and the achieved VOypqx values could have been
higher. A frequent reason for interrupting the cardiopulmonary exercise test was the lack of motivation
among children. The subjects undergoing cancer treatment showed a premature desire to terminate
the test despite low heart rate and RQ values. Despite the researcher’s encouragement, the subjects
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significantly reduced the pedaling frequency. Moreover, the study coincided with the COVID-19
pandemic, which resulted in the suspension of the study. The study group included the patients from
the high-risk group of infection, which made it impossible to conduct the study in its complete scope.
In the future, the study period should be prolonged, and the study should be conducted on a larger
group of children with cancer. Moreover, the methods used for the assessment of the level of physical
activity were not objective. These methods only estimated the weekly level of physical activity of
children. Therefore, the use of devices such as Sport Tester or ActiGraph would certainly provide
objective data.

6. Future Research Directions

The assessment of the baseline level of the exercise capacity should be the starting point for the
whole process of rehabilitation of a child with cancer. In the future, the test results will serve as a
prognostic element enabling individual selection of the intensity of the exercise/rehabilitation program.
This will enable the maintenance of exercise-capacity parameters and prevent an excessive decrease in
the child’s exercise capacity during the long-term process of cancer treatment. Rehabilitation focused
on increasing the level of daily physical activity and preventing sedentary behaviors is of crucial
importance. However, it is not always properly selected.

7. Conclusions

The study results showed that children undergoing treatment for leukemia were characterized
by a reduced level of exercise capacity. Their level was much lower compared to healthy children of
the same age. The low levels of exercise capacity parameters were probably caused by the medical
procedures and many circles of chemotherapy that children underwent. Cancer and its aggressive
treatment result in a decrease in the level of morphotic parameters of blood, which results in tissue
hypoxia and a significant decrease in exercise capacity parameters. Lack of physical activity and failure
to meet the standards for the minimum level of weekly physical activity (MVPA) probably contributed
to the deterioration in exercise capacity in children treated for cancer.

Psychosocial factors, such as lack of contact with peers, feeling of isolation, and awareness of a
life-threatening disease, contributed to physical inactivity.
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Abstract: Despite the beneficial effect of exercise, children treated for cancer do not engage in sufficient
physical activity. It is necessary to search for attractive forms of physical activity, including interactive
video games (IVGs). The aim of this study was to verify the effectiveness of the rehabilitation model
developed by the authors based on the use of IVGs in children undergoing leukemia treatment.
The study included a group of 21 children aged 7-13 years (12 boys, 9 girls) undergoing treatment
for acute lymphoblastic leukemia (ALL) (n = 13) and acute myeloid leukemia (AML) (1 = 8). The
children were randomly assigned to an intervention group and a control group. To assess the level of
cardiorespiratory fitness (CRF), each child participated in a Cardiopulmonary Exercise Test. Daily
physical activity was assessed using the HBSC questionnaire. The study also used the Children’s
Effort Rating Table Scale (CERT) to assess the intensity of physical effort. The children in the
intervention group participated in 12 sessions of. The study participants managed to complete all
stages of a progressive training program, which confirmed the feasibility of such physical effort by
patients with cancer. Pediatric patients reported that the IVG training required a light to moderate
physical effort despite high values of energy expenditure (EE).

Keywords: childhood cancer; children; cardiorespiratory fitness; physical activity; energy expenditure;
interactive video games; Children’s Effort Rating Table

1. Introduction

The use of modern treatment methods in pediatric oncology has resulted in an in-
crease in the survival rates of pediatric patients. Even 85% of children treated for cancer
are permanently cured [1,2]. Therefore, it is necessary to identify factors that directly affect
the loss of overall psychophysical fitness in pediatric patients [3,4]. Oncological treatment
may cause a significant deterioration of physical and mental health. Children most often
complain of fatigue, pain, anxiety, stress, social isolation [5,6], or deterioration of cardiores-
piratory fitness (CRF) and physical fitness [4,7]. Such deficits persist even after treatment
completion [8]. Many studies have confirmed that prolonged hospitalization and related
procedures (i.e., chemotherapy, radiotherapy, surgical treatment) significantly reduce the
quality of life of children and discourage them from undertaking spontaneous physical
activity (PA) [9]. Studies have shown that exercise programs had a beneficial effect on the
well-being and mood of pediatric patients and improved CRF and PA [10,11]. Fiuza-Luces
et al. (study group, n = 24) proved that an intrahospital exercise program in pediatric
cancer patients could be safely applied to improved muscle strength [12]. Studies have also
shown that exercise interventions in this group of patients are beneficial during and after
treatment [13]. Despite the beneficial effect of exercise, children treated for cancer do not
engage in sufficient physical activity. Rehorst-Kleinlugtenbelt et al. (study group, n = 25)
proved that children undergoing cancer treatment, both in hospital and in home settings,
showed a reduced PA level and did not comply with the general recommendations for PA
in children [14]. As a result, it is necessary to search for modern forms of physical activity
attractive for children, including interactive video games (IVGs) [15].
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To date, IVGs used to increase physical activity levels have been widely used in
healthy children and young adults, overweight and obese children, as well as adults [16-21].
IVGs have also been applied in a group of children with developmental disorders and
abnormal motor patterns. Interactive games positively influenced the improvement of
the examined parameters: small and large motor skills, balance, coordination, natural
forms of movement and locomotion (running, walking, jumping) [22]. IVGs have also been
used as part of a rehabilitation program for children with cerebral palsy and in the case of
amputation [23-25]. IVGs have not been commonly used in children undergoing treatment
for malignant tumors [15,26].

The aim of this study was to verify the effectiveness and feasibility of the rehabil-
itation model developed by the authors with the use of IVGs in children undergoing
leukemia treatment. In addition, the levels of cardiorespiratory fitness, physical activity,
and sedentary behavior were assessed, during hospitalization and in a follow-up study.

