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1. Streszczenie spojnego tematycznie cyklu artykuléw naukowych
pt. Wysilek fizyczny o niskiej i wysokiej intensywnosci
a zmiennos¢ glikemii i poziom wyrownania

metabolicznego u miodziezy z cukrzycq typu 1



Wprowadzenie

Cukrzyca typu 1 (diabetes mellitus type 1, TIDM) jest chorobg autoimmunologiczna,
ujawniajaca sie u osob genetycznie predysponowanych, pod wptywem dziatania czynnikow
srodowiskowych. Charakteryzuje si¢ uszkodzeniem wysp B trzustki, ktéore prowadzi
do calkowitego niedoboru insuliny (Patterson i wsp., 2019). Obserwowany przyrost
zachorowan w ciggu ostatnich 20 lat doprowadzitl do sytuacji, iz cukrzyca typu 1 stala
si¢ w Europie najpowszechniejszg niezakazng przewlekla choroba do 18 roku Zycia. Dane
pochodzace z kilku regionalnych rejestrow polskich, prowadzonych w ramach projektu
EURODIAB w ostatnich dwéch dekadach, wskazujg na dramatyczny - ok. 300-procentowy
wzrost liczby zachorowan na cukrzyce typu 1 w populacji wieku rozwojowego. Na podstawie
danych epidemiologicznych z lat 1989-2004 prognozowany jest 4-krotny ich wzrost do 2025
roku, szczeg6lnie w grupie dzieci w wieku 5-9 oraz 0-4 lat (Topdér-Madry 1 wsp., 2019;
Mayer-Davis 1 wsp., 2018).

Celem leczenia cukrzycy typu 1 jest nie tylko uzyskanie prawidlowych poziomow
glikemii, a tym samym minimalizacja ryzyka rozwoju ostrych (hipoglikemia i kwasica
ketonowa) oraz przewleklych powikian (uszkodzenie nerek, narzadu wzroku, ukfadu
nerwowego i Sercowo-naczyniowego), ale takze zapewnienie pacjentom mozliwosci
codziennego funkcjonowania oraz jakosci zycia na zblizonym poziomie do zdrowych
rowiesnikow (realizacji dotychczasowych aktywnosci zyciowych, w tym uprawianie sportu).
Ponadto, stworzenie warunkéw umozliwiajgcych prawidlowe wzrastanie i rozwdj pacjenta, a
w przysztosci prowadzenie aktywnego zycia rodzinnego, zawodowego i spotecznego (Chiang
i wsp., 2018).

Obecnie tzw. zlotym standardem leczenia jest funkcjonalna intensywna insulinoterapia
z wykorzystaniem cigglego podskérnego wlewu insuliny za pomoca osobistej pompy
insulinowej. Insuling z wyboru jest szybkodzialajacy analog insuliny, ktorego profil dziatania
jest zblizony do insuliny wydzielanej przez zdrowe komorki P trzustki (Chetty i wsp., 2019;
Scott iwsp., 2019).

Oprocz insulinoterapii podstawowym elementem optymalnej terapii cukrzycy u dzieci jest
samokontrola glikemii, realizowana przy uzyciu réznych urzadzen do jej monitorowania,
takich jak tradycyjne glukometry oraz glukometry oparte na metodzie skanowania (Flesh
Glucose Monitoring, FGM). W ostatnim czasie coraz cz¢$ciej wprowadza si¢ tez System

cigglego monitorowania glikemii w czasie rzeczywistym (Continuous Glucose Monitoring,



CGM), ktory pozwala na oznaczenie az 298 jej pomiaréw w ciaggu doby. Pokazuja jej
zmiennos¢, a przede wszystkim identyfikuja nie§wiadome hipoglikemie (pacjent nie odczuwa
obnizenia poziomu glikemii ponizej 70 mg/dl) (Battelino i wsp., 2019; Hermanns i wsp.,
2019).

Wyniki przeprowadzonych badan klinicznych w zakresie zastosowania systemoéw ciaglego
monitorowania glikemii u pacjentéw z cukrzyca typu 1 w odniesieniu do grupy pacjentow
dokonujacych pomiaré6w przy pomocy glukometrow wykazaly, istotne ograniczenia
dobowych wahan stezenia glukozy we krwi oraz wydtuzenie czasu spedzonego przez pacjenta
w stanie normoglikemii, czyli czasu w zakresie docelowym (TIR-Time in Range, 70-180
mg/dl) (Puhr i wsp., 2018; Majidi i wsp., 2020). Podkresla si¢ przy tym, istotng rolg
uzyskania normoglikemii w pierwszych latach choroby w prewencji p6znych powiklan
naczyniowych, w tym uszkodzenia nerek, narzadu wzroku oraz ukladu sercowo-
naczyniowego. Jest to efektem zjawiska tzw. ,pamieci metabolicznej”, w ktorej po nawet
krotkim okresie hiperglikemii, szczegélnie po positkowej, dochodzi do nieodwracalnych
zmian ekspresji genoéw/biatek, decydujacych o powstaniu odlegltych powiktan naczyniowych.
Nawet wtedy, gdy w pdzniejszych latach choroby dojdzie do normalizacji glikemii (Ceriello i
wsp., 2019; Lachin i wsp., 2017; Perea i wsp., 2019; Skrha i wsp., 2016).

Powszechnie uwazano, ze osoby chorujgce na cukrzyce typu 1 powinny unikac
nadmiernej aktywnosci fizycznej, poniewaz jest ona zrédlem wystgpienia zagrazajacych zyciu
incydentow hipoglikemii. Wraz z dostgpem do nowoczesnych metod insulinoterapii i kontroli
glikemii, rekomendacje $rodowiska medycznego zaczely si¢ zmieniaé (Adolfsson i wsp.,
2012; Adolfsson i wsp., 2018; PTD 2020; Riddell i wsp., 2017). Obecnie, coraz czeSciej
podkresla si¢, ze wysitek fizyczny, stanowigcy podstawowy element zdrowego trybu zycia,
jest integralng i niezbedng skladowg skutecznego leczenia cukrzycy typu 1 obok
insulinoterapii i diety. Przeprowadzone nieliczne badania oraz dost¢pne publikacje w tym
zakresie jednoznacznie wskazuja na liczne korzysci dla oséb chorych na cukrzyce, gtéwnie
typu 2 wynikajace z regularnej aktywnosci fizycznej (Sigal i wsp., 2007; Kodama i wsp.,
2013; Najafipour i wsp., 2017; Farzad i wsp.,2017). Efektem tego jest m.in.: utrzymanie
prawidlowej masy ciata, utrzymanie dluzszej czynnosci wydzielniczej komorki B trzustki
(poprzez zmniejszenie zapotrzebowania na insuling oraz zwigkszenie jej wrazliwosci
komorkowej), zmniejszenie po positkowego wzrostu glikemii, zwigkszenie wydolnosci
fizycznej, poprawa ogodlnego samopoczucia oraz zwigkszona samoocena i pewnosci siebie

(Liu i wsp., 2018; Jendle i wsp., 2019).



Poznanie wptywu wysitku fizycznego na aktualny poziom glikemii oraz ryzyko wystapienia
incydentow hipoglikemii w trakcie treningu i po jego zakonczeniu, moze optymalizowaé
dawkowanie insuliny, jak réwniez podejmowac przez lekarza i pacjenta odpowiednich decyzji
terapeutycznych. W konsekwencji bedzie mozliwa efektywniejsza prewencja wahan glikemii,
szczeg6lnie w kierunku hipoglikemii (Gawrecki i wsp., 2017; Hermans i wsp., 2019; Moser
i wsp., 2020). Decyzje te powinny by¢ podejmowane adekwatnie do zmian metabolicznych
zachodzacych w organizmie pod wplywem wysitku fizycznego o okreslonej intensywnosci.
Z punktu widzenia fizjologicznej funkcji organizmu czlowieka u oséb zdrowych podczas
wysitku fizycznego, zmniejsza si¢ wydzielanie insuliny, a zwigksza si¢ wydzielanie
hormonow kontrregulacyjnych (katecholaminy, hormon wzrostu, Kkortyzol, hormony
tarczycy), nasilajgcych wytwarzanie glukozy przez watrobg. Rownowazy to zwickszony
wychwyt glukozy przez migsnie szkieletowe poprzez przemieszczenie receptora transportera
glukozy typu 4 (GLUT4) na powierzchni¢ komorek. Wychwyt glukozy zwigksza sie, nawet
gdy stezenie insuliny jest niskie. U chorych na cukrzyce typu 1 powyzsze mechanizmy sg
uposledzone, co powoduje, ze czgsto podczas zle zaplanowanego i zle ordynowanego wysitku
fizycznego, a takze przez kilka godzin po jego zakonczeniu, nast¢puja wahania glikemii
zarowno w kierunku hipo- jak i hiperglikemii (Scott i wsp., 2019). Wahania w kierunku
hipoglikemii mogg wystgpi¢ najczesciej podczas dtugotrwalego wysitku fizycznego (treningu
sportowego) o charakterze tlenowym. Incydent ten moze wystapi¢ rowniez u pacjentow
niewytrenowanych podczas standardowego wysitku fizycznego (np. bieg). Natomiast wahania
glikemii w kierunku hiperglikemii mozna zaobserwowac przy niedoborze insuliny podczas
wysitku fizycznego o wysokiej intensywnosci. Jest to efektem zbyt duzej redukcji insuliny,
wyrzutem adrenaliny, a takze po spozyciu zbyt duzej ilosci weglowodandéw przed i w czasie
wysitku  fizycznego. Dlatego, istotne jest okre$leniec indywidualnych czynnikow
wplywajacych na zagrozenie wystgpienia hipo- i hiperglikemii w czasie 1 po wysitku
fizycznym u pacjentow z cukrzyca typu 1. Planujac intensywnos$¢ i objetos¢ czasowa wysitku
fizycznego nalezy uwzgledni¢ wiek pacjenta, stopien wytrenowania, wlasciwe przygotowanie
dietetyczne przed aktywnoscig fizyczng, jak rowniez odpowiednie zabezpieczenie spozycia
weglowodanow w czasie jego trwania (Yardley i wsp., 2015,; Reddy i wsp., 2019; Moser i
wsp., 2020).

Obok insulinoterapii kluczowymi elementami w leczeniu cukrzycy sa; prawidlowe
zywienie i racjonalny oraz dokladnie zaplanowany wysitek fizyczny [Colberg i wsp., 2016;

PTD 2020]. Odpowiednio dobrana dieta ma istotny wplyw na utrzymanie prawidlowego



poziomu cukru we krwi oraz uniknigcie hipoglikemii. Tlo§¢ spozywanych weglowodandow
w okresie okoto treningowym powinna zosta¢ dostosowana w taki sposob, aby zachowaé
optymalne st¢zenie glukozy we krwi podczas aktywnosci fizycznej oraz po jej zakonczeniu.
W tym celu podaz weglowodanéw musi by¢ zalezna od objetosci 1 intensywnosci aktywnosci
fizycznej, aktualnego poziomu cukru we krwi, ilo$ci aktywnej insuliny oraz trendu glikemii
kontrolowanego przy pomocy CGM. Wazne jest tez zrodlo, rodzaj oraz czas przyjmowania
weglowodanow. Zaleca si¢ spozycie pelnowartosciowego positku ok. 2-3 h przed wysitkiem,
oraz biezace dostarczanie wegglowodandow prostych w trakcie jego trwania w zaleznos$ci od
stezenia aktywnej insuliny, przyjetej dawki oraz poziomu glukozy we krwi przed
rozpoczeciem wysitku fizycznego (Yu Kuel i wsp., 2019; Puhr i wsp., 2020). Dotychczas nie
wypracowano jednoznacznych oraz ujednoliconych standardéw zywieniowych dla pacjentow
uprawiajagcych sport w stopniu umiarkowanym 1 wyczynowym, celem uniknig¢cia
hipoglikemii w czasie i po wykonaniu obcigzen treningowych.

W ostatnich latach dzigki zastosowaniu nowych metod leczenia (osobiste pompy
insulinowe z zastosowaniem analogdéw insuliny) i samokontroli poziomow glikemii (system
cigglego monitorowania glikemii, CGM) zwigkszyt si¢ komfort i poczucie bezpieczenstwa
dzieci i mlodziezy chorych na cukrzyce typu 1 podczas aktywnosci fizycznej (Reddy i wsp.,
2019; Vesco i wsp., 2018; Cherubini i wsp., 2019). Pomimo tego wysitek fizyczny wcigz
stanowi istotny problem kliniczny i jest duzym wyzwaniem zaréwno dla pacjentow jak i ich
lekarzy diabetologéw. Dotychczas nie sprecyzowano zalecen dla pacjentow z T1DM
chcacych podejmowaé rozny rodzaj wysitku fizycznego (rodzaj i ilos¢ positku, dawkowanie
insuliny). Brak jest schematow post¢powania w zaleznosci 0d rodzaju podejmowanego przez
pacjenta wysitku fizycznego a liczba przeprowadzonych w tym zakresie badan jest mala
(Majidi i wsp., 2020). Natomiast znaczna cze$¢ dostepnych badan byla prowadzona u
pacjentow dorostych chorych gltéwnie na cukrzyce typu 2 i w matych populacjach (Kodama i
wsp., 2013; Najafipour i wsp., 2017; Liu. i wsp., 2018).

Mtodziez chora na cukrzyce typu 1 coraz chetniej podejmuje rézne rodzaje aktywnosci
fizycznej — zardwno wysitek tlenowy jak i beztlenowy: interwatowy, trening oporowy,
mieszany (tlenowo-beztlenowy). Warto tez zwrdci¢é uwage, iz osoby chore na cukrzyce
uprawiajg rozne dyscypliny sportu na poziomie zawodowym, nierzadko dominujac rywali w
swojej dyscyplinie. Doskonatymi przyktadami sa m.in.: Sir Steve Redgrave — pigciokrotny
zloty medalista olimpijski w wio$larstwie, Kris Freeman — czterokrotny uczestnik zimowych
igrzysk olimpijskich w biegach narciarskich, amerykanski ptywak Gary Hall — zloty medalista

igrzysk olimpijskich w Atenach, Zippora Karz — baletnica, Wasim Akram — Pakistanczyk
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grajacy w krykieta na poziomie mi¢dzynarodowym, bejsbolista Brandon Marrow grajacy w
Major League, Cliff Scherb — uczestnik triatlonu Ironman, golfista Scott Verplank — uczestnik
zawodow PGA Tour, a takze zawodowa golfistka Mimmi Hjorth i hokeista Emil Mloin —
gracz NHL (Gallen i wsp., 2003; Adolfsson i wsp., 2012). Istnieje réwniez profesjonalna
druzyna kolarska — Team Novo-Nordisk, ktorej zawodnicy chorujacy na cukrzyce typu 1
pobili rekord rajdu Race Across America, a w 2021 roku planujg udziat w Tour de France.
Niestety, sportowcy ci doswiadczaliniekiedy ciezkich niedocukrzen, a uzyskane sukcesy byty
czesto okupione kosztem zdrowia (Adolfsson i wsp., 2012).

Reasumujgc, nalezy stwierdzi¢, ze dost¢pne sa nieliczne doniesienia na temat
wydolno$ci fizycznej milodziezy chorej na T1DM, a uzyskane wyniki badan nie sa
jednoznaczne (Chetty i wsp., 2019; Adolfsson i wsp., 2018). Wpltyw wysitku fizycznego na
poziom wyréwnania metabolicznego u nich pozostaje nadal przedmiotem dyskusji (Biagi i
wsp., 2018). Niemniej jednak, na obecnym etapie wiedzy mozna przyjac¢, ze regularna
aktywno$¢ fizyczna ma istotny wplyw na zmniejszenie zapotrzebowania na insuling,
normalizuje 1 poprawia profil lipidowy, dziala stymulujaco na rozwdj migsni, poprawia

kondycje 1 samopoczucie pacjenta.

Zalozenia metodologiczne badan

Celem podjetego tematu badan bylo wykazanie wptywu rodzaju wysitku fizycznego
na zmienno$¢ glikemii 1 poziom wyrdéwnania metabolicznego u mtodziezy z cukrzyca typu 1
uwzgledniajac u nich stezenie 25(OH)D w osoczu krwi, ilos¢ maksymalnego zuzycia tlenu w
wysitku maksymalnym (VOzmax) Oraz nawyki zywieniowe. Przed przystgpieniem do

eksperymentu przyjeto pytania i hipotezy badawcze.

Pytania Badawcze

1. Jaki jest wptyw stgzenia 25(OH)D w osoczu krwi u mtodziezy z cukrzyca typu 1
na poziom zmiennos$ci glikemii podczas wykonywania przez nich wysitku
fizycznego o intensywnosci tlenowej i tlenowo-beztlenowej?

2. Jaki jest wptyw wysitku fizycznego o rdéznej intensywnosci (tlenowego i tlenowo-
beztlenowego) na poziom zmiennosci glikemii u miodziezy z cukrzycg typu 1
w odniesieniu do ich wydolnosci tlenowej okres$lonej wskaznikiem VOgzmax ?

3. Jaki jest stan odzywienia i sposob zywienia mtodziezy z cukrzyca typu 1 oraz jakie

sg ich nawyki zywieniowe do ogdlnie przyjetych norm prawidlowego zywienia?



Hipotezy badawcze

1. Biorgc pod uwagg plejotropowe znaczenie witaminy D w organizmie czlowieka
zaklada sie, ze pacjenci z wyzszym stezeniem 25(OH)D w osoczu krwi beda
reagowaé krotszym czasem trwania hipoglikemii w czasie i po wysitku
o intensywnosci tlenowej oraz hiperglikemii w czasie 1 po wysitku tlenowo-
beztlenowym.

2. Pacjenci z wyzszym poziomem wydolnosci tlenowej okreslonej wskaznikiem
VOzmax powinni istotnie lepiej reagowaé¢ na aplikowane wysitki fizyczne
mniejszymi wahaniami glikemii podczas ich trwania. Ponadto, moze u nich
wystepowa¢ mniej incydentow hipoglikemii jako opdznionych reakcji na wysitek

fizyczny podczas 24-godzinnego wypoczynku.

3. Biorac pod uwage duze znaczenie sposobu odzywiania u pacjentdéw z cukrzyca
typu 1 oraz ich edukacje w tym kierunku zaktada si¢, ze bedzie on zgodny z

zasadami prawidlowego zywienia.

Prace wchodzace w cykl publikacji oparte byly na eksperymencie, ktéry polegat na
wykonaniu przez pacjentow trzech prob wysitkowych. Celem pierwszej bylo okreslenie dla
kazdej osoby poziomu wydolno$ci fizycznej probg wysitkowa do odmowy kontynuowania
pracy. Druga proba wysitkowa obejmowata 45-minutowy wysilek o intensywnosci
odpowiadajgcej przemianom energetycznym tlenowym u badanych, a trzecia przemianom
energetycznym tlenowo-beztlenowym (mieszanym) i trwata 30 minut.

Uczestnikami badan bylo 20 chtopcow w wieku 14,35 + 1,6 lat leczonych w Klinice
Pediatrii, Diabetologii i Endokrynologii Uniwersytetu Medycznego w Gdansku z rozpoznang
cukrzycag typu 1 zgodnie z kryteriami ISPAD (Adolfsson i wsp., 2018) z czasem trwania
choroby 6,65 + 4,13 lat oraz prawidlowa masg ciata (BMI - 20,22 + 2,58).

Przed eksperymentem uczestnikom wyjasniono protokét badan. Rodzice 1 osoby
badane wyrazity pisemng zgode na uczestnictwo w badaniach. Projekt eksperymentu zostat
zaakceptowany przez Komisj¢ Bioetyczna przy Gdanskim Uniwersytecie Medycznym nr
(NKBBN/397/2018).