2. Study Design
2.1. Participants and Recruitment

The selected sample included children diagnosed with acute lymphoblastic leukemia
(ALL) or acute myeloid leukemia (AML) during hospitalization; the disease period did
not exceed 6 months from the diagnosis. Patients were included from January 2019 until
January 2020. The study participants comprised children undergoing treatment for cancer
(cycles of chemotherapy in hospital settings) at the Department of Pediatric Bone Marrow
Transplantation, Oncology and Hematology at the Wroclaw University Clinical Hospital,
Poland. We recruited a group of 21 children aged 7-13 years (12 boys, 9 girls) undergoing
treatment for ALL (1 = 13) and AML (n = 8). The children were randomly assigned to the
intervention and the control groups. The subjects from the intervention group participated
in IVGs in the intrahospital intervention program. The children from the control group
were not included in any rehabilitation program. The children from the control group
reported no possession of any interactive video game kit. Not all of the recruited children
completed the research program (Figure 1). The distribution of the recruited children into
the intervention and the control groups allowed for checking whether the participation
in the IVGs program improved their health behavior and regular physical activity level.
Additionally, it was possible to assess whether the acquired health habits were permanent
and whether they significantly improved the efficiency parameters of the children.

(" Basetine study population
January 2019-January 2020

(n=524)

i

i e RSl
| [\m.i‘;,?:".i‘;";';:‘;“‘m":m
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- Stress and anxiety of a child
f—— - Child's refusal

Recruited
(n=27)
——————— Dropouts (n = 6) \’

- Did not complete all stages of
. progr IVGs training program
The group of =
recruited children
m=21)

\

Figure 1. Participants recruitment.

2.2. Intervention Group

The intervention group included 10 children (5 boys, 5 girls) undergoing treatment for
ALL (n = 8) and AML (n = 2). The pediatric patients were aged 7-13 years (mean age 11.3,
SD 2.0 years; mean body height 149.1, SD 13.76 cm; mean body weight 46.59, SD 16.0 kg)
(Table 1).
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Table 1. Patient characteristics according to sex and group.
p-Values
Intervention Group Control Group Intervention
n=10 n=11 Group vs.
Control Group
Detasiinant Boys Girls Boys Girls
Cermitant - NMean = SD  Mean+SD  Mean+SD Mean+SD Mean+SD  Mean = SD
Variables
n=>5 n=5 n=7 n=4
Age (years) 113+19 114 +22 112420 10.08 + 1.9 10.15 + 2.0 99+22 0.38
Height (cm)  149.1 4 13.76 154 + 15.36 1442 + 11.39 140 + 16.5 141.7 £ 1842 137 +£ 1451 0.51
Weight (kg)  46.59 + 16.01 496 +17.8 435+ 154 3645+99 3657 1086 36.25 943 0.24
Treatment
Duration 64+1.6 6.0 +£2.0 68+ 13 63+ 1.7 64 +21 6.0 +1.15 0.87
(months)
HED 835+ 0.2 8.44 £ 015 8.26 + 0.18 8.33 +0.17 824 +0.15 847 +0.12 0.78
(mg/dL)
PLT (G/L) 1739 £57.26 162.6 = 6097 1852 £ 578 1423 +726 1167 £76.78 187 +=40.11 0.28
RBC (T/L) 3.143 + 0.36 304029 329+ 04 3.52+0.29 346 +03 3.62 + 022 0.02
WBC (G/L) 191 +0.8 216 + 09 1.67 + 0.57 227 +11 239+ 142 2.06 + 0.31 0.92
HR at rest 86.5+34 862 +42 868 +£29 849 £ 4.16 85.1 +£4.95 845 + 2.89 0.35

Note: HGB—hemoglobin level, PLT—blood platelet count, RBC—red blood cell count, WBC—white blood cell
count, HR (at rest)—resting heart rate.

2.3. Control Group

The control group included 11 children (7 boys, 4 girls) undergoing treatment for ALL
(n =5) and AML (n = 6). The patients were aged 7-13 years (mean age, 10.08, SD 1.9 years;
mean body height, 140.0, SD 16.5 cm; mean body weight, 36.45, SD 9.9 kg) (Table 1).

2.4. Participants Characteristics

Height and weight were measured in each participant prior to the study. The subjects
were enrolled by a physician and a physiotherapist. Both inclusion and exclusion criteria
were defined. The inclusion criteria in the study group were as follows: diagnosed cancer
(ALL or AML), 7-13 years of age, hospital treatment, duration of hospital stay >7 days,
chemotherapy, lack of physical disability, unassisted arrival at the examination, written
consent of a parent/legal guardian to participate in the study, height >120 cm. The exclusion
criteria were as follows: platelet count <20,000/ mm?, hemoglobin level <8 g/dL, infectious
disease with fever >38 °C, intellectual disability. The children underwent the cycles of
chemotherapy in the hospital settings. The mean time of treatment was 6.22 months
(SD 1.64). None of the subjects presented with comorbidities.

The subjects treated for ALL were included in the International collaborative treatment
protocol for children and adolescents with acute lymphoblastic leukemia (AIEOP-BFM
ALL 2017 protocol) [27] (n = 13), whereas those treated for AML were included in the
International therapeutic protocol for children with acute myeloid leukemia (AML-BFM
2012 protocol) [28] (n = 8). Depending on the type of ALL, the treatment was different,
according to the B-ALL regimen (1 = 8) or the T-ALL (n = 5) regimen. After the first stage of
treatment (i.e., after induction), all children were classified into three risk groups based on
the following criteria: age, leukocyte count, type of leukemia, response rate to treatment,
remission, and cytogenetic results. Three children were enrolled in the standard-risk group,
one child in the intermediate-risk group, and five children in the high-risk group.
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3. Research Methods
3.1. Cardiorespiratory Fitness

Among the methods for the assessment of exercise tolerance which show the level
of cardiorespiratory fitness, the most reliable and commonly used is the measurement of
peak oxygen uptake (VO;peak) by means of respiratory gas analysis performed during the
gradually increasing the load, known as the Cardio Pulmonary Exercise Test (CPET) [29].
According to the World Health Organization, this measurement is considered the gold
standard to assess aerobic exercise capacity [30].

To assess the baseline level of cardiorespiratory fitness, each child (from intervention
and control groups) participated in a CPET. The test was repeated after 14 months and
not immediately after the intervention, as planned. The study was discontinued due to
restrictions in the initial period of the SARS-CoV-2 pandemic. The test was initiated witha 3
min warm-up at 15 W (height of 120-150 cm) or 20 W (height > 150 cm). After the warm-up
period, the test began. The load was increased at one-minute intervals by 15 or 20 W (de-
pending on the patient’s height) according to the progressive Godfrey protocol [31,32]. The
pedal frequency was at the constant level of 60-80 rotations per minute (RPM). The peak
value of exercise was defined as the moment when one of the three following criteria was
met: decrease in pedal frequency below 60 RPM, despite the strong verbal encouragement
given by the investigator; HR ¢,k > 180 beats per minute; peak respiratory exchange ratio
(RERpeak) > 1.0. The peak oxygen uptake (VOypeak) was adopted as the mean value and
was obtained during the last 30 s of the test [33]. Due to safety reasons, the children were
not subjected to vigorous exercise. Additionally, the maximum oxygen uptake (VOzpmax)
was not assessed, as opposed to the peak value of this parameter. The VO, results were
compared with predicted values for age and sex of the study participants [34]. A portable
ergospirometry system (K4b2; COSMED) was used in the study. This system is used to mea-
sure metabolic parameters, i.e., pulmonary gas exchange and indirect calorimetry—volume
of O, uptake (VO,), volume of exhaled CO, (VCO,), respiratory quotient (RQ), minute
ventilation, heart rate (HR), and energy expenditure (EE). The ergospirometer allows the
measurement of O; and CO; concentrations during the inspiratory and expiratory phases.
The cycle ergometer ASPEL CRG200 was also used, which enabled to set the appropriate
load at scheduled intervals. The cycle ergometer is designed to work with the CardioTEST
stress test system and the AsTER cardiac rehabilitation system (Figure 2).

Recruitment i
v group
Children undergoing treatment for cancer N ;I
(cycles of therapy in hospital settings)
Control group
i § N=11
~CPET: CRF level (Godfrey Protocol - ergospirometry “CPET: CRF level (Godirey Protocol - ergospirometry set), EE
Baseline set), EE estimation, HR measurement, CERT scale estimation, HR measurement, CERT scale
Honnaire: PA level and sedentary behavior - HBSC questionnaire: PA level and sedentary behavior
Intrahospital IVGs program with ¢
Research period EE estimation, HR measurement o """b':':m”
and CERT scale progr:
AN "’“’"‘“‘""l after the rescarch - HBSC questionnaire - HBSC questionnaire
- CPET: CRF level (Godirey Protocol - ergospirometry - CPET: CRF level (Godtrey Protocol - ergospirometry
Assessment after 14 months in the follow-up | ,.4) EE estimation, HR measurement, CERT scale ). EE estimation, HR measurement, CERT scale
- HBSC honnaire: PA level and sedentary behavior - HBSC onnaire: PA level and sedentary behavior

Figure 2. Flow chart diagram showing the scheme of the intervention carried out, with time and instruments.
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3.2. Children’s Effort Rating Table (CERT) Scale

The study also used a scale to assess the intensity of physical effort during the IVGs ses-
sions (Figure 2). It is a scale that graphically depicts the level of physical effort experienced
by the participants. The CERT scale is recommended for children due to reproducibility
and a simple and understandable graphic design [35]. Moreover, other stages of the scale
adequately represent the level of physical effort, and the results adequately correlate with
heart rate and oxygen uptake [35,36].

3.3. Energy Expenditure during the IVGs Intervention

Energy expenditure during CPET and IVGs training was assessed by Keytel equation [37]
used to estimate the amount of energy expenditure in children during the intervention
(Figure 2). The following factors were considered: sex, weight, age, and heart rate.

3.4. Health Behavior Based on the School-Aged Children (HBSC 2018) Questionnaire

The level of physical activity in the intervention and control groups was assessed using
the questions in the Health Behavior in School-Aged Children (HBSC 2018) questionnaire,
in the section regarding health behavior (Figure 2). The questions were related to the last
seven days [32]. The survey questions concerned the following: number of days per week
in which the child performed physical activity for at least 60 min (Moderate to Vigorous
Physical Activity—MVPA) (HBSC 1); frequency of undertaking vigorous physical activity
(HBSC 2); number of hours in front of a screen per week (HBSC 4.1); number of hours
in front of a screen in the weekend (HBSC 4.2); number of hours spent playing games
per week (HBSC 5.1); number of hours spent playing games in the weekend (HBSC 5.2);
number of hours spent using a computer, tablet, or smartphone per week (HBSC 6.1);
number of hours spent using a computer, tablet, or smartphone in the weekend (HBSC 6.2).

4. Training with IVGs—Intervention Group

Children from the intervention group participated in 12 sessions of IVGs during
hospitalization (Xbox 360 console, Microsoft), while the control group children received no
intervention. Such IVGs sessions were held three times per week for four weeks (Figure 2).
The intervention consisted of intervals and began with a 3 min introductory session during
which each participant played any game to learn how the console worked. The sessions
consisted in playing four different IVGs, each lasting 5 min. Between the games, the
participant could rest for 1 min. The type of physical effort during the selected games was
most similar to a continuous effort. The amount of exercise load during IVGs training was
determined by the results of the baseline CPET. The intensity of the training (moderate
level) was chosen considering the relationship between oxygen uptake and heart rate in
children. The training was characterized by increasing intensity, which was adjusted by a
gradual introduction of more advanced game levels to reach the target HR for each session.
Strong verbal encouragement given by the researcher and the parents during the games
was crucial to achieve the expected HR values [38]. Each game had three levels of difficulty
that were gradually introduced during subsequent IVGs sessions. The difficulty level of the
game depended on the pace of the game, the sensitivity of the console to movement, and
the number of obstacles that occurred in the game. A gradual increase in these parameters
required the player to increase the frequency of the motor response.

The IVGs kit included a motion sensor gaming console and a TV screen. The Kinect Xbox
motion sensor is an input device that allows the user to interact with the console, without the
need for a controller, through an interface using body gestures and voice commands.

During the game, the level of effort (intensity) was monitored using a physical activity
monitor (Polar M 430). It was an additional tool that allowed the real-time monitoring of
HR and assessed the effort intensity in children. The HR value was checked in real time
using the Polar Flow App compatible with the PA monitor. In addition, the researcher
asked each child to control the HR and report the achievement of the planned HR values.
The following games were selected: Kinect Sports, Kinect Sports Season Two, and Kinect
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Adventures. The intervention regimen using IVGs (5 min exercise, 1 min break) resulted in
interval effort. We distinguished three levels of difficulty (Table 2). First level—70% HRpeakc
(1-4 IVG session), second level—75% HRpeax (5-8 IVG session), third level—80% HRpqk
(9-12 IVG session). The game types during each selected categories were: Beach volleyball,
Tennis, River rush, Reflex ridge. Every game lasted 5 min, and every break between game
periods lasted 1 min.