Pacjenci byli leczeni intensywng insulinoterapia podskorna za pomoca osobiste]
pompy insulinowej firmy Medtronic Paradigm Veo lub MiniMed 640G zintegrowanej z
systemem cigglego pomiaru glikemii. Srednia warto$§¢ wyréownania cukrzycy mierzona

hemoglobing glikowang ( HbALc) u pacjentow byta na poziomie 7,32 + 0,84%. Kryteriami



wilgczenia ich do badan byly; stopien dojrzatosci piciowej w skali Tannera na poziomie II, IV
lub V, nie uprawianie zadnej dyscypliny sportowej wyczynowo, pisemna zgoda o0sob
badanych 1 rodzicow do wuczestnictwa w eksperymencie, brak incydentow kwasicy
metabolicznej i cigzkiej hipoglikemii w ostatnich pieciu latach trwania choroby. Kryteriami
wylaczenia do eksperymentu byl brak $wiadomej zgody na badanie, otylo$¢ oraz inne
choroby wspotistniejace (niedoczynno$¢ tarczycy, watroby, nerek, celiakia) majace wptyw na
wystapienie hipoglikemii.

Pacjenci nie uprawiali zadnej dyscypliny sportowej, a ich aktywno$¢ fizyczna
obejmowata lekcj¢ wychowania fizycznego w szkole oraz rekreacj¢ ruchowa uprawiang
przecigtnie 2-3 razy w tygodniu. U wszystkich pacjentéw oceniono poziom aktywnosci
fizycznej za pomocg Kwestionariusza (PAQ-Adolescents) (Kowalski i wsp., 2016).

Dwie godziny przed przystgpieniem do kazdej z trzech prob wysitkowych pacjenci
spozywali ten sam positek (jogurt naturalny, ptatki owsiane, banan, orzechy wiloskie).
Jego sklad obejmowal: 60% weglowodanow, 15% biatka, 25% tluszczu). Na 2WW
(wymienniki weglowodanowe) przypadalo 40 gram jogurtu naturalnego, 15 gram platkow
owsianych, 40 gram banana niedojrzatego oraz 4 gram orzechow wloskich. Ilos¢
wymiennikow weglowodanowych byla uzalezniona od dobowego zapotrzebowania
kalorycznego poszczegdlnego pacjenta. Przed positkiem kazdy pacjent otrzymywal analog
insuliny szybkodziatajacej, ktorego dziatanie ze wzgledu na czas jego aktywnosci nie mialo
wplywu na poziomy glikemii w czasie wykonywanego wysitku fizycznego. Do eksperymentu
kwalifikowano pacjentéw z poziomem glikemii w surowicy krwi nie przekraczajacym 150
mg/dl przed wysitkiem o intensywnosci tlenowej oraz 180 mg/dl o intensywnosci tlenowo-
beztlenowej. Podczas kazdej proby wysitkowej oraz po jej wykonaniu poziom glikemii
u pacjentdw rejestrowano za pomocg systemu cigglego monitorowania glikemii przez godzing
pod kontrolg lekarza oraz dalej samodzielnie przez pacjenta i opiekuna do 24 godzin po
wysitku.

W pierwszej serii badan, po wykonaniu wstepnych procedur medycznych wszyscy jej
uczestnicy wykonali prob¢ wysitkowa o progresywnym obcigzeniu. Na podstawie
uzyskanych wynikéw obliczono indywidualne wartosci maksymalnego zuzycia tlenu
(VOzmax) oraz wskaznik Progu Przemian Anaerobowych (AT — Anaerobic Treshold)
obliczony w wielko$ciach mocy na ergometrze rowerowym). Wskazniki te byty niezbedne do
ustalenia kazdemu pacjentowi wielko$ci indywidualnego obciagzenia jako wzglednej warto$ci

AT w kolejnych probach wysitkowych.
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Po dwoéch tygodniach przerwy kazdy z pacjentdow po przeprowadzeniu wstepnych
procedur medycznych wykonywat 45 minutowy eksperymentalny wysitek fizyczny
o intensywnosci tlenowej. Wielko$¢ obciazenia mierzonego mocg wykonanego wysitku (Wat)
ustalono dla wartosci 40% mniejszej od AT (Wat).

Po kolejnych dwoéch tygodniach pacjentow obcigzano 30 minutowym wysitkiem
o intensywnosci tlenowo-beztlenowej (mieszanej) tj. 2 minuty AT (Wat) minus 40% (Wat)
oraz 4 minuty AT (Wat) plus 10% (Wat) na przemian (lacznie 5 powtorzen). Podczas obu
prob wysitkowych w sposob ciagly rejestrowano wskazniki krazeniowo-oddechowe
analizatorem gazéw wydechowych.

Pomiar maksymalnego poboru tlenu u badanych wykonano analizatorem gazow
wydechowych Oxycon Pro (Erich JAEGER GmbH, Hoechberg, Germany, 2012). Proby
przeprowadzono w laboratortum wysitku fizycznego w standardowych warunkach
(temperatura powietrza: 21 °C; ci$nienie atmosferyczne: 1010 hPa; wilgotno$¢ powietrza 55
%). Proba wysitkowa rozpoczynala si¢ S5-minutowg rozgrzewka polegajaca na pracy
ergometrycznej (Eos Sprint, Jeager Germany) w tempie 60 obrotow na minut¢ z obcigzeniem:
1 W x kg™. Od sz6stej minuty testu obciazenie wzrastato co minute o 0,25 W x kg™. Wysitek
zostal przerywany wtedy, kiedy tempo obrotow spadalo o wartos¢ wigksza niz 10 % czyli
ponizej 54 x min™. Utrzymana przez 15 sekund najwyzsza wzgledna warto$é poboru tlenu
na koncu wysitku byta odczytywana jako maksymalna (VOzmax). Analizujgc wydalanie gazow
wydechowych przez badanych podczas proby wysitkowej obliczono wskaznik progu
przemian anaerobowych (Anaerobic Treshold - AT) jako iloraz wydalania dwutlenku wegla i
poboru tlenu (RER). Za kryterium jego uzyskania okreslono wartos¢ >1. Po wysitku
eksperymentalnym pacjenci odpoczywali w pozycji siedzacej 5 minut, po czym odlgczano
zawodnikéw od analizatora gazow wydechowych.

Poziomy glikemii z CGM zostaly pobrane i skorygowane tak, aby obejmowaty
pomiary z dni, w ktorych u pacjentéw przeprowadzono wyzej wymienione testy. Do analizy
przyjeto tylko rekordy zawierajace > 70% oczekiwanych pomiarow (minimum 200 z 288).
Parametry kontrolne glikemii (§redni poziom glikemii dzienny, odchylenie standardowe SD,
wspolczynnik zmiennosci glikemii - CV, czasy powyzej zakresu docelowego - TAR (> 180
mg/dl), czas w zakresie docelowym TIR (70-180 mg/dl) i czas ponizej zakresu docelowego —
TBR (<70 mg/dl) obliczono za pomoca Glyculator 2.0. Dawke insuliny oszacowano jako
dzienng dawke insuliny na kilogram masy ciata (IU / kg).

U kazdego pacjenta dokonano oceny sposobu odzywienia na podstawie doktadnego

wywiadu zywieniowego wykonujac analizg¢ zywieniowa wedlug testu Starzynskiej (Moore
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I wsp., 2015). Ponadto wykonano analiz¢ skfadu ciala z wykorzystaniem urzadzenia firmy
InBody 770, okreslono BMI — wskaznik masy ciata oraz wskaznik WHR (talia-biodro).
Badania laboratoryjne przeprowadzono w akredytowanym Centralnym Laboratorium
Uniwersyteckiego Centrum Klinicznego w Gdansku. Materiatem biologicznym do badan byta
krew zylna pobrana od pacjentéw na czczo przed wykonaniem eksperymentu. Poziom HbAlc
oznaczono metoda wysokosprawnej chromatografii cieczowej (HPLC) przy uzyciu programu
Bio-Rad VARIANT ™ HbAlc (Bio-Rad Laboratories, Inc., Hercules, CA, USA), a jego
warto$ci przedstawiono w procentach. Stezenie cholesterolu calkowitego, cholesterolu HDL
1 tréjglicerydow oznaczono na analizatorach Alinity (Abbott, Wiesbaden, Niemcy) metoda
immunoenzymatyczng, st¢zenie cholesterolu LDL obliczano wedlug wzoru Friedewalda.
Poziomy hormonu tyreotropowego (TSH) 1 wolng tyroksyne (FT4) oznaczono dwuetapowa
metodg immunochemiczng z uzyciem mikroczastek 1 markera chemiluminescencyjnego firmy
Abbott, Niemcy. Poziom alaniny (ALAT), aminotransferaza asparginy (ASPAT) okreslono
metodg spektrofotometrii przy uzyciu analizatora Abbott Alinity (Wiesbaden, Niemcy).

Osiagnigcie naukowe jakie przedstawiono do ubiegania si¢ o stopien naukowy doktora

jest jednotematycznym cyklem trzech publikacji o tgcznej punktacji IF 7,395 oraz punktacji

Ministerstwa Nauki i Szkolnictwa Wyzszego 250 punktéw (wedlug analizy bibliometryczne;j

Pracowni Bibliograficznej Biblioteki Glownej Gdanskiego Uniwersytetu Medycznego i
Akademii Wychowania Fizycznego i Sportu w Gdansku). We wszystkich pracach naukowych

doktorant jest pierwszym autorem i posiada wktad pracy w ich powstanie powyzej 50%.

Streszczenie cyklu trzech opublikowanych prac naukowych:

Publikacja nr 1; “Acute Responses to Low and High Intensity Exercise in Type 1 Diabetic
Adolescents in Relation to Their Level of Serum 25(OH)D”

Obecna wiedza 1 liczne publikacje naukowe potwierdzaja znaczaca role witaminy D
w patogenezie cukrzycy typu 1. Udowodniono, ze niedobér 25(OH)D w osoczu krwi < 30
ng/ml wptywa na zwigkszone ryzyko rozwoju tej choroby (Munns i wsp., 2016; Rak i wsp.,
2019; Zipitis 1 wsp., 2016).
Dotychczasowe badania wykazuja, ze witamina D poprzez wpltyw na prawidlowa funkcje

uktadu odporno$ciowego (komorki T regulatorowe) dziata ochronnie na jeszcze zdrowe,
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nieobjete procesem autoimmunologicznym, komoérki p wysp trzustkowych u pacjentow
z nowo rozpoznang cukrzyca typu 1. Efektem tego moze by¢ wydhizenie okresu remisji
choroby (Prakash Panjiyar i wsp., 2018; Rydzewska i wsp. 2019). Ponadto Gabbay i wsp.,
(2012) oraz Panji i wsp. (2018), wykazali korzystny wptyw optymalnego stezenia 25(OH)D u
pacjentow z T1DM na wyréwnanie metaboliczne choroby mierzone poziomem HbAlc, C
peptydu, wrazliwosci na insuling oraz redukcja dobowej dawki insuliny. Obserwacje te
potwierdzaja wyniki badan przeprowadzone w 2016 roku przez Al-Zubeidi i wsp. (2016),
ktorzy wykazali korelacje pomiedzy niskim poziomem 25(OH)D 1 czgstszym wystgpowaniem
kwasicy ketonowej u dzieci. Hafez i wsp., (2017) oraz Panji i wsp., (2018) na podstawie
swoich badan zalecajg utrzymanie prawidlowego poziomu 25(OH)D w surowicy krwi u
pacjentow z cukrzycg typu 1 na zmniejszenie ryzyka wystapienia hipoglikemii w tej grupie
pacjentow.

Zadaniem leczenia cukrzycy typu 1 jest nie tylko uzyskanie prawidlowych poziomow
glikemii, a tym samym minimalizacj¢ ryzyka rozwoju ostrych powiktan (hipoglikemia
1 kwasica ketonowa) 1 przewlektych powiktan (uszkodzenie nerek, narzadu wzroku, ukladu
Nnerwowego i Sercowo-naczyniowego), ale takze zapewnienie funkcjonowania pacjentow
w $rodowisku zblizonego do trybu zycia zdrowych rowiesnikoéw, realizacji dotychczasowych
aktywno$ci zyciowych, w tym uprawianie sportu. Mimo, ze korzystne efekty aktywnosci
fizycznej w populacji 0soéb zdrowych sg powszechnie znane, to zalecenia dotyczace wysitku
fizycznego u pacjentow z T1DM opieraja si¢ gtownie na wnioskach pochodzacych
z nielicznych badan na pacjentach dorostych, cz¢sto z cukrzycg typu 2 (Verboven i wsp.,
2019; Kodama i wsp., 2013; Najafipour i wsp., 2017; Farzad i wsp., 2017).

Celem naszego eksperymentu bylo wykazanie roznic w reakcji glikemicznej na
wysilek o intensywnosci tlenowej i tlenowo-beztlenowej u mtodych pacjentéw chorujacych
na cukrzyce typu 1, u ktorych stwierdzono niedobor lub suboptymalne st¢zenie 25(OH)D
w surowicy krwi. Podj¢to si¢ rozwigzania tego problemu gdyz w dostgpnym pismiennictwie
nie zarejestrowano prac okreslajacych wspolzaleznos$¢ pomigdzy stezeniem 25(OH)D u dzieci
1 mlodych osob chorych na cukrzyce¢ a tolerancja na wysilek fizyczny 1 jego rodzaj. W
zwigzku z tym, mozna przypuszczaé, ze uzyskane wyniki badan w naszym eksperymencie sa
nowatorskie 1 maja duze implikacje kliniczne i terapeutyczne. Za istotne mozna uznac to, ze
zostaty zaplanowane 1 przeprowadzone z wykluczeniem innych czynnikow majacych wptyw
na poziom glikemii podczas wysitku fizycznego. Eksperyment zostat przeprowadzony o tej
samej porze roku, zimg (w Europie Péinocnej jej to okres najwigkszych niedoborow 25(OH)D

wsrod jej mieszkancow), w godzinach przedpoludniowych, w grupie pacjentéw tej samej ptci,
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podejmujacych dotychczasowa aktywnos$¢ fizyczna na tym samym poziomie. Badania
przeprowadzono po spozyciu tego samego rodzaju positku w ramach pierwszego $niadania,
zachowujac ten sam odst¢p czasowy pomiedzy podaza analogu insuliny szybkodziatajacej,
positkiem a wysitkiem testowym. Poziom glikemii bezposrednio przed jego wykonaniem byt
w zakresie 150-180 mg%. U pacjentow wykluczono inne choroby majace wplyw na poziom
cukru we krwi.

Przystepujac do badan zaktadano, ze pacjenci z wyzszym stezeniem witaminy 25(OH)D beda
istotnie lepiej reagowa¢ na aplikowane wysitki podczas testu mniejszym zmgczeniem
wyrazonym 1loscig pochtaniania tlenu, mniejszymi wahaniami glikemii, krotszym czasem
trwania hipoglikemii oraz hiperglikemii podczas okreslonej intensywnos$ci Wysitku oraz po
jego wykonaniu.

Grupe 20 pacjentow z cukrzycg typu 1 podzielono na dwie podgrupy charakteryzujace
si¢ niedoborem stezenia 25(OH)D w surowicy krwi; DG (deficyt group <20 ng/ml, n=10)
oraz suboptymalnym jej stezeniem SG (suboptimal group 20-30 ng/ml, n=10). Obie podgrupy
pacjentow byly jednorodne zaré6wno pod wzgledem ich rozwoju biologicznego
jak tez wskaznikow biometrycznych.

W dostepnym piSmiennictwie nie ma doniesien dotyczacych relacji pomiedzy poziomem
wydolnosci fizycznej mlodziezy chorej na cukrzyce typu 1 i stezeniem 25(OH)D w osoczu
krwi. W naszych badaniach nie stwierdzilismy istotnych réznic w zakresie wskaznika VO max
oraz VO,/AT pomigdzy grupami z mniejszym 1 istotnie wyzszym stezeniem 25(OH)D.
Podczas analizy wynikoéw stwierdzono, ze w grupie pacjentdw, u ktorych stezenie 25(OH)D
bylo istotnie wyzsze to zuzywali oni mniej tlenu zar6wno podczas wysitku o intensywnosci
tlenowej o 3,99% oraz tlenowo-beztlenowej o 5,62%. Jak sugeruja Koundourakis 1 wsp.
(2014), Jastrzebska i1 wsp. (2018) wyzsze stezenie 25(OH)D moze by¢ jednym z czynnikéw
istotnie wpltywajacym na poziom wydolnosci tlenowej organizmu u milodych o0s6b
uprawiajacych sport wyczynowo.

W Zadnej z analizowanych wskaznikéw biochemicznych krwi u pacjentéw obu badanych
grup nie stwierdzono istotnej statystycznie réznicy wynikow. Warto jednak podkresli¢, ze
pacjenci z niedoborem stezenia 25(OH)D wykazywali nieco gorsze wyrownanie metaboliczne
cukrzycy oraz przyjmowali wigksza dobowa dawke insuliny.

Wyniki badan jakie uzyskano podczas niniejszego eksperymentu wykazaty, ze obnizone
stezenie 25(OH)D u pacjentow chorych na TIDM moze mie¢ niekorzystny wpltyw na
zmiennos$¢ glikemii (CV%) zaréwno w kierunku hiper- jak i hipoglikemii. Moze tez wydluzaé

czas wystepowania hiperglikemii (TAR) i hipoglikemii (TBR) przez pacjentow podczas
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wysitku fizycznego o intensywnosci tlenowej i tlenowo-beztlenowej oraz 24 godziny po ich
wykonaniu.

Coraz wigcej doniesien wskazuje, ze czynnikiem uszkadzajagcym naczynia krwiono$ne
U chorych na cukrzyce jest wysoka zmienno$¢ glikemii, ktéra mozemy oceni¢ wigkszym
dostepem do systemow cigglego monitorowania glikemii (CGM) (Yu Kuei Lin i wsp., 2020;
Battelino i wsp., 2019). Za znaczacym wpltywem zmienno$ci glikemii dla rozwoju powiktan
naczyniowych cukrzycy przemawia fakt, ze u niektorych pacjentéw z dobrze kontrolowang
cukrzyca, tj. 0s6b z niskimi warto$ciami hemoglobiny glikowanej (HbAlc), mimo wszystko
rozwijajg si¢ ostre i przewlekle powiklania naczyniowe. Maiorino i wsp. (2015) oraz Skrha
i wsp. (2016) stwierdzili w swoich publikacjach, ze istniejg istotne przestanki
patofizjologiczne przemawiajace za tym, ze wahania glikemii moga uszkadza¢ naczynia
krwionos$ne, przede wszystkim, ich srodbtonek.

W ostatnich latach pojawily si¢ nieliczne prace okreslajace wspotzaleznos¢ pomiedzy
stezeniem 25(OH)D u dzieci chorych na cukrzyce typu 1 a poziomem wyrdwnania
metabolicznego choroby, wrazliwoscig na insuling oraz wystgpowaniem ostrych powiktan
naczyniowych, w tym hiper- i hipoglikemii (Giri i wsp., 2017; Hafez i wsp., 2017; Panji i
wsp., 2018). Natomiast nie ma doniesien dotyczacych wptywu niedoboru 25(OH)D w tej
grupie chorych z uwzglednieniem podejmowanego przez nich wysitku fizycznego i jego
rodzaju.

Wyniki naszych badan wykazaly, obnizone stezenie 25(OH)D (20,97+9.76 ng/dl)
u 20 pacjentow chorych na T1DM, co moglo mie¢ niekorzystny wplyw na ich poziom
wyréwnania metabolicznego choroby. Po dokonaniu podziatu badanych na grupe DG i SG
stwierdzono, ze grupa pacjentdw z niedoborem 25(OH)D ponizej 20 ng/dl charakteryzowata
si¢ gorszym wyrownaniem metabolicznym od grupy z suboptymalnym jej stezeniem (HbAlc
7,55+0,84 % vs 7,09+0,82 %) 1 wymagata wickszej dobowej dawki insuliny, cho¢ réznice te
nie byly istotnie statystycznie. Potwierdzaja to spostrzezenie innych autoréw, ktorzy w
swoich publikacjach opisuja, ze wicksze dobowe zapotrzebowanie na insuling moze wigzaé
si¢ z rozwojem insulinoopornosci przy wigkszym niedoborze witaminy 25(OH)D (Gabbay i
wsp., 2012, Giri i wsp., 2017).

Uzyskane wyniki badan sugeruja, ze niedobor 25(OH)D w osoczu Krwi u pacjentow z
cukrzyca typu 1, ktérzy podejmuja wysilek fizyczny o intensywno$ci odpowiadajace]
przemianom energetycznym tlenowym powoduje u nich duze wahania glikemii z tendencja
zarowno do hiperglikemii, jak 1 niebezpiecznych dla zdrowia 1 zZycia hipoglikemii.