Table 2. Interactive video game intervention—selected games.

Game Duration/Break Duration

Level of Difficulty IVG Session Number Game Type PR
Beach volleyball 5 min/1 min
e ey Tennis 5 min/1 min
Bicst Jevel—20% HBpesk -4 River rush 5 min/1 min
Reflex ridge 5 min/end of the game
Beach volleyball 5min/1 min
Tennis 5 min/1 min
Second level—75% HR,,,
nd leve { Rpmk 5-8 River rush 5 min/1 min
Reflex ridge 5 min/end of the game
Beach volleyball 5min/1 min
. o Tennis 5 min/1 min
Fisd ewei—f0% HRTW'I‘ 912 River rush 5 min/1 min
Reflex ridge 5 min/end of the game

IVGs interventions were performed by a clinical physiotherapist-researcher qualified to work with children with
cancer disease. During each IVGs session, the child’s parent was also present.

5. Ethics

The study was approved by the Local Bioethics Committee of Wroclaw University of
Health and Sport Sciences, al. Ignacego Jana Paderewskiego 35, 51-612 Wroclaw. Approval
Code: 22/2018; Approval Date: 3 July 2018.

6. Statistical Analysis

Statistical analysis was performed using GraphPad P'rism 7 software (Institute of
Immunology and Experimental Therapy, Wroclaw, Poland). The normality of data distri-
bution was assessed using the Shapiro-Wilk test. The parameters describing the group
characteristics were given by descriptive statistics, such as arithmetic mean and standard
deviation (SD). The ANOVA test with Brown-Forsythe correction for inequality of variance
was used for the global analysis of differences between the groups, followed by Dunnett’s
post-hoc tests to test the significance of the differences between the selected variables. Next,
the Student’s i-test for independent groups with Welch correction was used to assess the
statistical significance of the differences in the results between the examined groups and
age- and sex-predicted values.

To demonstrate the statistical significance of differences in CPET test results before
and after the intervention in both groups (intervention and control groups), we used the
ANOVA test with Brown—Forsythe correction for inequality of variance for the global
analysis of differences between the groups and then Dunnett’s post-hoc tests to test the
significance of differences between selected variables. Depending on the data distribution,
the Student’s t-test with Welch's correction was used for data with a normal distribution.
When the distribution was different from normal, the Dunn’s test was used.

The Student’s t-test with Welch's correction was used to assess the statistical significance
of differences in the results of energy expenditure between the groups of boys and girls.

To verify the statistical significance of the differences in the HBSC survey results
between the intervention and the control groups, the Kruskal Wallis test was used for a
global analysis of differences between the groups and then Dunn’s post-hoc tests to test the
significance of differences between the selected variables.
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The Wilcoxon test was used to verify the differences in the level of physical activity
(before the examination vs. immediately after the intervention; after the intervention and
in the follow-up study after 14 months) within the groups. The level of significance was
adopted at p < 0.05.

7. Results
7.1. Cardiorespiratory Fitness before the IVGs Intervention—CPET Results

The mean value of VO;;_PB,R, which was measured during CPET, was 22.5 mL kg~ 1T min—
(SD 2.6) in the intervention group of children. The mean value of this parameter was
233 mL kg ™! min~! (SD 2.7) in the group of boys and 21.69 mL kg~ min~! (SD 2.5) the group
of girls (Table 3). In the control group, the mean value of VOpp,y was 21.86 mL kg ! min~! (SD
2.44). In the control group of boys, the mean value of this parameter was 22.22 mL kg~ ! min !
(SD 2.8), and in the control group of girls it was 21.24 mL kg~ min~! (SD 1.9) (Table 3). The
mean VOypeay predicted for this age group was 45.48 mL kg ! min ™! (SD 3.8). The predicted
value of the VOpy,..x parameter in the group of healthy boys was 46.3 (SD 4.2), while in the
group of healthy girls it was 44.7 (SD 3.4) (Figure 3) [34]. The absolute difference of the mea-
sured and predicted VOype in the group of childhood cancer patients and the predicted
values in healthy children was 23.32 mL kg ! min~'. In the groups of boys and girls, the
difference was 233 mL kg ™! min~! and 2322 mL kg ! min~!, respectively (Figure 3).

1

Table 3. Cardiorespiratory test results (CPET) before the IVGs intervention in the study and control groups.

p-Values
Intervention Group Control Group Intervention
=10 =11 Group vs.
Control Group
Dute Boys Girls Buy.s Girls
V. Mean & 5D Mean + SD Mean £ 5D Mean + SD Mean = 5D Mean & 5D
ariables
n=3 n=35 n=7 n=4
VOzpea
e e 526 2331427 2169125 2186+ 24 RRL28 2124 £19 057
{mL kg ! min—1)
HRpeakc 1347 +£12 159.6 £ 1045 1498 +£ 124 495 + 100 1431 £ 58 1608 +17 0.30
VO (mL/min) 1068 + 395.6 1247 £ 329.3 BAS. 4 £ 404.1 1228 £ 2519 1241 £ 2921 1205 + 199.6 0.29
VCO: (mL/min) 106% + 517.8 1265 + 495.6 B68.2 + 5073 1179 + 4039 1284 £ 4791 9958 + 1199 059
VE (L/ min) 2833 +94 322+ 65 54 £11.7 2947 £ 6.0 I3+ 68 2833+ 49 0.75
VE/VCO, 2874 + 6,02 26.18 £ 5.1 331 +63 268 4+ 39 2591 £ 45 2835+ 22 04
RQ = VCOahaled 0.97 £0.14 0.99 + 016 0.94 £ 0.15 095+ 0.2 10+02 0.8 = 0.06 093
VO supiake
MET 638 + 0.7 6.62 4 0.8 614 £ 0.7 6.2+ 07 6308 6.0 + 0.5 0.53
Test Duration is) 481.1 £ 355 4744 £ 411 4578 £323 46121327 4694 377 HeBx172 0.95

Note: VO —peak oxygen uptake, HR,..,—peak heart rate, VO;—volume of Oy uptake, VCO;—volume of
exhaled CO;, VE—minute ventilation, VE/VCO;—ventilatory equivalent of carbon dioxide, RQ—respiratory
quotient, MET—metabolic equivalent of task.

7.2, Assessment of the Feasibility of Training with IVGs in the Intervention Group

The assessment of heart rate in the different training phases showed that the assumed
training heart rate values were achieved in the group of girls, which was particularly
evident in the final stages of the consecutive IVGs training phases. The required heart rate
values for each training phase (70% HRP,eak, 75% HRP“;(, and 80% HRpeay) were achieved,
and in some cases these values were even exceeded, and the children achieved higher HR
values than predicted. Then children reached the assumed HR values for each phase mostly
during the second or third training of the series. In the final stage of the training, all girls
achieved the assumed HR values, which means that the training was feasible in the group
of girls (Figure 4).
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Figure 3. Baseline level of VO3peak before the research period in the intervention and control groups
compared to the predicted values for age and sex in boys, girls, and all children. Unpaired t-test:
 boys from the intervention group vs. predicted values (p < 0.0001), boys from the control group vs.
predicted values (p < 0.0001), ® girls from the intervention group vs. predicted values (p < 0.0001),
girls from the control group vs. predicted values (p = 0.0001), © intervention group vs. predicted
values (p < 0.0001), control group vs. predicted values (p < 0.0001). * Based on age- and sex-predicted
values [34].
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Figure 4. Heart rate values at different training stages in the group of girls with consideration given
to individual training phases. * First level of difficulty of the game—70% HR .,y ; second level of
difficulty of the game—75% HRpeay; third level of difficulty of the game—80% HRpeak. The horizontal
dotted lines show the range of heart rate values to be achieved for a given training phase.

The analysis of heart rate values in different training phases showed that in the group
of boys, all subjects achieved the assumed HR values, or the results were close to the
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Heart rate [beats per minute]

Number of responses

110 |-

100 |-

predicted values. The heart rate values required for each training phase (70% HR sk, 75%
HRpeax and 80% HRpeax) were achieved, particularly in the final phases of the individual
training stages. In the final phase of training, all boys achieved the assumed HR values.
One participant reached a value close to 80% HRpeax. The assumptions of the training
using IVGs based on the heart rate analysis in the group of boys were met (Figure 5).

@boy 1
Q@boy 2
®boy 3
@boy 4
@boy 5
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Interactive video game training

Figure 5. Heart rate values at different training stages in the group of boys with consideration given
to individual training phases. * First level of difficulty of the game—70% HR ,,y; second level of
difficulty of the game—75% HRpea; third level of difficulty of the game—80% HR,eqi. The horizontal
dotted lines show the range of heart rate values to be achieved for a given training phase.

The results of CERT during the training sessions with IVGs showed that physical
effort was of a light to moderate level. The intervention group participants declared slight
tension or light strain (Figure 6).
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Children's effort of rating table scale

Figure 6. Overall assessment of the intensity of children’s effort (CERT scale) during all training
sessions with IVGs.
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7.3. Assessment of Energy Expenditure during Training with the Use of IVGs

The assessment of energy expenditure achieved in the group of girls during the
following phases of training with the use of IVGs showed the progressive nature of the
intervention. In each subsequent training phase, the girls achieved higher values of energy
expenditure. The values of energy expenditure reached in the initial phases of training
showed a moderate intensity of physical effort (Figure 7).
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Figure 7. Energy expenditure in the following training stages for individual girls with consideration
given to individual training phases. * First level of dif‘l"icult:,r of the game—70% HR‘penk; second level
of difficulty of the game—75% HRpeay; third level of difficulty of the game—=80% HRpeay.

Higher energy expenditure values were found in the group of boys in the early stages
of training compared to the group of girls. In the final stages of training, the boys also
achieved higher energy expenditure values compared to the girls (Figure 8).
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Figure 8. Energy expenditure in the following training stages for individual boys with consideration
given to individual training phases. * First level of difficulty of the game—70% HR,,,,; second level
of difficulty of the game—75% HRpq,; third level of difficulty of the game—80% HRpeq.
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The comparison of the mean values of energy expenditure achieved by the children
during the pre-intervention CPET, post-intervention CPET (after 14 months), and sub-
sequent IVGs training sessions showed that the boys reached higher values of energy
expenditure compared to the girls. The values of energy expenditure achieved by the
children in the CPET after 14 months showed that the children achieved much higher
values of energy expenditure compared to the values measured in the baseline examination
(Table 4).

Table 4. Mean values of energy expenditure during baseline CPET (EE,. 1), CPET after 14 months
(EEggst i), and subsequent IVGs training sessions in the intervention group and according to sex.

EEiestt EEjean  EE; EEx EEy EE, EEs EEg EE; EEg EEq EEn EEqy EEjx
Intervention group
Mean 4983 5459 237 2444 2521 2542 2744 797 2937 2995 3193 327 3357 3416
(k] /min)
Std.Deviation 1545 1226 630 626 647 623 641 686 699 724 750 788 788 839
(k] /min)
Girls
‘kl;‘}::?"} 4192 4522 2108 2206 2233 2251 2376 2394 25.1 2564 277 2823 2895 2913
Std. Deviation 40, 397 216 200 245 23 23 3% 272 253 291 312 306 313
(k] /min)
Boys
(l:?}:?n) 5774 63% 2632 2682  28.09 28.34 in 320 33.64 3427 3616 3717 3818 3919
Std. Deviation — g59  1916  §22 835 822 778 729 734 756 807 85 89 87 923
(k] /min)
G Vilues 0.02° 001* 023 028 02 017 009 007 006 007 009 009 008 007
oys Vs, girls
* Results showing the statistical significance.
7.4. Cardiorespiratory Fitness after 14 Months following the IVGs Intervention—CPET Results
The results of the examination conducted 14 months after the IVGs intervention
indicated an improvement in the level of cardiovascular and respiratory efficiency in
the intervention group. A statistically significant improvement of the following CPET
parameters peak oxygen uptake and intensity of exercise determined by the size of MET
and the test duration was observed. Statistically significant differences were also observed
in the following morphotic parameters: HGB (hemoglobin level), PLT (blood platelet
count), RBC (red blood cell count), WBC (white blood cell count). In the control group, an
increase of the level of cardiovascular and respiratory efficiency was observed but it was
not statistically significant. However, a statistically significant increase was observed in the
parameters: HGB, PLT, RBC, WBC and in the test duration (Tables 5 and 6).
Table 5. Cardiorespiratory test results (CPET) after 14 months of intervention in the intervention and
control groups.
p-Values
Intervention Group Control Group Intervention
n=10 n=11 Group vs.
Control Group
s Girls B Girls
°“5’°‘|’:|"‘ Mean £ 5D M.J'.f’i sD Mean + SD Mean + SD Mean - SD Mean + SD
L]
n=5 n=5 n=7 n=4
Yrpak 2535 423 2550 +3.12 51+ 14 2284 + 226 2345+ 22 2178 421 0.16
(mL kg~ ! min~")
_ My  0adia2 Jglay WA LIES Woklely = IBadll MBI A
VO (mL/min) 797.3 + 2502 830.6 + 3543 764 + 1119 1101 + 384.1 1196 + 4412 936 + 2124 081
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Table 5. Cont.