Interesujace bylo tez spostrzezenie, ze W tej grupie pacjentow, ale poddanych wysitkowi o
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intensywnos$ci odpowiadajacej przemianom energetycznym tlenowo-beztlenowym poziomy
glikemii u nich byly wyzsze z wahaniami w kierunku hiperglikemii. Autorzy pracy maja
$wiadomos¢, ze liczebno$¢ grup badanych nie byla duza i uzyskane wyniki, interesujace
i wazne z punktu widzenia klinicznego, wymagaja potwierdzenia na wickszej grupie
pacjentéw. Pomimo to, pozwala nam wnioskowa¢, ze utrzymywanie prawidlowego stezenia
25(OH)D w surowicy krwi poprzez suplementacj¢ witaming D u pacjentéw z cukrzycg typu 1
moze by¢ czynnikiem prewencyjnym w wystgpowaniu incydentow hiperglikemii w czasie
wysitku beztlenowego 1 hipoglikemii w czasie wysitku tlenowego. Moze tez zapobiegad
p6znym powiklaniom naczyniowych poprzez redukcj¢ wahan glikemii w obu rodzajach

stosowanego wysitku fizycznego.

Publikacja 2; “Responses to low and high intensity exercise in adolescents with type 1

diabetes in relation to their level of VO, max”

Rozpoznanie cukrzycy typu 1 jest wskazaniem do bezwzglednego leczenia insuling
metodg podskornego jej podawania. Oprocz insulinoterapii, odpowiednia dieta oraz wysitek
fizyczny stanowig integralne i niezbedne skladowe skutecznego leczenia cukrzycy typu 1
(Scott i wsp., 2019). Towarzystwa Diabetologiczne rekomendujg dla pacjentow z cukrzyca
typu 1rekreacj¢ ruchowg (Adolfsson i wsp., 2018; PTD, 2020), a nawet uprawianie dyscyplin
sportowych. Aktywno$¢ fizyczna u chorych na cukrzyce nie musi odbiegac¢ od tej, ktorg moga
podejmowac osoby zdrowe. Odpowiednio zaplanowany wysitek oraz umiejetnos$¢ reagowania
na zmiany glikemii podczas podejmowanego wysitku fizycznego dajg duzg szanse na jego
bezpieczny przebieg oraz brak powiktan po jego zakonczeniu. Wyzwaniem dla pacjenta oraz
jego lekarza pozostaje dopasowanie tych skladowych leczenia w taki sposob,
aby si¢ uzupehiaty i spowodowaty utrzymanie normoglikemii przez cala dobg, minimalizujac
wahania glikemii u pacjenta (Chetty i wsp., 2019; Riddel i wsp., 2017; Cherubini i wsp.,
2019; Majidi i wsp., 2020). Poznanie i zrozumienie wptywu wysitku fizycznego o rdznej
intensywnosci na profile glikemii w czasie i po jego zakonczeniu sa kluczowe dla
zoptymalizowania dawkowania insuliny i uzyskania wyrownania metabolicznego choroby.
Dostgpne sa prace, w ktorych ocenia si¢ wptyw wysilku fizycznego na wspomaganie leczenia
cukrzycy typu 2 (Kodama i wsp., 2013; Nothlings i wsp., 2010; Najafipour i wsp., 2017; Liu

i wsp.,2018; Jendle i wsp., 2019), natomiast do nielicznych nalezg publikacje omawiajace to
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zagadnienie w przebiegu cukrzycy typu 1 u dzieci (Chetty i wsp., 2019; Cuenca-Garcia i
wsp., 2012; Adolfsson i wsp., 2012).

Podstawowym wskaznikiem poziomu wydolnosci fizycznej u czlowieka jest jego
zdolnos$¢ pochtaniania tlenu podczas pracy maksymalnej (VO2zmax). Im wigksza jego wartosc,
tym wyzsza wydolno$¢ tlenowa 1 lepsza adaptacja organizmu do duzych obcigzen
treningowych. Na podstawie tego wskaznika mozna okreslic intensywno$¢ wysitku
(%VO2max) (Wilmore i wsp., 2008).

Celem eksperymentu bylo wykazanie czy poziom wydolnosci fizycznej, okreslony
wskaznikiem VOzmax moze mie¢ istotny wptyw na wahania glikemii u badanych pacjentow
podczas wykonania przez nich wysitku fizycznego o intensywnosci maksymalnej, tlenowo-
beztlenowej (mieszanej) i tlenowej?

Podjecie tego typu eksperymentu wigze si¢ z problemami logistycznymi, jednorodnoscig grup
badawczych, konieczno$cig jednolitej metody insulinoterapii, jednolitej dotychczasowe;j
wykonywanej aktywnosci fizycznej oraz tego samego rodzaju positku przed wykonaniem
eksperymentu. W dostgpnym pismiennictwie nie odnaleziono prac okreslajacych
wspoltzaleznos¢ pomiedzy wydolnos$cia fizyczng u dzieci i mtodych os6b chorych na cukrzyce
typu 1 oraz ich tolerancjg na wysilek fizyczny o rdznej intensywnos$ci w odniesieniu do
wahan glikemii 1 ilosci hipoglikemii powysitkowej, ktore $cisle uwzgledniaja wszystkie
kryteria stworzenia jednolitej grupy badawczej.

Pacjenci, ktory przystgpili do naszego badania spetniali wszystkie kryteria obiektywnego
eksperymentu. Byli na tym samym poziomie dotychczasowej aktywnos$ci fizycznej bez
uprawiania zadnej dyscypliny sportowej wyczynowo, w podobnym wieku, w podobnym
okresie dojrzewania plciowego, leczeni tg samg metodg intensywnej insulinoterapii
podskornej przy pomocy osobistej pompy insulinowej firmy Medtronic Paradigm
zintegrowanej z systemem ciggtego monitorowania glikemii (CGM), otrzymywali identyczny
skfad positku i rodzaj insuliny szybkodzialajacej o tym samym czasie dzialania przed
wykonanym eksperymentem.

Dokonujac przegladu piSmiennictwa nie odszukali$my badan z udzialem najnowszych
systemOw cigglego monitorowania glikemii (CGM), w czasie wykonywania roznych
rodzajow wysitku fizycznego u miodych pacjentow, a jedynie u dorostych (Biaggi i wsp.,
2018; Moser i wsp., 2020). Duza warto$cig naszego badania bylo wlaczenie pacjentow
stosujacych systemy cigglego monitorowania glikemii w czasie rzeczywistym, leczonych
osobistag pompg insulinowa, co pozwolito w sposob ciagly odczytywaé poziomy glikemii oraz

trendy zmian glikemii podczas stosowania eksperymentu klinicznego. Identyfikacja wahan
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glikemii, w tym hipoglikemii i hiperglikemii u naszych pacjentow z uwzglgdnieniem ich
poziomu wydolnosci fizycznej oraz w relacji do rodzaju wysitku fizycznego ma wymierne
implikacje kliniczne. Wystgpowanie hipoglikemii i obawa przed hipoglikemia to nadal
najwicksze bariery ograniczajace podejmowanie aktywnosci fizycznej przez osoby z cukrzyca
typu 1. Szczegblnie trudne jest utrzymywanie prawidlowych i stabilnych glikemii podczas
aktywno$ci o intensywnosci od umiarkowanej do maksymalnej. Ten rodzaj wysitku
fizycznego moze skutkowaé hipoglikemiami p6znymi, w tym hipoglikemiami nocnymi.
Aktualnie najskuteczniejszym sposobem zapobiegania im sg systemy cigglego monitorowania
glikemii zintegrowane z pompami insulinowymi umozliwiajagcymi automatyczne wstrzymanie
podazy insuliny.

W eksperymencie wzigto udziat 20 mtodych chtopcow chorujacych na cukrzyce typu
1. Ze wzgledu na zroznicowang wielkos¢ wskaznika VOamax, calg grupe badanych podzielono
na tych z nizszym (LFG) 1 wyzszym (HFG) poziomem wydolnosci fizycznej. Obie podgrupy
pacjentow byly jednorodne zarowno pod wzgledem ich rozwoju biologicznego, wskaznikow

biometrycznych oraz wydolnosci fizycznej (VO2max)-

Na podstawie uzyskanych wynikéw badan stwierdzono, ze wielko$¢ VOomax
u pacjentow nie miala istotnego wptywu na ilo$¢ spozywanych weglowodandw oraz poziom
glukozy we krwi po zakonczeniu trzech testow wysitkowych. Pacjenci charakteryzujacy sie
wyzszym poziomem VO;max Wykazywali nizsze i bardziej stabilne wartosci stezenia glukozy
2 godziny przed wysitkiem oraz mniejszg tendencje do zmiennos$ci glikemii podczas wysitku
tlenowego w odniesieniu do grupy pacjentow z nizszym poziomem VOymax. Mozna wiec
przypuszczaé, ze pacjenci z cukrzyca typu 1 uprawiajagcy dyscypliny sportowe
charakteryzujace si¢ wysitkiem wytrzymatosciowo-tlenowym mogg mieé¢ lepiej wyréwnang
metabolicznie cukrzyce i tym samym mniejsze ryzyko rozwoju zardwno ostrych jak i
przewlektych powiklan choroby. Ponadto stwierdzono, Zze pacjenci z nizszym poziomem
VO2max wykazywali wigksza tendencj¢ do hipoglikemii w czasie trwania wysitku tlenowego.
Spostrzezenie to ma implikacje kliniczne potwierdzajac znany fakt, Zze wysilek o
metabolizmie tlenowym, szczegdlnie dlugotrwaly, moze doprowadzi¢ do hipoglikemii, nie
tylko podczas treningu, ale rowniez bezposrednio po nim i kilkunastu godzinach po jego
zakonczeniu. Mozna to tlumaczy¢ mechanizmem metabolicznym w ktorym pacjent z
cukrzyca typu 1, ktéry nie ma wlasnej insuliny, pozbawiony jest takze endogennej regulacji
odpowiadajacej za utrzymanie stalego poziomu glikemii. Wowczas, podczas pracy fizycznej

jego miesnie zuzywaja duze zasoby glikogenu mig$niowego a efektem tego jest pobieranie
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przez komoérki migsniowe glukozy bezposrednio z krwioobiegu. Dlatego przy braku podazy
weglowodanéw z zewnatrz 1 jednoczesnym stosunkowo wysokim stezeniu egzogennej
insuliny, ktéra uniemozliwia ,,uwolnienie” glikogenu watrobowego i glukoneogeneze z
kwaséw tluszczowych, moze doj$¢ do dramatycznego spadku poziomu glukozy we krwi.
Inaczej jest u osob niechorujacych na cukrzyce. Podczas wysitku fizycznego zmniejsza si¢ U
nich wydzielanie insuliny oraz zwigksza si¢ wydzielanie hormondéw kontrregulacyjnych,
nasilajagcych wytwarzanie glukozy przez watrobe, co réwnowazy wychwyt glukozy przez
migsnie szkieletowe w czasie wysitku fizycznego. Ta precyzyjna regulacja autonomiczna i
hormonalna sprawia, ze stezenie glukozy we krwi pozostaje stabilne podczas wigkszosci
réznego typu aktywnosci fizycznych (Vesco i wsp., 2018).

W czasie eksperymentu stwierdzono, ze wysitek charakteryzujacy si¢ metabolizmem
tlenowo-beztlenowym, szczegdlnie z przewagg beztlenowego, czesto doprowadza do
hiperglikemii u pacjentéw podczas jego trwania oraz w krotkim czasie od jego zakonczenia.
Zjawisko to tlumaczy si¢ zwigkszonym stezeniem hormondéw wydzielanych pod wplywem
intensywnego, krotkotrwalego wysitku fizycznego: adrenaliny, kortyzolu, glukagonu i
hormonu wzrostu (Kjaer i wsp., 1985).

Nasze badania sugeruja, ze kazdy pacjent z cukrzyca typu 1 moze uprawiaé sport,
jednak powinien pozosta¢ pod nadzorem Iekarza oraz uzywaé systemu cigglego
monitorowania glikemii. W eksperymencie wykazaliSmy, ze r6zne formy wysitku fizycznego
odmiennie wplywaja na poziom glikemii, jednak przy jej ciaglej kontroli nie stanowi
przeszkody w podejmowaniu zaréwno wysitku tlenowego (np. wytrzymato$ciowe treningi
biegowe), mieszanego (gry =zespotowe) jak tez beztlenowego (¢wiczenia silowo-
eksplozywne). W naszej opinii na poczatku terapii regulujacej wahania glikemii u pacjentéw
nalezy stosowa¢ obcigzenia treningowe o charakterze wytrzymatosciowo-tlenowym przez
okres co najmniej szesciu tygodni. Ich celem jest zwigkszenie o okoto 20% poziomu
wydolnosci tlenowej okreslanej wskaznikiem VOzmax. Po tym czasie mozna rozpoczaé
¢wiczenia o wyzszej intensywnosci, ktore zwigkszaja efekt regulowania wysitkowej i
powysitkowej hiperglikemii. Nasze wyniki jednoznacznie wskazuja na kierunki dalszych
badan dotyczacych wplywu wysitku fizycznego o roznej intensywnosci na zmiany glikemii u
pacjentow chorych na cukrzyce typu 1. Niezbedne jest badanie wptywu 8-12 tygodniowych
interwencji treningowych wsrod liczebnie duzych grup pacjentow reprezentujacych rdzne

grupy wiekowe oraz stan zaawansowania choroby.
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Publikacja 3; “Assessment of the diet of male adolescents suffering from type
1 diabetes”

Zgodnie z zaleceniami Polskiego Towarzystwa Diabetologicznego u pacjentow
z cukrzycg typu 1 zasady prawidlowego zywienia, racjonalnego wysitku fizycznego,
insulinoterapii, i monitorowania efektow leczenia sg istotnymi elementami leczenia choroby
prowadzace do wyréwnania metabolicznego. Cukrzyca typu 1 obejmuje okolo 5-10%
nastolatkow. W tym okresie wpltyw rowiesnikow poprzez obserwacje ich nawykow
zywieniowych pelni znaczacg role (Pringle i wsp., 2018). Niestety bardzo czesto rdznig si¢
one od zasad prawidlowego odzywiania (PTD, 2020). Zgodnie z przyjetymi normami
weglowodany powinny pokrywac 45 — 50 % calodziennego zapotrzebowania energetycznego,
a znajdujace si¢ w tym cukry proste nie moga przekracza¢ 10 %. W prawidlowo
zbilansowanej diecie biatko powinno pokrywa¢ 15 — 20 % catodziennego spozycia kalorii, a
thuszcze 30 — 35 % (Jarosz, 2019). W najnowszych publikacjach podkresla si¢ korzystny
wplyw diety na prawidlowe wyrdéwnanie metaboliczne choroby obejmujace obnizong
zawarto$¢ weglowodanow, oraz niski indeks glikemiczny (Mankiewicz-Zurawska i wsp.,
2019; Turton i wsp., 2018; Seckold i wsp., 2019). Obecnie mozna znalez¢ liczne publikacje
wskazujace korzystny wpltyw roznych diet na prawidlowe wyroéwnanie metaboliczne u
pacjentow chorych na cukrzyce typu 1 oraz ich stan zdrowia, ale do nielicznych nalezg te,
ktore dotyczg tylko nastolatkow, leczonych tg samg metodg insulinoterapii i podejmujagcych
podobna aktywno$é fizyczng (Mankiewicz-Zurawska i wsp., 2019).

Celem pracy byla ocena stanu i sposobu zywienia nastolatkow chorujacych na
cukrzyce typu 1 oraz porownanie ich nawykow zywieniowych do ogdlnie przyjetych norm
prawidlowego zywienia. Zatozono, ze przy rozpoznaniu choroby wczesniej przeprowadzona
edukacja zywieniowa, znajomo$¢ podstawowych zasad prawidlowego zywienia bedzie
rzutowa¢ na prawidlowe, z punktu widzenia leczenia cukrzycy, nawyki zywieniowe
pacjentow. Dodatkowo wnioskowano, ze wickszo$¢ badanych nastolatkéw bedzie stosowac
si¢ do zalecen zywieniowych celem utrzymania prawidlowego wyrownania metabolicznego i
prewencji wystepowania ostrych i przewlektych powiktan.

Do grupy badanej zakwalifikowano 20 chlopcéw chorujacych na cukrzyce typu 1
w wieku 14,6 + 1,58 lat. Zadna z os6b nie miata nadwagi lub otylosci. Indeks masy ciata
pacjentow wynosit (BMI) 20,4 + 2,7 kg/m2, a wskaznik WHR 0,796 + 0,034. Wszyscy

badani byli leczeni przy pomocy osobistej pompy insulinowej firmy Medtronic Paradigm Veo
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lub MiniMed 640G. Dodatkowym kryterium wiaczenia do grupy badanej byla dojrzalos¢
plciowa w skali Tannera II-V, brak incydentéw kwasicy ketonowej I cigzkich hipoglikemii
w ciggu ostatnich pieciu lat. W grupie badanej $redni czas trwania choroby trwat 7,4 + 4,3 lat,
a $redni czas terapii pompowej 6,8 = 4,1 lat. Procentowa warto$¢ HbALc byla na poziomie
7,55 + 0,84 %. Do kryteridw wylaczenia pacjentéw z badan byty otylos¢ i inne niz cukrzyca
choroby przewlekte, ktére maja wptyw na sposéb odzywiania i stan odzywienia pacjenta.

Na podstawie analizy sktadu ciala przeprowadzonej z wykorzystaniem urzadzenia

InBody 770 stwierdzono, ze 60 % badanych pacjentow wykazano prawidlowa zawartos$¢
tkanki tluszczowej w organizmie pomimo braku regularnej aktywnosci fizycznej. Ponadto,
50% z nich miato prawidlowa zawarto$¢ migéni szkieletowych i wody w organizmie. Na
podstawie analizy sposobu dotychczasowego odzywiania si¢ pacjentow wykazano, ze
zapotrzebowanie energetyczne bylo pokryte u 75% pacjentow. Stwierdzono tez, bardzo duze
spozycie cukrow prostych przez nastolatkow. Prawie wszyscy badani (95%) spozywali ponad
ich norme¢ ustalong przez Polskie Towarzystwo Diabetologiczne (2020). Ponadto, 45 %
badanych nie pokrywalo w swojej diecie dziennego zapotrzebowania na btonnik pokarmowy.
Analiza wynikow badan wykazala, ze spozycie pozostatych makrosktadnikow w tym biatka i
thuszczu roéwniez nie bylo zadowalajace. Stwierdzono, ze 45 % pacjentéw spozywalo thuszcze,
gldwnie nasycone powyzej zalecanych ilosci. Nawyki zywieniowe i1 jako$¢ spozywanych
positkbw u nastolatkow chorujacych na cukrzyce typu 1 zostala przeanalizowana na
podstawie otrzymanych dzienniczkéw zywieniowych oraz testu wq. Starzynskiej [Moore i
wsp., 2015].
U wiekszoéci badanych (60%) pojawialy si¢ bardzo podobne btedy zywieniowe, do ktorych
mozna zaliczy¢: brak regularnos$ci spozywanych positkow; niskie spozycie warzyw i
owocow; niewielkie spozycie produktow pemoziarnistych; nadmiar spozywania produktow
pochodzenia zwierzgcego; malte spozycie ryb, orzechow, ziaren i nasion; wystepowanie
licznych niezdrowych przekasek typu stodycze, chipsy; czeste spozycie stodkich napojow;
nieodpowiednie porcje positkow, czesto zbyt duze; wybdr nieodpowiedniej obrobki
technologicznej jaka jest smazenie w gigbokim thuszczu.