p-Values
Intervention Group Control Group Intervention
n=10 n=11 Group vs.
Control Group
e Boys Girls HBoys Girls
Hipee Mean + 5D Mean = SD Mean + SD Mean + SD Mean = SD Mean + 5D
Variables
n=5 n=5 n=7 n=4
VICO; (mL/ min) 7393 + 3246 TRY + 454.1 6R9.6 + 157.2 1025 + 2955 1088 + 316.8 9148 + 2547 0.77
VE (L/min) 3286472 3224 £ 100 3348+ 3R 2905+ 7.12 2774 + 594 3133493 0.88
VE/VICOD, 48.15 = 14.17 45.16 £ 1455 51.14 £ 148 29.16 = 6.85 26,04 £ 24 MA63 91 0.61
RQ =
VCOeuuate 0.9 £ 0.08 092401 0.89 4 007 0,95 4 0.099 0.94 £ 0.10 097 + 01 0.90
VOuuptake
MET 724+ 065 T4+ 04 658 + 0.78 682 £ 0.81 62+ 0.6 041
Test Duration (s) 591.6 + 978 5748 + 90 43294717 43914 + 7812 42198 + B4 0.62
Note: Vi x—peak oxygen uptake, HR .., —peak heart rate, VO;—volume of Os uptake, VCO;—volume of
exhaled CO;, VE—minute ventilation, VE?VCO;—venﬁlalory equivalent of carbon dioxide, RQ—respiratory
quotient, MET—metabolic equivalent of task.
Table 6. Statistical significance of the differences in the CPET results between pre- and post- interven-
tion values in the intervention group.
RQ =
VOipen * VO, * vCo, * VE® " b b b
(mLkg 'min-1)  (mLimin)  {mL/min) (Limin) VEVCO, x!%:onm; t HR, MET Test Duration " {s)
uptake
Mean Difference
Between Pre- and
Post-Intervention 286 —46 ~8.8 453 7.6 53 86 082 652
Results
p-Value ooz* 072 05 0.24 0.56 .68 014 noz* 003
HGB " PLT® RBCY WBC®
Mean Difference
mf:;i:;;ﬁ 466 87,1 130 10.42
Results
p-Value <0.0001 * 0.0013 * <0.0001 * <i.0001 *
Note: * p-value of Dunn’s test,  p-value of the Student’s t-test with Welch correction, * results showing the
statistical significance.
The results of the examination conducted 14 months after the IVGs intervention in the
control group indicated a statistically significant improvement in the level of HGB, PLT,
RBC, WBC and in the test duration (Table 7).
Table 7. Statistical signiﬁcance of the differences in the CPET results between initial examination and
follow-up after 14 months in the control group.
RQ=
VO ® VO, * veo, * VE! b . b
(mLkg lmin-)  (mUmin  (mUmin  (Cmin V00O V%(:::‘“"i" HRpeak L e
"
Mean Difference
Between Pre- and
Prgh-Intervention 0.98 —1269 -153.7 043 441 am -2 0.40 1244
Results
p-Value 0.34 0.37 0.32 0.88 091 094 073 0.21 0.005 *
HGE " PLT" RBC" WBC*
Mean Diifference
Eetwaen Tiee i 434 161 068 80.09
Results
p-Value <0.0001 * <0.0001 * 0.0012* n4e

Note: @ p-value of Dunn’s test, © p-value of the Student’s (-test with Welch correction, * results showing the
statistical significance.
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VO,pe0y [mL kg **min]

The analysis of peak oxygen consumption conducted in CPET after 14 months indi-
cated an increase level of this parameter in both groups of examined children. The values
achieved by children treated for leukemia still indicated considerable deviation from the
expected values (observed in the healthy children group) (Figure 9).

Fy
o

e
o

¥ Intervention group

~N
o

-
(=]

B Control group

. Predicted values *

Boys * Girls ® Total ©

Figure 9. Baseline level of VOypey after the research period in the intervention and control groups
compared to the predicted values for age and sex in boys, girls, and all children. Unpaired t-test:
@ values for boys in the intervention group vs. predicted values (p = 0.0001), values for boys in
the control group vs. predicted values (p < 0.0001), ® values for girls in the intervention group vs.
predicted values (p < 0.0001), values for girls in the control group vs. predicted values (p = 0.0002),
© values of the intervention group vs. predicted values (p < 0.0001), values of the control group vs.
predicted values (p < 0.0001). * Based on age- and sex-predicted values [34].

7.5. Level of Physical Activity Immediately after the IVGs Intervention and in the Follow-Up Study

The results of our study assessing the level of physical activity in children after the
IVGs intervention showed statistically significant differences. Children from the inter-
vention group more often performed physical activity. Children included in the IVGs
rehabilitation program fulfilled the recommendations to undertake physical activity at least
3 times a week. There was no statistically significant difference in the level of physical
activity between the intervention and the control groups in the follow-up study 14 months
after the IVG intervention (Table 8).

Table 8. Statistical significance of the differences in immediate HBSC post-intervention results and in
follow-up study results conducted 14 months after the research period between the intervention and
the control groups.

Kruskal-Wallis Test

Physical Activity Level Immediately after the IVGs Intervention in Intervention Group vs. Control Group

HBSC1* HBSC2*  HBSC4.1* HBSC42* HBSC5.1* HBSC52* HBSC6.1* HBSC6.2*

Difference Between Ranks 281 361.5 123 87.53 127 159.9 8327 146.3
p-Value of Dunn’s Test 0.0048 ** 0.0003 ** 022 0.38 0.20 0.11 0.40 0.14
Physical Activity Level in Follow-Up Examination in Inter ion Group vs. Control Group
Difference Between Ranks 1944 130 ~63.49 -1427 1.50 ~7293 654 -1097
p-Value of Dunn’s Test 0.12 0.28 0.6 0.24 0.99 0.54 0.59 0.93

Note: * The responses and questions were included in a previous paper [32]. The third question was not considered
in the current study since the new HBSC 2018 questionnaire does not include question 3. ** Results showing
statistical significance.
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After the IVGs intervention, the children from the intervention group were more
physically active compared to the pre-intervention period. The level of physical activity in
the intervention group assessed 14 months after the end of the intervention was comparable
to the level of physical activity immediately after the end of the IVGs program, and the
difference was not statistically significant. Children reduced the time spent in front of the
screen and the time devoted to using modern technologies (internet, computer, stationary
games) (Table 9).

Table 9. Statistical significance of the differences between immediate HBSC post- intervention results
and results after 14 months in the intervention group.

Wilcoxon's Test

Physical Activity Level before IVGs Intervention vs. Immediately after the IVGs Intervention

HBSC1* HBSC2*  HBSC4.1* HBSC4.2* HBSC51* HBSC52* HBSCh1* HBSCe2*

Median of Differences 3 1 15 1 1 15 05 15
p-Value Two Side Test 0.002 * 0.002 * 0.0039 ** 0.0469 ** 0.0156 ** 0.0078 ** 0.0625 0,002 **
Physical Activity Level Immediately after the IVGs Intervention vs. in Follow-Up Study after 14 Months
Median of Differences 0 0 2 3 2 2 1 1
p-Value Two Side Test =0.99% >(1.9999 0.002 ** 0.002 ** 0.002 ** 0.0039 ** 0.0313 ** 0.0156 **

Note: * The responses were included in the previous Table 7, and the questions in a previous paper [32]. The
third question was not considered in the current study since the new HBSC 2018 questionnaire does not include
question 3. ** Results showing statistical significance.

Children in the control group in the comparative study (at the beginning of the study
and after 1 month in the re-examination) did not increase their physical activity level during
the hospitalization period. After hospitalization, the children in the control group increased
their daily physical activity, as it was shown by the results of the follow-up examination
after 14 months (Table 10).

Table 10. Statistical significance of the differences between immediate HBSC post- intervention
results and results after 14 months in the control group.

Wilcoxon's Test

Physical Activity Level before Examination vs. after 1 Month in the Re-Examination Study

HBSC1* HBSC2* HBSC41°* HBSC42* HBSC51°® HBSC52* HBSC61°* HBSC 6.2

Median of Differences 0 0 0 0 0 0 0 0
p-Value Two Side Test =0.9999 >0.9999 >0.9999 >0.9999 =>(.9999 0.5 ={.9999 >0.9999
Physical Activity Level Immediately after the IVGs Intervention vs. in Follow-Up Study after 14 Months
Median of Differences 1 3 3 3 4 3 2 2
p-Value Two Side Test 0.0039 ** 0.001 = 0.001 ** 0.007 = 0.001 ** 0.001 * 0.002** 0,001 **

Note: * The responses were included in the previous Table 7, and the questions in a previous paper [32]. The
third question was not considered in the current study since the new HBSC 2018 questionnaire does not include
question 3. ** Results showing statistical significance.

8. Discussion

The physiological assessment of the cardiovascular function, during which respiratory
gases and heart rate were analyzed, showed that children treated for cancer presented with
significantly reduced cardiorespiratory fitness compared to healthy peers [34], which was
confirmed by the low VOy,. values during CPET (Tables 3 and 5). The mean value of
VO2peaks which was measured during baseline CPET, was 22.5 mL kg~ min~! (SD 2.6)
in the intervention group and 21.86 mL kg ! min ! (SD 2.44) in the control group. After
14 months, the absolute difference of the measured and predicted VOa..x values was
20.13 mL kg ' min~! in the intervention group and 22.68 mL kg ! min ! in the control
group. The VO values were still significantly low (Figures 3 and 9).

The decreased level of baseline CPET was due to low blood count values, especially in
terms of hemoglobin (Table 1). These values allow physical effort but to a limited extent. As
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a result, the children experienced fatigue more quickly due to insufficient oxygen delivery
to muscles [39,40].

VE/VCO; is another important limiting factor when undertaking a great physical ef-
fort. The assessment of the relationship between ventilation and carbon dioxide (VE/VCO,)
is recommended and has a particular prognostic value in heart failure, which is a rela-
tively common adverse effect of cancer treatment. Children treated for leukemia often
develop cardiac disorders related to chemotherapy [41,42]. The results of the baseline CPET
showed high values of this parameter in both groups. Another assessment conducted after
14 months also showed high values of the VE/VCO, ratio in the group of children treated
for leukemia. The assessment of the VE/VCO; ratio in this group of patients may be an
important prognostic factor. Additionally, special attention should be paid to the applied
form of physical activity and rehabilitation, depending on the stage of cancer treatment.

The results of the baseline CPET assessment allowed for selecting individual IVGs
training parameters for each participant in the intervention group. This is an innovative
method for the rehabilitation of children during cancer treatment and ensures safe IVGs
training programs. Individually tailored training programs are particularly beneficial [43].
Based on the peak heart rate value achieved during the CPET, training heart rate values
were calculated individually for each participant. Although IVGs are not always effective
in increasing the level of physical activity in healthy children [44], they have been shown
to be more effective in children during cancer therapy [15,45]. Due to isolation and a
high risk of infection, hospitalized children have limited opportunities to enjoy widely
available forms of physical activity [46]. Hospitalized children willingly participate in
IVGs activities as they provide interesting entertainment and a temporary distraction from
painful and uncomfortable medical procedures [47]. Furthermore, children’s playability
increases their motivation and enjoyment [45]. Our results confirmed that most children
treated for leukemia achieved the heart rate values (70% HRpeak, 75% HRpeak, and 80%
HRpeax) required in each subsequent training phase. In some cases, the assumed values
were even exceeded. This is particularly noticeable in the final stages of the individual
IVG training phases, which means that the training was feasible, and the participants only
needed time to adapt (Figures 4 and 5).