Liczne publikacje podkreslaja duze znaczenie prawidlowego odzywianie
w kontrolowaniu glikemii 1 zapobieganiu wystgpowania powiklan metabolicznych
W przysztosci. Gornicka 1 wsp. (2016) potwierdzaja, ze wprowadzenie zasad racjonalnego
odzywiania wraz z zaleceniami diety S$rodziemnomorskiej zapewniaja utrzymanie
prawidlowej glikemii. Rowniez Amerykanskie Stowarzyszenie Diabetologiczne podkresla jak

wazna jest rola prawidlowo zbilansowanej diety z ograniczeniem cukrow prostych oraz
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nasyconych kwasow tluszczowych na zmniejszenie zapotrzebowania na insuling oraz
utrzymania normoglikemii (Patton i wsp., 2011).
Nasze badania potwierdzity obserwacje Race i wsp. (2018) dotyczace niekorzystnego wptywu
stosowanej przez pacjentow z cukrzyca typu 1 diety bogatej w thuszcze oraz zwigkszonego
spozycia energii w stosunku do dziennego zapotrzebowanie na poziom wyréwnania
metabolicznego cukrzycy mierzonego HbAlc. Poziom HbAlc w naszych badaniach byt u
wigkszosci pacjentow niezadowalajacy 1 wynosit 7,55 + 0,84 %. W naszej opinii
zastosowanie nawet najlepszych metod insulinoterapii przy pomocy osobistej pompy
insulinowej u pacjentéw z cukrzycg typu 1 bez prawidlowych nawykéw zywieniowych moze
nie wystarcza¢ na uzyskanie dobrego wyrownania metabolicznego choroby. WykazaliSmy
roOwniez, ze u miodszych dzieci stosujacych nowoczesne metody insulinoterapii, ktorych
rodzice majg istotny wplyw na sposob ich odzywiania obserwowano znacznie lepszy poziom
wyréwnania choroby (Mechta i wsp., 2009; Gibertson i wsp., 2018). Gtéwnymi blgdami
zywieniowymi chorych na cukrzyce typu 1 jest nadmiar cukrow prostych pochodzacych ze
stodyczy 1 stodkich napojow oraz zbyt duza gestoS¢ energetyczna pozywienia poprzez
stosowanie nieprawidlowej obrobki technologicznej do przygotowania positkow lub
wybieranie zywnosci wysokoprzetworzone;.

Na podstawie naszych badan mozna przyjaé, ze pomimo czestej edukacji mlodziezy
chorej na cukrzyce typu 1 dotyczacej korzystnego wpltywu prawidlowego odzywiania
na poziom glikemii i prewencji pdéznych powiklan naczyniowych, nawyki zywieniowe

nastolatkow odbiegaja od zasad prawidlowego zywienia.
Podsumowanie

Przez dlugi czas uwazano, ze osoby chorujace na cukrzyce typu 1 powinny unikad
nadmiernej aktywnosci fizycznej, poniewaz jest ona zrédlem wystgpienia zagrazajacych zyciu
incydentow hipoglikemii. Wraz z dostgpem do nowoczesnych metod umozliwiajacych stata
kontrole glikemii, stanowisko $rodowiska medycznego zaczglo si¢ zmieniaé. W
konsekwencji, coraz czgSciej podkresla sie, ze wysilek fizyczny, stanowigcy podstawowy
element zdrowego trybu zycia, jest integralng i niezbedng skladowa skutecznego leczenia
cukrzycy typu 1 obok insulinoterapii i diety. Jednak, pomimo dynamicznemu postgpowi
leczenia cukrzycy typu 1, uprawianie kazdego rodzaju sportu wcigz stanowi problem
kliniczny 1 jest duzym wyzwaniem zaréwno dla pacjentow jak i ich lekarzy diabetologdw.

Dotychczas nie sprecyzowano zalecen dla pacjentow z T1DM chcacych podejmowaé wysitki
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fizyczne o réznej intensywnos$ci facznie z objetoscig i jakoScig positku oraz dawkowaniem
insuliny.

W naszej opinii poznanie wplywu wysilku fizycznego, z uwzglednieniem jego rodzaju,
na aktualne poziomy glikemii oraz ryzyko wystgpienia incydentéw hipoglikemii w trakcie i
po jego zakonczeniu, umozliwi optymalizacj¢ dawkowania insuliny oraz podejmowania
odpowiednich decyzji terapeutycznych, a w konsekwencji prewencje wahan glikemii,
szczeg6lnie w kierunku hipoglikemii.

W dostepnym pismiennictwie nie odnaleziono prac okreslajacych wspotzaleznos¢ pomiedzy
wydolnoscig fizyczng u dzieci 1 mtodych 0s6b chorych na cukrzyce typu 1 oraz ich tolerancja
na wysitek fizyczny o rdéznej intensywnos$ci w odniesieniu do wahan glikemii 1 iloSci
hipoglikemii powysitkowej, ktore Scisle uwzgledniaja wszystkie kryteria stworzenia jednolite]
grupy badawczej.

Prace wchodzace w cykl spojnych tematycznie publikacji w niniejszej pracy doktorskiej,
oparte byly na eksperymencie, ktory polegat na wykonaniu przez pacjentéw trzech prob
wysitkowych. Celem pierwsze] bylo okreslenie dla kazdej osoby poziomu wydolnosci
fizycznej. Druga proba wysitkowa obejmowata 45 minutowy wysilek o intensywnosci
odpowiadajgcej przemianom energetycznym tlenowym u badanych, a trzecia przemianom
energetycznym tlenowo-beztlenowym (mieszanym).

Duza wartoscig przeprowadzonego badania bylo wlaczenie pacjentow stosujacych systemy
cigglego monitorowania glikemii, leczonych osobista pompa insulinowa, co pozwolito
W czasie rzeczywistym odczytywaé poziomy glikemii oraz trendy zmian glikemii podczas
stosowania eksperymentu klinicznego.

W pierwszej publikacji wykazano, ze niedobor 25(OH)D u pacjentow z cukrzyca typu 1
ktorzy podejmuja wysitek fizyczny o intensywno$ci odpowiadajacej przemianom
energetycznym tlenowym wystepuja u nich duze wahania glikemii z tendencjg zaréwno do
hiperglikemii, jak 1 niebezpiecznych dla zdrowia i Zycia hipoglikemii. Stwierdzono roéwniez,
ze W tej grupie pacjentow, ale poddanych wysitkowi fizycznemu o intensywnosci
odpowiadajgcej przemianom energetycznym tlenowo-beztlenowym poziomy glikemii u nich
byly wyzsze z wahaniami w kierunku hiperglikemii. Autorzy pracy maja $wiadomos$¢, ze
liczebnos¢ grup badanych nie byla duza i uzyskane wyniki, interesujace i wazne z punktu
widzenia klinicznego, wymagaja potwierdzenia na wigkszej grupie pacjentow. Pomimo to,
pozwalaja Wnioskowac, ze utrzymywanie prawidtowego stezenia 25(OH)D w surowicy krwi
poprzez suplementacj¢ witaming D moze by¢ czynnikiem prewencyjnym w wystgpowaniu

incydentoéw hiperglikemii podczas wysitku beztlenowego i hipoglikemii w wysitku tlenowym.
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Efektem suplementacji wraz z regularng aktywnos$cia fizyczng, moze tez by¢ zmniejszenie
p6znych powiktan naczyniowych u pacjentow poprzez redukcje wahan glikemii w obu
rodzajach stosowanego wysitku fizycznego.

W drugiej pracy naukowej zaobserwowano, ze pacjenci charakteryzujacy si¢ wyzszym
poziomem VO,max wykazywali nizsze i bardziej stabilne wartosci st¢zenia glukozy dwie
godziny przed wysitkiem oraz mniejszg tendencj¢ do zmiennos$ci glikemii podczas wysitku
tlenowego w odniesieniu do grupy pacjentow z nizszym poziomem VOzmax. Stwierdzono tez,
ze pacjenct z nizszym VOzmax wykazywali wieksza tendencj¢ do hipoglikemii
w czasie trwania wysitku tlenowego. W czasie eksperymentu zaobserwowano, ze wysitek
charakteryzujacy si¢ metabolizmem tlenowo-beztlenowym, szczegdlnie z przewaga
beztlenowego, czesto prowadzil do hiperglikemii u pacjentéw podczas wysitku oraz w
krétkim czasie od jego zakonczenia.

Na podstawie badan omawianych w trzeciej publikacji stwierdzono, ze glownymi blgdami
zywieniowymi chorych na cukrzycg typu 1 jest nadmiar cukréw prostych pochodzacych
ze stodyczy 1 slodkich napojow, zbyt duza gesto$¢ energetyczna pozywienia poprzez
stosowanie nieprawidlowej obrobki technologicznej do przygotowania positkow oraz
wybieranie przez mlodych pacjentow zywnosci wysokoprzetworzone;.

Nasze badania sugeruja, ze kazdy pacjent z cukrzycg typu 1 moze uprawiaé sport,
jednak powinien pozosta¢ pod nadzorem lekarza oraz uzywac systemu cigglego
monitorowania glikemii. Na podstawie eksperymentu wykazaliSmy, ze r6zne formy wysitku
fizycznego odmiennie wptywajg na poziom glikemii. Aczkolwiek, przy jej ciagtej kontroli
mozliwe 1 bezpieczne dla zdrowia jest podejmowanie zarowno wysitku tlenowego (np.
wytrzymalosciowe treningi biegowe), mieszanego (gry zespolowe) jak tez beztlenowego
(¢wiczenia silowo-eksplozywne). Konieczna jest tez stala edukacja pacjentow i ich
opiekunow nie tylko w zakresie insulinoterapii, ale rowniez w zakresie zdrowego odzywiania

oraz racjonalnego, zaplanowanego wysitku fizycznego.
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Abstract: The main purpose of this study was to investigate the differences in glycaemic reaction in
response to various physical activities in 20 young boys (14.4 + 1.6 years) with type 1 diabetes mellitus
(T1DM) and with either vitamin D deficiency or with suboptimal levels of vitamin D. Participants were
divided into two groups (deficiency group—DG, n = 10; suboptimal group—SG, n = 10) according to
their vitamin D levels. All patients performed aerobic and mixed (aerobic-anaerobic) physical efforts.
During the exercise, the respiratory responses and glucose levels were monitored. Biochemical blood
analyses were performed before each physical effort. The oxygen consumption was not significantly
lower in SG during both aerobic and mixed effort (4.0% and 5.6%, respectively). The glycated
haemoglobin (HbAlc) level was higher by 6.1% and the total daily dose of insulin (DDI) was higher
by 18.4% in the DG. The differences were not statistically significant. Patients with lower vitamin D
levels demonstrated an insignificantly higher glycaemic variability during days with both aerobic and
mixed exercises. An appropriate vitamin D concentration in TIDM patients’ blood may constitute
a prophylactic factor for hyperglycaemia during anaerobic training and hypoglycaemia during
aerobic training.

Keywords: type 1 diabetes; serum 25(OH)D; oxygen consumption; blood glucose; exercise intensity

1. Introduction

Type 1 diabetes mellitus (TIDM) is an autoimmune disease in which the insulin-producing
beta cells of the pancreas are destroyed by effector lymphocytes sensitized to pancreatic antigens [1].
An increasing incidence of T1DM, observed in Poland during the last 20 years, has led to the fact that
T1DM is the most common non-infectious chronic disease in the population under the age of 18 years
in Europe. The highest incidence rate is reported in developing countries of Middle-East Europe,
including Poland [2]. The data originating from different regional Polish registers, collected within
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the framework of the EURODIAB project over the last two decades, have demonstrated the dramatic
increase of T1DM rate by 300%. In the light of epidemiological data from years 1989-2004, it is
presumed that the incidence of TIDM will increase fourfold until 2025, particularly in the group of
children at the age 5-9 [1].

On the basis of current scientific knowledge and numerous publications, it is confirmed that
vitamin D plays a key role in T1IDM pathogenesis. It has been proven that vitamin D deficiency
(<75 mmol/L) constitutes a risk factor for diabetes and there is evidence suggesting that vitamin D
deficiency may play a role in the development of pancreatic beta cells autoimmunity [3]. In addition,
Yuan et al. [4] have proved that higher vitamin D concentrations are related with a lower risk of type
2 diabetes development, suggesting that vitamin D plays an important role in increase of insulin
sensitivity in patients with carbohydrate metabolism disorder.

The aforementioned relation has been demonstrated by Zipitis et al. [5] in the EURODIAB study,
who have emphasized the role of vitamin D supplementation in children in reducing the risk of TIDM
development later in life. Given the currently available, however still scarce, studies it is highlighted
that the development of TIDM may be correlated with the presence of VDR (Vitamin D receptors) in
pancreatic beta cells. According to the current clinical and pre-clinical evidence, vitamin D may have a
role in T1D prevention mainly through its immunomodulatory and anti-inflammatory effects rather
than its effects on pancreatic beta-cell secretory capacity.

The vitamin D activity affects the expression of the VDR, and consequently, regulates the secretion
and the activity of insulin [6]. Furthermore, it has been revealed that calcitriol is capable to transform
proinsulin in to its active form-insulin [7]. Wimalawans et al. [8] have underlined the association
between normal range vitamin D and calcium concentrations and the prevention of insulin resistance
and T1DM. The emerging evidence shows that vitamin D, due to its role in immune system regulation
(T regulatory cells), protects pancreatic beta cells, which are still not affected by the autoimmune
process [9] therefore, it may prolong the remission period of TIDM [10]. What is more, Gabbay et al. [11],
Aliabri et al. [12] and Panjiyar et al. [10] have revealed the favorable effect of optimal vitamin D level
in patients with TIDM on metabolic control of the disease evaluated by glycated hemoglobin level
(HbA1lc), C-peptide concentration, insulin sensitivity and reduction of total daily dose of insulin.

The study of Al Zubeidi et al. [13], carried out in 2016, confirmed this assumption. These researchers
showed a correlation between low serum vitamin D level and a higher incidence rate of diabetic
ketoacidosis in patients with TIDM. On the basis of their studies, Hafez et al. [14] and Panjiyar et al. [10]
recommend maintaining an optimal vitamin D level to mitigate the risk of hypoglycaemic events in this
group of patients. The goals of TIDM therapy consist not only in achieving normal glycaemic levels
and minimizing the risk of acute (i.e., hypoglycemia, diabetic ketoacidosis) and chronic complications
(i.e., nephropathy, retinopathy, neuropathy and cardiovascular disorders), but also in preserving a
normal functioning of patients in society, enabling them to lead the lifestyle approximated to that of
their peers and to realize all of the current activities, including sport practice [13].

To date, no studies exist regarding the relationship between vitamin D level in diabetic patients
and the tolerance of physical effort. Even though beneficial effects of physical effort are well known
in the healthy population, recommendations regarding physical activity in patients with T1IDM are
essentially based on the results of few studies carried out in diabetic adults, frequently affected with
type 2 diabetes [15-17].

The aim of this research was to reveal the differences in glycaemic reaction in response to aerobic
and aerobic-anaerobic physical effort in young patients with TIDM diagnosed with vitamin D deficiency
or having a suboptimal vitamin D level. Before proceeding to the study, we assumed that patients with
higher vitamin D concentrations would demonstrate a better response to physical effort, measured by
the amount of absorbed oxygen. Moreover, it was hypothesised that the period of hyperglycaemia and
hypoglycaemia in this group would last shorter during the physical activity and after its completion.
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2. Materials and Methods

2.1. Characteristics of the Study Group

The study group consisted of 20 boys with TIDM diagnosed according to the criteria of ISPAD
guidelines [18], who remain under the care of the Clinic of Pediatrics, Diabetology and Endocrinology
at the University Clinical Center in Gdansk, Poland, a city located at latitude 54°22’ north. The mean
age of patients was 14.4 + 1.6 years and the mean duration of the disease was 6.7 + 4.1 years. The body
weight in the whole study group was 59.5 + 12.8 kg and the mean BMI was 20.2 + 2.6 kg/m?.

The protocol of the study was explained to every participant before the enrolment in the
experiment. Patients and their parents signed the written informed consent form. Researchers obtained
the approval of the Bioethical Commission of the Medical University of Gdansk (NKBBN/397/2018).
Inclusion criteria of the research were: at least one year of TIDM duration. Patients using insulin pump
therapy integrated with continuous glucose monitoring (CGM). Medtronic sensor and insulin pumps,
Paradigm Veo and MiniMed 640G were used in the study. CGM measured real-time glycaemia and was
not blinded, therefore the researchers and the patients had continuous access to glucose concentrations.
In addition, inclusion criteria of the research were: assessment of the puberty at the stage II, IV or V
in the Tanner scale, not practicing high performance sports, lack of diabetic ketoacidosis or severe
hypoglycemia incidents during last five years and signed written consent form. The mean duration of
continuous subcutaneous insulin therapy was 6.0 + 3.9 years (1 = 20). The mean HbAlc was 7.3 + 0.8%
(n = 20). Exclusion criteria were obesity, concomitant chronic diseases (e.g., hypothyroidism, liver,
renal disorders and coeliac disease) that may have an impact on the occurrence of hypoglycemia,
and the lack of written informed consent.

Patients did not practice any high-performance sports and their physical activity consisted of
physical education classes at school and physical recreation, approximately 2-3 times a week. The group
of 20 participants enrolled in the study was divided into two subgroups characterized by members
with vitamin D deficiency (deficiency group <50 nmol/L, n = 10,) and patients with suboptimal vitamin
D concentration (suboptimal group 50-75 nmol/L, n = 10) [19]. The participants did not receive
any vitamin D supplementation throughout the year before the study and during the study period.
The general characteristics of the study groups are presented in Table 1.

Table 1. Characteristic of the participants.

Characteristics Group DG Group SG p-Value
Age (years) 146 +1.6 146 £ 1.8 1.0001
Body height (cm) 170.5+9.2 171.8 £13.3 0.8021
Body weight (kg) 59.4 +10.9 59.5 +15.0 0.9924
BMI (kg/m?) 204 £2.7 20.0+25 0.7142
BMI percentile 51.5+29.6 475 +23.6 0.7421
BMI z-score 0.20+ 0.8 0.03+0.7 0.6096
Disease duration (years) 74 +43 59+4.0 0.4323
Insulin pump therapy duration (years) 6.8 +4.1 52+37 0.3734
VO;max (ml/kg/min) 40.6 £5.1 399 £ 6.6 0.4532
VO,/AT (Watt) 273 +3.3 259+42 0.7912
25(OH)D (nmol/L) 33.4+£103 64.8 +10.6 0.0002

Basic physical examination was performed. All children underwent physical examination,
and height and weight were taken in a standard way using Harpenden stadiometer and digital scale
(Seca, Hamburg, Germany). BMI-z score (body mass index) SDS (standard deviation score of BMI,
according to the formula: SDS-BMI = (BMI current — BMI 50 centile) / 0.5 (BMI 50 centile — BMI
3rdcentile)) was calculated with standard formulas, using the results of the OLAF study of Polish
children [20].
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2.2. Experimental Run

The experimental run consisted of three exercise tolerance tests. The objective of the first test
was to determine the physical efficiency of every participant. The second test was based on 45 min
of physical exercises, which intensity corresponded to aerobic metabolism and the third test at the
intensity of aerobic—anaerobic metabolism (combined).

All patients ate the same meal (natural yoghurt, oat flakes, banana, walnuts) two hours before
every of three exercise tolerance tests. It was composed of 60% of carbohydrates, 15% of proteins and
25% of fat. 40 g of natural yoghurt, 15 g of oat flakes, 40 g of unripe banana and 4 g of walnuts were
included in two carbohydrates units (CU). The amount of CU depended on the total daily caloric
requirement of the patient and participants received 0.7 to 0.8 units of insulin for every CU and every
fat/protein unit (FPU).

Each participant received a bolus of rapid-acting insulin analogue before the meal, which did
not affect glycaemia during the physical activity regarding the time of action of the drug. Blood
glucose concentration did not exceed 8.32 mmol/L before enrolment to the aerobic physical exercise
and 10 mmol/L before the commencement of the aerobic-anaerobic exercise. Glucose concentrations
were controlled with the use of CGM, under medical supervision during every physical tolerance effort
and one hour after its completion, and onwards up to 24 h after the training.

During the first experimental runs, all of the participants accomplished the progressive load
physical tolerance test after preliminary medical procedures. On the basis of obtained results,
researchers calculated the individual value of maximum oxygen consumption (VO,max) and anaerobic
threshold (AT) rate expressed in power units on a bicycle ergometer. These ratios were essential
to determine an individual load as a relative value of AT in subsequent physical tests. Two weeks
after, every patient completed the first experimental 45 min aerobic physical activity after preliminary
medical procedures. The load was expressed in power units (Watts) and the value was determined as
40% less than AT (Watts). After the next two weeks, patients were subjected to 30 min aerobic-anaerobic
(combined) physical activity test, which consisted of two min of AT (Watts) minus 40% and 4 min
of AT (Watts) plus 10% (Watts) alternately (5 repetitions altogether). Cardiopulmonary indices were
continuously registered during both physical tolerance tests with the use of an expiratory gas analyzer.

2.3. Physiological Analyses

VO;max was measured with the use of expiratory gas analyser Oxycon Pro (Erich JAEGER GmbH,
Hoechberg, Germany, 2012). Experimental runs were performed in physical effort laboratory in standard
conditions (temperature 21 °C; atmospheric pressure 1010 hPa; air humidity 55%). Physical tolerance
test was preceded by 5 min warm-up in the form of an ergometric work (Eos Sprint, Jeager, Hoechberg,
Germany) with the load of 1 W/kg, at the rate of 60 rotations per minute. Subsequently, starting with
the sixth minute of test, the load was increased every minute by 0.25 W/kg. The physical activity
was interrupted when the rotation rate decreased by more than 10%, that is less than 54/min. The
highest relative oxygen consumption, maintained for 15 s, at the end of the exercise was considered as
VO;max. The anaerobic Threshold (AT) was determined by the analysis of expiratory gases exhaled
during exercise tolerance test. AT was calculated as a quotient of carbon dioxide exhalation and oxygen
consumption (respiratory exchange ratio—RER). When the calculated value was >1, it was assumed
that the AT was reached. After experimental run patients rested sitting for 5 min and the expiratory
gas analyzer was detached.

2.4. The Control of Blood Glucose Concentrations

Raw data from CGM were downloaded and trimmed to include only measurements from the
exercise days. Only records with >70% of expected measurements (200 out of 288) were accepted for
analysis. Gllycemic control parameters (daily mean glucose, standard deviation SD, coefficient of
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variance CV, times above (TAR), in (TIR) and below (TBR) 3.88-10 mmol/L range) were calculated with
Glyculator 2.0. [21]. The insulin dose was assessed as daily insulin dose per kg of body weight (IU/kg).

2.5. Biochemical Analyses

Laboratory tests were performed in accredited Central Laboratory of University Clinical Centre
in Gdansk. The biological material for the study was venous blood collected from fasting patients
just before the tests. HbAlc was determined by high-performance liquid chromatography (HPLC)
using the Bio-Rad VARIANT™ HbAlc Program (Bio-Rad Laboratories, Inc., Hercules, CA, USA),
with its values represented as percentages. Serum concentrations of 25(OH)D (reference range 50-75
nmol/L) were measured by chemiluminescence on Liason XL (DiaSorin, Stillwater, Oklahoma USA).
The level of glycated haemoglobin (HbAlc, (<6.5%) was determined by high performance liquid
chromatography (HPLC) using the Variantfrom BioRad. Total cholesterol (2.97-4.91 mmol/L), HDL
cholesterol (>1.03 mmol/L) and triglycerides (<1.69 mmol/L) were measured on analyzers Alinity
(Abbott, Wiesbaden, Germany) using the enzyme-linked immunoassay method, while LDL cholesterol
(<115 mmol/L) was calculated using the Friedewald formula. The levels of thyrotropic hormone
(TSH, 0.35-4.94 uU/mL) and free thyroxine (fT4, 9.01-19.05 pmol/L) were determined by a two-stage
immunochemical method using microparticles and a chemiluminescent marker from Abbott, Germany.
Alanine (<55 U/L), aspargine aminotransferase (5-34 U/L) and urine albumin (<20 mg/L) were
determined by spectrophotometry using an Abbott Alinity analyser (Wiesbaden, Germany).

2.6. Statistical Analyses

The Shapiro-Wilk test was used to assess normal distribution of obtained data. In the case of
normality, t-test for independent samples was applied for group comparison. The nonparametric
U Mann-Whitney test was employed for variables with non-normal distribution. The statistical
significance level was set at p < 0.05. Effect size (ES) for statistical differences was determined using
Cohen’s D [22]. According to Hopkins et al. [23], the ES was classified as trivial (<0.2), small (>0.2-0.6),
moderate (>0.6-1.2), large (>1.2-2.0) and very large (>2.0-4.0). All of the calculations were carried out
using Statistica 13.0 software (Tulsa, OK, USA).

3. Results

Organism response to aerobic and aerobic-anaerobic (mixed) physical activity in the studied
groups is presented in Figure 1. There were no statistically significant differences in VO, between
DG and SG groups during both exercise tolerance tests as well as within any phase of the tests.
However, in the SG group, the VO,during the aerobic test was lower than in the DG group by ~4%.
Although, the difference between the two groups was higher in case of mixed physical activity by
~5.6%. For every phase of the training, the magnitude effect was calculated in accordance with Hopkins
etal. classification [23]. Its value was at the low level for every phase of aerobic physical activity, and in
case of mixed physical activity, it was low and trivial. There were no differences in any biochemical
blood parameter analysed in both groups of patients. HbAlc level was higher by 6.1% and a total
daily dose of insulin (DDI) was higher by 18.4% in the DG group in comparison with the SG group.
The differences were not statistically significant. In the DG group, TSH concentration was higher
by 18.6% than in the SG group. TSH and FTj levels, as well as albumin concentration in 24 h urine
collection, were in the normal range and no statistically significant differences have been showed
(Table 2).
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Figure 1. The volume of oxygen absorbed by patients from DG and SG groups during aerobic and

mixed intensity exercise.

Table 2. Clinical and biochemical comparison of deficient (DG) and suboptimal (SG) 25(0OH)D

serum levels.

25(OH)D Status (nlzci 0) (n S=G1 0) p-Value
HbAlc (%) 7.6 +0.8 71+0.8 0.2300

DDI (UI/kg) 1.0+ 0.3 0.8+0.3 0.1926

TSH (uU/mL) 1.6 +1.0 1.8+0.5 0.7407

FT4 (pmol/L) 119+1.2 119 +1.1 0.8200
ALAT (U/L) 21.3+£9.6 172 +44 0.3509

ASAT (U/L) 15.6+ 4.0 143 +45 0.8003

Total cholesterol (mmol/L) 40+0.7 42 +0.6 0.6903
HDL-cholesterol (mmol/L) 1.5+0.4 1.6+05 0.6685
LDL-cholesterol (mmol/L) 22+0.5 22 +0.6 0.9494
Triglycerides (mmol/L) 0.8 +£0.5 0.7+ 0.3 0.7056
Urine albumin (mg/L) 63+2.2 104 + 4.8 0.1100

DDI—daily dose of insulin [24].

During days with anaerobic training patients with 25(OH)D deficiency demonstrated
insignificantly higher glycaemic variability measured with SD (p = 0.0603) and CV (p = 0.0746).
This finding was reinforced by longer time spent in clinically significant hyperglycaemia >13.9 mmol/L
(p = 0.1862), although these results did not reach statistical significance. Patients from DG group
demonstrated insignificantly higher glycaemic variability measured with SD (p = 0.3218) and CV
(p = 0.1761) during training with aerobic intensity. This finding was reinforced by longer time spent in
clinically significant hyperglycaemia >13.9 mmol/L (p = 0.1864) as well hypoglycemia <3.88 mmol/L
(p = 0.2414), although these results did not reach statistical significance (Table 3).
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Table 3. Comparison of glycaemic control parameters during days of aerobic and mixed exercise
according to 25(OH)D deficiency.

Type of Exercise Mixed Aerobic
25(0OH)D Status DG (n=98) SG (n =10) y DG(n=6) SGMm=9) P
Mean glucose [mmol/L] 79+£1.6 75+£15 0.5459 74+15 84+19 0.3230
SD [mmol/L] 25+0.7 1.9+05 0.0603 29+14 234+04 03218
CV [%] 31.3+6.6 26.1 £5.0 0.0746  37.5+15.6 29.1+68 0.1761
TAR > 13.87 mmol/L [%] 42+6.2 09+1.6 0.1862 89+87 38+5.6 0.1864

TAR > 10.0 mmol/L [%] 235+173 154 +£21.8 0.4055 173 +15.9 251+19.6 04351
TIR 3.88-10.0 mmol/L [%] 723 +£15.0 81.3+£20.9 03203 741 +16.2 708 +16.7 0.7095
TBR < 3.88 mmol/L [%] 39+55 29+4.0 0.6844 82+7.6 3.8+6.3 0.2414

Effects shown as mean + standard deviations, SD—standard deviation of glycemia, CV—coefficient of variation,
TAR—Time above Range, TIR—Time in Range, TBR—Time Below Range.

During experimental tolerance test with mixed intensity mean glucose concentrations in blood
were higher in the DG group than in the SG group (7.9 + 1.6 mmol/L versus 7.4 + 1.5 mmol/L)
(p = 0,5459). Glycaemic variability was also higher in the DG group, CV (31.3 + 6.6% versus 26.1
+ 5.0%) (p = 0.074) and the period with persisting hyperglycaemia above 10.0 mmol/L (time above
range—TAR), was longer (23.5 + 17.3% versus 15.4 + 21.8%) (p = 0.4055). In addition, the same group of
patients was more prone to hypoglycemia during mixed training days (time below range < 3.88 mmol/L
(TBR) 8.2 + 7.6% versus 3.9 + 5.5%) (p = 0.2414) in comparison with the days with the aerobic training.

4. Discussion

Twenty young boys affected with T1IDM participated in the experiment. Due to different vitamin
D levels, patients were divided into two subgroups, the DG group with vitamin D deficiency and the
SG group with suboptimal vitamin D level. Both subgroups were homogeneous regarding biological
development, biometrics and physical capacity (VO,max, VO,/AT) (Figure 1).

The experiment aimed to determine if vitamin D concentration has a significant impact on glycemic
variability in relation to the type of training, with aerobic or anaerobic-aerobic intensity, undertaken
by patients. Researchers decided to examine the issue, due to the lack of publications regarding the
correlation between vitamin D level in children or adolescents with TIDM and effort tolerance.

In the view of results obtained in the experiment, vitamin D deficiency in patients affected with
T1DM may have an unfavorable effect on organism response to the effort tolerance, in case of high
as well as low-intensity physical activities. Furthermore, vitamin D deficiency may be one of the
most significant factors responsible for glycaemic variability (CV%) towards both hyperglycaemia
and hypoglycaemia. Additionally, it may prolong the time spent in hyperglycaemia (TAR) and
hypoglycaemia (TBR) during aerobic and mixed training as well as 24 h after its completion.

The value of VO,max achieved in the study group does not seem to differ considerably from the
group of healthy, not practicing individuals at the same age (Figure 1). The data regarding physical
capacity in adolescents with TIDM are limited and the findings are equivocal. Cuenca-Garcia et al. [25]
have shown the decreased oxygen capacity measured by VO,max in patients affected with TIDMin
comparison to a healthy population. On the other hand, Adolfsson et al. [26] did not demonstrated
substantial differences between such groups in the context of oxygen capacity in response to physical
activity of different intensity. In the presented study researchers have not stated any relevant differences
in VOp;maxand VO,/AT between groups with lower and significantly higher vitamin D concentrations.
According to the suggestions of Koundourakis et al. [27] and Jastrzebska et al. [28] vitamin D level may
constitute one of the factors influencing substantially the oxygen capacity in young sports athletes.
The volume of oxygen uptake in the DG and the SG group was presented in Figure 1. In spite of the fact
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that significant differences have not been found, patients with higher vitamin D levels consumed less
oxygen during aerobic training by 4.0% and aerobic-anaerobic training by 5.6%. The fundamental goal
of therapy in diabetes is the prevention of acute and chronic complications development. At present,
theHbA1c level is used widely in order to evaluate this risk. In addition, an increasing number of data
indicates that glycaemic variability is responsible for blood vessels damage in diabetic patients. It can
be assessed thanks to better access to CGM. Lending support to this view is the fact that patients with
well-controlled diabetes and low HbAlc levels nevertheless develop chronic and acute complications.
Maiorino et al. [29] and Skrha et al. [30] have assumed that there are pathophysiological premises
suggesting that glycaemic variability may cause damage to the wall of blood vessels, especially to
the endothelium.

The excessive glucose concentration, that is accumulated abruptly in epithelial cells, cannot be
metabolized by glycolysis within an adequately short period of time. It triggers the stimulation of
additional metabolic pathways of glucose and increases the production of reactive oxygen species,
which are toxic to the epithelium. If the energy influx continues to fluctuate rapidly and ensues
the energy deficiency right after the energy excess (what happens in case of a sudden reduction
in glycaemia), then intracellular metabolic mechanisms may dysregulate completely, leading as a
consequence to early degeneration of the cell and its disintegration. Therefore, the factors affecting
glucose concentration and glycaemic variability are the subject of ongoing studies.

In recent years, few studies focusing on the relationship of vitamin D level in TIDM children
with the metabolic control of the disease, insulin sensitivity and development of acute vascular
complications including hyperglycaemia and hypoglycaemia, have been published. It has been
revealed that adequate vitamin D concentration has a beneficial effect on the reduction of the
number of diabetic ketoacidosis [13,24] and hypoglycaemic [12,14] events requiring hospitalization.
However, there are no studies regarding vitamin D level in paediatric population with diabetes, that
take into account the physical activity and the type of training performed by patients.

The active lifestyle is important in the prevention and the treatment of many chronic diseases.
The independent impact of physical activity on diabetes prevention is unknown, however, Petrie et al.
have described its role as a key element of lifestyle modification [1]. Intensified and controlled physical
activity in children with TIDM may improve glycaemic control, insulin sensitivity and prolong the
period of remission in individuals with newly recognized TIDM. Moreover, it helps to prevent vascular
disorders and ameliorates body composition, the quality of life and health throughout the whole life [2].
On the other hand, due to impairment of glycaemic control capacity, patients with T1IDM are exposed
to a higher risk of adverse effects like glycaemic variability towards hyper- and hypo-glycaemia, which
can lead to acute, life-threatening complications during physical effort and chronic angiopathies in
the future. Thus, in this group of patients, it is requisite to determine the risk factors of glycaemic
variability during physical activity, considering the type of training as well.

The results of the present study showed that 20 TIDM patients had decreased vitamin D level
(52.3 £ 24.4 nmol/L), which could have a negative impact on their metabolic control. After dividing
the participants into two groups, the DG and the SG group, it was stated that the group of patients
with vitamin D level <50 nmol/L was characterized by worse metabolic control in comparison with
the group with suboptimal vitamin D concentration (HbAlc 7.6 + 0.8% vs. 7.1 + 0.8%) and required
higher total daily dose of insulin, though the differences were statistically insignificant (Table 2).

Other researchers confirm this assumption and underline in their works the possibility of insulin
resistance development in case of severe vitamin D deficiency [11,12,24]. Hitherto, only a sparse
number of studies point out the higher risk of diabetic ketoacidosis [13] and the tendency to develop
hypoglycaemia [14,24] in the group of T1DM patients with vitamin D deficiency. However, studies
regarding the reaction of the organism to glucose concentrations and to glycaemic variability in
this group of patients, which take into account the level of vitamin D and the type of performed
training (high or low intensity), were not found in the available literature. In the presented study;,
the researchers have proven that TIDM patients with higher vitamin D levels (SG group) had lower



Nutrients 2020, 12, 454 9of 11

glycemic variability (SD, CV, Table 3) during the mixed and aerobic training than the participants from
the DG group.

Hence, the authors assume that the results presented in the experiment are innovative and
have essential clinical and therapeutic implications. It is significant that the study was tailored and
conducted in such a manner to exclude the other factors affecting glucose level during physical activity.
The experiment was carried out during the same season, winter (in Northern Europe it is the time of
the most severe vitamin D deficiency among its inhabitants), in the afternoon. The group consisted of
participants of the same sex who performed the physical activity at the same level until the participation
in the study. The tests were conducted after the consumption of the same meal, which constituted the
first breakfast. The periods between the analogue of rapid-acting insulin administration, breakfast and
the beginning of physical activity were equal. Glucose concentration before approaching the training
was in the range of 8.32-10.0 mmol/L. In the study group, all of the other disorders that can affect
glycaemia were excluded (Figure 1).

Preliminary results suggest that vitamin D deficiency in patients with TIDM who perform
exercises at the intensity of aerobic energy transformations, cause high glycaemic variability towards
both hyperglycaemia and life-threatening hypoglycaemia. It is noteworthy that in the group of patients
who accomplished the training at the aerobic-anaerobic intensity, glucose concentrations were higher
with the tendency towards hyperglycaemia. The authors of the study are aware of the fact that the
group size was small. Although the results of the present study are interesting and essential in the
light of clinical experience, they require the confirmation on larger group of patients with TIDM.

5. Conclusions

In conclusion, we assume that adequate vitamin D concentration in blood obtained by vitamin
D supplementation in TIDM patients may constitute a preventive factor for hyperglycaemia during
anaerobic training and hypoglycaemia during aerobic training. Moreover, it may avert the development
of late-onset vascular complications by reduction of glycaemic variability in both types of physical effort.
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Abstract: The purpose of this study was to investigate the influence of maximal oxygen uptake (VO,
max) on the glycemic changes during low and high intensity exercises in young type 1 diabetic
patients. Twenty boys (age: 14.3 £ 1.6 years; height: 171.0 £ 11.3 cm; weight; 59.5 & 12.8 kg) were
divided into low-fit group (LFG, n = 10) and high-fit group (HFG, n = 10). According to the experi-
mental design, participants performed three physical efforts (VO, max test, mixed aerobic-anaerobic
effort and aerobic effort) on the cycloergometer, during which real-time glycemia was measured.
Mixed aerobic-anaerobic exercise demanded significantly smaller carbohydrate supplementation
(0.2 £+ 0.2 g/kg during exercise) than the aerobic test session (0.4 & 0.3 g/kg during exercise). More-
over, patients with higher VO, max had lower tendency for glycemic changes during the aerobic
effort. The results of the current study suggest that young type 1 diabetic patients should perform
different intensity activities using continuous glycemic monitoring system to avoid acute and chronic
complications of the disease.

Keywords: type 1 diabetes; oxygen consumption; blood glucose; exercise intensity

1. Introduction

Type 1 diabetes is an autoimmune disease that, under the influence of environmental
factors, manifests itself in genetically predisposed individuals [1]. The pathomechanism of
the disease involves T effector lymphocytes, which destroy the beta cells of pancreatic islets
producing insulin. Their destruction usually leads to absolute insulin deficiency and the
appearance of clinical symptoms of the disease. Long-term treatment consists of a life-long
insulin therapy, which involves subcutaneous insulin administration. In addition to insulin
therapy, adequate exercise and a scrupulously maintained diet are necessary and integral
components of effective treatment of type 1 diabetes [2]. Factors such as properly planned
physical activity and the ability to react to changes in glycemia during the training session
provide a substantial chance for safe course of glycemia and the absence of complications
after the training. Physical activity performed by patients with diabetes does not have to
differ from that of a healthy individual.

Int. ]. Environ. Res. Public Health 2021, 18, 692. https://doi.org/10.3390/ijerph18020692 https:/ /www.mdpi.com/journal/ijerph


https://www.mdpi.com/journal/ijerph
https://www.mdpi.com
https://orcid.org/0000-0001-6204-8622
https://orcid.org/0000-0002-9802-3731
https://orcid.org/0000-0002-9897-5273
https://orcid.org/0000-0003-2006-125X
https://doi.org/10.3390/ijerph18020692
https://doi.org/10.3390/ijerph18020692
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/ijerph18020692
https://www.mdpi.com/journal/ijerph
https://www.mdpi.com/1660-4601/18/2/692?type=check_update&version=1

Int. J. Environ. Res. Public Health 2021, 18, 692 20f 13

The challenge for the patient and the doctor is to adjust these treatment components
in a manner that they complement each other, consequently maintaining normoglycemia
around-the-clock and minimizing the patient’s glucose fluctuations [3-6].