Our assessment of the intensity of physical effort using the CERT scale showed that the
participants made a light to moderate physical effort during the IVG training. This type of
physical effort is particularly recommended for children treated for cancer [22]. Although
the participants did not subjectively feel a high level of fatigue during the IVG training
sessions, as evidenced by the CERT scores (Figure 6), they achieved significant values of
energy expenditure (Table 4). Biddiss et al. and Barnett et al. also found that children
achieved a mild to moderate level of physical activity during IVGs [17,49], which is in
line with recommendations during treatment [50]. Additionally, studies showed that real-
time controlled and monitored interventions offered significantly more favorable results
compared to simulated free play [51]. Therefore, it seems reasonable to apply individually
tailored and real-time controlled training sessions using IVGs for children undergoing
hospitalization and cancer treatment.

The attractive form of exercise during IVGs meant that our study participants treated
the training task as fun and did not want to terminate the effort too early, which was a
problem during the initial CPET. Of note, the duration of the CPET in the intervention
and control groups was relatively short, and the test was completed when moderate
heart rate values were achieved (Tables 3 and 5). In the follow-up study 14 months after
the IVGs intervention, the test duration was prolonged, and the peak heart rate was
higher (Tables 5-7). The results of the HBSC study carried out immediately after the IVGs
intervention and in the follow-up studies showed no statistically significant differences
in PA level. This was due to the fact that the level of PA of the examined children was
comparable in these two periods (Tables 8-10). Parents who accompanied their children in
IVGs training learnt that PA was possible for their child during cancer treatment. Parents
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were familiarized with the MVPA guidelines and probably motivated their children to
practice PA regularly even during cancer treatment.

The level of children’s motivation to undertake physical exercise in the form of a test
and their fear of adverse effects were important at the beginning of the study. Children
undergoing cancer treatment experience significantly reduced self-esteem [52]. Any form
of assessment, including CPET, is an unpleasant and even stressful experience for them. All
these limitations seem to be an obstacle to the performance of physical activity by children
treated for cancer. Our research showed that the children were initially afraid to undertake
an increased physical effort (Figures 4 and 5), but during the IVGs training period, they
found that they were able to undertake PA. The results of many researchers, including our
results, confirm that IVGs training is safe and feasible in this group of patients [53].

The rehabilitation of children with cancer is essential, especially during the hospi-
talization period. However, the selection of appropriate forms of exercise is problematic.
The study results confirmed that individually tailored exercise programs using IVGs and
based on the CPET results are feasible and provide significant benefits in terms of the
psychophysical health of pediatric patients.

9. Strengths and Limitations of This Study

The study was conducted in a relatively small group of children. However, considering
the intensity of the treatment process and related complications, the group was still large
in terms of size, also due to the prevalence of cancer in children, which is generally low.
Statistics on cancer incidence in Poland related to children show that the group of children
we assessed was large. In Poland, about 1200 new cases of cancer are diagnosed annually
among children. From this group, about 360 children are diagnosed with leukemia. There
are about 500,000 children in the province where our center is located. The incidence rate
of leukemia is 4 children per 100,000. The analysis of the data showed that there are 20 new
cases of childhood leukemia per year in the Lower Silesia Province.

All children who were finally included in the study managed to complete a 4-week
training program with IVGs. Cardiorespiratory fitness testing in children undergoing
chemotherapy due to leukemia is difficult to perform because of the adverse treatment-
related sequelae (i.e., anemia, musculoskeletal complications, and circulatory failure re-
sulting from the cardiotoxic effect of the drugs). However, it was conducted on a group
of 10 children. The research plan assumed the use of many research tools, including
ergospirometry, CERT scale, HBSC questionnaire, heart rate measurements, and the es-
timation of energy expenditure during the IVG intervention. to the study period was
performed during the SARS-CoV-2 pandemic, the researchers were deprived of the possi-
bility of re-testing the cardiorespiratory efficiency of the children immediately after the IVG
intervention. Another study conducted 14 months after the end of the IVG intervention
could not be useful in assessing the direct impact of IVG training on the improvement of
the cardiovascular and respiratory parameters. The results only proved that another stage
of cancer treatment (maintenance therapy) had a significant impact on improving the level
of cardiorespiratory efficiency.

10. Future Research Directions

Future investigation is needed. Studies with a larger group of children should be
performed. Additionally, it would be essential to assess the extent to which improvement
in terms of increased daily physical activity is a permanent result of the interventions. It
would also be useful to assess whether the IVG intervention contributed to the change in
habits related to undertaking regular physical activity. Future research should focus on the
use of new virtual technologies with total immersion. Studies could compare the results
of the interventions and assess which intervention (either IVGs or virtual reality games)
is more effective to increase the physical activity levels and improve the quality of life of
pediatric patients.
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11. Conclusions

IVGs training at an intensity determined based on the baseline cardiorespiratory fitness
test is safe and could become part of the rehabilitation program of children treated for
leukemia. The subjects from the intervention group completed all stages of the progressive
training program, which proved the feasibility of such physical effort during cancer disease
treatment and even during hospitalization. Moreover, the children’s subjective assessment
of the severity of the required effort during IVGs showed that IVG training required a light
or moderate effort, despite reaching high energy expenditure values.

In the early stage of cancer treatment, the children from the intervention group under-
took physical activity during the IVGs interventions and fulfilled the MVPA recommen-
dations. The results of the follow-up study, conducted 14 months after the IVGs program,
showed that the children continued to perform regular physical activity, and their PA level
was even comparable to that during the training intervention (no statistically significant
difference in PA level between post-intervention and follow-up study). After 14 months of
the IVGs intervention, the children were not cured as intensively as during the first stage
of cancer treatment, and their fitness parameters were better, as shown by the CPET (the
test duration was prolonged, and the peak heart rate was higher). As a result, the children
treated for cancer had the opportunity to be much more active during this relative recovery
period. This may indicate the necessity of sustained rehabilitation programs for children
for the entire duration of their cancer treatment.
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