In recent years, there has been an increase in the incidence of type 1 diabetes in
children and adolescents [7]. Diabetic societies recommend physical recreation and even
sports as a part of treatment that could have positive influence on acute and chronic
vascular complications prevention [8-10]. There are many examples of top-level athletes in
whom type 1 diabetes did not prevent them from achieving spectacular sports successes
(Sir Steve Redgrave, a five-time Olympic gold medalist in rowing; Kris Freeman, a four-
time participant in cross-country skiing at the Winter Olympics; and American swimmer
Gary Hall, a gold medalist at the Athens Olympic Games) [10,11]. As a result, there is an
increasing demand for new therapeutic solutions that will enable patients to engage in
physical activity, including sports, safely.

Understanding the influence of exercise on glycemic profiles during and after exercise,
it is crucial to optimize insulin doses. Moreover, therapeutic decisions should be made
in accordance with metabolic changes in the body under the influence of different inten-
sity [12]. Chimen et al. [13] emphasized the positive effects of physical activity on lipid
profile, endothelial function and insulin sensitivity in patients. Many papers assess the
effect of exercise on supporting the treatment of type 2 diabetes mellitus [14-18]. However,
few paper discuss this issue for type 1 diabetes in children [4,10,19].

The influence of physical exercise on blood glucose level and its fluctuation during
and after the exercise is a complex issue. Yardley and Sigal [20], Ramalho et al. [21] and
Reddy et al. [22] showed that the body’s response to physical effort in relation to changes in
glycemic fluctuation depends on the type of physical activity undertaken. High- intensity
effort (aerobic or anaerobic) lasts several minutes, is carried out with the use of repeated or
interval training and is performed with high power output [23].

Maximal oxygen uptake (VO, max) is one of the most popular and widely used
indexes describing the level of physical fitness. Higher values of VO, max allow for faster
and more effective recovery after the physical exercise. Thus, an appropriate VO, max
value together with neuro-muscular adaptations and correctly planned training process
enable better adaptation to large physical loads. On the basis of the VO, mayx; it is possible
to determine the intensity of exercise (% VO, max) [24].

According to Scott et al. [2], physical exercise provides metabolic challenges for type 1
diabetic patients. Maintaining the proper level of blood glucose concentration before,
during and after exercise is dependent on insulin dosing strategy and carbohydrate intake.
Factors such as exercise intensity, duration, nutritional status and training status influence
the risk of glycemic disturbance. Patients with type 1 diabetes, who do not produce
insulin, are deprived of the endogenous insulin regulation responsible for maintaining a
constant level of glycemia. Consequently, when muscles have completely used up their
glycogen resources, their cells start to draw energy for further exercise from glucose,
directly from the bloodstream. Then, with a lack of external carbohydrate supply and a
high concentration of exogenous insulin, which prevents the “release” of liver glycogen
and gluconeogenesis from fatty acids, there may be a dramatic drop in blood glucose
levels. Other metabolic reactions occur in the body during mixed (aerobic-anaerobic
intensity) exercise, especially with the predominance of anaerobic metabolism. High-
intensity exercise leads to hyperglycemia, which is usually recorded shortly after exercise.
This phenomenon is explained by the increased concentration of hormones secreted under
the influence of intense, short-term effort: adrenaline, cortisol, glucagon and growth
hormone [25].

The aim of our experiment was to demonstrate that the level of VO, max in young
patients with type 1 diabetes can have a significant effect on the regulation of glycemic
changes during low and high intensity exercise. It was hypothesized that patients with
higher levels of VO, max would respond to applied efforts significantly better with lower
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glycemic fluctuation during exercise and rest. Moreover, they would experience fewer
hypoglycemic incidents as delayed reactions to physical effort during the recovery phase.

2. Materials and Methods
2.1. Characteristics of the Study Group

The study was composed of 20 boys with T1D diagnosed according to the criteria of
ISPAD guidelines [26], who remained under the care of the Clinic of Pediatrics, Diabetology
and Endocrinology at the University Clinical Center in Gdansk, Poland, a city located
at latitude 54°22" north (mean age: 14.3 + 1.6 years, height: 171.0 + 11.3 cm; weight:
59.5 £ 12.8 kg; mean diabetes duration: 6.7 £ 4.1 years; mean HbAlc: 7.3 &= 0.8%). Re-
searchers obtained the approval of the Bioethical Commission of the Medical University of
Gdansk (NKBBN/397/2018). The protocol of the study was explained to every participant
before enrolment. Patients and their parents signed the written informed consent form.
Inclusion criteria of the study were: assessment of the puberty at Stage III-V in the Tanner
scale; not practicing high performance sports; lack of diabetic ketoacidosis or severe hy-
poglycemia incidents during last five years; and signed written consent form. Exclusion
criteria were: obesity; concomitant chronic diseases (e.g., hypothyroidism, liver or renal
disorders and celiac disease) that may have an impact on the occurrence of hypoglycemia;
or the lack of written informed consent.

Patients were using insulin pump therapy integrated with continuous glucose moni-
toring (CGM). Medtronic sensor and insulin pumps, Paradigm Veo and MiniMed 640G,
were used in the study. CGM measured real-time glycemia and was not blinded, therefore
the researchers and patients had continuous access to glucose concentrations. The detailed
clinical and laboratory characteristics of the group are presented in Table 1. All patients
were in the pubertal period (no patients in Tanner Stage I) with majority being in Stages III
(60%) and IV (25%). No participants were obese but two (10%) were slightly overweight.
According to PAQ (Physical Activity Questionnaire) [27], half of the children reported ade-
quate physical activity for their age (N-10, 20%), seven (35%) were found to be insufficiently
active and three (15%) exhibited high physical activity profiles. Mean VO, max capacity
measured in all examined patients was 40.2 £ 5.8 mL/kg/min. The subsequent division
was based on VO, max median to avoid influence of possible outliers, namely those with
VO; max < 41.3 mL/kg/min were defined as low fit group (LFG, lower VO, max) and
those with VO, max > 41.3 mL/kg/min were defined as high fit group (HFG, higher
VO, max). Interestingly, questionnaire-based assessment was not consistent with VO,
max-based labels, with corresponding Cohen'’s kappa 0.10. For the following comparisons,
we consequently used division into lower VO, max (LFG) and higher VO, max (HEG).

2.2. Experimental Protocol

The experimental protocol consisted of three exercise tolerance tests. The objective of
the first test was to determine the maximum capacity of every participant. The second test
(30 min) was based on intensity of aerobic—anaerobic metabolism (mixed). In the third test
(45 min), intensity corresponded to aerobic metabolism (aerobic).

All patients consumed the same meal (natural yoghurt, oat flakes, banana and walnuts)
2 h before each exercise tolerance test. It was composed of 60% carbohydrates, 15% proteins
and 25% fat. Forty grams of natural yoghurt, 15 g of oat flakes, 40 g of unripe banana and 4
g of walnuts were included in two carbohydrate units (CU). The amount of CU depended
on the total daily caloric requirement of the patient and participants received 0.7-0.8 units
of insulin for every CU and every fat/protein unit (FPU).

Each participant received a bolus of rapid-acting insulin analog before the meal, which
did not affect glycemia during the physical activity regarding the time of action of the drug.
Blood glucose concentration did not exceed 150 mg/dL before enrolment to the aerobic
physical exercise and 180 mg/dL before the commencement of the aerobic—anaerobic
exercise. Glucose concentrations were controlled with the use of CGM, under medical
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supervision, during each physical tolerance effort, 1 h after its completion and onwards up
to 24 h after the experimental effort.

Table 1. Characteristics of the study group (All) and subgroups with lower (LFG) and higher (HFG) VO, max.

Characteristics (nlzlé 0) (an(I;O) (ani)) p-Value
Age (years) 143 +£1.6 140+ 17 147 + 15 0.4076
Diabetes duration (years) 6.7 + 4.1 6.1 +3.3 72+49 0.5660
CSII (Continuous
Subcutaneous Insulin Infusion) 6.0£39 53+32 6.7 45 0.4330
duration (years)

HbAlc (%) 73+£08 74+08 72+09 0.6078

DDI (UI/kg) 09+0.3 09+03 09+03 0.5894

BMI z-score 02+0.7 0.5+ 0.8 —02+05 0.0401

Body fat (%) 147+ 64 19.0+6.2 105+ 2.8 0.0010
WHR (Inches) 0.8£0.0 0.81 £ 0.04 0.78 £ 0.03 0.0254

VO, max (mL/kg/min) 402 +58 36.2+5.3 443 +25 N/A
TSH (uU/mL) 1.4+0.8 1.3+0.5 1.6 £1.0 0.7912 #

FT4 (pmol/L) 119 +£1.1 120+ 1.1 119+£1.1 0.8342
Alt (U/L) 193 +£7.6 18.7 +4.3 19.8 +£10.0 0.7905 *

Ast (U/L) 15.0 £ 4.2 152 +47 147 £3.8 0.7975

TC (mg/dL) 160.0 + 25.5 171.7 £ 189 148.3 + 26.6 0.0361

HDL (mg/dL) 604 £ 164 68.8 £ 14.1 52.0 £ 144 0.0170

LDL (mg/dL) 86.9 +21.0 913 +227 82.44+19.1 0.3562
TG (mg/dL) 66.5 £ 35.7 61.8 +20.9 712 +47.0 0.9397 #

# Mann-Whitney U test was used due to lack of normal distribution.

During the first experimental effort, all of the participants accomplished the progres-
sive load physical tolerance test after preliminary medical procedures. On the basis of
obtained results, researchers estimated the individual value of maximum oxygen consump-
tion (VO, max) and anaerobic threshold (AT) rate expressed in power units on a bicycle
ergometer. These ratios were essential to determine an individual load as a relative value
of AT in subsequent physical tests. Two weeks later, the patients were subjected to 30 min
aerobic—anaerobic (mixed) physical activity test, which consisted of alternative bouts of
exercise: 2 min of work at AT—40% [Watts] and 4 min at AT + 10% [Watts] (5 repetitions
altogether). Two weeks later, the 45 min aerobic physical activity test was used after
preliminary medical procedures. The load was expressed in power units (Watts) and the
value was determined as 60% of AT (Watts). Cardiopulmonary indices were continuously
registered during all physical tolerance tests with the use of an expiratory gas analyzer.

2.3. Physiological Analyses

VO, max was measured with the use of expiratory gas analyzer Oxycon Pro (Erich
JAEGER GmbH, Hoechberg, Germany, 2012). Experimental runs were performed in a
physical effort laboratory in standard conditions (temperature: 21 °C; atmospheric pressure:
1010 hPa; air humidity: 55%) according to previously described procedures [28,29]. Physical
tolerance test was preceded by 5 min warm-up in the form of an ergometric work (Eos
Sprint, Jeager, Hoechberg, Germany) with the load of 1 W/kg, at the rate of 60 rotations
per minute. Subsequently, starting with the sixth minute of the test, the load was increased
every minute by 0.25 W/kg. The physical activity was interrupted when the rotation
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rate decreased by more than 10%, i.e., less than 54/min. The highest relative oxygen
consumption, maintained for 15 s, at the end of the exercise was considered as VO, max.
The anaerobic threshold was determined by the analysis of expiratory gases exhaled during
exercise tolerance test. AT was calculated as a quotient of carbon dioxide exhalation and
oxygen consumption (respiratory exchange ratio (RER)). When the calculated value was
>1, it was assumed that the AT was reached. After experimental runs, patients rested
sitting for 5 min and the expiratory gas analyzer was detached.

2.4. The Control of Blood Glucose Concentrations

Raw data from CGM were downloaded and trimmed to include only measurements
from the exercise days. Only records with >70% of expected measurements were accepted
for analysis. Glycemic control parameters (daily blood glucose concentration including
during tests) were calculated with Glyculator 2.0. [30]. The insulin dose was assessed as
daily insulin dose (DDI) per kg of body weight (IU/kg).

2.5. Biochemical Analyses

Laboratory tests were performed in the accredited Central Laboratory of University
Clinical Centre in Gdansk. The biological material for the study was venous blood collected
from fasting patients just before the tests. HbAlc was determined by high-performance
liquid chromatography (HPLC) using the Bio-Rad VARIANT™ HbA1c Program (Bio-Rad
Laboratories, Inc., Hercules, CA, USA), with its values represented as percentages. The
level of glycated hemoglobin (HbAlc was determined by high performance liquid chro-
matography (HPLC) using the Variantfrom BioRad. Total cholesterol (115-190 mg/dL),
HDL cholesterol (>40 mg/dL) and triglycerides (<150 mg/dL) were measured on an
Alinity analyzer (Abbott, Wiesbaden, Germany) using the enzyme-linked immunoassay
method, while LDL cholesterol (<115 mg/dL) was calculated using the Friedewald for-
mula. The levels of thyrotropic hormone (TSH, 0.35-4.94 uU/mL) and free thyroxine
(FT4, 9.01-19.05 pmol/L) were determined by a two-stage immunochemical method using
microparticles and a chemiluminescent marker from Abbott, Germany. Alanine (<55 U/L)
and asparagine aminotransferase (5-34 U/L) were determined by spectrophotometry using
an Abbott Alinity analyzer (Wiesbaden, Germany).

2.6. Statistical Analyses

Continuous variables are presented as means + standard deviations. Comparisons
between two groups were made using t-test for independent samples for most variables;
however, for some, the differences were tested with Mann-Whitney U test (marked by
#) due to lack of normal distribution. The differences between multiple subgroups were
tested with ANOVA containing repeated measures component. The main tested effects
included exercise type (treated as repeated measure for each participant) and VO, max
category. Interactions between those effects were also tested, but they are reported only in
the case of significant findings. In the case of significant global tests (for main effects or
interactions), post-hoc comparisons were made with Bonferroni tests.

3. Results

All patients successfully completed all three tests sessions. We observed no severe
hypoglycemia episodes or DKAs (diabetic ketoacidosis) before (within 48 h), during or
shortly after (within 48 h) the sessions. However, a portion of patients experienced technical
issues with their CGM devices (most often sensor detachment during exercise or resting
period due to profuse sweating). Therefore, an analysis of CGM-based metrics was limited
to those boys who provided >75% complete data for each analyzed period.

Initial insights based on recorded SMBG (self-monitoring of blood glucose) and con-
sumed carbohydrates are presented in Table 2. Briefly, all patients were similarly pre-
pared for the test sessions, as evidenced by lack of significance in pre-exercise amount
of consumed carbohydrates. This resulted in starting glucose levels being in target for
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all test sessions, comparable between tests (maximum: 156.7 = 38.4 mg/dL; mixed:
157.3 £+ 30.6 mg/dL; aerobic: 141.9 £ 25.1 mg/dL, p = 0.2663) and less and more fit
participants (155.0 £ 31.8 mg/dL vs. 148.9 & 32.6 mg/dL, p = 0.4447). During and after
exercise, the patients consumed varied amounts of carbohydrates, significantly different
for each type of effort (p = 0.0012). Overall, the short test at maximum capacity demanded
the smallest supplementation during the exercise (0.1 £ 0.3 g/kg), followed by mixed
aerobic—anaerobic exercise (0.2 £ 0.2 g/kg) and aerobic test session (0.4 &= 0.3 g/kg) with
significant post-hoc difference between maximum mixed and aerobic exercise tests. Despite
differences in carbohydrate consumption, glucose levels at the end of tests (p = 0.0011) as
well as after 5 min resting period (0.0021) were significantly different for each test type,
reaching lowest values after aerobic session. In these analyses, the level of patient VO, max
had no statistically significant effect on amount of consumed carbohydrates or end-of-tests
sessions blood glucose.

The results are presented as means =+ standard deviations. The differences were tested
with ANOVA containing repeated measures component (for effort type) and VO, max
category effect. p-values for each effect are shown on the right-hand side. In the case of
significant global test, post-hoc comparisons were made with Bonferroni tests. Significant
pairs are denoted by # and $ superscript. Subgroup interactions were also investigated but
are omitted for clarity. There were no significant interactions between efforts type and VO,
max capacity.

Afterwards, we investigated high-resolution CGM records for those with available
data. These were 14-16 participants depending on the comparisons. The dropouts were
mostly due to technical issues with CGM devices (most often sensor detachment during
exercise or resting period due to profuse sweating) and were not preferential to either
studied group.

CGM analysis revealed that the high VO, max group displayed tendency toward
lower mean blood glucose during 2 h preceding exercise sessions (139 £ 33 mg/dL vs.
162 £ 35 mg/dL, p = 0.0584, n = 8 in each group) and significantly lower blood glucose
standard deviation in the same period (15 & 8 mg/dL vs. 22 + 10 mg/dL, p =0.0312,n =8
in each group), presenting overall more stable glucose profiles (Figure 1).

Maximum Mixed Aerobic
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Figure 1. CGM traces for all study participants during each test effort.
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Table 2. Comparison of glucose levels and consumed carbohydrates during each tests.

Type Maximum Mixed Aerobic ANOVA p-Value
of Test
Subgroups Regarding LFG HFG All LFG HFG All LFG HFG All Type of VO, Max
to VO, Max (n=10) (n=10) (n=20) (n=10) (n=10) (n=20) (n=10) (n=10) (n=20) Test 2
congri%hggfi‘t:iests 0.20 0.34 0.27 0.16 0.24 0.20 0.36 0.28 0.32 03677 0.4410
(g/kg) +0.18 +0.33 +0.27 +0.18 +0.19 +0.18 +0.26 +0.31 +0.28 : :
Starting glycemia 159.70 153.60 156.65 165.30 149.30 157.30 140.00 143.80 141.90 02663 0.4447
(mg/dL) 4 37.84 4 40.74 4 38.39 42478 + 35.00 + 30.63 +2878  +22.13 + 25.06 : :
ncarﬂ’(éhé’d;a;es d 0.18 0.05 0.12 0.22 0.13 0.18 0.46 0.33 0.40 0.0003 01896
consumed durmg a +0.34 +0.12 +026% +0.26 +0.19 +023% +0.23 +0.29 +027#8$ : :
after tests (g/kg)
Last glycemia during 165.80 145.70 155.75 136.40 129.80 133.10 118.70 110.70 114.70 0.0011 03483
tests (mg/dL) +32.79 +28.83 +31.77# +39.81 + 3450 + 36.41 +5020 43457 +42.15% : :
Glycemia at rest 158.22 143.00 150.21 120.90 122.50 121.70 102.00 107.50 104.75 $ 0.0021 0.9433
(mg/dL) + 34.66 + 40.70 +37.73#$ +31.73 +33.13 + 3158 # +51.96 43592 + 4356 ' :

# and ¥ significant pairs.
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Figure 1 shows CGM traces for study participants with available good-quality records
(n = 16) during each effort. Each dashed line depicts one individual CGM record; bolded
lines show mean glucose for each group at each timepoint; and the shaded area covers
group glucose standard variation. Vertical lines the denote start and finish of each test
effort. The figure is only a graphical representation. Formal statistical comparisons are
included in the main text and in Figure 2.
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Figure 2. Effect of VO, max on glycemic variability during mixed and aerobic workout: (a) glucose
standard deviation; and (b) coefficient of variation.

The effect of VO, max on glycemic variability ((a) glucose standard deviation; and (b)
coefficient of variation) during mixed and aerobic workout is shown in Figure 2.

Given the short duration of the maximum capacity, it was not possible to quantify
glycemic variability (SD or CV) during the exercise. However, the mixed and aerobic
sessions differed significantly in this regard (SD of mixed: 11.2 &+ 6.2 mg/dL vs. aerobic:
16.4 £ 8.2 mg/dL, p = 0.0155; CV of mixed: 8.2 &+ 5.4% vs. aerobic: 13.4 £ 8.3%, p = 0.0052).
HEFG displayed tendency toward lesser increase in glucose variability during aerobic
session; however, in this limited group, the subgroup interactions did not reach significance
(Figure 2).

Maximum capacity effort was excluded from this analysis due to its short duration.
Horizontal lines represent means, while boxes denote standard deviation around the mean.
The raw values for each patient are linked by slanted lines, denoting individual direction
of changes between the tests. Dotted lines pertain to patients with low VO, max while
solid ones to the HFG group. It can be seen that patients in LFG present higher glycemic
variability during aerobic sessions. However, these differences did not reach statistical
significance (p for interaction in ANOVA: 0.0984 for SD and 0.0765 for CV), hence no
post-hoc tests were performed.

Overall, during or immediately after tests, we noted no events of clinically-relevant
hypoglycemia (blood glucose < 54 mg/dL) and few hypoglycemia-alert values (blood
glucose <70 mg/dL) (n =5/60, 8.3%). No alert values were measured during maximum
test (0/20, 0%), one was detected during mixed session (1/20, 5%) and four occurred
during aerobic exercise (4/20, 20%); however, these differences in frequencies did not reach
statistical significance (p = 0.05864). Two events occurred in patients from LFG group and
three in those from HFG group; however, the difference could not be appraised statistically.
Out of those episodes detected by SMBG, 2/5 were missed by CGM monitoring and one
more was undetected due to sensor detachment. On the other hand, CGM detected one
transient fall in glucose during aerobic exercise that was missed by SMBG control (SMBG:
76 mg/dL; CGM: 68 mg/dL).

4. Discussion

The experiment involved 20 adolescent boys with type 1 diabetes. Due to the different
VO, max, the whole group was divided into those with lower (LFG) and higher (HFG)
levels of physical performance. Both subgroups of patients were homogeneous in terms
of their biological development, biometric indicators and physical capacity (VO, max).
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The main finding of this study is that adolescent type 1 diabetes with higher level of
maximal oxygen uptake had a lower tendency for glycemic changes during the aerobic
effort. Moreover, the continuous glycemic monitoring system is a useful tool to avoid acute
and chronic complications during the physical exercise.

The aim of the experiment was to demonstrate that the level of physical performance
determined by the VO, max index can have a significant influence on the glycemic fluctua-
tion in the examined patients during their mixed and aerobic exercise. Moreover, patients
with higher VO, max will have fewer hypoglycemic incidents after exercise. In the avail-
able literature, there is a lack of publications determining the correlation between physical
performance in children and young people with type 1 diabetes and their tolerance to
physical effort of varying intensity with regard to fluctuations in glycemia and the amount
of post-workout hypoglycemia. By analyzing the results of our examination, we exposed
that the patients examined were equally prepared to perform each test in terms of carbo-
hydrate, protein and fat intake. The test was performed 2 h before exercising. Patients
were given a significantly different amount of carbohydrates, depending on the severity of
the test effort and their energy demand. Despite this, no significant differences in blood
glucose levels were observed in patients, both in the whole group and with respect to
LFG and HFG. Based on the results of the study, it was concluded that the size of VO,
max in patients did not have a significant effect on carbohydrate intake and blood glucose
levels after the completion of three exercise tests (Table 2). The lowest blood glucose levels
were observed in patients after aerobic effort. In addition, patients with higher levels of
VO, max presented lower and more stable glucose levels 2 h before exercise as well as
lower glycemic variability during the aerobic effort. We could also conclude that the effort
characterized by mixed metabolism, especially with a predominance of anaerobic, often
led to hyperglycemia in patients, which was observed during exercise and shortly after its
completion (Figure 1).

The results of studies of other research centers are contradictory in relation to the
degree of physical capacity of healthy individuals and type 1 diabetes. Komatsu et al. [31]
suggested that young type 1 diabetic patients, as compared to healthy people, show lower
oxygen capacity measured on the basis of maximal oxygen uptake (VO, max). In contrast,
Adolfsson et al. [10] stated that such groups do not differ to a large extent. On the other
hand, Cuencia-Garcia et al. [19], who compared the results of 8-16-year-old children with
diabetes with those of their siblings, did not show any difference between the studied
groups in terms of their efficiency and physical activity. In the literature review process, we
did not find studies involving the use of the latest glycemic monitoring systems (CGMs)
during various types of exercise in young patients, but only in adults [32,33]. In our view,
an element of optimal therapy for diabetes in children is glycemic self-monitoring, based
on a continuous blood glucose monitoring system (continuous glucose monitoring, CGM,
with up to 288 measurements per day). With its application, the patient can observe the
current glycemic level in real time and a graph which illustrates its changes over time. In
addition to the numerical value, there are trend arrows indicating the direction and rate of
glycemic changes [34]. CGM RT (continuous glucose monitoring real-time) systems, on
the basis of sensor readings, actively inform about undesirable events and health threats
to the patient (including hypo- and hyperglycemic alarms, rapid rate of glucose changes
and a predictive early warning alarm of hypoglycemia), which allows the patient to take
immediate corrective actions [35]. With this glycemic control method, it is possible to
observe the variability of glycemia, identify unconscious hypoglycemia when the patient
does not feel a decrease in blood glucose level below 70 mg/dL and observe fluctuations
in glycemia, e.g., during exercise [36,37].

In our experimentation, with the application of CGM in the examined patients, in
those with functioning devices, we were able to identify hypoglycemia that could have been
omitted using, for example, a glucometer. Glycemic results obtained from the glucometer
give point information and are therefore insufficient to detect short-term hyper- and
hypoglycemic episodes or asymptomatic episodes.
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The results of previous clinical trials on the application of continuous glycemic mon-
itoring systems in type 1 diabetic patients are unequivocal in relation to the group of
patients taking glucose measurements with glucose meters. They show significant lim-
itations of daily blood glucose fluctuations and increased time spent by patients with
normoglycemia [38]. Whereby the important role of normoglycemia in the first years of the
disease in the prevention of late vascular complications, including kidney, visual and cardio-
vascular damage, is emphasized here. They are associated with the so-called phenomenon
of “metabolic memory”, in which, after even a short period of hyperglycemia, e.g., during
prolonged anaerobic effort, irreversible changes in gene expression occur, which determine
the occurrence of distant vascular complications, even if in subsequent years of the disease
glycemic normalization occurs [39]. It has also been shown that the fewer fluctuations there
are in glycemia, the lower is the risk of acute complications, especially life-threatening
hypoglycemia [40]. The value of our study was the inclusion of patients using continu-
ous glucose monitoring systems treated with a personal insulin pump, which allowed
continuous reading of glycemic levels and trends in glycemic changes during the clinical
experiment. The identification of glycemic fluctuation, including hypo- and hyperglycemia
in our patients, taking into account their level of physical performance and in relation to
the type of exercise, has measurable clinical implications supporting the process of the
patient’s treatment. The occurrence of hypoglycemia and the fear of hypoglycemia are still
the greatest barriers to physical activity in people with type 1 diabetes. It is particularly dif-
ficult to maintain normal and stable glycemia during moderate to maximum activity. This
type of physical activity can result in late hypoglycemia, including night hypoglycemia;
currently, the most effective way to prevent it is through continuous glycemic monitoring
systems integrated with insulin pumps that enable automatic suspension of insulin supply.
Based on the results of the study, we found that patients with a higher VO, max had a
lower tendency for glycemic changes during the aerobic effort (Figure 2). Thus, it can be
assumed that type 1 diabetic patients practicing endurance-oxygenic sports may have a
better metabolic balance of diabetes and thus less risk of developing both acute and chronic
complications of the disease.

Scott et al. [2] stated that oxygen metabolism effort, particularly long-term effort, can
lead to hypoglycemia, not only during but also immediately after physical exercise as well
as several hours afterwards. This can be explained by the metabolic mechanism in which
a patient with type 1 diabetes, who does not have his own insulin, is also deprived of
endogenous regulation responsible for maintaining a constant level of glycemia. Therefore,
his muscles consume a large amount of muscle glycogen while doing their job, which
results in the absorption of glucose directly from the bloodstream by muscle cells. Then,
in the absence of external carbohydrate supply and at the same time a relatively high
concentration of exogenous insulin, which prevents the “release” of liver glycogen and
gluconeogenesis from fatty acids, a dramatic drop in blood glucose levels may occur. In
contrast, in people without diabetes, insulin secretion decreases during exercise and the
secretion of counter-regulatory hormones, which increase the production of glucose by
the liver, balances the glucose uptake by skeletal muscles during exercise. This precise
autonomic and hormonal regulation ensures that blood glucose levels remain stable during
most types of physical activity [41]. In our studies, we showed that mixed effort can lead
to short-term hyperglycemia immediately afterwards. This phenomenon is explained by
increased concentrations of hormones secreted under the influence of intense short-term
effort: adrenaline, cortisol, glucagon and growth hormone [25]. These hormones act in the
opposite way to insulin and increase the processes of gluconeogenesis and glycogenolysis.

Identifiable limitations of the current study concern the low number of adolescents
who participated in the research. Additionally, not all continuous glucose monitors pro-
vided good-quality data, which additionally reduced the sample in CGM analysis. Future
research should investigate not only single physical exercises, but also reactions and adap-
tations for long-term training processes in type 1 diabetes.



Int. J. Environ. Res. Public Health 2021, 18, 692 11 of 13

5. Conclusions

Our research suggests that any patient with type 1 diabetes can perform physical
activity but should remain under medical supervision and use a continuous glycemic
monitoring system. By implementing this method, we exposed that different forms of
physical activity have different effects on the level of glycemia; however, with continuous
monitoring of glycemia, it does not prevent aerobic (e.g., endurance running training),
mixed (team games) and anaerobic (weightlifting and explosive exercises) activity. Their
aim is to increase by about 20% the level of aerobic capacity determined by the VO, max
index. After that, higher intensity exercises which increase the effect of regulating exercise
and post-exercise glycemia can be started, which increase the effect of regulating exercise
and post-workout hyperglycemia. Our results clearly indicate the direction of further
studies on the influence of exercise of different intensity on glycemic changes in patients
with type 1 diabetes. It is necessary to study the influence of 8-12 weeks of training
interventions among numerous groups of patients representing different age groups and
the state of the disease.
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Abstract

Introduction: Currently, 5-10% of diabetes patients are teenagers. During this period the influence of peers and observation of their
eating habits plays a significant role. Unfortunately, they differ from the principles of proper nutrition, which according to the PTD
Diabetes Poland should be introduced as an element of proper metabolic compensation.

Aim of the study: To assess the condition and dietary habits of male adolescents with type 1 diabetes and to compare their eating
habits to generally accepted standards.

Materials and methods: The study participants include 20 boys, aged 14.6 +1.58 years, with type 1 diabetes mellitus treated with
a personal insulin pump who were diagnosed using ISPAD criteria. In the study anthropometric and questionnaire methods were
used, as well as body composition analysis.

Results: In most of the examined subjects, the assessment of nutritional status indicates a proper proportion of adipose tissue
(14.72 £6.25%, 8.71 =4.10 kg per kg) and muscle mass in the body (28.2 £6.93 kg). Unfortunately in a significant group of adoles-
cents, the diet is not properly balanced. Particularly the common problem is the excess of total carbohydrates, including simple sugars.
Conclusions: To sum up, despite systematic education of proper nutrition on glycemic control and prevention of acute and chronic
complications, the eating habits of male adolescents differ from those of proper nutrition. Additionally, it should be noted that despite
the proper results of the body composition analysis, there is a problem with an erroneously balanced diet.

Key words:

nutrition, balanced diet, type 1 diabetes mellitus.

Streszczenie

Wprowadzenie: Obecnie 5-10% pacjentéw z cukrzyca typu 1 to nastolatkowie. W tym okresie wptyw réwiesnikéw, obserwacja ich
nawykéw zywieniowych odgrywa znaczaca role. Niestety, bardzo czesto réznia sie one od zasad prawidfowego odzywiania, ktére
wedtug Polskiego Towarzystwa Diabetologicznego powinny by¢ wprowadzone jako element prawidtowego wyréwnania metabolicz-
nego pacjentéw chorujacych na cukrzyce typu 1.

Cel pracy: Ocena stanu i sposobu zywienia nastoletnich chfopcéw chorujacych na cukrzyce typu 1 oraz poréwnanie ich nawykow
zywieniowych do ogbélnie przyjetych norm prawidtowego zywienia.

Materialy i metody: Uczestnikami badania byto 20 chfopcéw w Srednim wieku 14,6 =1,58 roku chorujacych na cukrzyce typu 1
leczonych przy uzyciu osobistej pompy insulinowej, ktérzy zostali zdiagnozowani na podstawie kryteriéw ISPAD. W badaniu wyko-
rzystano metody antropometryczne, metody ankietowe oraz przeprowadzono analize sktadu ciafa.

Wyniki: U wiekszosci badanych ocena stanu odzywienia wskazuje na prawidfowy rozktad tkanki ttuszczowej (14,72 +6,25%, co
$rednio stanowi 8,71 £4,10 kg) i masy miesniowej w organizmie (28.2 £6.93 kg). Niestety, pojawia sie bardzo duzo bfedéw zy-
wieniowych. U znaczacej grupy nastoletnich chtopcéw dieta nie jest prawidtowo zbilansowana. Szczegélnie zwraca uwage nadmiar
weglowodanéw ogétem, w tym cukréw prostych.

Whioski: Podsumowujac — pomimo systematycznie prowadzonych edukacji o korzystnym wptywie prawidtowego odzywiania na
kontrole glikemii i profilaktyki ostrych i przewlektych powiktan w przebiegu cukrzycy typu 1 nawyki zywieniowe nastoletnich chtop-
céw odbiegaja od zasad prawidfowego zywienia. Dodatkowo nalezy zwréci¢ uwage, ze prawidtowa masa ciata nie $wiadczy o utrzy-
maniu odpowiednich nawykéw zywieniowych. Ponadto obserwuje sie réwniez u tych pacjentéw btednie zbilansowany jadtospis.
Stowa kluczowe:

zywienie, zbilansowana dieta, cukrzyca typu 1.
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Introduction

Type 1 diabetes mellitus is characterized by autoimmune
destruction of beta cells in the pancreas, resulting in insufficient
insulin production and the appearance of hyperglycemia [1].
It is one of the most common chronic diseases occurring in
children in Poland. Observing the trends in the incidence of the
disease in the group of the youngest children in 2025 it is pre-
dicted that almost fourfold increase in the incidence [2]. Cur-
rently, 5-10% of diabetes patients are teenagers [3]. During this
period, the influence of peers and observation of their eating
habits plays a significant role [4]. Unfortunately, they very often
differ from the principles of proper nutrition, which, according
to the PTD Diabetes Poland, should be introduced as an ele-
ment influencing the proper metabolic balance of patients with
type 1 diabetes [5]. According to the adopted standards, car-
bohydrates should cover 45-50% of the daily energy demand,
and the simple sugars contained in it should not exceed 10%.
In a balanced diet, protein should cover 15 to 20% of the daily
calorie intake and fats 30-35% [6]. Recent publications also
emphasize the beneficial effect of a carbohydrate-reduced diet
on correct metabolic balance [7]. However, it has not yet been
verified how such a diet will affect the physical and mental de-
velopment of children and adolescents [8].

In addition to the strict principles, the National Food and
Nutrition Institute in Warsaw provides knowledge on healthy
eating by means of the pyramid of healthy nutrition and lifestyle
of children and adolescents. It uses a graphic representation
of how often and in what quantity a given group of products
should be included in a properly balanced diet [9]. In addition,
for adolescents suffering from type 1 diabetes, a diet with a low
glycemic index (Gl < 55) improves glycemic control [10]. Cur-
rently, there are numerous publications indicating the beneficial
effect of various diets on the proper metabolic control in type 1
diabetic patients and their health status. One of them is the

Table I. Characteristics of the study group

Characteristics Respondent group
Age (years) 146 =1.6

Height (cm) 170.5 £9.2

Body weight (kg) 59.4 =10.9

BMI (kg/m?) 20.4 2.7
Duration of disease (years) 7.4 +43

Duration of pumped therapy (years) 6.8 =41

HDA, (%) 7.55 =0.84

BMI — body mass index

2 © Copyright by PTEIDD 2020

Mediterranean diet, which has been proven to have a beneficial
effect on the physical and mental well-being of children with
type 1 diabetes [11].

The aim of this study was to assess the condition and di-
etary habits of male adolescents with type 1 diabetes and to
compare their eating habits to generally accepted standards of
proper nutrition. It was assumed that the previously conduct-
ed nutritional education, knowledge of the basic principles of
proper nutrition will affect the nutritional habits of patients. In
addition, it was concluded that the majority of patients will fol-
low the dietary recommendations to maintain proper metabolic
balance and prevent the occurrence of complications.

Material and methods

Characteristics of the test group

The study group consisted of 20 boys with type 1 diabetes,
who were diagnosed using ISPAD criteria [12]. The examined
teenagers remain under the care of the Department of Pediat-
rics, Endocrinology and Diabetology of the Medical University
of Gdansk. On this basis the body mass index (BMI) was calcu-
lated, which was 20.4 +2.7 kg/m?2. BMI in pediatric population
should be interpreted using percentiles score according with
sex and age. In the study group, 7 patients were found to be un-
derweight and none of the qualified individuals were overweight
or obese. The mean age of patients was 14.6 =1.58 years. The
body weight of the studied group was 59.4 =15.0 kg and the
average height was 170.5 £9.2 cm.

Before the test, each patient was presented with a physical
effort protocol and all participants signed an informed consent
to the examination. Furthermore, the consent to the study was
obtained from the Bioethics Committee of the Medical Univer-
sity of Gdansk. Each patient was treated with a personal insulin
pump from Medtronic Paradigm Veo or MiniMed 640G. An ad-
ditional criterion for inclusion in the study group was Tanner I,
IV or V sex maturity; balanced physical activity, no ketoacidosis
incidents and infrequent occurrence of hypoglycemia in the last
five years.

In the study group, the average duration of the disease was
7.4 +4.3 years and the average duration of pump therapy was
6.8 +4.1 years. The average value of HbA, was 7.55 +0.84%.
The exclusion criteria included obesity, other chronic diseases
that could affect the occurrence of hypoglycemia and the pa-
tient’s lack of consent to participate in the study. The general
characteristics of the study group are presented in Table I.

Assessment of nutritional status

In each participant the nutritional status was assessed using
anthropometric methods (height, body weight). Based on the re-
sults obtained, the body mass index (BMI) was calculated using
the following formula: Body mass ratio (kg) to height per square
(m?) [13]. Additionally, the WHR (waist — hip) indicator was used,
whose formula is the ratio of waist to hip circumference [14]. Its
interpretation indicates the distribution of body fat [15]. The body
composition was then analyzed by using the InBody 770.
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Assessment of the diet

During the examination, a thorough nutritional history was
conducted; with each boy a nutritional interviews was performed
and a 7-day dietary diary was recommended. On the basis of
the information received, the dietary habits of patients with type
1 diabetes were evaluated. Additionally, a dietary analysis was
performed on the basis of the test of Starzynska [16].

Statistical analysis

The statistical analysis was carried out using the arithmetic
mean and standard deviation. All calculations were performed
using Statistica 13.0.

Results

Body composition analysis

The following results were obtained from the body analysis
composition performed by using the InBody 770 device. The
average content of adipose tissue was 14.72 +6.25%, which
is 8.71 +£4.10 kg per kg. 60% of the examined patients showed
a normal body fat content despite the lack of regular physical
activity. The average content of skeletal muscles in the exam-
ined group was 28.2 =6.93 kg, which in half of the adolescents
indicated normal body fat content. An additional parameter
obtained by using this method was the total body water con-
tent, whose average in the examined group was 38.05 £8.42 L.
More than a half of the examined adolescents were properly
hydrated for the reason that this parameter correlates with the
content of skeletal muscles in the body. On account of the re-
sults obtained, the WHR index was calculated, whose average
value in the examined group was 0.796 =0.034, this result does
not indicate the occurrence of abdominal obesity in the exam-
ined adolescents. The obtained results are presented in Table Il

Analysis of dietary regime

On the basis of the analysis of the patients’ diet, the energy
demand is covered by three quarters of the study group. Accord-
ing to the accepted standards regarding the macronutrients,

Table Ill. Analysis of nutrition

less than 45% of adolescents cover the recommended daily
amount of carbohydrates. The very high consumption of mono-
saccharides is alarming, as almost all subjects (95%, n = 19)
consumed more than the accepted recommendations of the
PTD Diabetes Poland. Additionally, 45% of the respondents did
not cover their daily dietary fiber requirements. The research re-
sults also indicated that the consumption of the remaining mac-
ronutrients, including protein and fat, was not satisfactory. The
above-mentioned parameters are presented in Table |Il.

Dietary habits and meal quality of adolescents with type
1 diabetes were analyzed on the basis of dietary diaries and
the test of Starzynska. The majority of the study subjects have
very similar nutritional errors, which include: lack of regularity of
consumed meals; low consumption of vegetables and fruits;
low consumption of whole-grain products; excess consump-
tion of animal products; low consumption of fish, nuts, grains
and seeds; occurrence of numerous unhealthy snacks such as

Table Il. Body composition analysis

Parameters Respondent group
Body weight (kg) 59.44 +10.94
Height (cm) 170.5 £9.20

BMI (kg/m?) 20.22 +2.51
Adipose tissue (kg) 8.71 £4.10
Adipose tissue (%) 14.72 £6.25
Skeletal muscle mass (kg) 28.2 +=6.93

Total body water content (1) 38.05 +=8.42

WHR 0.796 +0.034

BMI — body mass index; WHR — waist-hip ratio

Characteristics Below standard (persons) Standard (persons) Above standard (persons)
Energy 20002600 kcal 5% (n = 1) 75% (n = 15) 20% (n = 4)
Carbohydrates 45— 50% 5% (n = 1) 45% (n = 9) 50% (n = 10)

Simple sugars < 10 % - 5% (n = 1) 95% (n = 19)

Dietary fibre 20-40 g 5% (n = 1) 45% (n = 9) 50% (n = 10)

Protein 15-20% - 65% (n = 13) 35% (n=7)

Fats 30-35% 5% (n=1) 50% (n = 10) 45% (n = 9)

© Copyright by PTEIDD 2020 3
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O major nutritional
errors, 40%

W improperly balanced
diet, 60%

Figure 1. General dietary habits of the studied group

sweets, chips; frequent consumption of sweet drinks; inappro-
priate portions of meals that are too large; choice of inappropri-
ate technological treatment such as deep-frying.

To evaluate the diet and interpretation of the received
menus a test according to Starzynska was applied. By mean
of the conducted test it was found that 60% of the subjects had
dietary mistakes such as: lack of proper meals, low consump-
tion of lean dairy products, lack of fruits and vegetables as well
as lack of groats and dry seeds of legumes. The test results are
presented in Figure 1.

Discussion

Numerous publications emphasize the importance of prop-
er nutrition in the process of glycemic control and preventing
metabolic complications in the future. The most recent reports
from 2019 confirm that the introduction of the principles of ratio-
nal nutrition together with the recommendations of the Mediter-
ranean diet ensure the maintenance of proper glycemia [17].
The American Diabetes Association also stresses the impor-
tance of a properly balanced diet with a reduction in mono-
saccharides and saturated fatty acids to reduce the need for
insulin and maintain normoglycemia [18].

Unfortunately, improper nutrition is very common in ado-
lescents with type 1 diabetes. A study by Race Mackey et al.
published in 2018 shows that a diet rich in fats and increased
energy intake in relation to daily demand has a negative impact
on the metabolic control of diabetes [19].

Another study published by Gilbertson et al. and Delahanty
emphasizes how improper nutrition, including excessive intake of
monosaccharides, saturated fatty acid fat and protein, increases
the risk of overweight and obesity in children with type 1 diabetes
[20]. Moreover, the studies by Delahanta et al. have proven that
high concentrations of saturated and unsaturated fatty acids con-
sumed in the diet closely interfere with higher values of glycated
hemoglobin in children. The analysis of the conducted studies
showed that the method of intensive functional insulin therapy

4 © Copyright by PTEIDD 2020

with a personal insulin pump may result in reduced dietary re-
striction in adolescents leading to overweight development
and worse metabolic balance of the disease. The study proved
that adolescents with type 1 diabetes had regular snacks and
skipped the main meals. The research carried out by Kleinowska
et al. proved that younger children with type 1 diabetes followed
amore balanced dietary regime compared to teenagers between
13 and 18 years of age. The author emphasized that the ado-
lescent age favors the development of abnormal eating habits,
which is a consequence of improperly balanced diabetes [21].

In the studies by Mehta et al. a special role was attached
to the level of knowledge of patients with type 1 diabetes. The
authors emphasized that adolescents with type 1 diabetes mis-
interpret products called healthy. The main problem of this group
of patients was a mistaken perception of the limitations of car-
bohydrate intake. Unfortunately, they were replaced by exces-
sive consumption of protein and fat products. The authors paid
special attention to the fact that an excessive fat supply does
not cause an increase in postprandial glycemia levels, however
contributes to overweight, insulin resistance and lipid metabo-
lism disorders [22].

The studies by Joanna Sadowska and Katarzyna Kaldon-
ska pay particular attention to the insufficient intake of minerals
and vitamins by teenagers in their diet, which are necessary for
proper growth and development. Scientific research presented
by the above mentioned authors proved that the lack or low
content of water-soluble vitamins in the diet contributes to dis-
orders of carbohydrate metabolism and the formation of skin
lesions. In their analysis, the authors have proven that various
dietary deficiencies, despite a properly balanced diet, may be
the cause of increased diabetes symptoms and numerous ac-
companying changes [23].

Subsequent studies of Gilbertson’s syndrome in a group
of Australian teenagers with type 1 diabetes also confirm that
consumption of too much monosaccharides affects higher lipid
levels, increased BMI and HbA, [24].

The results of the above mentioned publications dem-
onstrate similar conclusions to the assumptions presented
in this publication. The main nutritional mistakes of patients
with type 1 diabetes are the excess of monosaccharides from
sweets and sugary drinks, too high energy density of food due
to the improper technological processing for meal preparation
or choosing highly processed food.

However, it should be stressed that there is also a group of
patients who are struggling with nutritional problems called di-
abulimia [25]. It has been observed that often too much focus on
a restrictive diet and maintaining proper body weight, especially
in a group of teenagers, can lead to nutritional disorders [26].

On the other hand, there is no difference in dietary habits be-
tween healthy male adolescent and teenager with type 1 diabe-
tes. In both groups, eating habits need to be changed. Identical
nutritional mistakes are observed, such as: lack of breakfast, de-
ficiency of lean dairy products, vegetables and fruit, whole grains
or fish consumption. Instead, there is an excess of highly pro-
cessed food. Unfortunately, peers and the mass media has the
greatest influence on the occurrence of bad eating habits [27].
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Conclusions

In conclusion, despite frequent nutritional education regard-

ing the beneficial effect of proper nutrition on glycemic control
and prevention of diabetic complications, the nutritional habits
of male adolescents differ from those of proper nutrition. Addi-
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* Definicje ,,ghostwriting” i ,,guest authorship” wedlug Ministerstwa Nauki i Szkolnictwa Wyzszego

(zrodto: http://www.nauka.gov.pl/):

Z ,.ghostwriting” mamy do czynienia wowczas, gdy kto§ wniost istotny wklad w powstanie

publikacji, bez ujawnienia swojego udziatu jako jeden z autoréw lub bez wymienienia jego roli w

podziekowaniach zamieszczonych w publikacji.

Z ,.guest authorship” (,,honorary authorship”) mamy do czynienia wowczas, gdy udziat autora jest

znikomy lub w ogodle nie mial miejsca, a pomimo to jest autorem/wspotautorem publikacji.



OSWIADCZENIE

o wkladzie poszczegolnych autoréw w powstanie publikacji

Autorzy: Artur MySliwiec, Maria Skalska, Arkadiusz Michalak, Jedrzej Chrzanowski,
Malgorzata Szmigiero-Kawko, Agnieszka Lejk. Joanna Jastrzebska, Lukasz Radziminski,

Guillermo F. Lopez-Sanchez, Andrzej Gawrecki, Zbigniew Jastrzebski

Tytul artykutu: Responses to low and high intensity exercise in adolescents with type 1

diabetes in relation to their level of VO, max

Czasopismo: Int. J. Environ. Res. Public Health 2020
DOI: 10.3390/ijerph 18020692

Oswiadczamy, ze w odniesieniu do artykulu nie zachodzi zjawisko ..ghostwriting” i ,,guest
authorship™ albo podobne w rozumieniu zalecen Ministerstwa Nauki i Szkolnictwa
Wyzszego dotyczacych ochrony przed ghostwriting i guest authorship oraz deklarujemy

nastepujacy wkiad pracy w powstanie publikacji:
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* Definicje ,.ghostwriting” i ,,guest authorship” wedlug Ministerstwa Nauki i Szkolnictwa Wyzszego

(zrodio: http://www.nauka.gov.pl/):

Z ,.ghostwriting” mamy do czynienia wéwczas, gdy ktos wnidst istotny wkiad w powstanie

publikacji, bez ujawnienia swojego udziatu jako Jeden z autoréw lub bez wymienienia jego roli w

podzigkowaniach zamieszczonych w publikacji.

Z ..guest authorship” (,.honorary authorship”) mamy do czynienia wowczas, gdy udziat autora jest

znikomy lub w ogéle nie miat miejsca, a pomimo to jest autorem/wspétautorem publikacii.



OSWIADCZENIE

o wkladzie poszczegolnych autoréw w powstanie publikacji
Autorzy: Artur Mysliwiec, Agnieszka Lejk, Maria Skalska, Joanna Jastrzgbska, Beata
Sztangierska, Zbigniew Jastrzebski
Tytul artykutu: Assessment of the diet of male adolescents suffering from type 1 diabetes
Czasopismo: Pediatric Endocrinology Diabetes and Metabolism
doi: https://doi.org/10.5114/pedm.2020.101805

Os$wiadczamy, ze w odniesieniu do artykutu nie zachodzi zjawisko ,.ghostwriting” i ,,guest
authorship”™* albo podobne w rozumieniu zalecen Ministerstwa Nauki i Szkolnictwa
Wyzszego dotyczacych ochrony przed ghostwriting i guest authorship oraz deklarujemy
nastepujacy wklad pracy w powstanie publikacji:
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* Definicje ,.ghostwriting” i ,,guest authorship” wedlug Ministerstwa Nauki i Szkolnictwa Wyzszego
(zrodlo: http://www.nauka.gov.pl/):
Z ,.ghostwriting” mamy do czynienia wowczas, gdy ktos wnidst istotny wkiad w powstanie
publikacji, bez ujawnienia swojego udziatu jako jeden z autoréw lub bez wymienienia jego roli w
podzigkowaniach zamieszczonych w publikacji.
Z ,.guest authorship™ (,,honorary authorship™) mamy do czynienia wowczas, gdy udzial autora jest

znikomy lub w ogéle nie mial miejsca, a pomimo to jest autorem/wspétautorem publikacji.



4. Podsumowanie w jezyku angielskim spéjnego tematycznie
cyklu artykulow naukowych pt. Wysitek fizyczny o niskiej i
wysokiej intensywnosci a zmiennos¢ glikemii i poziom
wyrownania metabolicznego

u miodziezy 7 cukrzycq typu 1
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Summary

For a long time, it was believed that people with type 1 diabetes should avoid
excessive physical activity because it is a source of life-threatening hypoglycaemic episodes.
However, with the availability of modern methods enabling continuous glycaemic control,
the position of the medical community has begun to change. Therefore, it is more frequently
emphasised that physical exercise, which is a basic element of a healthy lifestyle, is an
integral and necessary component of effective type 1 diabetes treatment, alongside insulin
therapy and diet. However, despite the dynamic progress in the treatment of type 1 diabetes,
practicing any kind of sport is still a clinical problem and a great challenge for both patients
and their diabetologists. To date, no specific recommendations have been settled for patients
with T1DM wishing to undertake physical activity of varying intensity including meal volume
and quality and insulin dosage.

In our opinion, understanding the impact of physical effort, including its type, on current
glycaemic levels and the risk of hypoglycaemic incidents during and after exercise will allow
optimisation of insulin dosage and appropriate therapeutic decisions, and consequently
prevention of glycaemic fluctuations, especially towards hypoglycaemia. In the available
literature, no studies has been found defining the correlation between physical performance in
children and young people with type 1 diabetes and their tolerance to exercise of different
intensities in relation to glycaemic fluctuations and the amount of post-exercise
hypoglycaemia, which strictly takes into account all the criteria for creating a homogeneous
study group.

The works included in the series of thematically coherent publications in this dissertation, was
based on an experiment that involved patients performing three exercise tests. The aim of the
first was to determine the level of physical fitness for each individual. The second exercise
test consisted of a 45-minute effort at an intensity corresponding to aerobic energy
metabolism in the subjects, and the third to aerobic-anaerobic (mixed) energy metabolism. A
major value of the study was the inclusion of patients using continuous glycaemic monitoring
systems, treated with a personal insulin pump, which allowed real-time readings of glycaemic
levels and trends in glycaemic changes during the clinical experiment.

In the first publication, it was shown that 25(OH)D deficiency in patients with type 1 diabetes
who undertake physical exercise at an intensity corresponding to aerobic energy metabolism

have high glycaemic fluctuations with a tendency towards both hyperglycaemia and life-



threatening hypoglycaemia. It was also found that in this group of patients, however subjected
to physical exercise at an intensity corresponding to aerobic-anaerobic energy metabolism,
their glycaemic levels were higher with fluctuations towards hyperglycaemia. The authors of
this study are aware that the size of the study groups was not large and the results obtained,
interesting and clinically important, need to be confirmed on a larger group of patients.
Nevertheless, they allow us to conclude that maintaining the proper concentration of
25(OH)D levels in the blood serum by vitamin D supplementation may be a preventive factor
in the occurrence of hyperglycaemia incidents during anaerobic exercise and hypoglycaemia
in aerobic exercise. The effect of supplementation, together with regular physical activity,
may also reduce late vascular complications in patients by reducing glycaemic fluctuations in
both types of exercise performed.

In the second research paper, it was observed that patients with higher VO2max levels
presented lower and more stable glucose values two hours before exercise and a lower
tendency for glycaemic variability during aerobic exercise in relation to the group of patients
with lower VO2max levels. It was also found that patients with lower VO2max showed a
greater tendency towards hypoglycaemia during aerobic exercise. During the experiment, it
was observed that exercise characterised by aerobic-anaerobic metabolism, especially with a
predominance of anaerobic metabolism, often led to hyperglycaemia in patients during
exercise and within a short time after its completion. Based on the study discussed in the third
publication, it was concluded that the main nutritional mistakes in patients with type 1
diabetes are an excess of simple sugars from sweets and sugary drinks, the excessive energy
density of food through the use of incorrect technological processing to prepare meals and the

choice of highly processed foods by young patients.

Our studies suggest that any patient with type 1 diabetes can participate in sport,
however should remain under medical supervision and use a continuous glycaemic
monitoring system. The experiment showed that different forms of exercise affect blood
glucose levels differently. However, with continuous blood glucose monitoring, aerobic (e.g.
endurance running), mixed (team games) and anaerobic (strength-exercise) exercise is
possible and safe. It is also necessary to continuously educate patients and their caregivers not
only about insulin therapy, but also in the field of healthy nutrition and rational, planned

physical exercise.



5. Zyciorys



Urodzitem si¢ dnia 7 stycznia 1991 roku w Gdansku. W 2009 roku ukonczylem
Liceum Ogo6lnoksztatcacym Collegium Gedanense w Gdansku oraz zdatem maturg. W latach
2009-2010 studiowalem stacjonarnie na Uniwersytecie w Wolverhampton - School of Sport,
Performing Arts and Leisure w Wolverhampton, Wielka Brytania. W latach 2011-2014
studiowatlem stacjonarniec w Ateneum - Wyzszej Szkole w Gdansku na Wydziale
Neofilologicznym na kierunku filologia angielska, specjalizacja: anglistyczno-biznesowa
uzyskujac w 2014 1, tytut zawodowego licencjata. W latach 2014-2016 kontynuowatem studia
w formie niestacjonarnej na Wydziale Neofilologicznym na kierunku filologia angielska
specjalizacja: translatoryka, uzyskujac w 2016 r. tytut zawodowego magistra. W latach 2015-
2016 studiowalem w Polskim Instytucie Spraw Migdzynarodowych (PISM) w Warszawie,
XX Edycja Studium Polityki Zagranicznej, studium ukonczytem z wynikiem bardzo dobrym.

W latach 2015-2016 pracowalem w Kancelarii Prezesa Rady Ministrow w Warszawie
na stanowisku Asystenta Sekretarza Stanu w Departamencie Spraw Zagranicznych. W latach
2016-2018 pracowatem w Zarzadzie Glownym Polskiego Zwiazku FLowieckiego w
Warszawie na stanowisku Inspektora zajmujac si¢ wspolpracg zagraniczng 1 ttumaczeniami.
W latach 2018-2019 pracowalem w Urzedzie Miasta Stolecznego Warszawy na stanowisku
Inspektora ds. wspolpracy zagranicznej w Wydziale Kontaktow Zagranicznych w Biurze
Marketingu Miasta. Od 2019 r. pracuj¢ w Parlamencie Europejskim w Brukseli na stanowisku
Akredytowanego Asystenta Parlamentarnego oraz doradcy Wiceprzewodniczgcej Parlamentu
Europejskiego, m.in. odpowiadajagc za merytoryczng obstuge oraz koordynacje Komisji
Ochrony Srodowiska Naturalnego, Zdrowia Publicznego i Bezpieczenstwa Zywnosci (ENVI),
Komisji Specjalnej ds. Walki z Rakiem (BECA).

Ze sportem zwigzany jestem od dziecinstwa. Uprawialem m.in. pitke¢ nozng w klubie
Lechia Gdansk oraz Polonia Gdansk oraz boks w klubie Stoczniowiec Gdansk. Przez wiele lat
amatorsko uprawialem kulturystyke, siatkowke, ptywanie, crossfit i biegi przetajowe.

W latach 2017-2018 odbytem kurs Trenera Personalnego i Instruktora Sitowni w Instytucie
Rozwoju Treneréw Personalnych — Fit Academy w Warszawie, uzyskujac kwalifikacje
zawodowe: Trenera Personalnego 1 Instruktora Sitowni.

Od 2018 r. realizuj¢ projekt naukowy pt.: “Wptyw rodzaju wysitku fizycznego na
zmienno$¢ glikemii 1 poziom wyréwnania metabolicznego u miodziezy z cukrzyca typu 17
w charakterze Glownego Badacza na Wydziale Kultury Fizycznej w Katedrze Zdrowia i
Nauk Przyrodniczych Akademii Wychowania Fizycznego i Sportu w Gdansku.

W mojej pracy naukowej staram si¢ udowodni¢, ze regularny wysitek fizyczny wraz ze

zbilansowang dieta pozwala unikng¢ oraz ograniczy¢ zapadalno$§¢ na wiele choréb —



zwlaszcza cywilizacyjnych. Diabetologia jest ta dziedzing w ktorej aktywno$¢é fizyczna moze
odegra¢ w przysztos$ci znacznie wigkszg rolg w procesie samokontroli glikemii u dzieci z
cukrzyca typu 1. Jestem wspotautorem Kilku publikacji z zakresu organizacji opieki
diabetologicznej dzieci chorych na cukrzyce typu 1.

Mo;j catkowity dorobek naukowy obejmuje: 7 oryginalnych artykuldéw naukowych oraz 2
prace pogladowe. Zakres wplywu moich publikacji wyrazony mie¢dzynarodowym
wskaznikiem Impact Factor (IF) to 14,79 punktow oraz 560 punktow MNiSW.

Obecna praca w Parlamencie Europejskim — a zwlaszcza stale uczestnictwo w pracach
Komisji Ochrony Srodowiska Naturalnego, Zdrowia Publicznego i Bezpieczenstwa Zywnosci
(ENVI) oraz Komisji Specjalnej ds. Walki z Rakiem (BECA) - pozwala mi na aktywny udziat
w licznych konferencjach naukowych 1 przestuchaniach (tzw. ‘hearingach’) z udziatem
ekspertow, naukowcow oraz autorytetow w dziedzinie medycyny i zdrowia oraz kultury
fizycznej. Jeszcze przed moim wyjazdem z Polski staralem si¢ §ledzi¢ prace i wytyczne
Polskiego Towarzystwa Diabetologicznego (PTD) oraz bra¢ czynny udziat w organizowanej
przez Sekcje Pediatryczng Konferencji Naukowej (Betchatow 2018 rok). Obok sportu,
zywienia, diabetologii i zagadnien zwigzanych z szeroko pojetym zdrowiem, moje dodatkowe
zainteresowania to historia, filozofia, psychologia, socjologia, polityka i geopolityka

oraz szeroko rozumiany rozwoj osobisty.



